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PART III (a)
SPECIAL CONDITIONS OF SUBCONTRACT AGREEMENT
SUBJECT
DEFINITIONS AND ABBREVIATIONS
PART IIIa
SECTION 01
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1.
The following terms shall, unless the context otherwise requires, have the meanings hereunder assigned to them:
'Balancing'                         Work adjustments and checks necessary to proportion the flow within the distribution system (sub-mains,  branches,  terminals)  in accordance with specified design quantities.
'Commissioning'            Work necessary to place the installation and work covered by this specification into normal operating condition.
'Concealed'                        Embedded in masonry or other construction, installed in furred spaces within double partitions or hung ceilings, in trenches, in crawl spaces or in enclosures.
'Exposed'
Not installed underground or concealed as defined above.
'Indicated'
As indicated, shown or noted on drawings and/or
'shown'
specifications. or 'noted'
'Install'
To erect, mount and connect complete with all related accessories.
'Provide'                           To  supply,  install  and  connect  up  complete  and  ready  for  safe operation.
'Similar' or
Of approved manufacture equal as regards to
'equal'                               materials,  weight,  size  and  efficiency  of  performance  to  product 

specified by name.
'Supply'                              To purchase, procure, acquire and deliver complete with all related accessories.
'Testing'                             Work and checks necessary to determine qualitative and quantitative performance of equipment, installation and workmanship.
'Wiring'                             
Conduit, fittings, wiring, junction and outlet boxes, switches, cut-outs and socket outlets and all related items.
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2.
Abbreviations used in these documents shall mean:-
'ASIB'
Automatic Sprinkler Installation Bureau.
'AFI'
Air Filter Institute.
'AMCA'
Air Moving and Conditioning Association.
'ASA'
American Standards Association.
'ASHRAE'
American Society of Heating, Refrigeration and Air Conditioning Engineers.
'ARI'
Air Conditioning and Refrigeration Institute (USA).
'ASME'
American Society of Mechanical Engineers.
'ASTM'
American Society for Testing Materials.
'AWWA'
American Water Works Association.
'BSS'
British Standard Specification.
'BSI'
British Standard Institute.
'BS CP'
British Standard Code of Practice.
'CIBS'
Chartered Institution of Building Services.
'DIN'
German Standards Institute.
'HVAC'
Heating and Ventilating Contractor's Association (UK).
'NBFU'
National Board of Fire Underwriters (USA).
'NBS'
National Bureau of Standards (USA).
'NEMA'
National Electrical Manufacturers Association (USA).
'NFPA'
National Fire Protection Association (USA).
'N/S'
Nominated/Selected
'SABS'
South African Bureau of Standards.
'SICO'
Safety, Instrumentation, Control, Operation.
'SMACNA'
Sheet Metal and Air Conditioning Contractors National Association, Inc USA).
‘TBC’
Testing, Balancing and Commissioning.
'UL'
Underwriters Laboratories.
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1.
The contract works to be carried out consists of the engineering, manufacturing, supply, delivery, offloading,   erection,   testing,   balancing   and   commissioning  into   service,   guarantee   and maintenance of an air conditioning and/or ventilation installation as described in the document and as shown on the drawings.
2.
The  engineering,  quality  control  and  inspections,  equipment  selection,  preparation  of  shop drawings, testing, balancing, commissioning and preparation of operating and maintenance manuals, are to be executed in a systematic manner, once programmed, under the Engineer’s general supervision and direction.
SUBJECT
DRAWINGS AND SUBMISSIONS
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1.
ENGINEER'S DRAWINGS
1.1      The drawings prepared by the Consulting Engineer show general layout of all equipment and distribution systems, complete with schematic arrangements.    These, together with the specification, give sufficient information to enable the Subcontractor to estimate the cost and to determine how the system must be installed, tested, balanced, inspected, operated, serviced and maintained.
1.2
These drawings are not dimensioned Shop Drawings, and cannot be used as Shop Drawings.
Location dimensions shown are only indicative of the routes and zones in which the service must be installed.
1.3         Design/Selection/Construction  Details   and   Installation  Arrangements  for   Equipment  and/or Distribution Systems which are available from either the Manufacturer/Supplier in their officially published literature/documentation, design/application manuals, or other authoritative sources such as:
1) SABS  2) C.I.B.S.  3) ASHRAE  4) SMACNA
5) Kendrick (USA)
shall be used as the basis for Shop Drawings and specific source identified at submission stage. Where these details are non-existent or not sufficient, reference might be made to the Sections and
Detail Drawing.
2.
SUBCONTRACTOR'S DRAWING, EQUIPMENT SELECTION AND SAMPLE SUBMISSIONS
2.1
SHOP DRAWING SUBMISSIONS
2.1.1      Shop Drawings shall indicate all equipment, distribution systems, testing/inspection/instrumentation positions, access requirements and builder's work requirements.
Builder's work requirements shall include all work to be provided by others (holes in concrete and masonry bases, etc.) as well as the sizes, capacities and positions of service connections.
2.1.2     Shop Drawings shall be based on the Engineer's design concept shown on the tender drawings, approved equipment selections and samples. The Shop Drawings shall be checked and passed by the Subcontractor's Chief Draughtsman and Project Engineer/Manager.  The Shop Drawings shall be stamped to confirm that co-ordination with Architects, Structural and other affected Sub- contractor's drawings, has taken place.
2.1.3      Copies of Shop Drawings of all parts of the subcontract works shall be submitted to the Engineer for approval.
2.1.4
Shop drawings shall indicate all support and fixing details to be used.
2.1.5      The Subcontractor may, if he so desires, obtain “electronic /e-mail” copies of the Engineer's drawings for modifications and updating if required. These drawings shall be re-titled in accordance with the Subcontractor's system and shall thereafter be submitted as the Sub- contractor's Shop Drawings.  No portion of the Sub- contractor's works shall be commenced until the shop drawing has been approved by the Engineer.
2.2
“AS BUILT” DRAWING SUBMISSIONS
2.2.1
“As Built” drawings are the Shop Drawings embodying all modifications made during construction.
They shall include floor- and ceiling layout drawings indicating all terminal and/or fan coil units and/or controller positions. SICO drawings are also “As Built” drawings indicating the intended functioning, capacity data and control functioning of all systems.
2.2.2
Copies of “As Built” drawings shall be submitted to the Engineer for approval.
2.3
EQUIPMENT SELECTION SUBMISSIONS
2.3.1       The  Subcontractor  shall  select  equipment  which  complies  with  these  specifications.    These selections shall be submitted to the Engineer for approval.
2.3.2       No equipment shall be installed until the equipment selection submission has been approved by the Engineer if the selected equipment deviates from the design concept and/or deviates from the accepted equipment offered.
2.4
SAMPLE SUBMISSIONS
Samples are any samples required by the Architect or Engineer.  Samples shall be physical examples to illustrate materials, equipment or workmanship, and to establish standards by which the works may be judged.  Such samples, after approval, will be retained by the Architect or Engineer for a period sufficient to ascertain that the relevant component is actually provided as per such sample, but will then be returned to the Subcontractor for incorporation in the works.
3.
SUBMISSION PROCEDURES
Submission for approval will consist of the following activities executed by the Subcontractor and other parties involved:
3.1         The Subcontractor shall review, stamp, date and sign to signify his approval and submit in the manner required by the Engineer and with reasonable promptness and in orderly sequence so as to cause no delay in the work, all Subcontractor's drawings, equipment selections and/or samples required by the Subcontract documents or subsequently by the Architect or Engineer. Subcontractor's drawings, equipment selections and samples shall be properly identified as specified or as the Architect or Engineer may require.
3.2         At the time of submission the Subcontractor shall inform the Engineer in writing of any deviation in the Subcontractor's drawings, equipment selection or samples from the requirements of the subcontract documents.
3.3         Each individual Equipment Selection Submission shall be accompanied by a copy of the applicable detailed technical specification.  Each clause of this specification shall be marked "complies" or "Does not comply", complete with reason stated and countersigned by the Subcontractor's Project Engineer/Manager.
3.4         Equipment Selection Submissions shall be indexed similar to the index for Part II - Equipment of the "Operating Instructions and Maintenance Manual" as described under Section 18 of Part IIIa in order to form part of the O&M Manual.
3.5        The drawings and Equipment Selections shall be submitted in a number of copies and along the channels agreed.
3.6        
By submitting drawings, Equipment Selections and/or samples, the Subcontractor represents that he has determined and verified all site measurements, site instruction criteria, materials, catalogue numbers and similar data, or will do so, and that he has checked and co-ordinated each Contractor's drawing and sample with the requirements of the Works and of the Subcontract documents.
3.7         The  Engineer,  on  behalf  of  the  Contractor,  will  review  Subcontractor's drawings,  Equipment Selections and samples with reasonable promptness so as to cause no delay, but only for conformance with the design concept of the Subcontract Works and with the information given in the Subcontract documents. The Engineer's approval of a separate item shall not indicate approval of an assembly in which the item functions.
3.8         The Subcontractor shall make any corrections required by the Engineer and shall re-submit the required number of corrected copies of the Subcontractor's drawings, Equipment Selections or new samples until approved. The Subcontractor shall direct specified attention in writing on resubmitted drawings to revisions other than the corrections required by the Engineer on previous submissions.
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1.
GENERAL
1.1         The following related work to the air conditioning and ventilation (HVAC.) contract will be provided by others. The HVAC. Contractor shall be responsible for the detailing, checking and ensuring that the work as listed in the schedules and shown in principle on the drawings is provided as per his detailed builder's work and related services drawings.
1.2         Instructions for HVAC. Contractor's exact requirements shall be transmitted to the Contractor timeously in the form of builder's and associated services drawings in accordance with an agreed Contractor’s programme. Should these instructions be issued after the completion of relevant areas, then this work will be carried out at the expense of the HVAC. Contractor.
Contractor and HVAC Subcontractor
	No.
	ITEM
	CONTRACT DOCUMENTS

	
	
	

	
	
	CONTRACTOR
	HVAC

	
	ITEMS RELATED TO A/C LOAD
-
Shading
-
Solid section insulation
-
Roof insulation
-
Double glazing installation
PLANTROOMS, VERTICAL AND HORIZONTAL DISTRIBUTION
-
Holes through structure and brickwork
-
Timber frames
-
Plinths and or bases
-
Floating of floor
-
Fall of floor
-
Flashing
-
Painting of floor
-
Sound absorbing lining
-
Outside louvers and vermin screens
-
Building in of outside louvre frames
-
Access routes, holes for equipment
-
Brickwork plenums
-
Crawl beams
-
Hoisting
-
Rigging
-
Pipe supports
-
Spreading of weight
-
Building in of fire dampers in fire walls
-
Steel platform with ladder
-
Maintenance space for equipment
-
Access to shafts
-
Sealing off around pipes
TERMINALS
-
Opening in doors for grilles
-
Opening in ceiling for grilles and/or diffusers
-
Strengthen of ceiling supports to carry weight of grilles/diffusers
-
Finish off openings in ceilings
-
Cut openings in plaster board ceiling for grilles and/or diffusers
-
Access to outlets and controls
	X X X X
X X X X X X X X
X X X X
X
X X
X X X X X
X
	X
X X X X
X X


Electrical Subcontractor and HVAC Subcontractor
	No.
	ITEM
	CONTRACT DOCUMENTS

	
	
	

	
	
	ELECTRICAL
	HVAC

	
	GENERAL
-
The  Electrical  Subcontractor  will  test,  demonstrate  and  handover  the electrical system related to the HVAC Contract to the HVAC Subcontractor on completion.
The HVAC Subcontractor shall be responsible for testing or checking of
this equipment to ensure proper and safe operation, and in so doing shall indemnify the Electrical Subcontractor for any damage to any portion of the HVAC Works
-
Rupturing capacities
-
Supply voltages at 400/230 Volt
-
Plantroom lighting
-
Socket outlets in plantroom(s)
-
Dynamic power factor correction
-
Rupturing capacities
HVAC BOARDS
-
Power  supply to HVAC Plantroom Boards(Normal and Emergency)
-
Power supply to HVAC Floor Boards (Normal and Emergency)
-
Connection of power supply in HVAC Plantrooms Boards
-
Connection of Power supply in HVAC Floor Boards
-
Connected load of each board (Normal and Emergency)
TERMINALS
-
16 Amp power supply ending in a socket outlet to VAV diffusers
-
5 Amp power supply ending in a kettle type socket outlets to A/C master controls
-
Plugtops and wiring from sockets outlets to VAV diffusers
-
Plugtops and wiring from socket outlets to controllers
-
Conduits and draw wires fro thermostats/sensor points
EQUIPMENT
-
Single phase isolator ending within 1.5m from fans, heaters etc
-
Three phase starter isolator ending within 1.5m from fans, heater etc.
-
Wiring and connecting of fans, heaters etc.
	X X X X X X X
X X
X
X
	X
X X X
X X
X X
X X


Plumbing Subcontractor and HVAC Subcontractor
	No.
	ITEM
	CONTRACT DOCUMENTS

	
	
	

	
	
	PLUMBING
	HVAC

	
	FULL BORE DRAINS
-
Chiller plantrooms
-
Cooling tower plantrooms
-
Filter cleaning area
-
Floor fan coil unit/AHU plantrooms
-
Computer room
WATER MAKE-UP CONNECTIONS (COLD)
-
Chiller Plantrooms
-
Cooling Tower Plantrooms
-
Filter Cleaning Area
-
Computer room
WATER MAKE-UP PIPING
-
From make-up point provided by plumber to:
-
Expansion tank
-
Cooling towers
-
Computer room units
-
Treatment of make-up water (as required)
CONDENSATE
-
Condensate stacks
-
Connection of condensate stack to sewer
-
Drain traps in condensate stacks
-
Drain point above ceiling for fan coil units
-
Condensate piping from A/C units to drain point provided by plumber
-
Sloping of condensate piping
	X X X X X
X X X X
X X X X
	X X X X
X X
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VAV Diffuser Supplier, Terminal Control Supplier and HVAC Subcontractor
No.
ITEM
CONTRACT DOCUMENTS Supplier
Temp
DOCUMENTATION AND SELECTION OF VAV DIFFUSERS

Diffuser

Control

HVAC
-
Selection of units
X
-
Equipment submissions
X
-
Operating and maintenance (O&M) Manuals for diffusers
X
-
Incorporation of diffusers O&M Manuals in overall O&M Manual
X
-
Indication of diffusers on builder’s work- and as-built drawings
X
-
Powder coating of diffusers to an approved colour of diffusers
X
INSTALLATION OF VAV DIFFUSERS AND TERMINAL CONTROL
-
Delivery to site of diffusers
X
-
Installation of diffusers
X
-
Supply and installation of terminal controllers
X
-
Temporary storage of diffusers if required
X
-
Programming and coordination of delivery of diffusers to site
X
-
Programming and coordination of delivery of master/slave controllers
to diffuser supplier
X
X
-
Protection of diffusers during construction
X
EQUIPMENT TO VAV DIFFUSERS
-
Connection of flexible ducts to diffusers
X
-
Supply and fixing to diffusers of plenum box (with heater) and spigot
X
-
Bracket on diffuser for mounting of master/slave controller
X
-
Supply of master/slave controllers to diffuser supplier
X
-
Supply test device to diffuser supplier
X
-
Test master/slave controllers and accept responsibility therefore
X
-
Fix master/slave controller to diffusers
X
-
Provide diffusers with a heater with auto and manual thermal reset
X
-
Supply  and  install  terminal  controllers  and  connect  to  master
controller
X
-
Connection of slave diffusers to master diffusers
X
-
Connection of master diffusers to power sockets provided
X
TESTING AND COMMISSIONING OF VAV DIFFUSERS
-
Testing and commissioning
X
-
Programming and overseeing the testing and commissioning
X
1.1         The Subcontractor shall comply with all Acts of Parliament and all regulations and bylaws of local and or other authorities having jurisdiction regarding the execution of the N/S works in particular the following:
•
SANS 10142, as amended, for the Wiring of Premises.
•
National Building Regulations and Building Act SANS 10400-2011 No. R441 published in
Government Gazette No. 33892 dated 23 December 2010
•
Occupational Health and Safety Act.
•
Government, Provincial and Local Authorities Ordinances, Regulations, By-Laws, Rules and other statutory requirements.
•
Specifications and Codes of Practice issued by the South African Bureau of Standards and British Standards Institute. The former shall have precedence over the latter where both bodies have issued conflicting specifications or codes of practice.
1.
The installation in its entirety shall comply with regard to electrical safety and supply interference suppression requirements, with SABS and/or local authorities by-laws, and/or Post Office regulations.
2.
All safety devices shall be tested in the presence of the Subcontractor's responsible Project Engineer under the simulated or actual fault conditions for which the safety devices are installed to prevent damage to system equipment and/or building.  Confirmation of proper functioning of these safety devices shall be in the form of signed inspection reports from Subcontractor's Project Engineer.
3.
FIRE HAZARD
3.1          Satisfactory test results from the National Building Research Institute or test reports from an approved testing laboratory are required, to certify the fire hazard ratings for proposed materials for insulation, covering and vapour sealing.
3.2          Such fire hazard ratings shall be as determined by the National Building Research Institute of the South  African  Council  for  Scientific  and  Industrial  Research,  and  in  accordance  with  test procedures of BS 476.
3.3.         Insulating materials, finishes, vapour barriers and adhesives shall conform to the fire hazard ratings specified as follows:
o The fuel contribution index shall not exceed 0 when compared with asbestos taken as 0.
o The smoke contribution index shall not exceed 10 when compared with hardboard taken as
100.
o The spread of flame index shall not exceed 0 when compared with asbestos taken as 0. Any products of combustion of said materials shall be completely non-toxic and non-corrosive.
1.
HOISTING
If at time of tendering the Contractor is known, the tenderer shall check with the Contractor which of his proposed equipment could be hoisted by the Contractor and at which cost.
If the Contractor is not known, the Tenderer shall make due allowance for the hoisting of his equipment in terms of Clause 21.3 of the N/S Subcontract agreement.
2.
RIGGING
The Tenderer shall be responsible for rigging of his equipment in position.
1. All materials shall be new, undamaged, free of rust or other defects and shall be of the best quality. Materials shall comply to the relevant SANS or BS specifications where applicable.
The contractor shall upon the request of the engineer, furnish him with documentary proof to his satisfactions that the materials are of the quality specified. Samples of materials for testing, if required, shall be supplied by the contractors, free charge.
2.
The installation as a whole shall be erected in a workmanlike manner, to the satisfactions of the engineer, and shall include all materials and equipment required for the successful operation of the paint specified.
3.
SUBJECT
PROGRAMMING
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1.
PROGRAMMING
1.1          The Subcontractor shall submit to the Engineer within two weeks of appointment, a practicable work programme, based on the building completion date.  The programme shall be agreed with and finally incorporated in the Contractor's programme in accordance with the relevant clauses of N/S Subcontract agreement.
This Subcontractor's programme shall state:
a)
Access dates to various plantrooms to start installing sub- system equipment.
b)
Access dates to clean, safe, protected vertical shafts to start modifying main distribution systems linking plantrooms and floors.
c)
Access dates to either ceiling or floor plenums of the different floors (or section of floors)
to start installing the sub-distribution systems (so called 1st Fix).
d)
Access dates to the various rooms with completed walls and partitioning (fully cleaned out) to start installing room terminals and connect these to the sub-distribution systems (so called 2nd Fix).
1.2         The  section  of  the  programme  covering  submission  of  Structural  and  Installation  Drawings, equipment selection, submission of inspection reports of completed sections of the installation, preparation of Operating Instructions and Maintenance Manuals, Testing, Balancing and Commissioning shall be presented in the form of a GANT CHART.
1.3         The network graphic representation must clearly depict the sequence of the activities planned by the Subcontractor, according to the Contractor's requirements, their interdependence, and time required to perform each activity. In developing the project network, the Subcontractor shall use arrow or precedence notation (on which available computer programme are based).
1.4         The Subcontractor shall furnish with the initial programme, a tabular listing of all activities listed on the programme.  For each activity there shall be listed the earliest and latest finish times and the "float". Activities on the critical path shall be so indicated.
1.5         The Subcontractor shall regularly, throughout the progress of the works, amend and update the work schedule (both the network graphic representation and the tabular list of activities) to incorporate all variations, new drawings and site instructions, and all such amendments are to be subject to the Contractor’s approval and shall not amend the completion date of the project unless extensions of time have been granted by the Contractor.
1.6         If, in  the  opinion  of  the  Contractor,  the  Subcontractor  falls  behind  the  programme,  the Subcontractor shall take such steps as may be necessary to improve his progress.   The Main Contractor may require him to increase the number of shifts and/or overtime operation, days of work and/or the amount of construction plant, and to submit for approval revised programmes in the form required above in order to demonstrate the manner in which the required rate of progress will be achieved, all without additional cost to the Employer.
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1.7         Regular meetings to monitor progress will be held under the chairmanship of the Contractor.  The meetings must be attended by as many of the representatives of the Subcontractor as the Contractor shall require
1.8         The purpose of such meetings will be to review progress against the programme, to investigate and establish actual or impending causes of delays, to instruct on such remedial action as may from time to time be necessary and generally to ensure that the progress of the work remains on programme at all times.
1.
All activities, information required, approvals, etc. shall be managed by the officially appointed Subcontractor's Project Engineer/Manager to ensure completion of the Subcontract at the agreed completion date and of specified quality.
2.
It shall be the duty and responsibility of this Project Engineer/Manager to identify any item such as delays, activity time overrun, late information and/or approval at least fortnightly, and describe in his standard report to the Contractor proposed action to overcome the adverse conditions to maintain the planned construction schedule.
3.
It shall be the duty and responsibility of this Project Engineer/Manager to prepare a detailed tabulated construction activities breakdown with related earliest and latest dates for information required, approval, area availability and inspection.
Construction activities are:
1.
Drawing Submissions.
2.
Equipment Selection Submissions.
3.
Off Site Manufacturing.
4.
Installation on Site.
5.
Testing, Balancing and Commissioning Procedures Submission.
6.
Testing, Balancing and Commissioning of the Works.
4.
The Project Engineer/Manager shall monthly, throughout the progress of the Subcontract, amend and update the 'tabular list of activities' to incorporate all variations, delays and remedial action to ensure that the completion date will be met.  He shall particularly note and report to the Contractor on unusual conditions encountered which may (or has) delayed progress of the work related to the contractor's programme.
5.
The Project Manager shall monthly report to the contractor, with copies to the Architect and Engineer, in writing only and shall sign each progress report, equipment submission, drawings and inspection checklists.
6.
The Project Manager shall be capable of using network diagrams to explain the sequence and actual dates used by him in his tabular form monthly report in order to prove that 'cut-off' dates are realistic and factual and not an attempt to formulate claims for delays.
7.
On the request of the Engineer and/or Contractor, the subcontractor shall remove from the works a person who is negligent in his contractual obligations.
1.
ORGANISATION AND STAFF OF SUBCONTRACTOR
In  addition  to  the  Site  Supervisor/Foreman, the  Subcontractor shall  employ,  (apart  from  the required artisans and labourers), as many trustworthy and experienced engineers, programmers, inspectors and administrators as may be necessary for the purpose of the subcontract.
2.
The duties and responsibilities of the Subcontractor Engineering and Management Staff shall be inter alia:
a)
Programming of the works in agreement with the Contractor as per N/S Subcontract agreement.
b)
Directing his employees to ensure efficient, timely and safe execution of the work, and co-operation with the Contractor and other trades to ensure such execution.
c)
Selection and/or engineering of equipment and components into working assemblies all in conformance with the design concept contained herein.
d)
Equipment Selection and submissions of Installation Drawings for approval in accordance with the required procedures.
e)            Expediting of the work.
f)
Attendance of routine site progress meetings and programme monitoring meetings which may be arranged by the Contractor.
g)            Preparation and submission of Testing, Balancing and Commissioning Procedures and
Programming.
h)
Provide assistance to the Engineer during QA inspections in opening ceilings, floor files, access hatches etc and providing access to HVAC equipment.
1.
Special care shall be taken in transport, delivery, storage on site and installation to ensure that the entire system is in 'as new' condition at start-up.  Equipment damaged in transit or during installation will not be acceptable and shall be replaced.
2.
Packaging material shall be of sufficient strength and/or temporarily reinforced during transport to - and handling on site, until installed in its final position, to ensure that the equipment “packed” retains its structural and dimensional integrity during these phases of the contract.
3.
The Subcontractor shall remain responsible for equipment in 'as new condition' and is not allowed to install equipment in areas or spaces where it can be subjected to damage through weather or trades for which it has not been designed.
4.
The Subcontractor is only allowed to install equipment intended for internal use if the following pre-installation requirements are met:
4.1
Areas are sealed and protected from outside weather -(facade and roof closed and finished).
4.2      All wet building trades are finished inspected and accepted by Contractor so that no further remedial patch-up work by building trades is required.
4.3      The areas are clean, isolated and secure (no other trades' material and labourers cross-traffic) and protected against possible damage and pilferage.
5.
Damage caused by the contractor, or his servants, agents or workmen to the building, structure or any other service, shall be rectified to the satisfaction of the engineer, by and at the expense of the contractor.
6.
Equipment delivered to site shall be stored in a well-protected area where it cannot be damaged by either the weather or other trades.
1.
The Subcontractor shall familiarise himself with the proposed location of the equipment and shall be responsible for ensuring that sufficient access is available on site to allow the largest component parts to be brought into position.
2.
The required unobstructed space shall be left around the equipment for access, maintenance and service of the equipment in accordance with the manufacturer's instructions.
3.
Equipment shall be installed so as to be readily accessible for testing, operation, maintenance and repair. Minor deviations from drawings may be made to accomplish this, but changes of magnitude or which involve extra costs shall not be made without approval of the Contractor.
4.
Platforms  and  ladders  shall  be  provided  for  access  to  instruments and  equipment requiring maintenance.
1.
Repaired equipment/components will be accepted at "handover" of system if defects become apparent during start-up, testing and commissioning only at the discretion of the “Engineer”.
2.
No pumps, fans or other power driven equipment are allowed to be started-up unless screens, filters, strainers, etc are installed and checked to prevent damage to the rotating/reciprocation equipment.
3.
All necessary system cleaning, flushing, must be completed before system is started up and control valves activated.
4.
PRE-START PROCEDURE
4.1
WATER SYSTEM
Provide temporary connections between flow and return connections of fan coil units such that flushing water shall not flow through any fan coil unit, coil or control valve.  Remove temporary connections after cleaning is completed.  Remove metering orifices in chilled water lines before pumped cleaning operation takes place and re-install after cleaning is completed.
4.2
AIR SYSTEM
Check for System Cleanliness.  Before fitting clean filters and washer elements, check all airways for cleanliness, paying particular attention to:
•
Air intake screen and louvres.
•
Fan and other equipment chambers.
•
Fan internals.
•
Washer tanks.
•
Humidifiers.
•
Cooling coil trays.
•
Floor gulleys, all drainage systems, and taps.
•
Dampers.
•
Terminal units (grilles, diffusers, etc).
•
Sensing elements (thermostats, humidistats, etc).  Ductwork internally and as far as physically possible. Heating and cooling coils.
•
Eliminator sections.
•
Mixing boxes.
Complete and submit Pre-start and Checklists for all the sub-systems similar to the example for a
Primary Air Sub-System - as per Part IIIa Section 21.
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1.
Concurrent with equipment submissions the subcontractor shall submit full testing, balancing and commissioning procedures for each item of equipment.
2.
Prior to the pre-start inspection the subcontractor shall submit, and have obtained approval of a fully detailed commissioning programme.
The programme shall include but may not be limited to the following:
•
Checking and setting of all safety features and proving operating by simulation of overload or abnormal conditions.
•
Setting and recording of all protective devices allowing efficient and safe operation. All settings and operating points to be recorded on SICO drawings.
•
Full and part load tests of the system through summer and winter operation.  Operating points of ammeters, thermostats and controllers, etc. to be recorded on SICO drawings.
•
Method of adjustments to correlate operating point with chosen point of application on the performance curves of equipment.
•
Balancing of systems. Systems shall be checked and results recorded at design conditions.
•
Checking  the  performance  criteria  by  plotting  it  on  the  original  selection  curves  of  all equipment.
3.
After physical completion of the subcontract works the Subcontractor shall carry out all preliminary tests  necessary  to  satisfy  himself  that  the  plant,  materials  and  equipment  comply  with  the provisions of the subcontract and are in a state suitable to satisfy the requirements of the acceptance tests by the Engineer. The preliminary tests shall then be completed satisfactorily before the Subcontractor, through the Contractor, requests the Engineer to witness the acceptance tests.
4.
The Engineer may request the Subcontractor to replace any portion of the subcontract work which does not conform to the requirements of the subcontract documents.
5.
In the event of the plant or installation not conforming to the requirements of the subcontract documents, the Employer shall be at liberty to either recover from the Subcontractor or to deduct from the subcontract price all reasonable expenses incurred by himself or his agents attending the repeated test.
6.
After physical completion has been reported and all defects made good, "start-up" shall take place and the above check-out procedures shall be carried out.
7.
Prior to the carrying out of acceptance tests as defined in Part III.3 Clause 11 (“Engineering General Conditions”) the Subcontractor shall operate the entire system for as long a period as may be required to provide satisfactory performance at all times in the occupied spaces served by that system for up to 24 hours a day continuously.
8.
The Subcontractor's Operator(s) shall be fully conversant with the plant operation and experienced in running similar installations.  The Subcontractor shall train the Employer's operator(s) to enable them to be responsible for and capable of operating the plant.  Logging of the plant operation shall commence once plant has been commissioned and the Subcontractor shall continue logging until the acceptance tests have been carried out and the plant handed over.
9.
The Subcontractor shall also log, as part of his commissioning, the outside air, -supply air and room temperatures. These shall be recorded by continuous printout temperature recorders measuring the various temperatures simultaneously. Temperature recordings shall be taken over a minimum period of fourteen days at various positions designated by the Engineer.
10.
All tests shall be recorded in a field test report for insertion in the operating instructions and maintenance manual.  Values of operating pressure, temperature and amps shall be marked on gauges and instruments as appropriate, and recorded on SICO drawing.
11.
Marking operating values (temperatures, pressures, amps, etc.) on gauges and thermometers as appropriate.
12.
The factory testing, balancing and commissioning report shall be supplied with each unit to site.
The field testing, balancing and commissioning report shall be signed off by the Employer or his representative.
13.
Compile a factory and field test report of the above tests for inclusion in the operating and maintenance manual.
14.
All equipment shall be commissioned in strict accordance with the Manufacturers’ instructions.
15.
MAN-2 – COMMISSIONING CLAUSES
In addition to the applicable commissioning requirements in this document, the relevant documentation from the Independent Commissioning Agent has been attached as an Addendum and must be referred to for all commissioning.
Comprehensive pre-commissioning, commissioning as well as quality monitoring shall be done on all the mechanical systems in a systematic manner and in exact accordance with CIBSE / ASHRAE Commissioning Codes, as follows:
 
CIBSE Code A – Air Distribution;
 
CIBSE Code B – Boilers;
 
CIBSE Code C – Automatic Controls;
 
CIBSE Code M – Management;
 
CIBSE Code R – Refrigerant Systems and
 
CIBSE Code W – Water Distribution Systems
 
ASHRAE Guideline 1-1996 – The HVAC Commissioning Process
After completion of the contract, the sub-contractor shall be required to provide training on all the systems to the building management staff to ensure that they have all the information and understanding needed to operate and maintain the features and systems in the building.
The following documentation will be required:
 
Design intent report;
 
As-built drawings;
 
Operational and Maintenance Manuals;
 
Commissioning Records; and
 
Commissioning Reports for each system
The Commissioning Reports must:
Demonstrate that the services were commissioned in compliance with CIBSE / ASHRAE Commissioning Codes for all services;
Include commissioning dates, records of all functional/commissioning testing undertaken, a list of any future seasonal testing, and a written list of outstanding commissioning issues;
Include the outcomes and changes made to the building as a result of the commissioning process, accounting for all of the recommendations; and
Reference appended extracts of commissioning records for major plant and equipment (including but not limited to chillers, boilers, heat pumps, air handling units, water treatment/recycling systems and onsite generation systems) as deemed appropriate by the relevant project team members involved in the commissioning process and as referenced in the Commissioning Report.
The Mechanical Subcontractor and Agent will be required to include:
 
Definitive commissioning specifications;
 
Requirements for witnessing including full details of tolerances applicable to all parameters;
 
A commissioning program, including time for witnessing;
 
Health and Safety risk assessment and method statements for the tasks to be completed;
 
Commissioning method statements for each system;
 
Pre-commissioning checklists for each system;
 
Commissioning checklists; and.
 
Commissioning certification for each system countersigned by the Engineer and accepting authority including the record sheets provided in each CIBSE / ASHRAE code.
The Operations and Maintenance Manual must describe how the facility will be operated and by whom, as well as the desired level of training and orientation required for the building occupants to understand and use the building systems.
Training:
In addition, the sub-contractor shall provide training on all the systems to the building owners’ facilities management staff. Full testing and commissioning procedures for individual equipment and for the entire systems shall be submitted.
Training provided must at a minimum include:
 
Information provided in the Design Intent Report (including energy/environmental features);
 
Review of controls set up, programming, alarms and troubleshooting;
 
Review of O&M manuals;
 
Building Operation (start up, normal operation, unoccupied operation, seasonal changeover, shutdown);
 
Measures that can be taken to optimize energy efficiency;
 
Occupational Health and Safety (OH&S) issues;
 
Maintenance requirements and sourcing replacements; and
 
Obtaining and addressing occupant satisfaction feedback.
TOLERANCES
The indoor climate factors and air flow rates, heating, cooling and humidifying performances, electrical characteristics and other design data shall be measured at the ventilation system design air flow rate.
Tolerances of the measured values in respect of the selection of the measuring equipment are given in the following table:
	PARAMETER
	UNCERTAINTY*

	Air flow rate, each individual room
	± 20%

	Air flow rate, each system
	± 15%

	Smoke extract
	0-20%

	Supply air temperature
	± 2°C

	Relative Humidity [RH]
	± 15% RH

	Air velocity in occupied zone
	± 0,05 m/s

	Air temperature in occupied zone
	± 1,5°C

	A-weighted sound pressure level in the room
	± 3 Dba

	* The uncertainties include the permitted deviations from the design values as well as any measuring error.


If the performance of the system requires closer uncertainties, this shall be specially defined in the documentation of the system. If product standards, national or local regulations require closer uncertainties, this shall be adhered to. Refer to control diagrams for additional  tolerances.
1.
The  Air  Conditioning  Subcontractor shall  guarantee  that  the  air  conditioning  and  associated systems will be installed and adjusted in such a manner that it will, subject to the capacity limits specified in Part V maintain the dry bulb temperatures and humidity levels specified in Part V during operating hours.
2.
Noise levels in rooms caused by the operation of the air conditioning and associated systems, whether generated within the rooms or through duct or floors, etc. shall not exceed the values given in Part V at any point within the room.
3.
The subcontractor shall guarantee the works described in this document against failure of any sort for a period of 12 months of certifying completion of the works.
Any repairs and replacement of parts or equipment during the 12 months guarantee shall be performed without any cost to the Employer.
1.
The tender adjudication will take into account the Tenderers official Quality Manual and Quality
Control Systems.
2.
The manual shall not only describe in detail the qualifications, responsibilities and authority of the proposed Project Engineering, Managing and Quality Assurance personnel but also the firms technical standards and detail procedures for:
a.   Programme Submission and Contract Management. b.   Equipment Selection Submissions.
c.
Installation/Shop Drawing Submissions.
d.   Sub-system(s) Testing, Balancing and Commissioning Manual Submission. e.   Site Installation Inspection Report Submissions.
f.
Progress Payments and Evaluation.
3.
The quality of managing, as reflected in the Subcontractor's submission of:
a.   Work programming. b.   Equipment selection. c.
Shop drawings.
d.   Testing, Balancing and Commissioning Documentation. e.   Operating Instructions and Maintenance Manuals.
f.
Inspection Record Cards/Checklists.
shall be in accordance with ISO-9000 or otherwise/approved.
4.
No portion of the work shall commence before this manual has been approved by the Engineer.
1. 
PLANTROOM INSTRUCTIONS

1.1 
  Large scale wiring and sub-system safety, instrumentation, and control operation diagrams shall  
  be mounted near each sub-system in plantrooms. They shall be complete with regard to:
a)
Final Sub-system Schematics
b)
Block Logic Operating Sequence for: Normal/Abnormal/Emergency Conditions
c)
Written Description of Plant Operation
c)
Sub-system Equipment performance, Instrumentation and Safety Settings d)
Automatic Control
The diagrams and operating instructions shall be printed on high quality, non-deteriorating paper, framed behind glass or plastic laminated and located in a properly illuminated position.
1.2
Copies of Government Acts and Local Regulations, as required, shall be mounted within glazed or plastic covered frames in the plantrooms, in positions to be approved by the Engineer.
1.3
Plantroom log sheets shall be provided in each plantroom. The log sheets shall contain operating details of each item of machinery together with provision for performance logging and making service notes.
2.
OPERATING AND MAINTENANCE MANUALS
2.1
The Sub-contractor shall furnish to the Engineer before the Works are taken over a draft copy of the Operating and Maintenance Manuals, As Built drawings and Preliminary Commissioning Data for approval or comment.
2.1
Four hard copies and one CD Rom copy of the approved Operating and Maintenance Manuals, As Built Drawings and final Commissioning Data shall be submitted to the Engineer within three months after taking over of the Works. The four hard copies shall be issued as follows:
-
1 copy to Spoormaker and Partners.
-
1 copy to client.
-
1 copy to be housed in a lockable cabinet inside a plantroom.
-
1 copy to be kept by sub-contractor.
2.3
The manuals shall be comprehensively indexed and bound in loose leaf plastic covers in a blue coloured vinyl plastic folder with the name of the project type written on a card inserted in to a clear plastic covered cardholder on the front cover and back of the file. Files shall be sequentially numbered.
2.4
The manuals shall be arranged in three parts: - Part I
-
Systems Operations
Part II   -
Equipment
Part III  -
As Built Drawings
2.4.1
Part 1-System Operation
This part describes the system in the building broken down in sub-systems, their operation, trouble shooting and corrective action, and monitoring and logging by means of text, graphics, table, flow charts, etc.
The contents of this section of the manual shall be arranged in accordance with the following index and shall contain information requested against each index heading:
A.
Description of the HVAC system in building
B.
HVAC System Operation
C.
Detailed HVAC System Description
D.
HVAC Systems Space Users Instructions
	A.
DESCRIPTION OF THE HVAC SYSTEM BUILDING

	A.1
Total system concept, broken down in sub-system “Blocks”
In form of pure Engineering (Non-building configuration) schematic showing:-
1.
Plants
2.
Processing Sub-system
3.
Distribution System
4.
Terminals
The same drawing is Pictorial Index for contents of Manual.

	A.2
Physical location of the HVAC Sub-system and Distribution systems in the building with their Motor control Centres/Switchboard connected loads and integrated control panels.
Coloured drawings, maximum size A3 - with codes, notes and special explanatory isometrics or photographs arranged in the sequence as shown on the master schematic drawing starting from simplest room terminal sub-systems and ending at complex sub-systems in plantrooms.  Load Summary Matrix.  Estimated maximum demand and electricity consumption for each “plant” monitoring/recording meter.

	B.
HVAC SYSTEM OPERATION

	B.1
Daily starting and stopping instructions
Normal daily starting and stopping of sub-systems in the total system. In the form of sub-system starting sequence block logic flow diagram, showing how sub-systems are started manually and/or automatically.

	B.2
“Abnormal” Operating Instructions
After hours, emergency, restricted power and plant failure override selection of operation mode of sub-systems.  In the form of decision flow diagrams showing the action of the Operator in detail depending on outside conditions, section of building occupied , power available, sub-system failure, etc.


	C.
DETAILED HVAC SUB-SYSTEM DESCRIPTION

	C.1
Normal Sub-system Operation
In the form of sub-system schematic drawing.  Drawing with the following five subdivisions:-
i.
Sub-system schematic
ii.
Block logic starting and operating sequence
iii.
Tested equipment performance, measured and recorded inputs and outputs, instrumentation, safety settings, type of capacity control.
iv.
Detailed capacity control description.
v.
Filled in commissioning results on sico.

	C.2
Abnormal sub-system operation (equipment and/or control failure).
In the form of a decision flow diagram showing the action of the operator depending on sub-system input conditions, equipment failure, control malfunctioning, etc.

	C.3
Sub-system performance log and report forms
For use by system operator/inspector to monitor and report on system performance. In the form of the standard sub-system logging and report form for each sub-system,
on which all “normal operating conditions” are listed and against which actual sub-
system performance must be monitored.

	C.4.
Scheduled list of all major plant and equipment to include Description, Make, Model
Number and Suppliers name and address.

	D.
HVAC SYSTEMS SPACE USERS INSTRUCTIONS
D.1
Tenant circular in the form of decision low diagrams and graphics showing:- i)
Actions of the tenant when room conditions are too hot/dry/stuffy.
ii)
Relocation of terminals/thermostats due to change in workstation layout.

	E.
LAYOUT DRAWINGS

	E.1
Photographically reduced to size A3, copies of all “As Built” Drawings and Diagrams to include the following:
i)
Plant layout drawings showing the actual positions and sizes of all plant and equipment, ducts and pipes, the location of all dampers, valves and controls and the measured air quantities at all the intake and discharge points.
ii)
Control and wiring diagrams and schematic piping diagrams noting, where applicable , the normal and abnormal gauge readings, control points, scale settings and time settings, differential bands, throttling ranges, time delays and the overload settings
and actual rated amperages of all electrical components, and any other relevant variable and adjustable items, to permit checking and adjustment of all instruments, controls and motor functions.

	F.
OVERALL SUMMARY OF MAINTENANCE / SPARE PARTS

	F.1
In schedule form setting out each item of plant, the description and frequency of the required maintenance operations as necessary for preventative maintenance of the
plant as installed.

	F.2
List of spare parts supplied (In accordance with Supplier’s recommendations with detailed description of each part, make, model or part number and Supplier’s name and address.


2.4.2
Part II - Equipment
This part shall be sub-divided on an equipment basis as sequenced in Project Technical Specification. The following checklist shall be used in indexing and sequencing the Manufacturer’s information and results of final test data.
A.
Description Literature
1.
Catalogue Cuts, Brochures or Shop Drawings
2.
Dimensional Drawings an Record Drawings
3.
Materials of Construction
4.
Parts of Designation
B.
Operating Characteristics and Commissioning Results
1.
Performance tables, Charts or Curves and marked Operating Point or Points
2.
Pressure, Temperature and Speed Limitations
3.
Safety devices and Settings
4.
Final approved commissioning results.
C.
Operating Instructions
1.
Pre-start Checklist
2.
Start-up Procedure
3.
Inspection during Operation
4.
Adjustment and Regulations
5.
Testing
6.
Detection Signals
D.
Inspection Instruction and Procedures
1.
Normal and Abnormal Operating Temperatures, pressure and Speed Limits.
2.
Schedule and Manner of Operation
3.
‘Trouble Shooting’ Guides
E.
Maintenance and Instructions and Procedures
1.
Schedule of Routine Maintenance
2.
Procedure
3.
‘Trouble Shooting’ Guides.
F.
Parts List
G.
Spare Parts
1.
Essential Spares to be stored by Building Owner.
2.
Distributor Spares
H.
Supplier Data
I.
Maintenance and Service Contracts
2.4.2
Part III – As Built Drawings
In addition to reduced sets of drawings in each set of manuals one set of full scale drawings on high quality paper and CD Rom with DXF files of the drawings shall be provided.
As Built drawings shall be CAD drawings and shall be layered and numbered in accordance with an agreed standard, available on request from the Engineer.
1.
The Subcontractor shall furnish free of charge all maintenance on the entire subcontract works for a period of twelve months after completion of subcontract works. Maintenance shall include systematic examination and adjustment of equipment at least once a month.
2.
The Subcontractor shall in the course of such maintenance, or on call during the maintenance period, repair or replace defective parts, and shall use only genuine parts produced by the manufacturer of the original part.
3.
The Subcontractor shall supply all replacement parts, lubricants, refrigerant, chemicals, filters, fuses, etc. during the free maintenance period.
4.
The first year maintenance contract can be extended in accordance with the Detailed Maintenance
Specification.
1.
The Subcontractor shall provide a fully qualified technician for a period of two months after handover for re-positioning space terminals like thermostatic controls, terminals, etc to suit the Employers/Tenants requirements.
2.
During the same period, the technician shall train the Employers Representative so that he will be able to perform the re-positioning on his own after the two months period.
1.
GENERAL
Before starting on the Pre-Start Inspection, check that all instruments such as thermometers, pressure gauges, etc. are in the correct position, calibrated and suitable for the range they have to indicate, in accordance with the schematic flow diagrams. Ensure that all relevant schematic prints indicating flows, pressures, temperatures, etc are mounted in the plantroom next to the equipment to facilitate and speed up the testing and commissioning of the installation.
2.
DUCTING AND AIRWAYS
Visual check of air regulating devices and other
components within airways. Check the following:
CHECKED
Freedom from damage to coil fins, acoustic linings,
and sensing elements


Pinning to damper spindles



Damper clearances
Damper seating

 Freedom of damper movement

                        
Position of damper blades with respect to quadrant indication. 

                        

Relative positions of blades in multiple leaf dampers 



Setting of terminal air distribution devices in anticipated positions 


All dampers secured in open position with the actuator


Disconne
cted if motorized                                                                                      
 


Free movement to fire dampers                                                                               
Splitter dampers in open position                                                          
 
                
Location to, access to and fitting of fusible link assemblies                                .....................
All splitters, turning vanes, thermal insulation,
and acoustics linings fitted and properly secured                                 
  .....................

3.
VISUAL CHECK FOR AIR TIGHTNESS


CHECKED

Seating of filter and washer cells                                                                     .............. Plantroom door seals around entire periphery                                                   
 ..............
Inspection covers fitted                                                                                             .............. Water seals filled                                                                                                       .............. Builders' work ducts and shafts sealed                                                                     .............. Ductwork joints, including flexible couplings                                                             .............. Presence of plugs or covers for test holes                                                                    .............
4.
FANS
Check and record the following
External cleanliness                                                                                                     .............. Anti-vibration mountings and fixings                                                                            .............. Level or plumb of fan and motor shaft and slide rails                                                  .............. Correct drive fitted                                                                                                        ..............
Securing of pulleys                                                                                                      .............. Belt tension, matchings, and absence of distortion due
to prolonged pretension                                                                                               .............. Impeller secured, free to rotate, of correct handling, and in static balance                 .............. Guards on with access for speed measurement of fan and motor                           ............... Bearing cleanliness                                                                                                     ...............
Fresh and correct grade of lubricant                                                                            ...............
Bearing coolant                                                                                                            ...............
All components, bolts, fixings, etc, secure                                                                  ............... Axial flow type fans installed for correct air flow direction
and in correct order if compounded                                                                             ...............
5.
ELECTRICAL
Check and record the following:
Isolate all supplies and check:


CHECKED

Power and control wiring complete and correct, local isolation provided                .................
Starters, ammeter ranges, and overload fuses relevant to
motor circuitry and supply as given by motor plate                                                 .................
Overload settings, dashpots charged with correct fluid relative to
ambient temperature                                                                                            ................. Setting of timers                                                                                                     ................. Reduced voltage selection, such as transformer taps, etc                                    ................. Correct motor fitted                                                                                                ................. Motor clean, bearings lubricated, and all airways clear                                          .................
Looped or flexible electrical connections fitted and secured
on motionless side of any anti-vibration mounting                                                  ................
Next, connect to supply and check:
Declared voltage available on all supply phases
................. In the case of large motors or complex circuitry starter operation sequence,
timers and safety interlocks checked with the prime movers disconnected
.................
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Completion of the works will occur after the following procedure has been certified by the Architect as having been carried out in accordance with the specification :-
1.
After the defects are made good and approval of the Engineer is obtained, physical completion has been reported to the  Architect by the  Subcontractor and the  Architect has  given approval for "start-up".
2.
"Start-up" has taken place.
3.
Commissioning and testing has taken place as specified and test results have been witnessed
(where required), recorded and finally approved by the Architect.
4.
Two sets of “as built” drawings, on plastic foil, and approved by the Engineer, have been furnished to the Architect and the Engineer.
5.
Five  copies  of  indexed  loose  leaf  manuals  containing  complete  Operating  Instructions  and Maintenance Manuals have been furnished to the Architect after approval by the Engineer, for all mechanical and electrical systems, equipment and controls, and for all other equipment or systems specified under this subcontract.  The Operating Instructions and Maintenance Manuals shall be as set out and described in Part IIIa Section 18.

PART IV
GENERAL TECHNICAL SPECIFICATION
The equipment and/or sub-system supplier/assembler shall provide under the overall responsibility and control of the HVAC Subcontractor, all permanently installed instrumentation necessary for logging and monitoring of status and performance of equipment and components.
In addition, a hand held digital electric instrument, measuring temperature and humidity shall be provided at handover for use by the Employer.
All instruments shall be of such dimensions and mounted in position so that they are easily and accurately readable by an operator standing on the floor.
Test instruments shall be checked for accuracy by the manufacturer or by an approved laboratory with certificates being submitted prior to site tests, showing the degree of accuracy.
1             TEMPERATURE INDICATION
1.1          All direct reading thermometers and temperature reading devices shall have an accuracy of 0.5oC
and a range of -10oC to 50oC, unless otherwise specified, with graduation being in steps of 1oC.
1.2          Stem thermometers shall be approximately 150 mm long and dial type thermometers minimum
80mm diameter.
1.3
Wells shall be set vertical or at an angle to retain oil.  Pipes smaller than 80 mm bore shall be enlarged at points where wells are installed as per following table:
	-
Pipe bore (mm)
	15
	20
25
	32
	40
	50
	65

	-
Size of enlargement (mm)
	32
	40
50
	50
	50
	65
	80


1.4
The sensor element shall be at the centre of the pipe.
2
PRESSURE INDICATION
2.1         All dial pressure gauges shall be glycerine filled to prevent pointer vibration.  Gauges shall have an accuracy of 2%. The range shall extend to 150% of the maximum operating pressure.
2.2         All inclined manometer differential pressure gauges shall have an accuracy of 2%.  The range shall extend to 150% of the maximum operating pressure, with graduation being in steps of 10 Pa.
2.3         All differential dial pressure gauges shall have an accuracy of 2% and shall not be less than l00 mm diameter.  Zero pressure reading shall be in the centre, and the range of scale on either side shall extend to 150% of the maximum operating pressure, with provision being made for individual pressure reading.
2.4
Syphon tubing to pressure gauges must be galvanised and must be insulated.
2.5
Pressure gauges must be installed before and after water strainer.
3
HYGROMETERS
3.1
Hygrometers shall have an accuracy of 5% in the range of 20% to 100% relative humidity.
4
FLOW METERS
4.1         Liquid flow shall be measured by means of an in-line orifice, or Venturi tube and differential pressure gauge normally calibrated in litres per second - 5% accuracy.
All identification shall be legible, and shall be painted or fixed after completion of final finishes.  Identification colours shall be in accordance with BS 1710 and/or as instructed or approved by the Architect.
1
SIGHTGLASS/MOISTURE INDICATOR
1.1          A sightglass/moisture indicator shall be installed in the refrigerant circuit of each chiller and/or condensing unit.
1.2
The indicator shall be suitable to read the recommended moisture levels of the refrigerant used.
1.3
The indicator must be after the filter drier and must be visible.
2
LABELS
2.1        A label shall be provided under each gauge, meter, instrument, pilot lamp, remote control switch, motor controller and panel mounted item identifying the equipment controlled and/or performance indication by such items.
2.2        The labels shall consist of a non-corroding material with a non-glossy appearance, engraved with black lettering on a white background. All labels shall slide in a screwed-on type aluminium bracket unless otherwise approved
3
VALVE TAGS AND CHARTS
3.1         Numbered tags including letters to identify the system, shall be brazed to all valves indicated on the drawings, or be fastened by heavy brass chain to such valves.
3.2         The metal tags shall be 50 mm in diameter and 1 mm thick, and shall have stamped-in number and letters.
3.3         The Subcontractor shall be responsible for submitting a list of all valves and controls, giving location and function, together with diagrammatic charts featuring each piping system with valves and controls, identified by numbers and letters shown on the corresponding tags.
4
DIFFUSERS
4.1         Each diffusers/grille shall be labelled with a unique number which shall be reflected on the as build drawing, drawing asset register and commissioning sheets.
5
PIPING
5.1         In addition to painting of pipes (including insulation), colour coded polyvinyl chloride bands shall be applied to pipes identifying their content and direction of flow.
5.2         Bands shall be provided to piping at valve location, at points where piping enters or leaves a partition, wall, floor or ceiling and at least at every 10 m centres of straight runs.  Where piping is concealed, bands shall be applied at valves or other devices whenever access is provided by doors or panels.  Exit and entrance points to each vessel, tank or place of equipment shall be identified by bands. Insulated pipes shall be banded after insulation and painting work has been completed.
5.3         The band's width shall be minimum 200 mm wide for pipes up to 250 mm diameter and 400 mm wide for larger diameter piping.  The pre-printed letters on band, identifying the service shall be at least 20 mm high.
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5.4
Piping of less than 25 mm nominal bore need not be colour banded but shall be painted all over with the identifying colour of its content.
5.5
The flexible hoses serving the access floor and/or ceiling fan coil units shall be colour banded as follows:
-
Hoses with "male" part of coupler: "midnight blue"
-
Hoses with "female" part of coupler: "light blue"
5.6
Only one band with a minimum width of 20 mm shall be provided around
5.7
Re-insulation on both ends of the hose.
6
DUCTWORK
6.1
All ductwork shall be identified by writing in words the service of the duct and by pointer showing the direction of flow. Markings shall appear at least at the point of origin and whenever ducting enters or leaves walls, floors or ceilings and for every 20 m centres of straight lines.
6.2
The identification letters shall be at least 50 mm high and the flow arrow 150 mm long.
7
ACCESS PANELS
7.1
Approved tile markers shall be provided in areas where removable ceilings or access panels are positioned to indicate the location of valves and/or other devices.
8
COLOUR CODING
8.1
Unless otherwise indicated, the following colour code shall be used:
	
	APPLICATION
	REFERENCE

	1
	Steel bases
	1

	2
	Motors
	1

	3
	Condenser frames
	1

	4
	Chiller frames
	1

	5
	Fans
	1

	6
	Pipe brackets
	1

	7
	Air conditioning ducts (supply air)
	1

	8
	Concrete bases
	2

	9
	Drain piping
	2

	10
	Condenser water piping (supply)
	3

	11
	Condenser water piping (return)
	4

	12
	Compressors
	4

	13
	Chilled water piping (return)
	5

	14
	Suction lines
	5

	15
	Chillers
	5

	16
	Chilled water piping (supply)
	6

	17
	Pumps
	7
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	APPLICATION
	REFERENCE

	18
	Belt guards
	8

	19
	Hot line gas
	9

	20
	Shut off valve handles
	9

	21
	Switches and boxes or covers
	9

	22
	Liquid line
	10

	23
	Condensers
	11

	24
	Cooling towers
	12

	25
	Kitchen ventilation ducts
	13

	26
	Toilet ventilation ducts
	13

	27
	Air conditioning ducts (return air)
	14

	28
	Ventilation ducts
	15

	29
	Plenums
	15

	30
	Compressed air
	5


	REFERENCE
	DESCRIPTION
	COLOUR CODE

	1
	Mines Grey
	G15P

	2
	Black
	

	3
	Brilliant green or light orange
	Codes BS No 221

	4
	Magic green or dark orange
	G406

	5
	Light blue
	G16P

	6
	Midnight blue
	G116P

	7
	Azure blue
	BSF05

	8
	Golden yellow
	BS49

	9
	Signal red
	G7P

	10
	White
	

	11
	Carrier green
	

	12
	Aluminium numelon code AN
	

	13
	Eyerest grey
	G7P

	14
	Battleship grey
	G13P

	15
	Beige
	BS366
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1
GENERAL REQUIREMENTS
1.1
The requirements of ISO 12944 shall apply as a minimum to all coating application activities.
Supplementary requirements are given in this document. In the event of conflict between this document and the ISO standard, the requirements of this document will prevail.
1.2
The sub-contractor shall be responsible for ensuring that the coating manufacturer’s instructions, including, but not limited to:
a.  Surface preparation and cleaning.
b.  Preparation and application of coating materials. c.  Shelf life and storage requirements
are adhered to:
1.3
Only approved coating materials as detailed in the specification shall be used.  These shall not be mixed with materials from different manufacturers.
1.4
The  sub-contractor  shall  use  experienced  labour  with  qualified  supervision  and  inspection.
Applicators and supervisors should preferably be qualified to the South African Qualification and
Certification Committee for Corrosion Protection (SAQCC) PA1 and SP1.
1.5
The sub-contractor shall use colours selected by the design team to the SANS 1091 or RAL colour standards.
1.6
The sub-contractor shall ensure that piping and proprietary equipment are adequately protected when stored on site to prevent internal corrosion.
2
GREEN REQUIREMENTS
2.1
Any paint/solvent based coating used for piping, support steelwork and air-conditioning ductwork and equipment must have a VOC content of less than 200 g/l in the ‘ready-to-use’ product. Where the manufacturer requires solvent additions to the as-supplied product strict instructions are required from the manufacturer in terms of the maximum solvent additions allowed to ensure that the ready-to-use product still meets the 200 g/l limit.
3
SURFACE PREPARATION
3.1
All sharp edges, burrs, rags and weld splatter shall be removed and weld areas shall be abraded and/or ground.
3.2
The surface shall be de-greased and rinsed with solutions supplied by the coating manufacturer prior to mechanical cleaning (clause 4.4 of SANS 10064).
3.3
Surface preparation shall be as specified in accordance with ISO 8501-1 and SANS 10064 and shall be conducted before erection of pipes
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4
COATING/PROTECTION SPECIFICATIONS
	4.1.1
APPLICATION
	SPECIFICATIONS/CODES

	Protective Coatings
The external protection of insulated chilled water piping.
The external protection of uninsulated steel piping internal and external to buildings in both inland and marine environments and mild steel support structures and black steel kitchen extract ducting internal to buildings in inland and dry environments.
Mild steel support structures to buildings in moist conditions and external to buildings in inland environments.
Mild steel support structures internal and external to buildings in marine environments.
	(Refer to Appendix A)
PCS 01
PCS 02
PCS 03
PCS 04


	4.1.2
APPLICATION
	SPECIFICATIONS/CODES

	Anti-Corrosive Coatings
Air Cooled condenser coils within 35km of the coast or coils where specifically specified
	- Salt spray as per ASTM B117 of >5000hrs
(corrosion durability)
- Cross hatch as per ASTM 3359-93 of 5B (adhesion)
- UV resistance as per ASTM D4587 of 500 hours
- Heat transfer loss must be less than 1%.
- The coating dry film thickness should be
15-30 micons without material bridging between fins.
- The coating applicator must provide a declaration ROHS (Restriction of
Hazardous Substances).


	APPLICATION
	SPECIFICATIONS/CODES

	The external surfaces of galvanised steel ducting internal and
external to buildings in both inland and marine environments.
	PCS 05

	Electric motors, gearboxes, pumps, valves and other proprietary
equipment internal or external to buildings in both inland and marine environments.
	PCS 06

	Hot Dip Galvanizing
Due cognisance of the type of article and zinc thickness is required.
	SANS 121 (ISO 1461) – Hot dip galvanized coatings on fabricated iron and steel articles
– specifications and test methods

	Powder Coatings
Steel or galvanised components. Architectural aluminium components.
	SANS 1274 – Type 6
SANS 1578-1
SANS 1578-2

	ANODIZING OF ALUMINIUM
Architectural components
General purpose aluminium articles
	SANS 999
SANS 1407



4.1    
Should the applicator or manufacturer wish to propose alternative products or coating materials, he shall submit a detailed motivation to Spoormaker & Partners.  The motivation shall include, but not be limited to the following:
-
Benefit to the Client
-
Product licensor and technical back-up available;
-
Location, experience and ISO quality rating of the production facility;
-
Detailed case histories;
-
Performance guarantee offered;
-
Manufacturer's data sheets for each product.
-
Confirmation that the coatings meet the specified VOC requirements.
5

  COATING APPLICATION
  5.1     

The sub-contractor shall submit a Quality Plan for approval prior to the commencement of any  
coating work.
5.2
The coating application work shall be carried out in strict accordance with the most recent Product
Data Sheet from the coating manufacturer.
5.3
The product data sheet shall be deemed to be part of this specification.
5.4

  Coatings shall not be applied when surface may become damaged due to rain, dust, condensation, 
  surface temp (>30oC) or excessive humidity (>85%).
5.5
All surfaces shall be coated as specified. Successive coats shall be of distinctly different colour to the previous coat to ensure correct inter coat coverage. Special attention shall be given to cracks, crevices and edges to ensure complete coverage and paint thickness.
5.6      The primer shall be applied as soon as possible after the surface preparation operation, but within 4 hours.
5.7
Concealed surfaces shall be completely coated.
5.8
All edges, corners, welded joints, flanges, bolt holes and cut ends shall be stripe coated by brush application, prior to the application of the second coat.
5.9
No coating shall be applied to any surface containing traces of grit, grease, soil, loose rust, surface   contaminants (i.e. dust) or loose corrosion product of any kind.
5.10
Surface rust on steelwork shall not exceed Grade B of ISO 8501-1.
5.11    
Coating that was applied excessively which shows marks of wet running paint or poor workmanship  must be sanded down and re-painted.
6
  PATCH REPAIR PROCEDURE
6.1
  Following transport and erection, all areas of coating damage shall be patch repaired by brush    
  application to reinstate the original specified system.
6.2
The extent of the damage shall be carefully inspected to assess which coats in the system have  been damaged.

6.3        When the damage extends to the steel substrate, all coats in the system shall be re-instated. Areas to be primed shall be cleaned of dust, dirt, grease or other deleterious matter and mechanically cleaned to grade St 3 of ISO 8501/1.
6.4       
All edges of existing coatings shall be feathered back to a hard edge. The patch primer used shall be in accordance with the requirements of the relevant coating system.
7
FASTENERS
7.1
All nuts and bolts shall be either hot dip galvanised or stainless steel unless otherwise specified.
7.2
All galvanised nuts and bolts shall be de greased, patch primed and finish coated in accordance with the specification for the respective area of the plant.
7.3
Washers shall be fitted to each nut and bolt.
7.4
A minimum of two full threads of the bolt must be visible behind the nut once tightened.
7.5
Bolt protrusion behind nut shall not exceed 25mm once tightened.
7.6
Threaded hanger rod ends shall not protrude more than 25mm below the bottom of the support bracket. .
7.7
Support brackets shall be coated to PCS 02. Any damage to the bracket coatings during installation shall be repaired in accordance with the PATCH REPAIR PROCEDURE.
7.8      If the galvanized threaded hanger rods are damaged or cut during installation the damaged zinc coating shall repaired in accordance with SANS 121 (ISO 1461) by means of epoxy zinc rich paint. The zinc rich paint shall contain a minimum of 80% zinc in the dry film and the thickness shall be

30 micron greater than the specified galvanizing zinc thickness. The damaged area shall be thoroughly cleaned and the repair coating shall overlap onto the surrounding sound zinc for a distance of at least 25 mm.
7.9
The zinc rich paint for repairs shall be as recommended by the HDGASA, i.e. either Zincfix

(Speccoats) or Galvpatch (Drivelines and Sprayflow cc).
7.10
The use of aerosol spray repair coatings is not permitted.
8
THE PREVENTION OF GALVANIC CORROSION
8.1       Care must be taken to prevent or mitigate the corrosion caused by dissimilar metal contact on cooling coils, tubes and tube plates, pipes, flanges, frames etc. Typical metals encountered would be copper, aluminium, zinc, mild steel and stainless steel.
8.2
The junctions between dissimilar metals must be electrically insulated where possible.
8.3     
Pipe flanges between dissimilar metals must be insulated using insulating gaskets for the flange faces and insulating sleeves and washers for all nuts and bolts.
8.4       Where the insulation of the junction between dissimilar metals is not practical, the cathode surface on the electrolyte or ‘wet’ side must be coated for a minimum distance of 100 mm from the junction. The applied coating must effectively isolate the coated surface from the electrolyte.

9
INSPECTIONS AND TESTING
9.1     The sub-contractor shall have the necessary equipment and qualified staff to carry out the quality control required to ensure compliance with the specification. The coating inspector shall preferably be qualified to either the South African Qualification or Certification Committee for Corrosion Protection (SAQCC) Level 1 or NACE CIP Level 1.
9.2      The following inspections and tests shall be performed by the sub-contractor and witnessed by the design team in accordance with the approved Quality Plan on corrosion protection.
1.3
Visual inspection for paint film defects shall be performed after each coat is applied. All defects including pinholes, sags and runs shall be corrected before the next full coat is applied.
9.4
Painted surface must be continuous, smooth and uniform
10
DRY FILM THICKNESS
10.1    Dry film thickness shall be measured in accordance with ISO 2808:1967. Instrument calibration   shall be on the smooth calibration disc provided by the instrument manufacturer.
10.2    The required dry film thickness is given in recommended ‘windows’ for each coat in the relevant coating specification, i.e. required minimum and acceptable maximum. As the various brand coatings are being guaranteed by the respective coating manufacturers, the minimum and maximum thickness requirements must be as specified in the relevant manufacturer’s Product Data Sheet. Any reading outside the manufacturer’s specified range is cause for rejection and may require the removal of the entire coating and reapplication thereof.
10.3
Actual readings and not averages shall be recorded.
11
QUALITY ASSURANCE
11.1
SUB-CONTRACTOR QUALIFICATION
11.1.1
The design team may, at its discretion, require a Quality Audit of the painting sub-contractor to ensure that he has the management, facilities, skilled staff and quality control facilities and staff, to carry out both the coating application and the required quality control during application of coatings to ensure compliance with specification.
11.1.2
The sub-contractor shall accept full responsibility for the quality of his work and of materials used, irrespective of any quality surveillance that may be carried out by the design team.
11.1.3
The sub-contractor shall keep at least the following records in his QA File on site:
-
Product Data Sheets
-
Material batch records
-
Psychrometric records
-
Records of surface preparation
-
Dry film thickness measurements per coat
-
Copies of inspection reports issued by the coating manufacturer
-
Copies of inspection reports issued by the design team

12
DATA BOOK
12.1
Upon completion of the works, the sub-contractor shall provide Spoormaker & Partners with a Data

Book containing all the relevant Quality Control documents and records pertaining to the works.
12.2
This data book shall contain, as a minimum, the following:
-
The relevant PCS specifications
-
The Quality Plan
-
Copies of all Batch Release Certificates from the paint manufacturer
-
All relevant QC Records listed above
-
Copies of all design team reports
-
Copies of all Release Certificates
12.3
The sub-contractor shall keep a copy of the Data Book for his own records.
13
GUARANTEES
13.1    Spoormaker & Partners requires performance guarantees for the applied coating systems. Such guarantees shall be provided jointly by the coating manufacturer and coating applicator. The minimum guarantee period will be 8 years and the criteria for failure will not exceed Ri 3 of ISO

4628-3.
13.2     Although visible coating defects such as blistering, cracking, flaking and peeling are not always associated with visible rusting, they indicate defects that could either lead to substrate corrosion or are shielding substrate corrosion that has already taken place beneath the coating. Any such defects noted during the guarantee period shall be repaired.
13.3
This joint guarantee must be submitted at the time of tender.
13.4
All guarantees in the terms of protection against corrosion shall be ceded to the client.
PROTECTIVE COATING SPECIFICATIONS

APPENDIX A
	SPECIFICATION NO: PCS 01

	Description: The external protection of insulated chilled water piping.

	
	Surface Preparation
	Primer
Coat
	Intermediate Coat
	Finishing
System

	Supplier
	Degrease Wire brush St 3
	Al filled surface tolerant epoxy primer
50 – 125 microns
	High build micaceous iron oxide epoxy
75 – 150 microns
	Insulation
+
vapour barrier

	International
	Degrease Wire brush St 3
	Interseal
670HS Aluminium
	Intergard 475HS MIO
	-

	VOC g/l
	-
	182
	193
	

	Jotun
	Degrease
Wire brush
St 3
	Jotamastic 80 Al
Std comp B
	PenguardMidcoat
MIO Red,Grey
	-

	VOC g/l
	-
	145
	180
	

	Plascon
	Degrease Wire brush St 3
	PlasconPlascotuff
3000 (PEX3004/PEH 3)
	PlasconPlascotuff
3000 (PEX3004/PEH 3)
	-

	VOC g/l
	-
	150
	150
	

	Stoncor
	Degrease
Wire brush
St 3
	Carbomastic 15
	Carboguard 893
	-

	VOC g/l
	-
	88
	195
	-




	SPECIFICATION NO: PCS 02

	Description: The external protection of un-insulated steel piping internal and external to buildings in both
Inland and marine environments and mild steel support structure internal to buildings in inland and dry environments.

	
	Surface Preparation
	Primer
Coat
	Intermediate Coat
	Finishing
Coat

	Supplier
	Degrease Wire brush St 3
	Al filled surface tolerant epoxy primer
50 – 125 microns
	High build micaceous iron oxide epoxy
75 - 150 microns
	Water borne acrylic latex
50 – 75 microns

	International
	Degrease
Wire brush
St 3
	Interseal 670HS Aluminium
	Intergard 475HS MIO
	Intercryl 700

	VOC g/l
	-
	182
	193
	15

	Jotun
	Degrease
Wire brush
St 3
	Jotamastic 80 Al
Std comp B
	PenguardMidcoat
MIO Red,Grey
	Waterfine Topcoat
Standard shades

	VOC g/l
	-
	145
	180
	70

	Plascon
	Degrease
Wire brush
St 3
	PlasconPlascotuff
3000 (PEX3004/PEH 3)
	PlasconPlascotuff
3000 (PEX3004/PEH 3)
	PlasconMetalcare WB Enamel (WBE)

	VOC g/l
	-
	150
	150
	60

	Stoncor
	Degrease Wire brush St 3
	Carbomastic 15
	Carboguard 893
MIO
	Carbocrylic 3350

	VOC g/l
	-
	88
	195
	24


13.1.1.1.1.1   SPECIFICATION NO: PCS 03
Description: Mild steel support structures internal to buildings in moist condition and external to buildings in inland environments.
Hot-dip galvanise to SANS 121 (ISO 1461)
	SPECIFICATION NO: PCS 04/PCS 05

	Description PCS 04:
Mild steel support structures internal and external to buildings in marine environments.

  Galvanise (un-passivated) + duplex coating
Description PCS 05:
The external surfaces of galvanised steel ducting internal and external to buildings in both inland and marine environments.

	
	Surface Preparation
	Primer
Coat
	Finishing
Coat

	Supplier
	Galvanised
Iron Precleaner
	Epoxy
Galvanising primer
50 – 80 microns
	Water borne acrylic latex
50 – 75 microns

	International
	Galvanised
Iron Precleaner
	Interseal 670HS Aluminium
	Intercryl 700

	VOC g/l
	-
	182
	15

	Jotun
	Galvanised
Iron Precleaner
	Jotamastic 80 Al
Std comp B
	Waterfine Topcoat
Standard shades

	VOC g/l
	-
	145
	70

	Plascon
	Galvanised
Iron Precleaner
GIC
	PlasconPlascotuff
3000 (PEX3004/PEH 3)
	PlasconMetalcare WB Enamel
(WBE)

	VOC g/l
	-
	150
	60

	Stoncor
	Galvanised
Iron Precleaner
	Carboclad 900
	Carbocrylic 3350

	VOC g/l
	-
	22
	24


	SPECIFICATION NO: PCS 06

	Description: 
Electric motors, gearboxes, pumps, valves and other proprietary equipment internal and
External to buildings in both inland and marine environments. Over manufacturer's standard finish.
Note:                   Conduct an adhesion test on the proprietary coating in accordance with SANS 5159. If the adhesion coefficient is less than 8, return item to manufacturer for replacement. If the adhesion coefficient is 8 or 10, apply upgrade system as above.

	
	Surface Preparation
	Primer
Coat
	Finishing
Coat

	Supplier
	St3
Degrease
	Epoxy maintenance primer
50 - 125 microns
	Water borne acrylic latex
50 – 75 microns

	International
	St3
Degrease
	Interseal 670HS Aluminium
	Intercryl 700

	VOC g/l
	-
	182
	15

	Jotun
	St3
Degrease
	Jotamastic 80 Al
Std comp B
	Waterfine Topcoat
Standard shades

	VOC g/l
	-
	145
	70

	Plascon
	St3
Degrease
	PlasconPlascotuff
3000 (PEX3004/PEH 3)
	PlasconMetalcare WB Enamel
(WBE)

	VOC g/l
	-
	150
	60

	Stoncor
	St3
Degrease
	Carbomastic 15
	Carbocrylic 3350

	VOC g/l
	-
	88
	24
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1
GENERAL
1.1
This is a performance specification that requires an equipment submission.
1.2
In case of conflict, this specification takes preference over material and application codes. If the conflict is fire related, the relevant fire code takes preference over this specification.
2
CODES
2.2
Insulation shall be applied as specified in SANS Standards 1238 –2005 and 0173-2003.
3
FIRE
3.1
All thermal and acoustic insulation materials, adhesives, straps and finishes used shall, when
tested in accordance with SANS Standard 1238-2005 and BS standard 476, comply with the stated indexes for surface spread of flame, heat contribution, smoke contribution and fire index.
3.2
Material shall be free from substances, which in the event of a fire would generate appreciable quantities of smoke, noxious or toxic fumes.
3.3
Flexible ducting complete with insulation shall be constructed of non-combustible material as required in terms of the building regulations provided that:
•
Approved combustible flexible connections may be used where the length of such connection does not exceed 1.5m and such connection does not pass through any wall or floor which is required to have a specified fire resistance.
•
Approved combustible flexible joints not more than 250mm in length may be used in any plant room where such plant room is protected by a smoke detection system.
4
ENVIRONMENTAL
4.1
Insulation materials and finishes shall prevent rotting, mould, fungal growth and attack by vermin, be non-hygroscopic and in all respects to be suitable for continuous use throughout the range of operating temperatures and within the environment indicated.
4.2
Insulation material and their finishes shall be free from any form of asbestos.
4.3
No exposed glass fibre shall be permitted in contact with air.
4.4
The insulation material shall not contain CFC’s and shall be ozone and ultraviolet resistant with an
ODP value of O
4.5
The thermal resistance of the material shall not degenerate below the thermal resistance value quoted over the life span of the product.
4.6
All thermal insulation for pipes and ducts shall have no ozone-depleting substances associated with either the manufacture or composition of the product. Fibre-based woven insulation products (e.g. glass fibre, mineral wool, polyester etc.) and foil insulation are not manufactured using blowing agents may be used.
4.7
The Contractor is to provide written confirmation that all insulation materials installed are as per specification. Contractor is also to provide manufacturer’s data sheets for each insulation product,
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5
QUALITY ASSURANCE
5.1
Prior to insulation being fitted, all pressure testing shall be satisfactorily completed. The Specialist Insulation Contractor is, however, allowed to start insulating ductwork before testing provided that all joints are uncovered and visible for inspection.
5.2
The HVAC Sub-contractor shall arrange inspections by the Consulting Engineer for the following events:
5.3
PIPING
i.
Samples (For piping, supports, fittings etc. as agreed with the Consulting Engineer)
ii.
After paint application to surfaces to be insulated iii.
After second vapour barrier application
iv.
Completion of cladding
5.4
DUCTING
i.
Samples (As agreed with the Consulting Engineer)
ii.
Finished product
5.5
Insulation shall be stored in a dry and protected environment, and shall be protected after installation. Any materials with signs of physical or moisture damage will be rejected.
6
EQUIPMENT SUBMISSIONS/SAMPLES
6.1
Sample sections of final insulation will be required prior to commencement, as part of the quality control and performance testing.
6.2
An equipment submission shall be submitted for review, containing details on low density insulation on straight pipes runs, high density insulation at pipe supports, insulation for valves, flanges, etc. and insulation for storage vessels. For information required in the equipment submission, refer to Table F.
7
INSULATION MATERIALS/LIFE EXPECTANCY
7.1
The selection of an insulated material shall comply with the manufacturers operating limits for the insulation, including but not limited to criteria for temperature, humidity and compressive strength.
7.2
The materials selected for insulation, vapour barrier and cladding shall be compatible and suitable for the type of application, and shall be galvanic neutral.
7.3
The thickness shall comply as a minimum with the thickness stated in the enclosed table A – E.
7.4
Material selected shall have a median life expectancy of 20 years.
7.5
Insulation materials relying on reflectance and air gaps shall provide certified test results for reflective surface covered with dust and equivalent on site thickness of air gap.
7.6
Materials shall tightly fit the outer perimeter of the medium insulated.
7.7
Acceptable insulation materials for piping:
i.
Pre-formed fibrous insulation sections (minimum density 80kg/m³)
ii.
Pre-formed closed cell foam (minimum density 32kg/m³)
iii.
Pre-formed closed cell elastomeric (minimum density 48 kg/m³)
7.8
Acceptable insulation materials for pipe fittings:
i.
Fibrous insulation rope with plaster finish
ii.
Closed cell elastomeric (min density 48kg/m³)
7.9
Acceptable insulation materials for ducting:
i.
Blanket/sheet glass fibre (minimum density 16kg/m³)
ii.
Fire Retardant Polystyrene or equivalent (minimum density 24kg/m³)
iii.
Closed cell foam (minimum density 24kg/m³)
8
VAPOUR BARRIER
8.1
The insulation of ductwork, piping and or plant operating below ambient dew point temperature shall be provided with a vapour seal.
8.2
Wherever a vapour seal is discontinued the vapour seal shall be brought back to the surface of the duct, pipe or plant.
8.3
The vapour barrier shall be continuous at pipe supports.
8.4
Wherever a vapour seal is damaged or pierced it shall be sealed with tape of the same material.
8.5
Cold surface insulation relying on closed cell properties of the material for a vapour barrier shall have a minimum moisture resistance value of µ> 5000.
8.6
Acceptable vapour barriers:
i.
Foil Reinforced Kraft (FRK), duct wrap or equivalent, all joints sealed with aluminium tape ii.
Mylar Foil factory fitted and all joints sealed with aluminium tape
iii.
Factory fitted PVC and all joints sealed with black tape
iv.
Factory fitted Canvass with all joints properly lapped and continuous sealed with canvass material and coated by a polymeric type vapour barrier strictly in accordance with the manufacturers’ recommendation but a minimum of two coats, first a white coat, followed by a blue coat.
8.7
All vapour barrier joints (longitudinal and circumferential) shall have a minimum overlap of 50 mm and shall be glued and taped.
8.8
Exposed vapour barrier shall be UV resistant.
9
APPLICATION
9.1
GENERAL
9.1.1
Where specified thickness of insulation exceeds commercially available sizes, insulation shall be applied in two or more layers, with all joints staggered and with overlaps of minimum 50mm. Insulation layers shall be strapped and glued into position.
9.1.2
Where cladding is required in terms of this specification, the standard for inland environments shall be”galvanisedsheetmetal” and for marine environments, stainless steel or aluminium.
9.1.3
Cladding shall be strapped at 300mm intervals – no pop rivets or screws shall be used.
9.1.4
Installation material used on duct work, piping and plant operating at or below ambient dew point temperatures or installed in areas where the insulation can be soaked by (rain) water shall be of
the closed cell type and shall be provided with a vapour seal (refer Clause 6). All joints on cladding shall be weather proof.
9.1.5
Equipment manufacturer’s nameplates shall not be covered by insulation.
9.1.6
Flanges, valves and strainers shall be insulated. Removable sections shall be insulated with synthetic rubber and taped.
9.1.7
Collars, bases and manholes of storage vessels shall be insulated. Manhole covers shall be semi removable. Storage vessel legs shall be insulated up to 50mm off the floor surface.
9.1.8
Heat exchangers shall be insulated.
9.1.9
Pumps and machinery shall not be insulated unless specifically indicated on the drawings.
9.1.10
All chilled water and refrigerant suction distribution systems shall be insulated and vapour sealed.
9.1.11
Cladding shall be compatible with the nature of material insulated and the vapour barrier. Where electrostatic build up or lightning strike is a possible given site conditions, cladding shall be earthed and bridged to ensure a continuous medium.
9.1.12
Cladding shall overlap a minimum of 30mm for <ø150mm pipes and 50mm for ≥ø150mm pipes.
9.1.13
To prevent thermal bridging at supports, insulation props of similar material, preformed to suit the pipe, sufficient density to support the pipe, fluid and coverings, and equal thickness to insulation shall be provided. Wooden blocks will not be accepted.
9.1.14
Material similar to Poly ISO Cyan Urate with a minium density of 80kg/m³ and minimum length of
120mm can be used.
9.1.15

Minimum thickness specified in tables A – E, is based on thermal conductivity. The specialist insulation supplier should ensure that the correct thickness/density of material is used to prevent damage during construction and squashing at pipe supports.
9.1.16
Fixing of insulation shall allow for expansion of piping.
9.1.17
Condensate drain piping of equipment installed inside ceiling voids shall be insulated from the equipment to the drain point for a minimum distance of 2m or further if condensation is evident
9.1.18
Side stream filtration unit & piping and chilled water piping to and from dosing pod must be insulated.
9.1.19     External cladding and uninsulated sections of ducting that is exposed to rain shall be cross bend with the highest point in the centre of the ducting where installed horizontally to prevent standing water. No drilling of cladding on top of insulation is allowed.
9.1.20
External cladding seams of piping must be installed in a position that ensures there is no water ingress via the seam. The seam angle and overlap section must ensure efficient water run off and all joints must be water tight.
9.1.21
All insulated piping, including refrigerant piping shall be protected by a sheetmetal sleeve where it penetrates a structure and fire sealed if it is a fire wall.
9.1.22
When using preformed close cell foam insulation on piping a bonding medium similar to Bitumen must be used and applied over the protective coating that forms the basis of protection against corrosion.
9.1.23
The coverage of the Bitumen must be 100% of the insulated area.
9.1.24
All joints in insulation and termination against pipe supports must be glued.
9.1.25
Flexible connections shall not be insulated.
9.2
9.2DUCTING
9.2.1
Refer to table D.
9.2.2
Duct insulation shall be fastened to ducting in accordance with the following table:
	DUCT SIZE
	FASTENERS

	
	

	<300mm
300mm≤ duct <600mm
‘≥ 600’mm
	Adhesive (100% coverage of area) Adhesive and straps at 300mm centres
Adhesive and pins at 300mm centres


9.2.3
If strapping is used in the installation, it shall be applied without damaging the insulation. Strapping shall be of the polypropylene type. Locking clips shall be plastic.
9.2.4       Pins shall be applied to sides and bottom. Mechanical pin washer shall not compress insulation more than 15%. Sharp edges of mechanical pin washers shall face away from the insulation to prevent damage to the vapour barrier.
9.2.5
No pins shall be used after HEPA filter but only straps.
9.2.6
The vapour barrier shall be re-instated after installation of pins.
9.2.7
Adhesive shall be applied to the bottom and sides of the duct to ensure bonding of the insulating material to the sheet metal.
9.2.8
The table below details the spacing of the mechanical fasteners for rigid internal and external insulating material.
	DUCT SYSTEM
	SPACING OF MECHANICAL FASTENERS FOR EXTERNAL DUCT INSULATION

	Low. medium and high pressure
	From Side of duct
	From Flanges
	Between Centres

	
	75mm
	75mm
	300mm


	DUCT SYSTEM
	SPACING OF MECHANICAL FASTENERS FOR INTERNAL DUCT INSULATION

	Low. medium and high pressure
	From Side of duct
	From Flanges
	Between Centres

	
	75mm
	75mm
	400mm


9.2.9
Duct supports must notbe against flanges/duct joints.  Minimum distance from flanges/joints is
150mm.
9.2.10
At Coastal areas high density insulating material is required between the ducting and duct support bracket.
9.2.11
Ensure that the hangers and supports are large enough to allow the insulating material and the vapour barrier to be fitted between the duct and the hanger or support. Insert, between the duct and each hanger or support, a saddle of high density insulating material of acceptable quality, and of the same thickness as the insulating material with width at least equal to that of the carrying member (for example the angle). Ensure that the compressibility of the saddle material is such that, under working conditions, a saddle is not compressed to less than 85% of its original thickness. Bond the saddle onto the duct with 100% coverge of adhesive (refer to figure below for details. Fit saddles on all load-bearing surfaces of the external insulating material.
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{for example angle iron 50mm Polylsocyanurate 150mm).

Height equal to insulation material




9.2.12
As an alternative to transverse joints specified in SANS 1238 the flanged joints such as MEZ- flanges will also be considered provided that these type of flanges meet the following specification.
	LONGEST SIDE OF DUCT (mm)
	FLANGE HEIGHT (mm)
	MATERIAL THICKNESS OF FLANGES
	NO OF INTERMEDIATE CLAMPS

	100 – 300
	20
	1mm
	Nil

	300 – 600
	20
	1mm
	1

	601 – 1200
	20
	1mm
	2

	1201 – 1800
	30
	1.2mm
	3

	1801 – 2400
	30
	1.2mm
	4

	OVER 2400
	TO SANS 1238


9.2.13
MEZ-flanges or equivalent products shall be manufactured from cold rolled steel and hot-dip galvanised after manufacture. The sealant between mating flanges and between the flange and sheet-metal shall comply with SANS 1238.
9.2.14
Ductwork connected to equipment, such as cooling towers, evaporative condensers, plenum chambers etc. shall be provided with flanges for easy removal of the equipment.
9.2.15
“Where ducting passes through walls or partitions it shall have a suitable timber frame surrounding it. There shall be a 10mm clearance between all sides of the ducting and the timber frame.”
9.2.16
Strapping must not be used on bends and transformation sections. Mechanical pins must be used.
9.3
CHILLED WATER INSULATION
9.3.1
Refer to table A.
9.3.2
Flexible closed cell rubber insulation (Kaiflex) shall not be used on equipment exposed to Ambient conditions, lights, close to or near heat generated equipment.
9.3.3
Special Clauses for Coastal Application
The “Coastal Conditions” or “Coastal Application” shall be deemed to mean any installation within
35km of the ocean. For Coastal Conditions the following apply:
9.3.3.1
The vapour barrier must be sealed directly onto the chilled water pipe after the valve cluster of the cooling coil. This also applies where balancing valves or ball valves are used or flexible hose connections.
The insulation should overlap the vapour barrier. The vapour barrier must remain continuous on the outside of the pipe
Where good thermal conducting vapour barrier such as aluminium foil is used, the foil should not come into contact with the pipe, but polyurethane foam or other closed cell insulation should rather be injected to seal the vapour barrier off, onto the pipe, after the valve cluster.
9.3.4
Refer to Section 09.02 for correct installation of balancing valve in pipe system.
The following vapour barrier materials are acceptable:
- Mastic PK2415
- SAFBOND cloth type
- Foil to Mylar
The following type of vapour barrier are not acceptable:
- Foilcraft
9.4
9.4HOT WATER INSULATION
9.4.1
Refer to table B
9.4.2
Hot insulation shall provide adequate heat conservation and protection against burn injuries.
Insulation surface temperature shall not exceed 50°C at an ambient of 30°C.
9.6
REFRIGERANT PIPING
9.5.1
Refer to table E.
9.7
STEAM
9.6.1
Refer to table C.
10
ACCEPTABLE CONTRACTORS
10.1
Insulation shall in all instances be applied by specialist “Insulation Contractors” and be of the highest standard. The Insulation contractor must be approved by Spoormaker & Partners
	
	A.1 CHILLED WATER (INLAND CONDITIONS)

	DIAMETER
	Minimum R
Value
	MINIMUM THICKNESS/
THERMAL CONDUCTIVITY
	VAPOUR
BARRIER
	LOCATION/FINISH

	
	m2K/W
	0.038 – 0.05
	0.034 – 0.038
	0.022 –
0.024
	
	

	15-50
	0.5
	25
	19
	15
	Refer to section 04 clause 8
	Concealed – Vapour
Barrier
Exposed - 0.5mm galvanised sheet metal painted to an approved colour.  External cladding arranged to shed water and all joints water tight. Tanks – 0.6 mm cladding.

	65-80
	0.66
	40
	25
	20
	
	

	100 - 300
	0.79
	50
	30
	20
	
	

	>=350 “header”
	1.32
	100
	50
	50
	
	

	storage tanks
	2.6
	150
	100
	75
	
	


	
	A.2 CHILLED WATER (COASTAL CONDITIONS)

	DIAMETER
	Minimum R
Value
	MINIMUM THICKNESS/
THERMAL CONDUCTIVITY
	VAPOUR
BARRIER
	LOCATION/FINISH

	
	m2K/W
	0.038 – 0.05
	0.034 – 0.038
	0.022 –
0.024
	
	

	15 - 22
	0.66
	40
	25
	20
	Refer to section 04 clause 8
	Concealed – Vapour Barrier, Exposed - 0.5mm aluminium sheet metal painted to an approved
colour.
External cladding arranged to shed water and all joints water tight.  Tanks – 0.6
mm cladding

	25 - 40
	0.79
	40
	30
	20
	
	

	50 - 100
	1.0
	50
	38
	25
	
	

	150 - 300
	1.32
	N/A
	50
	40
	
	

	>=350
	2.0
	N/A
	75
	50
	
	

	Storage tanks
	2.6
	n/a
	100
	75
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	B: HOT WATER

	DIAMETER
	Minimum R
Value
	MINIMUM THICKNESS/
THERMAL CONDUCTIVITY
	VAPOUR
BARRIER
	LOCATION/FINISH

	
	m2K/W
	0.038 – 0.05
	0.034 – 0.038
	0.022 –
0.024
	
	

	15 - 32
	0.5
	25
	19
	NA
	None for interior and exterior
	Concealed – Canvas
Exposed - 0.5mm galvanised sheet metal painted to an approved colour.  External cladding arranged to shed water and all joints water tight.

	40 - 100
	0.5
	25
	19
	NA
	
	

	125 - 200
	0.6
	30
	25
	NA
	
	

	> 200
	0.77
	40
	30
	NA
	
	


	
	C: STEAM AND CONDENSATE RETURNS

	DIAMETER
	Minimum R
Value
	MINIMUM THICKNESS/
THERMAL CONDUCTIVITY
	VAPOUR
BARRIER
	LOCATION/FINISH

	
	m2K/W
	0.038 – 0.05
	0.034 – 0.038
	0.022 –
0.024
	
	

	15 - 32
	0.66
	25
	25
	NA
	None for interior and exterior
	Concealed – Vapour
Barrier
Exposed - 0.5mm galvanised sheet metal painted to an approved colour.  External cladding arranged to shed water and all joints water tight.

	40 - 100
	0.79
	40
	30
	NA
	
	

	125 - 200
	1.0
	50
	40
	NA
	
	

	≥ 200
	1.6
	80
	60
	NA
	
	


	
	D: EXTERNALLY INSULATED DUCTING
(No internally insulated ducting will be accepted unless specifically approved by the Engineer)

	SIZE
	Minimum
R Value
	MINIMUM THICKNESS/
THERMAL CONDUCTIVITY
	VAPOUR
BARRIER
	LOCATION/FINISH

	
	m2K/W
	0.038 – 0.05
	0.034 –
0.038
	0.022 – 0.024
	
	

	All interior
	0.5
	25
	19
	12
	Refer to
section 04 clause 8
	Concealed – Vapour
Barrier
Exposed - 0.6mm galvanised sheet metal painted to an approved colour.  External cladding arranged to shed water and all joints water tight,
or double skin with vapour barrier

	All exterior
	1.0
	50
	40
	25
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	E: REFRIGERANT PIPING

	SIZE
	MINIMUM THICKNESS/
THERMAL CONDUCTIVITY
	VAPOUR
BARRIER
	LOCATION/FINISH

	
	0.038 –
0.05
	0.034 –
0.038
	0.022 – 0.024
	
	

	≤ 100
	NA
	25 interior
30 exterior
	15 interior
25 exterior
	None for inside
Refer to section 04
Clause 8 for outdoor installation
	Concealed – Vapour Barrier
Exposed – in GMS trunking

	>100
	NA
	40
	40
	
	


	F: EQUIPMENT SUBMISSION INFORMATION REQUIRED

	Item
	Description
	Minimum
Requirement
	Tendered

	A
	Signed off specification
	Included
	

	B
	The type of material/trademark of the material,
volumetric mass in Kg/m³, operating range
	Included
	

	C
	The coefficient of thermal conductivity in W/m°C
(stabilized over time)
	To suit material and
thickness
	

	D
	Confirmed thickness of insulation
	To suit material and k- value
	

	E
	Coefficient of thermal expansion in mm per °C
	To suit installation
method statement
	

	F
	Water/moisture absorption properties
	Absorb <1% of weight
in moisture
	

	G
	Compressive strength
	To suit material and
thickness
	

	H
	Confirm compliance with codes (section 2)
	Complies fully
	

	I
	Confirm compliance with fire specification (section
3)
	Complies fully
	

	J
	Confirm compliance with environmental specification (section 4)
	Complies fully
	

	K
	Minimum surface temperature in °C and confirmation that surface condensation will not occur.
	To suit material and
thickness
	

	L
	Maximum surface temperature in °C
	< 50°C
	

	M
	Expected heat gain/loss to end of typical pipe/duct run
	<2.5% of capacity for piping
<10% of capacity for ducting
	

	N
	Detailed installation method statement
	Included
	


SUBJECT:  SOUND AND VIBRATION CONTROL
PART IV SECTION 05
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The Subcontractor shall be responsible for the rectification of any excessive noise and/or vibration caused by the operation of the air conditioning and ventilation system installed under this subcontract.
The Subcontractor shall be responsible for the detail design of concrete inertia blocks, if required or specified, but such blocks will be provided by others.
The Subcontractor shall be responsible for the detailed selection and design of bases and isolator in conformance with the requirements specified in latest ASHRAE –Handbook-HVAC Applications – Section 48
- Noise and Vibration Control - Guide for Selection of Vibration Isolators.
1
ISOLATION OF MECHANICAL EQUIPMENT
1.1
All equipment shall be orientated or screened in such a way that maximum sound radiation patterns are directed so as to cause least disturbance.
1.2
All rotating machinery shall be balanced. The critical speed shall be at least 20% above the operating speed.
1.3
Vibration isolation mountings shall be provided for all vibration inducing equipment and associated pipe work and ducting. Mountings shall be installed in accordance with the manufacturer's instructions. However, the Subcontractor shall be responsible to ensure that amplitude of motion and vibration transmission will not exceed the specified limits.
1.4
Floor mounted equipment shall be erected on a concrete plinth, which shall protrude at least
25 mm above finished screeded floor level.
1.5
Isolators shall be selected to give both horizontal and vertical flexibility (compression and shear).
The amplitude of motion due to operation of the supported equipment shall not exceed 3 mm.
1.6
Spring isolators shall be designed and installed in such a way that the ends of the springs are constricted to remain parallel during deflection. For stability, the outside diameter of springs shall
be at least equal to their compressed height at rated load. Springs shall have a minimum additional travel to solid, equal to 20% of the rated deflection. Each spring mounting shall be set on 7 mm thick neoprene acoustical pads.
1.7
Ceiling mounted equipment must be provided with AV mountings as per suppliers instructions.
1.8
Vibration isolation mounts for axial fans are to be secured by bolting it into position i.e. to a fixed steel/concrete structure. Care is to be taken not to drill through water proofing.
2
ISOLATION OF PIPING AND DUCTS
2.1
All connections to equipment shall be sufficiently flexible to prevent excessive strain to allow the equipment freedom to move and to prevent plant vibration being conducted. Initially, special flexible connection may be omitted in a piping system and use shall be made of natural flexibility of resilient hangers or mountings for vibration isolation. However, flexible connections shall be inserted and other necessary adjustments be made, at the Subcontractor's expense, should the need arise.
2.2
All ductwork and piping within 15 m from connected vibration-inducing equipment shall be hung on resilient hangers. The first four hanger supports shall be capable of supporting piping at a fixed elevation during installation and, in addition, shall have a secondary adjustment to transfer the load to the spring element within the mounting, after the system has been filled with water.
2.3
The Subcontractor may be required to disconnect the piping after the installation is completed to demonstrate that no strain is exerted at the connections to the equipment.
PART IV SECTION 05
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2.4
Noise suppressors shall be installed downstream of all steam pressure reducing valves.
2.5
Where piping and ductwork passes through walls, floors or ceilings or plantrooms, acoustical seals shall be employed to confine airborne noises to the inside of such rooms.
3
SOUND ATTENUATION
3.1
Sound attenuating units or treatment shall be provided as indicated and/or required to control the noise from air conditioning and ventilation systems to within the limits specified.
3.2
It should be noted that the provisions for sound attenuation shown on the Engineer's drawings (or the absence of same) are based on average published data for equipment noise and inherent attenuation. The Subcontractor shall, nevertheless produce his own calculations, and select isolators/isolating methods following a recognised certified method and Guidelines - ASHRAE Systems Volume Chapter 32 for noise levels in the areas specified for the sound power of the actual selected equipment, and provide additional silencing equipment and/or treatment if necessary.
3.3
To minimise the need for sound attenuation, fans shall be selected to operate near their maximum efficiency point when producing the required air quantity and static pressure.
3.4
Sound attenuators and acoustic treatment in ducts shall be fire, fungus and erosion proof.
3.5
"Package" attenuators shall normally be flanged for bolted connections, and flexible duct connectors shall be used as shown or required.
3.6
Attenuators shall have an air resistance not exceeding 75 Pa measured at sea level at maximum air quantity.
3.7
Attenuating material must be fixed, glued and covered to supplier’s specification to prevent decay of material in air stream.
3.8
The attenuator entering face profile must be curved in order to reduce possibility of air noise and reduce pressure drop across attenuator.
4
NOISE MEASUREMENT
4.1
The Subcontractor shall submit sound pressure levels measured on the completion of the installation, detailing the sound pressure levels in dB (re: 2 x 10-5N/m2), for the seven International Standard Octave Bands measured by means of a sound meter in at least six (6) areas within the building, as selected by the Architect.
4.2
Measurements for sound pressure level data shall be taken by the Subcontractor, or at his expense by an approved organisation, under full or nearly full cooling and air flow conditions.
SUBJECT:  LIFE CYCLE COST ADJUSTMENT FOR EQUIPMENT
PART IV SECTION 06
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1
ENERGY CONSUMPTION AND MAINTENANCE COSTS
1.1
The annual cost of energy consumed and total annual maintenance and service costs are an essential input in the adjudication process to select the appropriate equipment/tender. The selection will be based on the lowest total life cycle cost for a 15 year period. The present day tender price which might be used in comparing the various tenders is based on the application of a present day cost formula which allocates the appropriate influence to:
a.  Initial Capital Cost.
b.  Estimated Annual Electricity Costs. c.  The Annual Maintenance Costs.
d.  The Average Interest Rate.
e.  The Estimated Energy Costs Escalation Rate.
f.  The Estimated Labour and Material Escalation Rate (Consumers Index).
1.2          Because initial cost is not the only determining factor, tenderers are advised to carefully consider energy efficiency and quality of equipment offered, if requested in the Schedules of Components and Equipment.

PART V
DETAILED TECHNICAL SPECIFICATION
SUBJECT:
DESCRIPTION OF THE SYSTEM
PART V.1
PAGE 1 OF 1
1.
THE COMPLEX
The building is situated in Alberton and is the Ground Floor of the Enforcement Centre.
2.
THE AIR CONDITIONING SYSTEM
The extent of the work is limited to the Ground Floor only.  The existing HVAC system is a chilled water system with decentralised AHU’s.  Two air-conditioning plantrooms are situated on the floor and each plantroom has 3 vertical discharge chilled water AHU’s installed.
Two of the AHU’s per plantroom is VAV and the remaining one is CAV.
The scope of work is to change the CAV unit to a VAV unit complete with VSD and controls. The diffusers has already been stripped by the builder.
The existing second fix VAV box system will be stripped completely with all associated controls, cabling, terminal controls, etc and replaced with a new VAV swirl diffuser system complete with controls, cabling, electrics, etc.
The HVAC contractor is also responsible for the installation of the new electrical installation to the new VAV diffusers.
3.
DESIGN CONDITIONS
3.1
Weather Data
Altitude above sea level
:
1700m
Summer design conditions
:
32/20
Winter design conditions
:
0/0
3.2
Internal Comfort Design Conditions
Max summer temperature
:
24°C Min winter temperature
:
20°C Relative Humidity
:
Uncontrolled Internal noise level
:
NC40
SUBJECT :
LOW PRESSURE AIR DISTRIBUTION SYSTEM
PART V.2
SECTION 09.01
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1.
FUNCTIONAL PERFORMANCE
1.1
This specification shall be read in conjunction with drawings.
1.2
Maximum allowable variation between actual air flow and specified air flow shall not exceed 5%.
1.3
Leakage shall not exceed 4% under operating conditions.
1.4          Ducting system shall attenuate the total sound power fed into the system by the fan to provide the specified noise levels in the spaces supplied by the ducting system either directly or indirectly (duct break-out and noise or air outlet noise).
1.5
SYSTEM OPERATION - OPERATOR INTERFACE
All isolating, fire, smoke and balancing dampers shall have external - easy accessible - position indicators, with locking and sealing means when required, and means of resetting after tripping.
Inspection doors  shall  be  provided to  inspect damper  and/or  equipment operation for  which external indication is impossible or impractical.
2.
RELIABILITY AND AVAILABILITY
2.1
DOW NTIME
Duct system control and safety equipment such as automatic dampers, booster fans, etc., requiring service and possible removal/replacement shall be installed in such a way that the downtime of the duct system does not exceed 1 hour when either service/repair or removal and re-installation is required.
2.2
DOCUMENTATION
Duct system control and safety equipment requiring service, maintenance, trouble shooting, periodic replacement, etc., shall be documented in accordance with the equipment part of the 0 & M Manual.
[Refer Part III a Section 18].
3.
TECHNICAL RESTRAINTS ON SYSTEM
3.1
The ducting system shall comply in all respects with:
-        SANS 1238 : 2005 "Standard Specification for Air Conditioning Ductwork
-        SANS 10173 : 2003 "Code of Practice for the Installation, Testing and Balancing of Air
Conditioning Ductwork".
-        Low Velocity Duct Construction Standards - SMACNA U.S.A.
-        SANS 10400 : 1990 “ Section TT 43.2
3.2          Only proven minimum pressure loss fitting shown on Table A of Part V.2 Section 09.01 page 4 with known loss co-efficients will be accepted on the project unless higher loss fittings are required, in certain locations only, to make the system self balancing.
3.3        Additional sound attenuating elbows, attenuators, internal acoustic material to that shown on the tender drawings must be installed if a sound analysis, in accordance with Chapter 32 - Sound and Vibration Control - ASHRAE 1984 System's Volume, for the actual sound power generation of the selected fan, selected fittings and duct construction details indicate that this is required to maintain the specified noise level in the space.
3.4          Flexible ducting complete with insulation shall be constructed of non-combustible material as required in terms of the building regulations provided that:
3.4.1       Approved combustible flexible connections may be used where the length of such connection does not exceed 1,5m and such connection does not pass through any wall or floor which is required to have a specified fire resistance.
3.4.2       Where the 2nd fix position results in a longer flexible duct, circular ducting must be installed from the duct to the 2nd fix position to ensure a maximum flexible length of 1.5m
3.4.3       Approved combustible flexible joints not more than 250mm in length may be used in any plant room where such plant room is protected by a smoke detection system.
3.5          Screws can be used as per SANS 10173 provided pilot holes are drilled through all layers of sheeting prior to inserting the screws.
3.6          Gripple type cable suspending system can only be used for the applications detailed in the table below:
	NO
	DESCRIPTION
	CIRCULAR DUCTING
	RECTANGULAR/SQUARE DUCTING

	1
	MAIN DUCTS
	
	

	1.1
	Externally
insulated  and  un   - insulated
	Duct  support  as  per  SANS  10173 and support only can be suspended from  trusses/soffit  by gripple cable as per SANS 10173
	Duct support as per SANS 10173 and  support  only  can  be suspended from trusses/soffit by gripple cable as per SANS 10173

	2.
	FROM SPIGOT TO DIFFUSERS
	
	

	2.1
	Externally insulated
	Duct  support  as  per  SANS  10173 and support only can be suspended from  trusses/soffit  by gripple cable as per SANS 10173
	N/A

	2.2
	Un-insulated
	Gripple cable around duct which can be suspended from trusses/soffit. As per SANS 10173
	N/A


3.7 
Circular ducting support details must comply with methods as indicated in details below:
Note:
1.standard use or gripple 
remain as per S&P spedlicalions,
SANS 10173:2003 and SMACNA for "Uninsulated CM:ting•.
2. When a ooncealod hanger II<JilPOI1 is uaed wi1h wire cable.
an f1Ye bolt Ia raqulred.
Duct Size- 0100 to 0150


-- -12-0-.   -...
/
/
'
)
Duct Size - 0200 to 0350
Legend:
Duct Size - 0400 to 0550

(j)
®
®
0
®
®
0
@

GaiYMioed U\reecled hanger rod
Galvanlsed washer with suHable sized hole b' hanger rod
Galvariaed I'All(Locknut lype)
lntemalbend 50mm X Snm nat Iron. Painted
0<  hot dip galvDaecl to U\a S6P
specificatiOn.•
Round dueling (Insulated or ...-lated)
Maximum dlanceC/1 rod protr\l<llng beyond
nut (minimum2 thl88da.max 25mm)
Fastener (Bolt,nuWMhef 0<  vet) to
avoid lntllmal bandfrom rotating.
Addtlooalbnlce K !!C!ulred (50mmx5mm) Addtlooalbnlce raqulred (SOrnnucSrrvn) GaiYMieed nut
lnlamalbend 50mm wide by minimum 3mm
flat iron. Painted 0<  hot dip galvinleed lo U\a
S6P apecllicatlon.
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Duct Size - 0600 to 01000
T-HTIS DiRlAlW:ING IS COPYRIGHT@ PROTECTED


Duct Size - 01100  andlarger
ORO.STO.CON-MECH-HVAC-DUCT.CXT INS ROUND DUCT
STANDARD CONSTRUCTION DETAILS
Concealed Hanger Support for Round Ducts
As   er SANS 10173:2003 and SMACNA
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3.8
Fasteners of angle flange joints shall be spaced in accordance with the following table:
	FASTENER
	SPACING BETWEEN CENTRES

	Duct G Clamp
	300mm

	Rivets, spot welds, bolts (Black steel ducting bolts only)
	150mm


3.9
Fasteners of spigots, take-offs and shoes from main duct shall be spaced in accordance with the following table:
	FASTENER
	SPACING BETWEEN CENTRES

	Rivets, spot welds and text screws
	100mm


3.10
Fasteners of lobster bends, slip joints, stop ends and transformation sections shall be spaced in accordance with the following table :
	FASTENER
	SPACING BETWEEN CENTRES

	Spot weld
	150mm


3.11
Flexible canvas collars must align and have no strain after installed. The minimum clearance between two sections that is linked with a canvas collar is 30mm.
3.12
Flexible canvas collars must be covered with galvanised sheetmetal collar that is fixed to only one end of the collar. The remaining unfixed end must overlap the end of the flexible canvas collar with a minimum of 50mm.
3.13
All holes in support brackets must be drilled with drill to suite the size requirements of the hanger rod, U-bolt, etc and should not be oversized.
3.14
Low pressure rectangular ductwork shall comply with the relevant requirements. See table below
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3.15
Uninsulated, bare ducting that is exposed to rain shall be cross bend with the highest point in the centre of the ducting where installed horizontally to prevent standing water.
3.16
All joints of ducting that is exposed to rain shall be sealed with waterproofing membrane to prevent water ingress.
4.
BUILDING RESTRAINT
4.1
Ducting system must be isolated from actual or potential vibration generating equipment and building components to eliminate transmission of vibrations.
4.2
Anchors that were not installed to the suppliers recommended procedures will not be accepted.
4.3
Washers shall be fitted to each nut and bolt
5.
PRESSURE TESTING
5.1
Ducting shall be pressure tested as follows :
-
The duct pressure shall be at least 2 times maximum operating pressure, or 150 Pa, whichever is the greater.
-
Smoke shall be introduced into the duct section under test.
-
All leaks letting out visible smoke, shall be closed up with approved duct sealing compound.
-
A further pressure test shall be performed at the above specified duct pressure and leaks sealed until a maximum allowable leakage rate of 4% is reached, suitably derated for the volume handled by the duct section being tested.
5.2
Pressure testing shall be performed with the spigots installed, temporarily capped, but before the application of the external insulation.
5.3
This clause may be waived for the following duct work :
-
Duct work located in and supplying fresh air into an access floor plenum, or into a ceiling plenum.
6.
"MEASUREMENT" TO CONFIRM EQUIPMENT COMPLIANCE WITH SPECIFICATION
6.1          The  testing  and  balancing  of  the  ducting  system  shall  be  executed  under  the  control  and supervision of an experienced testing and balancing engineer.
6.2          The method - instrumentation, procedure, recording shall be documented in a Testing, Balancing, Adjusting Procedure Book.
6.3         Minimum requirement for procedure, to be submitted for approval in accordance with contract conditions, SANS 10173 : 2003 and/or Procedural Standards - National Environmental Balancing Bureau and/or C.I.B.S. Code of Practice.
6.4          On completion of testing and balancing of the ducting system a signed report shall be submitted by the Subcontractor's Project Engineer listing all the results to prove that the system is balanced as specified.
6.5.1
Subcontractor shall submit proven and necessary calibration certificates that measurement have a
5% accuracy.
TABLE A -  ACCEPTABLE FITTINGS
	NO
	TYPE
	DESCRIPTION
	NOTES

	1.
	[image: image5.png]




	90° bend
	Be equal to or greater than 0.75 (a)

	2.
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	90° bend with vanes
	To be used if No. 1 is not feasible. Vane position in accordance with Figures 27, 28 & 29 of SANS 1238 :
2005

	3.
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	90° take – off
	Dimensions in accordance with
Figure 34 and 35 of SANS 1238 :
2005

	4.
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	Pyramidical diffuser
	


The Subcontractor shall supply and install the refrigeration piping system in accordance with the layout as shown on drawings. The refrigerant piping system shall be designed and engineered in detail in accordance with the design criteria laid down in:-
a)            Trane Reciprocating Refrigeration Manual 1977, and/or
b)            Carrier Systems Design Manual - Piping Design - Chapter 3, Refrigerant Piping.
The refrigerant accessories shall be fully catalogued products and the documentation shall include performance curves or selection tables, for the expected range of operational conditions.
Submit certified detailed selection shown on these performance tables or curves.
Submit full documentation and calculations for approval of equipment submission, showing all detailed pressure loss and velocity calculations for the entire refrigerant piping system and accessories under full load and minimum load conditions, including the temperature/pressure curves and balance points for evaporator, compressor and condenser.
Where reduction in pipe size is necessary to provide sufficient gas velocity to entrain oil upwards in vertical risers at part load, and at full load the pressure drop exceeds specified design limits a double riser incorporating an oil trap will be necessary.
The system shall be designed:-
a)            To minimise loss of lubricating oil from compressor at all times.
b)
To ensure lubricating oil return to compressor, at the same rate at which it leaves under all load conditions. c)
To prevent lubricating oil being trapped in system.
d)            To prevent liquid refrigerant from entering the compressor during operation and shutdown.
e)
For minimum pressure drop and noise generation.   The suction, discharge and liquid lines shall be sized so that the pressure drops shall not cause a change in saturation temperature of refrigerant greater than 1,1 degrees C in each respective line.
f)
For handling the specified capacity from 100% down to minimum load at specified suction and discharge/condensing temperature.
Refrigerant piping accessories and connections shall be selected to ensure no leakage from refrigerant piping system during its operational life.
Refrigerant piping system shall be complete with all necessary isolating valves to enable repairs and maintenance to be carried out on any one section of the system.
The refrigerant accessories shall be so connected and installed into the refrigerant piping system that either a sub-component replacement or total removal and reinstallation of the accessory shall not take longer than 2 hours by qualified refrigeration mechanics.
Piping system, including accessories, thermal insulation, hangers, supports and vibration isolators shall be selected and installed to give a minimum working life of 15 years under normal building service conditions.
The entire refrigerant system shall be subjected to a leak pressure test with a suitable gas, e.g. clean dry air or nitrogen. For this test it is permissible to add system refrigerant to enable leakages to be more easily detected.
Prior to carrying out this test the Subcontractor shall verify by examination of the various parts of the components of the system that the test pressure to which they were subjected at the manufacturer's works, are adequate for the required duties.
A safety valve or rupture disc shall be incorporated in the piping system.
Rupture discs shall have a specified and certified bursting pressure at a specified temperature and shall be marked on the disc.
The system shall comply with the Safety Code for Refrigerant Piping ASA B31.35 - 1962 with the requirements of ASME, with
Occupational Health and Safety Act, as amended, and with local authorities by-laws. Refer Part III a Section 5. Piping shall be stored and handled on site to prevent dirt from entering piping system. Open ends shall be plugged.
Tubing shall be protected against oxidation during silver soldering by use of dry nitrogen flowing through tubing.  Solder shall be silver solder.
Where required for connection to gauges and control devices, tubing not larger than nominal 10 mm, may be type K soft (annealed)
with flared tube fittings suitable for high pressure.
Accessories connected to copper tubing shall have solder type ends or flanged ends and soldered flange adaptors.
Piping shall be installed so as to allow for expansion and contraction.  Suction and discharge lines shall be installed so that the first point of support is 6 pipe diameters in each of three directions from the unit.
System vibration isolation shall be in accordance with Sound and vibration Control. (Refer Part IV Section 5). Thermal insulation of suction line shall be in accordance with insulation. (Refer Part IV Section 4).
Piping shall be installed parallel or perpendicular to building construction, while maintaining the required gradients.
Refrigerant piping between indoor and outdoor units shall be supported along its entire length by a proper galvanised   tray of sufficient size to allow pipework to be neatly laid out and insulated.   The cable tray to be supported clear of fixing surface by galvanised brackets allowing air space between cable tray and mounting surface.  The refrigerant piping shall not be fixed to the underside of the cable tray.
Where piping and insulation is exposed to damage or located externally to the building, a galvanised trunking with removeable sheet metal cover having a minimum thickness of 0.8mm shall be neatly formed and secured to the brackets.  Joints to be lapped by a minimum of 30mm and to have a minimum clearance of 10mm over insulation.
Piping and/or electrical wiring shall not cross or lie on top of each other
Wire basked shall not be used to support refrigerant piping
Where a galvanised sheetmetal cover cannot be installed the exposed refrigerant piping must be wrapped with UV resistant waterproofing membrane and painted to an approved colour.
Where cable ties are used around insulated refrigerant piping care shall be taken not to damage the insulation when tightening the cable ties.
Insulation joints shall be glued with ends to ensure vapour barrier.
Anchors that were not installed to the suppliers recommended procedures will not be accepted. Washers shall be fitted to each nut and bolt.
All necessary pressure gauges shall be installed on and in refrigerant lines to check pressures and temperatures for load monitoring, function of various accessories and possible blockages of strainers.
Accessories requiring regular inspection, cleaning and removal shall be isolated by shut-off valves to enable this without pump down of the entire refrigeration system.
ACCESSORIES
Liquid Receivers
Each receiver shall have sufficient capacity to hold all refrigerant in the system to which it is connected, except that in plants having two or more separate refrigerant circuits, cross connected by pump out piping, the receiver shall have sufficient capacity to hold all refrigerant in the largest circuit.  Receiver capacity shall be based on not over 85% of its internal volume being occupied by liquid. Receiver to be complete with liquid level indication.
Liquid Suction Interchanger
Heat exchangers for field assembled systems shall be the standard products of a reputable manufacturer.  Field fabrication of heat exchangers will not be permitted.
Heat exchangers for field assembled systems shall be of the shell and tube, shell and coil or double tube type.  Tubes shall be seamless copper, plain or with integrally formed fins.  Shells shall be welded steel, conforming to the requirements of the latest edition of the Mines and Works Act or the Machinery, Factories and Building Work Act and Regulations, covering pressure vessels. Gas passages shall be arranged so as to prevent trapping of oil.  . Liquid pressure drop shall not exceed 21 kPa and gas pressure drop shall not exceed 3,5 kPa.
Refrigerant Driers
Refrigerant driers for field assembled systems shall be of the angle type with removable cartridges that can be renewed without disturbing pipe connections.  Driers shall have brass or steel bodies and solder joint connections.  Bonnets shall be flanged and bolted.  Cartridges shall be charged with dry silicagel or activated aluminia, held securely in place without restraining normal expansion, and provided with suitable means for distributing the refrigerant evenly through the charge.  Unless otherwise indicated driers shall be installed in liquid lines close to the receiver outlets and shall be provided with valves on the inlet and outlet connections.  Valved by-passes shall also be provided unless the driers are of a type guaranteed by the manufacturer to operate indefinitely without dusting of the desiccant or appreciable increase in pressure drop.  A liquid sight glass and moisture indicator of the colour change type shall be installed in the liquid line, close to each drier.
Each drier shall be so selected that the pressure drop through the drier shall not exceed 14 kPa when operating at full connected evaporator capacity.
Drier cartridges shall not be installed until after pressure and vacuum tests have been completed but immediately prior to charging.
Thermostatic Expansion Valves
In field assembled systems, each evaporator circuit shall be provided with a thermal expansion valve of the gas charged type. Valves shall have external equalizer connections, external superheat adjustments with seal caps and solder joints or flanged pipe connections.  Valves shall require not more than 3 degrees C superheat change to move from fully open to fully closed.  Superheat setting shall be 6 degrees C at full load.  Each valve shall be provided with an external strainer, regardless of any internal strainer that may be incorporated in the construction. Strainers shall be as specified under "Refrigerant Strainers".
Oil Separators
Each reciprocating compressor having suction and/or liquid mains more than 15 m long shall be equipped with a discharge line oil separator.
Separators shall be made of welded steel and shall have an effective impingement type separating element, an oil sump and a float operated return trap connected to return oil to the compressor automatically.
Refrigerant Stop and Shut-off Valves
Refrigerant stop valves shall be provided on all DX installation over 18kW (ISO) in cooling capacity and  shall be of the back seating key operated, sealed cap type.  Valves which must be opened and closed in regular operation shall have hand wheels and shall be of the packless type.
Refrigerant Strainers
Refrigerant strainers shall be of the angle type, cleanable without disturbing pipe connections.  40 mm N.B. strainers and smaller shall have brass bodies and solder joint connections and 50 mm N.B. strainers and larger shall have brass or rust proofed steel or iron bodies and flanged connections. Connections shall be flanged and bolted.
Screens shall be bronze metal with perforations not larger than 0,25 mm for liquid lines and 0,5 mm for gas lines. The free area of each screen shall not be less than 5 times the area of the strainer inlet pipe.
Charging Valves
Charging valves shall be located into the liquid line between the receiver shut-off valve and expansion valve. Gauge Valves
External gauge connections to be provided at inlet and outlet of condenser, evaporator coil and compressor for evaluation of system pressures at commissioning and for normal maintenance inspections.
Gauges
All gauges shall be connected to the refrigerant and piping system, through isolating shut-off valves. Liquid Indicators
A sight glass of full size shall be provided on all DX installation over 18kW (ISO) in cooling capacity in the main liquid line before the thermostatic expansion valve and shall be of the double port with seal cap type.
Solenoid Valves
The solenoid valves shall have manual override to enable the system to continue to operate in case of solenoid coil failure.
Vibration Isolators: Flexible Connectors
Suction and discharge lines from the compressor shall be fitted with flexible connectors of the bronze braided hose type, having sweat-ends, to fit over copper tubing having the same size as the line in which they are installed.
Each flexible connector shall be located as close as possible to the compressor and parallel to the compressor shaft. It shall not be subjected to compression or extensions.
For refrigeration installation utilising a remote air cooled or evaporative condenser, hot gas mufflers shall be used to remove pulsations from the hot gas discharge and thereby reduce noise and vibration from the piping system.  The hot gas muffler must be installed to prevent accumulation of oil.
TESTING CHARGING EVACUATION
Testing
Complete system to be pressure tested with dry nitrogen and leak test carried out.  Test pressure to be maintained for 24 hours with no loss in pressure.
Evacuation
Complete system to be evacuated and proved to be free of moisture.  System to stand for a minimum of 12 hours with no change in
Vacuum. Charging
System to be liquid charged on high side following purging of connections to the estimated total charge. Minor adjustment to charge to be carried out during the 72 hour test run.
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ELECTRICAL DISTRIBUTION SYSTEM
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PAGE 1 OF 4
1.
PERFORMANCE
1.1
GENERAL
The power distribution system shall be as indicated on the drawings and shall be engineered, installed and tested to conform to all requirements forming part of this contract.
1.2
OPERATING RANGE
The  system  shall  be  suitable  for  operating  at  400V/230V  and  shall  accommodate  possible variations of up to 10%.
The rupturing capacity (fault rating) of the electrical distribution system shall conform to the requirements indicated on the respective schedules for Distribution Boards and Motor Control Centres.
Where power is provided by the Electrical Contractor, the responsibility for the panel rating shall rest with the Electrical Contractor.
1.3
SAFETIES AND ALARMS
1.3.1
All equipment shall be capable of withstanding the fault currents that could occur at the point in the system where the equipment is installed.
Incoming fault levels are as stated on the schedules for the respective electrical Distribution Boards and/or Motor Control Centres.
1.3.2
The system shall be engineered in such a way that a fault in one section does not affect the operation of adjacent sections.
1.4
SYSTEM OPERATION - OPERATOR INTERFACE
1.4.1
The system shall be clearly labelled at the MCC or DB as well as in the field and the numbers on the circuits shall be labelled in accordance and in sequence with the numbers on the drawings.
1.4.2
A typewritten circuit chart shall be fixed into each MCC and DB giving details of load, area or systems served, protection size and circuit number.
2.
RELIABILITY AND AVAILABILITY
2.1
DOW NTIME
The Subcontractor shall check and ensure that a fault location and sub-component replacement forming part of the electrical distribution system to plant, take no longer than thirty minutes by a skilled electrician.
2.2
DOCUMENTATION
2.2.1
The system shall be fully documented and documentation shall include:-
-        record drawings
-        safety and operating instructions
-        testing and maintenance routines
-        spares and their availability
-        performance curves and recommended settings
-        circuit numbering and location
The documentation shall be incorporated with the overall documentation of each sub-system and shall form an integral part of it.
3.
TECHNICAL RESTRAINTS
3.1          Equipment shall comply with and be selected and designed in accordance with the relevant SABS or BS Specification, IEC, the Machinery and Occupational Safety Act 1983 and Local Authority's requirements, applicable to each item of equipment.
Should any requirement, bye-law or regulation, which contradicts this specification, apply or become applicable during erection of the installation, such requirement, bye-law or regulation shall overrule the specification; and the Subcontractor shall immediately inform the Engineer of such a contradiction.
The Subcontractor shall not rectify the installation, in terms of such a bye-law or regulation, without written approval from the Engineer.
3.2
Where  a  discrepancy may  exist  between  relevant  specifications, the  Subcontractor's Project
Engineer shall consult the Consulting Engineer for a ruling.
3.3          The components of the system shall be selected to provide a plug-in connection facility for field equipment and shall utilise municipal approved "plug-in" connectors.
3.4
The system components shall be pre-manufactured and tested by the manufacturer, off site.
3.5          Equipment, where possible, shall be of the same make, size and type to reduce total number of spares to be kept.
3.6
Every care shall be taken to ensure that the "plug-in" components used are compatible with the
"plug-in" connector of all AC equipment and controls shown on drawings.
3.7
All equipment used in the system shall be fully catalogued products, readily available in the
Republic of South Africa.
3.8          The colours to be used in all instances shall be Red, White and Blue for phases and Black for neutral.
3.9
The power factor of equipment shall not be less than 0.85 under all operating conditions.
3.10        Earth straps must be fitted access each flexible connections, canvas collar, etc and fixed to the steel section to ensure continuity.
3.11
EARTH WIRE
3.11.1
The earth wire shall not be connected to the building lightning protection system.
3.11.2
Each earth wire must be terminated with a lug via a bolt, washer and lock nut.
3.11.3
Multi strain wiring must be used.
3.11.4
Copper strapping or single strain wiring is not allowed.
4.
BUILDING RESTRAINTS
4.1          Every care shall be taken to ensure that the system is engineered and co-ordinated in conjunction with other services in the field to avoid potential on site remedial work required.
4.2          Ceiling void and underfloor electrical outlet boxes shall be designed to be able to withstand a load of 90kg evenly distributed over the top area of the component assembly without showing any signs of structural distortion or a permanent set.
4.3          The braided cable fixing shall be secured to all components by means of a gripper gland, capable of withstanding a straight pull of 30 N (± 3kg) without any signs of damage to the cable or gland and without effecting the connection inside the box.
4.4
The outlet boxes shall be permanently fixed to the slab with screws and plugs.
4.5
All underfloor equipment shall be splash- and drip proof.
4.6          All underfloor components shall be raised 25mm off the slab, with the exception of braided cable which may be loosely run in the floor void.
4.7          All ceiling void components shall be mounted directly onto the concrete structure above the ceiling, with braided cable fixed by means of support saddles of appropriate size and quantity.
4.8          All items shall be designed to prevent the ingress of dust and moisture and where equipment is located in damp surroundings, it shall be weatherproof.
4.9          The Subcontractor shall ensure that sufficient space and access is available for the fixing and moving of the equipment as specified or selected.
4.10        The Subcontractor shall ensure the system is engineered to correctly interface with incoming supplies and connected equipment.
.
5.
“MEASUREMENT” TO CONFIRM COMPLIANCE WITH SPECIFICATION
5.1
Referring to Clause 3.4 OF part V.2 Section 09.05.01 all modules of the system shall be fully tested by the manufacturer for proper functioning, prior to leaving the factory.
5.2
The following tests shall be executed in the factory by the manufacturer:- a)
Earth test
b)      Function of equipment
c)       Polarity tests
d)      Overload and short circuit tests
Formal test reports for each item of equipment signed by the manufacturer and countersigned by the air-conditioning Subcontractor's Project Engineer, shall be available before any item of equipment may leave the factory.
5.3
The following tests shall be executed on site by the Subcontractor:- a)
Function of all equipment under load conditions
b)      Volt drop measurements
c)       Controls and interlocks under load conditions
The above tests shall be formally documented in the form of a written handover/test report for each sub-system which shall be signed by the air-conditioning Subcontractor's Project Engineer and handed over to the Consulting Engineer.
No acceptance or handover will take place without the acceptance by the Consulting Engineer of the formal report.
5.4
The Subcontractor shall supply all test equipment both on and off site at his cost.
5.5
Test certificates to be used must be prepared and submitted by the Subcontractor for approval by the Consulting Engineer, prior to use.
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1.
PERFORMANCE
1.1
GENERAL
The MCC or DB shall be as indicated on drawings and schedules and shall provide the distribution of power from a central point to the individual items of equipment in the sub-systems and in addition providing the necessary equipment protection and control interface facilities required by the specified control system.
The system shall be engineered on a sub-system modular basis following the sub-system format of the HVAC system as shown on the respective sub-system drawings.
1.2
OPERATING RANGE
The  system  shall  be  suitable  for  operating  at  400V/230V  and  shall  accommodate  possible variations of up to 10%.
The rupturing capacity (fault rating) of the electrical distribution system shall conform to the requirements indicated on the respective schedules for Distribution Boards and Motor Control Centres.
1.3
SAFETIES AND ALARMS
1.3.1
The following protection for equipment shall be provided by the system:-
-        Thermal overload with inverse characteristic trip
-        Single phasing
-        Short circuit instantaneous trip
1.3.2       All equipment shall be capable of withstanding the fault currents that could occur at the point in the system where the equipment is installed. Incoming fault levels are as stated on the schedules for the respective Motor Control Centres and Distribution Boards.
1.3.3       Facilities shall be provided for padlocking the sub-system on each item  of equipment in the sub-system in the "off" position.
1.3.4       The system shall be designed in such a way that a fault in one section does not affect the operation of adjacent sections.
1.4
SYSTEM OPERATION - OPERATOR INTERFACE
1.4.1       The  system  shall  be  fitted  with  the  instrumentation as  stated  on  the  relevant drawings and schedules. Each instrument shall be clearly labelled and identified to enable easy operation of the system.
1.4.2       All circuits shall be clearly numbered and numbering shall correspond with the record wiring diagrams.
1.4.3   The "auto/off/test" facilities where indicated shall allow equipment to be run and tested for maintenance purposes independent of the other equipment and independent of the control system status.
1.4.4       The system shall be clearly labelled at the MCC or DB as well as in the field and the numbers on the circuits shall be labelled in accordance and in sequence with the numbers on the drawings.
1.4.5       A typewritten circuit chart shall be fixed at each MCC or DB giving details of load, systems served, protection size and circuit number.
2.
RELIABILITY AND AVAILABILITY
2.1
DOW NTIME
The equipment shall be constructed and installed to allow a sub-component replacement or total removal and re-installation of an item of equipment to take not longer than one hour by a skilled electrician.
2.2
DOCUMENTATION
2.2.1
The system shall be fully documented and documentation shall include:-
-        record drawings
-        safety and operating instructions
-        testing and maintenance routines
-        spares and their availability
-        performance curves and recommended settings
-        circuit numbering and location
The documentation shall be incorporated with the overall documentation of each sub-system and shall form an integral part of it.
3.
TECHNICAL RESTRAINTS ON SYSTEM AND COMPONENTS
3.1          Equipment shall comply with and be selected and designed in accordance with the relevant SABS or BS Specification, IEC, the Machinery and Occupational Safety Act 1983 and Local Authority's requirements, applicable to each item of equipment.
Should any requirement, bye-law or regulation, which contradicts this specification, apply or become applicable during erection of the installation, such requirement, bye-law or regulation shall overrule the specification; and the Subcontractor shall immediately inform the Engineer of such a contradiction.
The Subcontractor shall not rectify the installation, in terms of such a bye-law or regulation, without written approval from the Engineer.
3.2
Where  a  discrepancy may  exist  between  relevant  specifications, the  Subcontractor's Project
Engineer shall consult the Consulting Engineer for a ruling.
3.3          Equipment, where possible, shall be of the same make, size and type to reduce the total number of spares to be kept.
3.4
All equipment used in the system shall be fully catalogued products, readily available in the
Republic of South Africa.
3.5
The colours to be used in all instances shall be Red, White and Blue for phases and Black for neutral.
3.6
The system components shall be pre-manufactured and tested by the manufacturer, off site.
3.7
The power factor of equipment shall not be less than 0.85 under all operating conditions.
3.8
EARTH WIRE
3.8.1
The earth wire shall not be connected to the building lightning protection system.
3.8.2
Each earth wire must be terminated with a lug via a bolt, washer and lock nut.
3.8.3
Multi strain wiring must be used.
3.8.4
Copper strapping or single strain wiring is not allowed
4.
BUILDING RESTRAINTS
4.1          Every care shall be taken to protect material and equipment during construction phase and no electrical work shall commence in unsealed spaces subject to weather, unless the equipment is designed for that purpose.
4.2
The system shall be suitable for operating at temperatures of up to 40oC.
4.3          All items shall be designed to prevent the ingress of dust and moisture and where equipment is located in damp surroundings, it shall be weatherproof.
4.4          The Subcontractor shall ensure that sufficient space and access is available for the fixing and moving of the equipment as specified or selected.
4.5          The Subcontractor shall ensure the system is engineered to correctly interface with incoming supplies and connected equipment.
4.6          Every care shall be taken to ensure that the system is engineered and co-ordinated in conjunction with other services in the field to avoid potential on site remedial work required.
4.7
All MCC's and DB's shall be vermin proofed.
5.
"MEASUREMENT" TO CONFIRM COMPLIANCE WITH SPECIFICATION
5.1          Referring to Clause 3.8 the Subcontractor shall ensure that all modules of the MCC or DB are fully tested to the satisfaction of the Engineer who shall be notified in writing 2 (TWO) weeks before commencement  of  any  tests  so  that  he  may  witness  them.  The  tests  shall  successfully demonstrate that equipment complies with the previously approved submissions.
5.2
The following tests shall be executed in the factory by the manufacturer:-
-
Function of all equipment
-
Contracts and interlocks
-
Secondary current injection on all protection relays and ammeters
-
Pressure tests to confirm both power and control insulation and fault level compliance
-
Earth test
-
Polarity tests
-
Overload and short circuit tests
The results of the above tests shall be formally documented for each item of equipment in the form of a written test report and shall be signed by the manufacturer and countersigned and accepted by the air conditioning Subcontractor's Project Engineer. No item of equipment shall leave the factory unless the test certificate has been completed.
The following tests shall be executed on site by the contractor for each sub-system on completion of installation:-
-        Function of all equipment under load conditions
-        Controls and interlocks under load conditions
-        Volt drop measurements
On completion of the tests a written handover/test report for each sub-system, signed by the air-conditioning Subcontractor's Project Engineer, shall be handed over the the Consulting Engineer.
No handover or acceptance of the sub-system shall take place without the acceptance by the
Consulting Engineer of the formal report.
5.4
The Subcontractor shall supply all test equipment, both on and off site, at his cost.
5.5
Test certificates to be used must be prepared and submitted by the Subcontractor for approval by the Consulting Engineer, prior to use.
6.
SCHEDULES
Refer to drawings
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1.
GENERAL
1.1          The VSD shall be suitable for controlling the speed of standard three phase 380V - 415V induction motors.
1.2
The VSD is required to operate continuously at full load rating of the driven motor with variations of
±10% of the supply voltage and ±2% of the supply frequency.
1.3
The VSD is required to operate continuously at full load in an ambient temperature of 380C.
1.4          The VSD is required to operate continuously at full load at the stated altitude for the project. Where a de-rating factor is required by the Manufacturer this is to be applied to the VSD and not to the driven motor.
1.5
The VSD is to be manufactured to quality standards according to ISO 9001.
1.6          Unless stated elsewhere to the contrary it is to be assumed that the VSD is to be installed and operated in a high-tech commercial building with multiple tenants with an assortment of computers and sensitive electronic, radio, television and telecommunication equipment.  The VSD is therefore required to operate without interference to this equipment.
2.
QUADRATIC TORQUE LOADS
2.1
The VSD unit is to be designed and built specifically for centrifugal fan and pump operation.
2.2          Maximum advantage is to be obtained in terms of energy saving by using an output voltage to frequency ratio allowing only sufficient magnetisation energy at the required motor speed.
2.3          The fans and pumps are expected to operate for extended periods at 50% of rated speeds and a running torque requirement of 25% of the rated value.   At this 50% speed reduction the power consumption is to reduce to 12,5% of the rated full load value.
3.
OPERATING PARAMETERS
3.1
Operating and set up parameters shall be selected and set by means of a programming keypad and associated display.
3.2
The VSD shall be suitable to respond to speed commands from 0 - 10Vdc and 0 - 20mA control signals and their respective inverted signals.
3.3
The VSD shall provide comprehensive information on the controller and motor condition.   The following are minimum requirements:
-
Reference % of control signal.
-
Frequency Hz
-
Current A
-
Torque %
-
Power kW
-
Output voltage V
-
Motor RPM
3.4          The VSD shall be suitable for catching a rotating motor.  Under certain conditions, the fan or pump may be rotating in its opposite direction and the VSD shall be capable of achieving a clean start under these conditions.
4.
ELECTRICAL SAFETY
4.1
The VSD is to have all necessary WARNING or CAUTION notices permanently fixed to the VSD
and VSD enclosure.
4.2          The VSD shall be suitable for service in mechanical plant rooms where dust, moisture and water is present.  A minimum enclosure protection to IP54 rating is required.  The VSD is to be mounted in a ventilated area allowing the dissipation of heat energy.
4.3          The VSD shall be suitable for switching on the output side.  Motor reactors limiting the rise time of the current are a minimum requirement and are to be integral with the VSD.
4.4          Isolation of the mains supply to the VSD and from the VSD to motor is a requirement to allow for safe maintenance, repair and to prevent motor operation during set up procedures.
4.5          In the event that the VSD is mounted exposed to ambient condition the VSD shall have a minimum enclosure protection to IP54 rating and shall have a weather canopy mounted over VSD to protect it from direct sunlight and rain.
5.
GALVANIC ISOLATION
5.1          The VSD is to provide isolation between the control and power circuits to ensure dangerous voltages cannot be transmitted to control signals.  This isolation shall be integral with the VSD and shall be capable of withstanding a test voltage of 2.5KV for 1 second.
6.
MAINS DISTURBANCE
6.1       The VSD is to be protected against transients on the main supply caused by short circuit faults, lightning strikes and the switching of power factor correction capacitors.
7.
MAINS SUPPLY
7.1         The VSD to incorporate all necessary chokes filters capacitors and motor coils to reduce and limit radio  frequency  interference  and  harmonics  to  a  level  which  does  not  interfere  with  other equipment on the same power supply.
7.2
The VSD is to incorporate harmonic reactors in the d.c. link circuit as an integral part of the VSD.
8.
SYSTEM PROTECTION
8.1
The VSD system is to provide protection from
-
over current
-
over voltage
-
under voltage
-
overload
-
over heating
and to include facilities for
-
current limiting setting
-
auto restart following trip or power supply recovery
-
soft stall function
-
reactivation function following a momentary power interrupt
9.
VSD OVERLOAD PROTECTION
9.1          The VSD is to be protected on the power outlet against short circuits or earth faults on the motor terminals.  The three phases of the supply to be continuously monitored and the system to shut down on a missing phase or thermal overload.
9.2          The VSD shall provide storage of all faults.   Last fault memory in the event of power failure is required.
10.
MOTOR OVERLOAD PROTECTION
10.1
The VSD is to provide electronic thermal overload protection of the motor at all operating speeds.
This protection is to allow for the cooling conditions experienced with the speed control.  The VSD
is to allow for a built in motor thermistor should the motor size be 22kW or more.
10.2        The VSD is to incorporate line reactors as necessary to achieve a power factor of the driven motor of not less than 0.9 at any given speed.
11.
INVERTER WAVEFORM
11.1        The VSD is to have manufacturers installed protection devices on the outgoing supply to the motor to suppress the effects of the inverter wave form.
11.2        The VSD shall be of the type utilising digital PWM technology which will enable the full output voltage to be reached without waveform distortion.  Derating of the specified motor KW is not permitted.
11.3        The VSD is  to provide slip regulation by means of vector control of the output voltage and frequency to maintain a constant motor speed.
12.
RADIO FREQUENCY/INTERFERENCE/RADIATED AND CONDUCTED INTERFERENCE
12.1        The  VSD  is  to  have  manufacturers built  in  filters  to  suppress  RFI,  radiated  and  conducted interference.
12.2
The VSD shall comply with EMC/EMI standards for immunity IEC 802-805.
12.3        The VSD is to be contained in a metal enclosure to suppress radiated RFI.  The earthing of this enclosure to be taken direct to earth.
13.
MOTOR NOISE
13.1        Electromagnetic noise generated by the VSD and motor is not to exceed a 10% increase over that of a standard motor on a commercial power supply when operating over the specified duty range.
13.2        The  additional  vibration  generated  by  the  motor  when  operated  at  reduced  speed  shall  be attenuated by stiffness of base and selection of anti-vibration mountings.  The resultant vibration transmitted to building structure must be no more than that of a standard motor on a commercial power supply.
14.
COMPUTER INTERFACE
14.1        The VSD will normally be connected to a local stand alone controller and with facilities to interface with a BMS system. Interface facilities are required to allow operation and make data settings from a host computer. Monitoring of the speed controller status is to be provided giving
-
output frequency
-
output current
-
output voltage
-
trip conditions
where the BMS system is not currently in operation the system is to allow for future connection.
15.
COMMISSIONING
15.1        The VSD is to be set up and commissioned by the manufacturer. A commissioning report showing all parameters and settings is to be included in the commissioning manual.
1.
The safety and control equipment for all subsystems as shown on the Safeties, Instrumentation, Control and Operation (SICO) drawings shall be supplied by the equipment and/or subsystem supplier/assembler under the overall responsibility of the air conditioning subcontractor.
2.
All control equipment for the various subsystems shall be supplied by a reputable firm properly established in the Republic of South Africa which has a proven track record of at least five years and which can demonstrate the reliability of the control system offered.
3.
The control systems as indicated on the SICO drawings shall include all controllers and controlling devices, specified or implied, to perform specified functions.
4.
The control devices with their control action, performance and safety settings shall be installed and connected to perform the functions and operate in their required sequence as detailed on the SICO drawings.
5.
At the time of equipment submission, the subcontractor shall provide complete documentation for each component or assembly of components in the subsystems.
6.
The installation in its entirety shall comply with regard to electrical safety and supply interference suppression requirements, with SABS and/or local authorities by-laws and/or Post Office regulations.
7.
The equipment shall be so constructed and components installed and connected and required spares available so that the maximum breakdown interference due to component replacement will be limited to one hour.
8.
All  items  of  the  installation  shall  be  readily  accessible  and  connected  for  quick  and  easy replacement. Adequate space shall be provided around all items for easy removal of parts.
9.
Materials and apparatus shall be in accordance with the relevant SABS or BS Standards.
10.         Every care shall be taken to protect material, either fixed or unfixed, from damage, ingress of dust and moisture. The entire installation shall be in "as new" condition at handover.
11.
Each controller and control device for all subsystems shall be provided with instruments (pressure gauges, volt meters, pilot lights, etc.), to show at the controller or control device location, the condition of the power supply to the controller and control device and the point within its control range at which the controller or control device is operating.
12.
Where indicated for individually mounted controllers or control devices, the instruments may be permanently mounted or a portable instrument may be supplied for each 12 of such controllers or control devices, but not more than 4 such instruments will be required in one building.
13.
At each controller for which portable instruments are to be used, means shall be provided for attaching and disconnecting the instrument without the use of tools (other than for removal of covers) and without breaking control lines.
14.
Pressure gauges for individually mounted controllers shall be stem mounted, 40 mm large in diameter, with black finished cases.  Individual gauges for panel mounted controllers shall be 50 mm in diameter with black or plated finish.  Gauges for multiple indication or panel mounted controllers shall be 120 mm in diameter, with black or plated finish.
15.
A thermometer pocket shall be installed at or near each insertion thermostat, located so that a calibrated thermometer inserted there will accurately indicate the temperature surrounding the sensing element of the thermostat.
1.
PERFORMANCE
1.1
General
1.1.1
The control system shall perform the control functions indicated and specified on the terminal control arrangement drawing.
1.1.2
The control system as indicated shall include all sensors, adjusters, controllers and controlling devices specified or implied to perform the specified function.
1.1.3
The supplier shall provide one testing unit which can be used to simulate and check calibration of the controllers listed below. The testing unit shall plug into the same sensor plug.
1.2
Operating Range
1.2.1
The temperature adjustment shall have an operating range of 19oC to 24oC.
1.2.2
The proportional band and setpoint shall be as indicated on the terminal control arrangement drawing.
1.3
Safeties and Alarm
1.3.1
All equipment shall be capable of withstanding a fault level of 5 kA.
1.3.2
All control circuits shall be isolated from the mains supply.
1.3.3
All controllers shall be protected against damage and protect direct power controlled elements.
1.3.4
The control system shall be suitable for operating at the designed building voltage and shall accommodate possible variations of up to 10%.
1.3.5
In all cases the braiding of the braided cable shall be used to earth conductor and shall be securely connected to the earth pin of the plug or connector.
2.
RELIABILITY AND AVAILABILITY
2.1
Downtime
The system shall be engineered to allow a fault location or component replacement to take not longer than 15 minutes by a trained operator or inspector, using the simulator provided by the supplier of the control system.
2.2
Comprehensive Maintenance and Service Contract
The maintenance and service of the system shall form part of the Comprehensive Guarantee Contract  and shall allow for faulty components to be maintained on a plug in plug out replacement basis whereby all components are repaired, tested and calibrated off site.
2.3
Documentation
The system shall be fully documented and the documentation [Refer Part IIIa Section
18]  shall include:
-        'Record' Drawings.
-        Spares and availability.
-        Tenant management procedures.
-        Trouble diagnostics.
3.
TECHNICAL RESTRAINTS
3.1
General
3.1.1
Equipment shall comply with and be selected and designed in accordance with the relevant SABS
or BS Specification applicable to each item of equipment.
3.1.2
Where  a  discrepancy  may  exist  between  relevant  Specifications  the  subcontractor's  Project
Engineer shall consult the Consulting Engineering for a ruling.
3.1.3       Equipment where possible shall be of the same make, size and type to reduce total number of spares to be kept.
3.1.4       Calibration of the sensor preferably shall be possible at the sensor by control technician using thermometer and screwdriver only.  In case of electronic thermostatic control calibration or change of sensor shall not require access for adjustment on control box in floor plenum.
3.1.5
Electronic component boxes, if offered, shall be factory calibrated and sealed.
3.1.6
All connectors shall incorporate a means of prevention of accidental unplugging or pulling out.
3.1.7       The system shall be engineered so as to make it impossible to incorrectly plug in various control components.
3.1.8      The sensors or thermostats shall be delivered to site complete with wire tail fitted with plug in connector.   The connector shall be suitably sized to allow it to pass through a 20mm diameter conduit incorporating a 45o bend.
3.1.9       The temperature sensor device shall be suitable for mounting on a standard 60mm dia drawbox to contain the temperature sensor.   It shall be equipped with a set point adjuster of + 20 mm in diameter, which the occupant can adjust from 19oC to 24oC.   The set point adjuster shall be marked with indication for "warmer" and "cooler" and direction arrows.
3.1.10     The temperature setting knob of the sensor shall be readily accessible and the setting reading shall be clearly visible without removal of the external coverplate.
3.2
Fan Air Terminals
3.2.1       A controller shall control the fan motor speed of the fan air terminal(s) from minimum to 100% proportional when the room temperature varies through a maximum of 2oC.  The controller shall control from 1 fan air terminal up to a maximum of 6 slaved fan air terminals without varying the
control characteristic as the quantity varies.
3.2.2       It shall be possible to preset the minimum and maximum motor speed levels from 10 - 80% of full speed.
3.2.3       The method of speed control for fan air terminals shall be approved by the fan air terminal motor manufacturer and shall be certified not to affect the guaranteed fan service life.
3.3
Fan Heaters
3.3.1
Fan heaters shall be controlled by same controller that serves the fan air terminals in the room.
3.3.2       Each thermostat shall be capable of controlling up to 6 (six) fan heaters with the understanding that each fan heater shall have its own power supply.
3.3.3
The heating output shall be proportional from 0 - 100 % when the room temperature varies by 20C.
3.4
Variable Volume Air Terminals
3.4.1       The temperature controller shall be of the micro processor type using digital technology and having the facility to plug in a communication card so as to enable central interrogation and set point adjustment.
3.4.2
The temperature controller shall:
-
vary the damper position from minimum to maximum in a proportional way when the room temperature varies through 2 oC from the set point
-
provide proportional heating output when the room temperature varies through 2 oC below set point
-
automatically detect and change over from summer and winter operation by sensing the supply air temperature and comparing this to set point
-
have communication facilities for building management system control applications so as to shed heaters or limit output, change set point external, and control damper and heater
-
a remote temperature and set point adjuster in a range not exceeding 19 oC to 24 oC.
3.5
Variable Volume Package Unit Controller
3.5.1
The unit controller shall be of the programmable micro processor type using digital technology.
3.5.2
The unit controller shall:
-
vary the chilled water cooling valve using P, PI or PID control so as to maintain the supply air temperature at the selected set point
-
vary the speed of the supply air fan using P, PI or PID control so as to maintain the static pressure as sensed by the static pressure sensor in the ductwork
-
reset the supply air temperature in a proportional way from 10 to 18 oC when the return air temperature varies from 24 to 20 oC
-
have communications facilities for a building management system so as to change supply, return air temperature, static pressure set points, activate/deactivate the unit, and modulate the cooling valve
-
have built in run down timer on receiving stopping signal so as to prevent heating safeties tripping unnecessarily on VAV diffusers
-
have a built in facility for plugging in hand held terminal or built in screen with key pad to adjust all the set points and read the status if all sensors and controlled elements.
3.6
Constant Volume Package Unit Controller
3.6.1
The unit controller shall be of the programmable micro processor type using digital technology.
3.6.2
The unit controller shall:
-
open the cooling valve when the return air set point is exceeded, and close the cooling valve if the return air or plenum temperature set points are reached
-
have communication facilities for a building management system so as to change the set points and range of the return air and plenum air temperatures, as well as read actual values being sensed, activate/deactivate unit, control cooling valve, and indicate tripping of safeties
-
have a built in facility for plugging in hand held terminal or built in screen with touch pad to adjust all the set points and read status of all sensors and controlled elements.
3.7
Concealed Ceiling Mounted Fan Coil Unit with Integral Heater
A controller shall control the unit as follows:
1st
2nd
The supply fan shall be activated as soon as the controller has been energised.
4.
BUILDING RESTRAINTS
4.1
All underfloor components shall be sealed, drip and splash proof.
4.2          Underfloor components shall be designed to be able to withstand a load of 90 kg evenly distributed over the top area of the component assembly, without showing any signs of structural distortion or a permanent set.
The braided cable fixing shall be secured to all components by means of a gripper gland, capable of withstanding a straight pull of 30 N (± 3 kg), without any sign of damage to the cable or gland and without effecting the connection inside the component.
4.3        All underfloor components shall be raised 15 mm off the slab with the exception of braided cable which may be loosely run in the floor void.
5.
MEASUREMENT TO CONFIRM COMPLIANCE WITH SPECIFICATION
5.1        The Subcontractor shall successfully demonstrate to the Engineer by means of working samples that each of the control functions can be satisfactorily performed in accordance with the previously approved submittals prior to any component manufacture.
5.2      No time is available for "on-site" functional testing of components, therefore on completion of manufacture all control components shall be fully tested for proper functioning prior to leaving the factory.
5.3
The following tests shall be performed in the factory by the manufacturers: Earth test.
Function of equipment on a Consulting Engineer approved test rig Calibration setting. Interchangeability and compatibility of plug-in components Polarity of components.
5.4        The results of the above tests for each component shall be documented in a formal written test report and shall be signed by the manufacturer and the control engineer and shall be countersigned. and accepted by the air conditioning Subcontractor's Project Engineer.
5.5        
On completion of installation each control system shall be fully tested for functional performance and a written handover/test report for each system signed by the air conditioning Subcontractor's Project Engineer shall be handed over to the Consulting Engineer.
5.6
No acceptance or handover of the system will take place without the acceptance by the Consulting
Engineer of the formal report.
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1.
FUNCTIONAL PERFORMANCE
The unit shall be provided with a minimum of the following :
-        An ON/OFF facility with the ability to select:
-
Full air conditioning.
-
Fan operation only.
-        A fan speed selector with a HIGH/LOW setting.
The controls shall be clearly marked and easy to operate.
The unit shall be provided with an adjustable temperature controller with an adjusting range of
19-24oC.  The sensitivity of this temperature controller shall be such that it controls in a differential band of 2oC (adjustable 1 to 4oC, factory set at 2oC), 1oC on either side of the setpoints.  The
temperature controller should be clearly marked in which way to adjust the room temperature. The
temperature controller shall switch on the heater or compressor automatically in accordance with the load.
It shall be possible to install the control facilities within a suitable drawbox recessed into the wall/partition, with the control cable reticulated within an enclosed conduit.
1.2
Operating Range
1.2.1
Fan delivery shall not decrease more than 10% when filter dirty.  The operation point shall be on the stable part of the curve.
1.2.2
Unit shall operate continuously without damage or malfunction for the following range of conditions as local altitude.
Evaporator Entering Air Dry Bulb Temperature              : 18oC - 28oC Evaporator Entering Air Wet Bulb Temperature             : 13oC - 20oC Condenser Entering Air Dry Bulb Temperature              : -2oC - 52oC
1.2.3
A “low ambient” condensing control shall be incorporated in the unit if specified as such in the schedule.
1.3
Safety
1.3.1
Fan motor shall be non-overloading at any operating point on the performance curve.
1.3.2
Both indoor and outdoor units shall be fully protected and shall fail safe.
Minimum safety protection, caused by possible external abnormal conditions shall be provided for the following, and require manual or automatic reset after fault occurrence :
i)
High discharge pressure.
ii)
Low Suction pressure/anti-freeze protection. iii)
Crankcase heater.
vi)
Thermal overload protection for all motors. v)
Current overload protection on compressor. vi)
Re-starting time delay for compressor.
vii)
Auto re-start on power supply interruption.
2.
RELIABILITY AND AVAILABILITY
2.1
Mean Time between Failure
All components and casings shall be designed for a service life of 10 years for local conditions based on a 12 hour daily operation.
All components which may come in contact with water (rain, condensate, sweating of compressor, etc) shall be protected against corrosion in order to obtain the desired service life.
2.2
Comprehensive Service and Maintenance Contracts
Only Suppliers who offer, and submit proof that they can honour, a 5 year (renewable to 10 years) Comprehensive Guarantee Contract will be considered as acceptable suppliers.
2.3
Documentation
Supplier of the Unit shall submit service, maintenance, trouble shooting, installation and testing instructions in order to obtain acceptance approval. Documentation shall be indexed in accordance with the Equipment Part of the O&M Manual Part IIIa Section 18.
3.
TECHNICAL RESTRAINTS
3.1
General
The unit shall be suitable for mounting as indicated on the drawings. Mounting brackets, bolts, hangers etc, shall be of galvanised steel.
Exposed brackets/hangers/supports shall be painted with a suitable paint for that environment.
Position and method of fixing of the indoor/outdoor / and remote sensor with interconnecting cable shall be confirmed with the client or his representative before installation.
3.2
Cabinet
Deflectors shall be available on exposed split units to deflect the airflow in any direction or to concentrate the flow of air as required.
Service panels shall be provided to give access to compressor, fans, controls and electrical connections. No special tools should be required to remove these "easily removable" panels.
Cabinets shall be constructed from fully galvanised sheetmetal powder coated to an approved colour.
3.3
Fans
Fan motors and bearings shall be protected from ingress of water. All fan bearings shall be of the permanently lubricated type.
3.4
Filter
Filters shall be of the fire resistant, dry media type, with an efficiency < 20% by the ASHRAE test. Filters shall be replaceable without special tools.
3.5
Coil
The indoor coil shall be aluminium fins, mechanically bonded to seamless copper tubes. The fin spacing shall not be less than 2mm. The coil face velocity shall be such that no "water carry over" will take place during any operation condition.
The outdoor coil shall be "hail-proof" if specified as such in the schedule.  Coil and refrigerant shall be protected from freezing in ambient temperatures down to -50C.
3.6
Heat Pump Unit
Heating shall be provided by a reverse cycle "heat pump feature" if specified as such in the schedule.
3.7
Electric Heater
If specified as such in the schedule.
The electric heater shall be complete with:
-
Manual reset thermal cut-out device set between 60 - 80 oC with reset button, labelled and operable without removing any terminal box cover.
-
Elements shall have an adequate resistance to earth, with due regard to the possible condensation of moisture during the cooling cycle.
3.8
Refrigerant
Refrigerant pipe sizing calculations shall be submitted where the length exceeds 15 metres.
The necessary traps should be installed in the refrigerant lines to ensure oil return for applications where the outdoor unit is installed higher than indoor unit.
Flare connections shall be used at the indoor and outdoor unit.
Three way valves with service port shall be installed at the outdoor unit for connection of standard refrigerant pressure gauges.
A filter shall be fitted in the liquid line with a sight glass and moisture indication thereafter.
Facilities shall be available for charging the units with refrigerant and measuring the refrigerant pressures of the unit using standard refrigerant gauges.
Units which are not pre-charged shall be evacuated to a vacuum of not less than 4mm Hg before charging.
The insulation for the refrigerant piping shall be of the "ultra-violet resistant" type.
Insulation exposed to outside weather shall be finished off with ultra-violet resistant plastic tape.
3.9
Drains
Drainage of condensate from the units shall be collected by the following means:
-
A pan of sufficient size to catch all drippage which may emanate from the unit.
-
Drainage via gravity feed from this pan to a suitable connection; or
-
booster  pump  assisted  drainage  where  indicated  on  the  relevant  drawings  or  in  the accompanying schedule.
-
The drain pan shall be fabricated from galvanised sheet steel and be painted internally to prevent condensation contact.
-
The drain pan shall extend a minimum of 100mm past each side of the evaporator unit
Drain piping shall be fixed and routed to the nearest suitable drain point to  ensure positive drainage. Drain piping shall be resistant or protected against weather elements or people traffic.
3.10
Electrical
All electrically powered elements within the unit shall have an adequate resistance to earth, with due regard to the possible condensation of moisture and comply with statutory requirements.
Interconnecting wiring from the outdoor unit to the indoor unit shall be via conduits or suitable special cable.
Power supply from the local isolator shall be protected against the elements by means of conduit or suitable cable.
Adequacy of the power point supplied by others shall be confirmed at equipment submission stage.
3.11
Control
A  manual  override  facility  shall  be  provided  on  the  indoor  unit  should  a  remote  wireless temperature/control unit be offered.
4.
BUILDING RESTRAINTS
4.1          Units shall be installed in accordance with manufacturer's recommendations and shall be capable of being fitted into the spaces indicated.
4.2
The unit shall not drum, vibrate or leak under any operating conditions.
4.3          Noise level in the conditioned space through the operation of the unit at any operation point shall not exceed the specified noise level with an 8 db room attenuation factor in each octave band.
4.4
All penetrations through building structures shall be sealed against ingress of water and air.
4.5
All piping/conduits/wiring/supports shall be neatly and securely fixed to the building structure.
Method of fixing shall be submitted to client/representative prior to installation.
4.6
Anchors that were not installed to the suppliers recommended procedure will not be accepted.
4.7
Washers shall be fitted to each nut and bolt
5.
MEASUREMENT TO CONFIRM EQUIPMENT COMPLIANCE WITH SPECIFICATION
5.1          The supplier of the unit shall submit with his tender certified performance tests of capacity and power consumption at either ISO conditions or local conditions by the SABS or a similar organisation.
5.2
Performance must be based on the actual mounting details and location where installed.
5.3
At project completion the supplier is to provide written confirmation detailing the HVAC system –
equipment, quantity of equipment supplied, type and mass of all refrigerants and gasses used
5.2          Performance testing of each unit shall be done in a certified "on line" test facility.  The minimum tests shall include running amps compressor, entering and leaving temperatures, a leak test, the heater amperage, all controls for function and calibration of thermostat. All results shall be properly recorded against the serial number of the unit and signed off by the responsible person for quality.
6.
SCHEDULE
See pages 6 and 7 of Part V.2, Section 14.02.
6.
SCHEDULE SPLIT TYPE AIR CONDITIONING UNIT
	Identification Indoor Unit
	Refer note
	Units
	Tender
	Offered
	

	-
Identification No:
	
	
	SMUI/01
	
	

	-
Drawing No. Reference
	
	
	
	
	

	-
No. Off
	
	
	4
	
	

	-
Indoor Unit - Type
	2
	
	MW
	
	

	Performance
	
	
	
	
	

	-
Total cooling capacity
	1
	(kW)
	3.5
	
	

	-
Air volume - Evaporator
	3
	(l/s)
	250
	
	

	-
Air volume - Fresh air
	
	(l/s)
	-
	
	

	-
Unit external static pressure
	3
	(Pa)
	-
	
	

	Refrigerant
	
	
	
	
	

	-
Type
	5
	
	TBA
	
	

	-
Mass
	
	kg
	TBA
	
	

	Electric Heater
	
	
	
	
	

	-
Capacity
	
	(kW)
	-
	
	

	Reverse Cycle Heating
	
	
	
	
	

	-
Capacity
	1
	(kW)
	-
	
	

	Noise Levels
	
	
	
	
	

	-
Room
	
	(NC)
	45
	
	

	Identification Outdoor Unit (Condensing
Unit
	
	
	
	
	

	-
Identification No:
	
	
	SMUO/1
	
	

	-
Drawing No. Reference
	
	
	
	
	

	-
No. of outdoor units per indoor unit
	
	
	1
	
	

	Outdoor Fan
	
	
	
	
	

	-
Air flow rate
	
	(l/s)
	TBA
	
	

	-
Unit external static pressure
	3
	(Pa)
	-
	
	

	Noise Levels
	
	
	
	
	

	-
3 m from unit
	
	(NC)
	50
	
	

	Distance to Indoor Unit
	
	
	
	
	

	-
Total length
	
	(m)
	20
	
	

	-
Height difference
	4
	(m)
	-
	
	

	-
No off bends
	
	Off
	6
	
	


	Power Supply
	Refer
Note
	Units
	Tender
	Offered
	

	-
Volt/phase/frequency
	
	(V/Ph/Hz)
	220/1/50
	
	

	Equipment Absorbed Power at Design
Conditions
	
	
	
	
	

	-
Summer
	1, 3
	(kW)
	2
	
	

	-
Winter
	1, 3
	(kW)
	2
	
	

	Optional Extras
	
	
	
	
	

	-
Copper/Copper coils
	
	(YES/NO)
	NO
	
	

	-
Special coated condenser
	
	(YES/NO)
	NO
	
	

	-
Infra-red remote control unit for indoor unit
	
	(YES/NO)
	YES
	
	

	-
Condensate pump
	
	(YES/NO)
	YES
	
	

	-
Fresh air inlet opening
	
	(YES/NO)
	NO
	
	

	-
Automatic air distrib. louvres
	
	(YES/NO)
	YES
	
	

	-
Heat pump unit
	
	(YES/NO)
	NO
	
	

	-
Hailproof outdoor coil
	
	(YES/NO)
	YES
	
	

	-
Low Ambient Condensing Control
	
	(YES/NO)
	YES
	
	

	NOTES
1.
Based on the following entering conditions at sea level
SUMMER 
WINTER
-
Indoor unit
(oCdB/oCwB)
:27/19
21
-
Condenser
(oCdB/oCwB)
:35/24
7/6
2.
CAS
=
Cassette Type HA
=
Hide-Away Type UC
=
Under Ceiling Type MW
=
Midwall Type
3.
Estimated for tendering purposes only. To be confirmed at time of equipment submission.
4.
+ indicates indoor unit is above outdoor unit.
- indicates indoor unit is below outdoor unit.
5.
The following Hydro Fluorocarbon (HFC) type refrigerants will be accepted as they have a zero Ozone Depletion Potential (ODP) – R134a, R407c, R410a, R290, R600, R1270 & Ammonia


DATE:   




SIGNATURE OF TENDERER:  
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1.
FUNCTIONAL PERFORMANCE
Capacity Control
The volume supplied by the terminal and the switching of the electric heater shall be controlled by a remote electronic modulating thermostat. It shall be possible to control multiple terminals from one thermostat. - Refer Terminal Control Arrangement Drawing.
2.
RELIABILITY AND AVAILABILITY
2.1
Downtime
The air terminal shall be so constructed and installed that removal and reinstallation shall not take longer than 1 hour.
2.2
Mean Time between Failure
The minimum acceptable service life is 15 years with 3 000 operating hours per annum and 4 000 control cycles per annum, with a maximum deviation from this standard for 15% of the total number of items.
2.3
Comprehensive Service and Maintenance Contracts
Only Suppliers who offer, and submit proof that they can honour, a 5 year (renewable to 10 years) Comprehensive Guarantee Contract will be considered as acceptable suppliers.
2.4
Documentation
Supplier of terminals shall submit service, maintenance, trouble shooting, installation and testing instructions in order to obtain acceptance approval. Documentation shall be indexed in accordance with the Equipment Part of the 0 & M Manual Part IIIa Section 18.
3.
TECHNICAL RESTRAINTS
3.1
The terminal shall be complete with a plenum box with side entry spigot.  The plenum box shall contain the heater and the damper motor. The damper motor shall be shielded from the heater.
3.2
The air terminal shall be suitable for attaching on a standard flexible connection.
3.3
The air terminal shall be complete with factory calibrated balancing device to adjust the specified air volumes under "full-open" conditions.
3.4
The discharge pattern shall be constant under all flow conditions, i.e. there shall be no "dumping of air" under minimum flow.
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3.5
The diffuser and mounting plate shall be powder coated to an approved colour.
3.6
The air terminals shall be of the high induction variable volume swirl diffusers.
3.7
The electric heater shall be complete with :
i)
Auto reset thermal cut-out device set at 65oC.
ii)
Manual reset thermal cut-out device set between 80 - 100oC with reset button, labelled and operable without removing any terminal box cover.
3.8
Elements shall have an adequate resistance to earth, with due regard to the possible condensation of moisture during the cooling cycle.
3.9
One only, 3m long fixed electrical connection terminating in a 16A 57o facetted earth 3 pin plug top shall be provided for each terminal.
4.
BUILDING - LOCATION - AUTHORITIES RESTRAINTS ON EQUIPMENT
4.1
The Subcontractor shall ensure that the ceiling construction will be able to take the operating weight of the terminal.
4.2
Noise level in the conditioned space through the operation of the unit at any operation point shall not exceed the noise levels specified for the particular room in Clause V.1.
5.
"MEASUREMENT" TO CONFIRM EQUIPMENT COMPLIANCE WITH SPECIFICATION
Subcontractor shall supply the necessary field testing instruments (air flow meters) and detailed description of field testing arrangement to prove a capacity/performance measurement accuracy of
+- 10% for Terminal Acceptance Testing.
Performance testing of the terminal shall be done in a certified laboratory with formal testing and certification procedures, and results of test certified by a responsible person/Professional Engineer.
The various tests as required by the Quality Management System shall be demonstrated and be accessible to the Engineer at all times for monitoring.
6.
SCHEDULE
6.1
Refer layout drawings for schedules.
6.2
All figures given are for an altitude as specified in Part V.1.
6.3
The throw (min. to max.) is based on an end of throw velocity of 0.50 - 0.25 m/s respectively under maximum flow conditions.
6.4
The nominal size is the "neck" size of the diffuser.

PART VI
SCHEDULES OF INFORMATION
SUBJECT
SCHEDULE OF IMPORTED EQUIPMENT AND MATERIAL
PART VI.2
PAGE 1 OF 1
	Description of Equipment or Material
	Item ref in Bills of Qty
(Page/Item)
	Qty.
	Foreign Cost and Currency
	Rand/ Foreign Currency Rate used by Tenderer
	Equivalent Rand Amount
	Surcharge Percentage and
Amount
	Import Duty Percentage and
Amount

	
	
	
	
	*1USD($) =
R16.00
	
	
	


‘* A rate of 1usd ($) = R16.00 must be used for all imported equipment. Any saving on this value during the project will be for the clients credit.
DATE:   


SIGNATURE OF TENDERER:  

This Tender complies in every respect with the Conditions of Contract, Specification, Schedules and
Drawings - * (YES) / (NO).
If (NO). detail qualifications hereunder. Failure to detail qualifications shall signify compliance.
QUALIFICATIONS
	PART
NO
	CLAUSE
NO
	QUALIFICAITONS

	
	
	


DATE:   

 

_ SIGNATURE OF TENDERER
* (Delete which is not applicable)
SCHEDULE OF SUBCONTRACTORS PROPOSED BY THE TENDERER
The Tenderer shall state in the Schedule below the names of all Subcontractors he wishes to employ in the Works and shall define their duties and outline their experience.
	SERVICE
SUB-CONTRACTED
	NAME OF
SUB-CONTRACTOR
	YEARS OF EXPERIENCE OF
SUB-CONTRACTOR
	VALUE OF THE SUB-CONTRACT SERVICE
(RAND)

	Duct Insulation
	
	
	

	Duct Installation
	
	
	

	Electrics
	
	
	

	Split Unit Installati
	
	
	

	
	
	
	

	
	
	
	

	Other
	
	
	


DATE:   

SIGNATURE OF TENDERER 

The tenderer shall complete in this schedule the required information of proposed suppliers of equipment and materials. The selection of equipment may be used in adjudication of tenders.  Equipment indicated in the schedules shall comply in all respect with the subcontract documents. If it appears that the offered equipment does not comply, then the subcontractor shall be responsible for replacing of such equipment at his own cost.
Final approval of equipment and materials will be subject to full submission of required information at equipment submission stage to check conformance with the performance specification and design concept.
Omission or ambiguity in the data submitted may invalidate this tender.
LOW PRESSURE AIR DISTRIBUTION SYSTEM
	1.
	Make
:
	

	2.
	Name of supplier
:
	

	3.
	Model and type
:
	

	4.
	Country of origin
:
	

	5.
	Describe in detail any deviation from
	

	
	the contract document
:
	 



REFRIGERANT PIPING SYSTEM
	1.
	Make
:
	

	2.
	Name of supplier
:
	

	3.
	Model and type
:
	

	4.
	Country of origin
:
	

	5.
	Describe in detail any deviation from
	

	
	the contract document
:
	 



ELECTRICAL DISTRIBUTION SYSTEM
	1.
	Make
:
	

	2.
	Name of supplier
:
	

	3.
	Model and type
:
	

	4.
	Country of origin
:
	

	5.
	Describe in detail any deviation from
	

	
	the contract document
:
	 



MCC/ELECTRICAL DB
	1.
	Make
:
	

	2.
	Name of supplier
:
	

	3.
	Model and type
:
	

	4.
	Country of origin
:
	

	5.
	Describe in detail any deviation from
	

	
	the contract document
:
	 



PART VI.6
PAGE 2 OF 2
AC VARIABLE SPEED DRIVES
	1.
	Make
:
	

	2.
	Name of supplier
:
	

	3.
	Model and type
:
	

	4.
	Country of origin
:
	

	5.
	Describe in detail any deviation from
	

	
	the contract document
:
	 



SAFETY AND AUTOMATIC CONTROL SYSTEM
	1.
	Make
:
	

	2.
	Name of supplier
:
	

	3.
	Model and type
:
	

	4.
	Country of origin
:
	

	5.
	Describe in detail any deviation from
	

	
	the contract document
:
	 



TERMINAL CONTROL
	1.
	Make
:
	

	2.
	Name of supplier
:
	

	3.
	Model and type
:
	

	4.
	Country of origin
:
	

	5.
	Describe in detail any deviation from
	

	
	the contract document
:
	 



SPLIT TYPE ROOM AIR CONDITIONING UNIT
	1.
	Make
:
	

	2.
	Name of supplier
:
	

	3.
	Model and type
:
	

	4.
	Country of origin
:
	

	5.
	Describe in detail any deviation from
	

	
	the contract document
:
	 



VARIABLE VOLUME SQUARE CEILING AIR TERMINAL
	1.
	Make
:
	

	2.
	Name of supplier
:
	

	3.
	Model and type
:
	

	4.
	Country of origin
:
	

	5.
	Describe in detail any deviation from
	

	
	the contract document
:
	 



DATE:   


SIGNATURE OF TENDERER:  


ANNEXURE “C”
SCHEDULE OF DRAWINGS
ANNEXURE ‘C'
SCHEDULE OF DRAWINGS
NOTE: The drawings listed below and issued with this Selected Subcontract document illustrate the broad scope of the subcontract works.   The Tenderer is referred to the Principal Contract Preliminaries, in this regard.
	DRAWING NO.
	REV.
	TITLE

	4GF
	0
	Ground Floor Enforcement HVAC Layout

	4GF-EX
	0
	Ground Floor existing and strip out HVAC Layout

	105
	0
	AHU Upblow CHW VAV with Heating
Primary Air Filter and Ducted Fresh Air

	110
	0
	Ceiling VAV Digital Terminal Controls
Arrangement Drawing with no BMS

	180
	0
	HVAC Electrical Motor Control Centre for
VAV Diffusers
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