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1 01 10 00 – SUMMARY 

1.1.1 PROJECT 

Project Name: 1005297 WITS SMH DATA CENTRE UPGRADE 

1.1.2 SITE CONDITIONS 

1. The contractor shall familiarize themselves with the site conditions prior to undertaking or 
providing cost estimates for any work. Specific conditions to be observed include, but are not 
limited to, the contractor’s site access and entry requirements, Operational Health and Safety 
(OHS) requirements (including client specific requirements), qualification and identification of 
personnel. 

2. All proposed equipment is to be suited to the location, elevation and environment and be 
derated to suit. 

3. The following outlines the ambient design temperatures and humidity parameters for 
equipment: 

a. Project location: Johannesburg, South Africa 

b. Seismic Zone: No 

c. ASHRAE N=20yr temperature station: JOHANNESBURG BOTANICAL, SOUTH 
AFRICA (WMO: 683611) N=20 for the n-Year Return Period Values of Extreme 
Temperature 

i. Summer DB 37°C / 21.9°C (DB / WB) 

ii. Winter DB 1.6°C (DB) 

iii. Extreme (N=50 year): 38°C (Summer DB), -4.1°C (Winter DB) 

iv. Equipment ambient selection: Selection at (N=20year) 

v. Deviation: 1.9°C 

vi. Elevation: 1750 m ASL 

vii. Air pressure at elevation: 81.99 Pa 

d. Electrical: 

i. Utility power supply 400V / 230V / 50Hz 

e. Site and building noise levels: 

i. Site zoning: Educational 

ii. Sound power levels allowed: <75dB(A) daytime, <75dB(A) night-time 

iii. Indoor sound power levels: Local requirements or ASHRAE, whichever is 
more stringent 

1.1.3 DESCRIPTION OF WORK 

1. SMH - WITS University require additional 3 DX Close Control Units for the data centre and in 
the Solomon Mahlangu House Data Centre. 

2. There are 5 existing DX Close Control Units in the Data Centre: 

a. SMH-CRAC-01 – SERVICE FIRST NANO 621 (61.2kW Nominal Capacity) 

b. SMH-CRAC-02 – SERVICE FIRST NANO 621 (61.2kW Nominal Capacity) 

c. SMH-CRAC-03 – SERVICE FIRST NANO 621 (61.2kW Nominal Capacity) 

d. SMH-CRAC-04 – SERVICE FIRST NANO 621 (61.2kW Nominal Capacity) 

Mualusi.Manyaka
Highlight
There are 5 existing DX Close Control Units in the Data Centre: 



 

 

e. SMH-CRAC-05 – SERVICE FIRST NANO 621 (61.2kW Nominal Capacity) 

3. The new 3 DX Close Control Units in the Data Centre are as follows: 

a. SMH-CRAC-06 – 58.6 kW Sensible Cooling Capacity 

b. SMH-CRAC-07 – 58.6 kW Sensible Cooling Capacity 

c. SMH-CRAC-08 – 58.6 kW Sensible Cooling Capacity 

4. All of these new units will need to be in as well as the use of new cable trays, refrigerant 
piping, drainage piping and all other equipment required for the AC unit installation. 

5. In Detail, the system can be described as below: 

a. Installation of the new Close Control units for newer more efficient units. 
b. Units should be interlinked to ensure units cycle between duty and standby. This 

should also allow for all units to run on part load, for better efficiency. 
c. HMI display unit showing internal conditions, set points and unit operation. 

2 01 40 00 – QUALITY REQUIREMENTS 
The quality requirements for this project shall be as specified in the HVAC Framework Specification 
(PART IV – Standard Specification), which applies to this section in its entirety. This specification shall 
be read in conjunction with the Framework document; in the event of any conflict between this 
specification and the Framework document, the requirements of the Framework document shall 
prevail. 

Precedence of Standards: Where this Specification or the Framework Specification references an 
international standard, code, or classification system, that reference establishes a minimum technical, 
performance, or safety benchmark for the product or workmanship concerned. Such references do not 
substitute for, and shall not be construed as overriding, the applicable South African legislation, the 
National Building Regulations (SANS 10400), and the South African National Standards (SANS) 
generally. In the event of any conflict between an internationally referenced standard and South 
African legislation, regulation, or SANS, the South African requirement shall prevail. 

3 01 60 00 – PRODUCT REQUIREMENTS 
The product requirements for this project shall be as specified in the HVAC Framework Specification 
(PART IV – Standard Specification, including Storage of Materials and Equipment Submittal), which 
applies to this section in its entirety. In the event of any conflict between this specification and the 
Framework document, the requirements of the Framework document shall prevail. 

4 23 05 29 – HANGERS AND SUPPORTS FOR 
HVAC EQUIPMENT 

4.1.1 SUMMARY 

A. The information within this specification relates to the HVAC design and installation only. Any 
discrepancies or contradictions shall be referred to the Engineer's for review prior to 
purchasing or proceeding. 

B. General: Read this Section in conjunction with other related MEP Sections, General 
Requirements, the HVAC Particular Requirements, Equipment Schedules, Design Drawings 
and the Contract Conditions. 



 

 

4.1.2 RELATED WORK SECTIONS AND DOCUMENTATION 

A. Standards: In addition to the requirements indicated on the Design Drawings, or specified in 
Division 01 General Requirements, the Particular Specifications, and the MEPF Scope of Works, the 
Work shall be in accordance with the following standards, codes and relevant statutory requirements. 

• Architectural Specification. 

• Fire Suppression Work Sections. 

• Vibration Controls for Fire-Suppression Piping and Equipment. 

• Plumbing Work Sections. 

• Vibration Controls for HVAC. 

• Heating, Ventilating and Air Conditioning (HVAC) Work Sections. 

• Integrated Automation Work Sections. 

• Common Work Results for HVAC Systems. 

4.1.3 SUBMITTALS 

A. General: 

• 1. Submit information and calculations for support and anchorage to the structure for the 
equipment, conduits, piping and ductwork including identification of thermal, expansion, and 
movement allowances. 

B. Technical Submittals: 

1. Shop Drawings: Provide Shop Drawings listing all related components of method of connections. 
2. Provide brace detail(s), brace connection to system detail(s), and to structure detail(s) brace 

spacing or layout details, and attachment to structural steel details, and support details. 
3. Submit, prior to installation, data identifying the various supports to structure connections brace 

structure connections based on coordinated Shop Drawings. Submittal data shall identify the 
following: 

a. Design and detailing of the supports and connections. 
b. Location of connections. 
c. Numerical identification of maximum allowable design value of connecting method. 
d. Numerical value of applied load or reaction to the building structure. 
e. Type of connection, for example, vertical support, vertical support with bracing. 
f. Bracing reaction type, for example, tension only, tension and compression. 

4. Product data on materials and components for use. 
5. All anchors insert or connections to the structure shall be submitted to the Engineer for 

acceptance. Submittal review and/ or acceptance by the Engineer shall not constitute compliance 
or usability. 

6. Supplementary Product Literature: Include a statement from the manufacturer for the design life of 
the system. 

7. List of tests included. 
8. Certified test data. 
9. Outline technical specifications reflecting proposed materials and systems. 
10. A list of proposed suppliers and Subcontractors intended to be used. 
11. Preliminary Method Statement. 
12. Preliminary Quality Plan. 
13. Summary of deviations from the Specifications. 

4.1.4 CLOSEOUT SUBMITTALS 

1. General: Submit the following: 

a.  Warranties. 

b. Operation and Maintenance (O+M) Manuals: Include component list with 
manufacturer's reference numbers, descriptions of materials and procedures for 
repairing and cleaning of finishes and cleaning frequency. 



 

 

4.1.5 QUALITY ASSURANCE 

1. The manufacturer shall have at least 10 years in country experience in the design and 
manufacture of specific equipment being supplied. 

2. Standards and other Codes of Practice: In addition to the requirements indicated on the 
Design. 

3. Drawings or specified in the Specification, the Work shall be in accordance with provisions of 
the following standards and codes. The current editions of the publications listed below form a 
part of this Section. 

a. South African National Standards, SANS Standards: 

b. SANS 10400 – The National Building Regulations. 

c. SANS 10252-1 – Water Supply and Drainage Installations for Buildings. 

d. SANS 10400-O – Lighting and Ventilation. 

e. SANS 10160 – Basis for Structural Design and Actions for Buildings and Industrial 
Structures. 

f. Sheet Metal and Air-Conditioning Contractors' National Association, SMACNA 
Standards. 

g. Underwriters' Laboratories, UL Standards. 
h. National Fire Protection Association, NFPA Standards. 

4. Suspended piping, ductwork and equipment shall be attached to the structure, supported by 
braced in accordance with the requirements of specification for Vibration Controls for HVAC. 

5. Preconstruction Testing/ Reports: 

a. Submit reports of independent tests demonstrating that the products and systems 
comply with the specified performance requirements. 

b. Where test results for a material or product are not available, undertake testing to 
show compliance with the Specification at an independent testing laboratory 
acceptable to the Engineer's Representative. 

c. The provision of testing data or the carrying out of tests does not relieve the 
Contractor of his responsibilities regarding the performance requirements, durability or 
service life requirements. 

4.2 Products 

4.2.1 PRODUCT SELECTION 

1. All pipe hangers shall be hot dipped galvanised. 

2. Pipe Isolators: 

a. Provide each hanger or clamp for uninsulated piping with a metal-backed pipe 
isolating material to isolate sound vibration and electrolysis. Tape shall not be 
acceptable. Isolators shall not be required for waste, vent, gas and downspout piping. 

3. Hanger Rods, General: 

a. Provide steel hanger rods, appropriately threaded. Provide connection points with 
jamb nuts or double nuts. 

4. Pipe Hangers and Supports, General: 

a. Multi-purpose pipe saddles shall be used on pipe sizes 32mm and larger. 
b. Miscellaneous hangers, anchors and supports, not detailed on or reference by the 

Contract Documents, shall be designed by the Subcontractor to support the combined 
weight of the pipe, fluid and pipe insulation and shall have a safety factor of at least 5, 
based on the ultimate tensile strength of the material used. Calculation and sketches 
shall be submitted with signature and stamped by a Structural Engineer . 

c. Provide Type-HP hangers at the first 3 support locations from the equipment. 

5. For Bracing Applications: Provide the following. 



 

 

a. Duct Hangers and Supports: 
b. Provide in accordance with SANS 10400 and SMACNA Standards. 
c. Provide galvanized steel angles, channels, straps, rods, etc. for duct support. Do not 

use raw steel. 

6. Pipe hangers and Supports 

a. Hangers for Uninsulated Steel or Copper Pipe: All sizes: An adjustable hot dipped 
galvanised clevis with spaced tube, copper-plated for copper piping. 

b. Hangers for Cold Insulated Steel or Copper Pipe: All sizes: An adjustable hot dipped 
galvanised clevis, sized to suit 360° high-density insulation insert. 

c. Hangers for Hot Insulated Steel or Copper Pipe: All Sizes: An adjustable hot dipped 
galvanised clevis, sized to suit 180°, 20-gauge galvanized metal insulation saddle, 
300mm long. 

d. Hangers for insulated Steel Steam Pipe: Size 65mm and larger. Adjustable roller 
hanger with steel yoke and cast-iron roller, with welded insulation protection saddle, 
size to accommodate insulation. 

e. High Density Insulation Inserts: For pipes 65mm and larger use 360° calcium silicate 
(waterproofed for chilled water) inserts having a lap jointed 360° sheet metal 
protective sleeve. Thickness of insert shall match pipe covering/ insulation thickness. 
All inserts shall have an independent lab certified break, crack and/or crush strength 
equal to or greater than 5 times the applied load. Do not use inserts at brace 
connection locations without prior written acceptance from to inserts from the 
Engineer's Representative. Submit copies of insert-manufacturer's independent lab 
test reports. Replace all cracked, damaged and/or non-compliance inserts at no 
additional cost to Engineer. 

f. Multiple or Trapeze Hangers; Steel channels or angles with welded spacers and 
hanger rods, sized to support load. 

g. Wall support for Pipe, Sizes up to 80mm: Cast iron hooks. 
h. Wall Support for Pipe, Sizes 100mm and Larger: Welded steel bracket and wrought 

steel clamp, adjustable steel yoke and cast-iron roll for hot pipe, sizes 125mm and 
larger. 

i. Vertical Support: Steel riser clamp. 
j. Floor and Roof Support for Hot Pipe, Sizes to 100mm, and all cold Pipe Sizes: Cast 

iron adjustable pipe saddle, locknut nipple, floor flange and concrete pier or steel 
support. 

k. Floor and Roof Support for Hot Pipe. Sizes 150mm and larger: Adjustable cast iron 
roll and stand, steel screws and concrete pier or steel support. 

l. Beam clamps for pipe hangers shall be complete with safety straps. 
m. Design hangers to impede disengagement by movement of supported pipe. 
n. Provide copper-plated hangers and supports for copper piping or provide isolator 

between hanger or support and piping. 
o. Provide angels or channels to span joints and distribute load. 
p. Do not use wire for either temporary or permanent hanger or support purposes. 

7. Pipe Hangers and Supports: 

a. Provide miscellaneous steel members, including but not limited to beams and 
brackets for support of work in this Division, unless specifically included in other 
Divisions. 

b. Use felt pad vibration isolators in lieu of copper plating on steel hangers for copper 
piping. 

c. Maximum hanger and support spacing for horizontal piping, on centres, shall not 
exceed the spacing listed in the table below. In all cases, avoid concentrating 
hangers. Evenly distribute the load on the structural framing system. 

d. Minimum rod size shall be no less than the size listed in the table below. Minimum 
Pipe Support Spacing and Hanger Rod Sizes. 

Table 4.2.1: Hanger supports spacing and rod size requirements. 

DN mm / in Copper m/ft Steel m/ft Plastic m/ft Rod mm 

12/0.5 1.22/4 1.50/5 0.91/3 10 

20/0.75 1.83/6 1.83/6 0.91/3 10 



 

 

DN mm / in Copper m/ft Steel m/ft Plastic m/ft Rod mm 

25/1 1.83/6 2.13/7 0.91/3 10 

32/1.25 1.83/6 2.74/9 1.22/4 10 

38/1.5 1.83/6 2.74/10 1.22/4 10 

50/2 3.05/10 3.05/10 1.22/4 10 

64/2.5 3.05/10 3.05/10 1.50/5 12.7 

76/3 3.05/10 3.66/12 1.50/5 12.7 

100/4 3.05/10 4.57/15 1.50/5 16 

125/5 3.05/10 4.88/16 1.83/6 16 

150/6 3.05/10 5.18/17 1.83/6 19 

200/8 3.05/10 5.79/19 2.13/7 22 

250/10 3.05/10 6.70/22 2.13/7 22 

300/12 4.88/16 7.00/23 2.44/8 22 

350/14 4.88/16 7.62/25 2.44/8 25 

400/16 5.12/17 8.23/27 2.74/9 25 

450/18 5.12/17 8.53/28 2.74/9 32 

 

4.3 Execution 

4.3.1 EXAMINATION 

Verification of Conditions: Examine areas for compliance with requirements for installation and 
conditions affecting performance of the Work. Identify conditions detrimental to a proper and timely 
completion and notify the Engineer of the unsatisfactory conditions. Proceed with installation only after 
unsatisfactory conditions have been corrected. 

4.3.2 PREPARATION 

1. Inserts and Drill-In Anchors: 

a. Use inserts for suspending hangers from reinforced concrete slabs and sides of 
reinforced concrete beams wherever practicable. All inserts and anchors shall be 
installed in accordance with the requirements of the Civil Defence Authority having 
jurisdiction. 

b. Set inserts in position in advance of concrete work. Provide reinforcement rod in 
concrete for inserts carrying pipe over 102mm in diameter or ducts over 1524mm 
wide. 

c. Where concrete slabs form finished ceiling, finish inserts flush with slab surface. 
d. Locate expansion shields in concrete beams a minimum of 152mm above bottom of 

beam. 
e. Do not use friction spring-type clips. 
f. Use hangers which are vertically adjustable after piping is erected. 

4.3.3 INSTALLATION 

1. Pipe Hangers and Supports: 

a. Support horizontal steel and copper piping per SANS 10252-1 Requirement and 
requirements of the Civil Defence Authority having jurisdiction. 



 

 

b. Support piping joined with grooved couplings in accordance with coupling 
manufacturer's installation guidelines. 

c. Install hangers to provide minimum 12.7mm clear space between finished covering 
and adjacent work. Unbraced piping and duct shall conform to the latest code. 

d. Support piping within 610mm at each change in direction, at ends of branches, at 
base and top of risers, pipes and drops, and wherever necessary to prevent sag, 
bending or vibration in addition to the above listed hanger spacing. 

e. Use hangers which are vertically adjustable 38.1mm minimum after piping is erected. 
f. Support horizontal soil pipe on both sides of each joint, with 1524mm maximum 

spacing between hangers. 
g. Support vertical piping at every other floor. Support vertical soil pipe at each floor at 

joint. 
h. Where several pipes can be installed in parallel and at same elevation, provide 

multiple individual hangers or trapeze hangers. 
i. Where practical, support riser piping independently of connected horizontal piping. 
j. Support non-metallic piping with a sufficient number of hangers to prevent sagging 

and misalignment. 
k. Provide supports and miscellaneous metal such as steel plates, brackets, metal 

framing, bolts, nuts and etc. Where exposed to weather, material shall be hot dipped 
galvanized. 

l. Vertical piping shall be supported top and bottom. Equipment shall not be used to 
support piping. 

m. Install hanger on insulated piping in a manner that does not damage insulation. 
Provide steel pipe saddles as required to protect pipe covering. Pipe hangers on 
insulated piping shall be installed on the outside of the insulation and not in contact 
with the pipe, except at pipe bracing when required. The insulation shall be protected 
by an 18-gauge galvanized steel shield. 

2. Duct Hangers and Supports: 

a. Where ducts are not braced, use duct hangers, supports and installation in 
accordance with SMACNA Standards. 

b. Specific details indicated on the Design Drawings shall take precedence over the 
accepted system. 

3. Priming: 

a. 1. Prime coat exposed steel hangers and supports. Hangers and supports located in 
crawl spaces, pipes shafts and suspended ceiling spaces are not considered 
exposed. 

4. Flashing: 

a. Flash and counter flash where mechanical equipment passes through weather or 
waterproofed walls, floors and roofs. 

b. Provide 305mm minimum height curbs for roof-mounted mechanical equipment. Flash 
and counter flash with galvanized steel, soldered and waterproofed. 

1. E. Sleeves: 

a. Set sleeves in position in advance of concrete work. Provide suitable reinforcing 
around sleeves. 

b. Where piping or ductwork passes through floor, ceiling or non-fire-rated wall, close off 
space between pipe or duct and construction with non-combustible insulation. Provide 
tight-fitting metal caps on both sides and caulk. 

c. Install chrome-plated escutcheons where piping passes through finished surfaces. 
d. Provide pipe sleeves for all mechanical piping. 
e. Sleeve pipe shall be adequate to receive both pipe and insulation passing through 

concrete or masonry walls or concrete slabs. 
f. Seal pipes passing through walls or slabs: Use mastic or oakum seal in the annular 

space in non-fire rated walls. 
g. Insulated pipe shall be insulated in sleeves, sealed and pointed as above. 
h. Install sleeves on pipes as they are being hung, ready for proper placement in wall as 

wall is being constructed. 
i. Where sleeves have been inadvertently omitted in concrete floors, provide requisite 

pipe opening by using properly sized diamond core drills after coordination with the 



 

 

Engineer's Representative. Areas located below drilling operations shall be protected 
from possible damage. 

j. Design and install restraints to prevent permanent displacement in any direction 
caused by lateral motion, overturning or uplift. 

k. Install approved resilient restraining devices as required to prevent flues, ducts and 
piping motion in excess of 8mm. 

l. Make no rigid connections between equipment, pipes and ducts and building structure 
that degrade noise and vibration isolation systems. 

a. 1. Piping and Ductwork: 
i. Install all bracing and restraints in accordance with referenced "Guidelines". 
ii. Provide floor support and bracing of pipe risers in pipe chases and connection 

risers to equipment. 
b. Flexibly Supported Piping and Ducts: 

i. Install and locate restraints to allow normal operation of systems without 
transmitting vibrations to building structure. 

ii. Location of restraints: In accordance with referenced "Guidelines" as specified 
in this Section. 

iii. Construction of Restraints: Steel cables, installed slack. 

2. Rigidly Mounted Equipment: 

a. Secure to floor as required to prevent horizontal motion and overturning 
b. Secure to walls or other equipment to prevent overturning. 
c. Provide steel backing in walls as required to brace equipment and piping from wall. 

4.3.4 SITE QUALITY CONTROL 

1. Make all corrections recommended by the manufacturer's representative. 

2. End of Section 

5 23 05 48 – ACOUSTIC AND VIBRATION 
CONTROLS FOR HVAC PIPING AND 
EQUIPMENT 

5.1.1 SUMMARY 

The information within this specification relates to the HVAC design and installation only. Any 
discrepancies or contradictions shall be referred to the Engineer ’s for review prior to purchasing or 
proceeding. 

General: Read this Section in conjunction with other related MEP Sections, General Requirements, 
the HVAC Particular Requirements, Equipment Schedules, Design Drawings and the Contract 
Conditions. 

Section scope is to minimise the transmission of vibration and noise from rotating reciprocating or 
vibrating equipment to building elements. This section includes 

• Inertia bases. 

• Vibration isolators. 

5.1.2 RELATED WORK SECTIONS AND DOCUMENTATION 

Standards: In addition to the requirements indicated on the Design Drawings, or specified in General 
Requirements, the Particular Specifications, and the MEPF Scope of Works, the Work shall be in 
accordance with the following standards, codes, and relevant statutory requirements. 

• Architectural Specification. 



 

 

• Fire Suppression Work Sections. 

• Vibration Controls for Fire-Suppression Piping and Equipment. 

• Plumbing Work Sections. 

• Vibration Controls for HVAC. 

• Heating, Ventilating and Air Conditioning (HVAC) Work Sections. 

• Integrated Automation Work Sections. 

• Common Work Results for HVAC Systems. 

5.1.2.1 General: 

• Submit information as required for support and anchorage to the structure control for all the 
equipment, piping and ductwork.  Operating weight of equipment to be considered when sizing 
supports including inertia bases. 

5.1.2.2 Technical Submittals: 

• Shop Drawings: Provide Shop Drawings listing all related components of method of connections. 

• Provide brace detail(s), brace connection to system detail(s), and to structure detail(s) brace 
spacing or layout details, and attachment to structural steel details, and support details. 

• Submit, prior to installation, data identifying the various supports to structure connections brace 
structure connections based on co-ordinated Shop Drawings. Submittal data shall identify the 
following: 

• Location of connections. 

• Numerical identification of maximum allowable design value of connecting method. 

• Numerical value of applied load or reaction to the building structure. 

• Type of connection, for example, vertical support, vertical support with bracing. 

• Bracing reaction type, for example, tension only, tension and compression. 

• Product Data: Provide schedule of vibration isolator type with location and load on each. 

• Supplementary Product Literature: Include a statement from the manufacturer for the design life of 
the system. 

• List of tests included. 

• Certified test data. 

• Outline technical specifications reflecting proposed materials and systems. 

• A list of proposed suppliers and Subcontractors intended to be used. 

• Preliminary Method Statement. 

• Preliminary Quality Plan. 

• Summary of deviations from the Specification. 

• Manufacturer's Instructions: Indicate installation instructions with special procedures and setting 
dimensions. 

• Calculations required for supports and bracing for: 

Sizes and situations not covered by referenced Guidelines of pre-engineered Systems. 

Where layout differs from design for which calculations are prepared by Licensed Structural Engineer. 

• Include horizontal and vertical reaction loads at connections to building structures for all restraints, 
including those covered by referenced Guidelines. Coordinate reaction loads and attachment 
details with Licensed Structural Engineer. 

• That the Subcontractor's Structural Engineer has coordinated his bracing layout, reaction loads 
and details of structural attachments with work of other trades. 

5.1.3 CLOSEOUT SUBMITTALS 

General: Comply with the requirements of Execution and Closeout Requirement and submit the 
following: 

• Warranties. 

• Operation and Maintenance (O+M) Manuals: Include component list with manufacturer's reference 
numbers, descriptions of materials and procedures for repairing and cleaning of finishes and 
cleaning frequency. 



 

 

5.1.4 QUALITY ASSURANCE 

Standards and other Codes of Practice: In addition to the requirements indicated on the Design 
Drawings or specified in the Specification, the Work shall be in accordance with provisions of the 
following standards and codes. The current editions of the publications listed below form a part of this 
Section. 

• South African National Standards, SANS Standards: 

• SANS 10400 – The National Building Regulations. 

• SANS 10252-1 – Water Supply and Drainage Installations for Buildings. 

• SANS 10400-O – Lighting and Ventilation. 

• SANS 10160 – Basis for Structural Design and Actions for Buildings and Industrial Structures. 

• Sheet Metal and Air-Conditioning Contractors' National Association, SMACNA Standards. 

• Underwriters' Laboratories, UL Standards. 

• National Fire Protection Association, NFPA Standards. 

Provide testing and inspections in accordance with Section 01 40 00 – Quality Requirements. 

5.1.4.1 Preconstruction Testing/ Reports: 

• Submit reports of independent tests demonstrating that the products and systems comply with the 
specified performance requirements. 

• Where test results for a material or product are not available, undertake testing to show 
compliance with the Specification at an independent testing laboratory acceptable to the Engineer 
’s Representative. 

• The provision of testing data or the carrying out of tests shall not relieve the Contractor of his 
responsibilities regarding the performance requirements, durability or service life requirements. 

5.1.5 DELIVERY, STORAGE AND HANDLING 

Deliver and store vibration controls in shipping containers, with labelling in place. 

5.2 Products 

5.2.1 GENERAL 

Minimize the transmission of vibration and noise from rotating reciprocating or vibrating equipment to 
building elements. 

Criteria: Provide vibration control comprising vibration isolators and inertia bases where necessary to 
limit building vibrations in occupied areas as follows: 

• ≥ 8Hz - < 0.20mm/s rms velocity. 

• < 8Hz - product of frequency and rms velocity < 1.6 (ASHRAE vibration curve H). 

5.2.1.1 Structural Bases: 

• Construction: Welded structural steel with gusseted brackets to support equipment and motor, 
with motor slide rails. 

• Design: Sufficiently rigid to prevent misalignment or undue stress on machine and to transmit 
design loads to isolators Depth greater of one tenth of largest dimension or 150mm minimum. 

• Allow for the weight of unsupported piping and ductwork, and any dynamic forces due to fluid 
movement or pressure, torque reaction, and forces due to starting and stopping. 

• Select and space mountings to suit weight distribution of equipment for uniform mounting 
deflections, so that equipment remains horizontal. Space mountings widely so that equipment 
does not rock excessively during start-up. Provide machinery anchor bolts and space saving 
outrigger brackets spaced to suit vibration isolator designs.  Mount base complete with vibration 
isolators. Working clearance between base and floor or plinth should be no less than 25mm. 



 

 

5.2.1.2 Concrete Inertia Bases: 

• Construction: Structural steel channel perimeter frame, with gusseted brackets and anchor bolts, 
reinforcing, concrete filled. 

• Mass: Minimum of 1.5 times weight of isolated equipment. For reciprocating equipment 
(compressors, engines) - twice the total weight of equipment. 

• Connecting Point: Reinforced to connect isolators to base. 

• Attachments: Equipment anchor bolts secured in position with clearance to pipe sleeves providing 
for minor location adjustment. 

• Concrete: Minimum 20mPa concrete. 

• Finish: Steel float, flush with surrounds. 

• Installation: Mount complete base with equipment on vibration isolation mounts.  Provide rubber 
pad isolation between plinths and structure where required. 

5.2.1.3 General: 

• Spring diameters ≥0.8 of the compressed height of springs at rated loads. 

• Horizontal spring stiffness approximately equal to vertical stiffness. 

• Minimum travel to solid without permanent deflection of the spring at least 150% of the scheduled 
minimum static deflection. 

• Levelling bolts and lock nuts. 

• 5mm neoprene acoustic isolation pads between baseplate and support. 

• Provide multiple springs as necessary. 

5.2.1.4 Open Spring Isolators: 

• Springs: Minimum horizontal stiffness equal to 98% vertical stiffness, with working deflection 
between 0.3 and 0.6 of maximum deflection. Colour code springs for load carrying capacity. 

• Spring Mounts: Free standing laterally stable open springs with at least 12mm clearance between 
moving and stationary components. Provide with levelling devices, minimum 6mm thick neoprene 
sound pads and zinc chromate plated hardware. 

• Sound Pads: Size for minimum deflection of 1.2mm; meet requirements for neoprene pad 
isolators. 

• For Exterior and Humid Areas: Hot dipped galvanized housings and neoprene coated springs. 

5.2.1.5 Restrained Open Spring Isolators: 

• Springs: Minimum horizontal stiffness equal to 98% vertical stiffness, with working deflection 
between 0.3 and 0.6 of maximum deflection. Colour code springs for load carrying capacity. 

• Spring Mounts: Provide with levelling devices, minimum 6mm thick neoprene sound pads and zinc 
chromate plated hardware. 

• Sound Pads:  Size for minimum deflection of 1.2mm; meet requirements for neoprene pad 
isolators. 

• Restraint: Provide heavy mounting frame and limit stops. 

• For Exterior and Humid Areas: Hot dipped galvanized housings and neoprene coated springs. 

5.2.1.6 Closed Spring Isolators: 

• Type: Closed spring mount with top and bottom housing separated with neoprene rubber 
stabilizers. 

• Springs: Minimum horizontal stiffness equal to 98% vertical stiffness, with working deflection 
between 0.3 and 0.6 of maximum deflection. Colour code springs for load carrying capacity. 

• Housings: Incorporate neoprene isolation pad meeting requirements for neoprene pad isolators 
and neoprene side stabilizers with minimum 7mm clearance. 

• For Exterior and Humid Areas: Hot dipped galvanized housings and neoprene coated springs. 



 

 

5.2.1.7 Restrained Closed Spring Isolators: 

• Type: Closed spring mount with top and bottom housing separated with neoprene rubber 
stabilizers. 

• Springs: Minimum horizontal stiffness equal to 98% vertical stiffness, with working deflection 
between 0.3 and 0.6 of maximum deflection. Colour code springs for load carrying capacity. 

• Housings: Incorporate neoprene isolation pad meeting requirements for neoprene pad isolators 
and neoprene side stabilizers with minimum 7mm clearance and limit stops 

• For Exterior and Humid Areas: Hot dipped galvanized housings and neoprene coated springs. 

5.2.1.8 Spring Hanger: 

• Springs: Minimum horizontal stiffness equal to 98% vertical stiffness, with working deflection 
between 0.3 and 0.6 of maximum deflection. Colour code springs for load carrying capacity. 

• Housings: Incorporate neoprene isolation pad meeting requirements for neoprene pad isolators. 

• Misalignment: Capable of 20° hanger rod misalignment. 

• For Exterior and Humid Areas: Hot dipped galvanized housings and neoprene coated springs. 

5.2.1.9 Neoprene Pad Isolators: 

• Rubber or neoprene waffle pads: 

• Hardness: 30 durometer. 

• Thickness: Minimum 20mm. 

• Maximum Loading: 345kPa. 

• Rib Height: Maximum 0.7 times width. 

• Configuration: Single layer. 

• Configuration: 13mm thick waffle pads bonded each side of 6mm thick steel plate. 

Rubber Mount or Hanger: Molded rubber designed for 10mm deflection with threaded insert. 

Glass Fiber Pads: Neoprene jacketed pre-compressed molded glass fiber. 

• Type: Non-directional and double acting unit consisting of interlocking steel members restrained 
by neoprene elements. 

• Elements: Replaceable neoprene, minimum of 18mm thick with minimum 3mm air gap. 

• Capacity: 4 times load assigned to mount groupings at 10mm deflection. 

Roof Mounting Curb: 350mm high with rigid steel lower section containing adjustable spring pockets 
with restrained spring isolators, steel upper section to support rooftop equipment and continuous 
elastomeric membrane extending from upper section for counter-flashing over roofing. Provide 
acoustical package consisting of interior perimeter angles and cross members to support up to 2 No. 
layers of gypsum board. 

5.2.2 SCHEDULE OF VIBRATION ISOLATORS AND BASES 

Table 5.2.2.1: Vibration isolation type spacing requirements for HVAC equipment. 



 

 

 

Table 5.2.2.2: Vibration isolation type spacing requirements for HVAC equipment 



 

 

 

Table 5.2.2.3: Vibration isolation type requirements for HVAC equipment. 

 

• Pipe Hangers and Supports: 

• Hangers for single hanger supported piping shall be steel clevis type with spaced tube. 

• Hangers shall be designed and installed to allow for a minimum 40mm of vertical adjustment. 

• Hangers supports and insulation for conditions which involve thermal and/or building expansion 
and contraction shall be Engineered based on actual field conditions. Hangers shall be designed 
and installed to allow to vertical adjustment. 



 

 

• Items supported by trapeze hangers shall be properly attached at each trapeze location. 

• Hangers shall be secured top and bottom by a double nut assembly to the threaded support 
rod(s). 

• Provide a protective barrier between non-compatible dissimilar metals. 

5.3 Execution 

5.3.1 EXAMINATION 

Verification of Conditions: Examine areas for compliance with requirements for installation and 
conditions affecting performance of the Work. Identify conditions detrimental to a proper and timely 
completion and notify the Engineer of the unsatisfactory conditions. Proceed with installation only after 
unsatisfactory conditions have been corrected. 

5.3.2 INSTALLATION 

Install in accordance with manufacturer's instructions. 

5.3.2.1 Bases: 

• Set steel bases for 25mm clearance between housekeeping pad and base. 

• Set concrete inertia bases for 50mm clearance between housekeeping pad and base. 

• Adjust equipment level. 

On closed spring isolators, adjust so side stabilizers are clear under normal operating conditions. 

Prior to making piping connections to equipment with operating weights substantially different from 
installed weights, block up equipment with temporary shims to final height. When full load is applied, 
adjust isolators to load to allow shim removal. 

Provide pairs of horizontal limit springs on fans with more than 6.0inches WG, 1.5kPa static pressure 
and on hanger supported, horizontally mounted axial fans. 

Support piping connections to equipment mounted on isolators using isolators or resilient hangers for 
scheduled distance: 

• Up to 100mm Pipe Size: First 3 points of support. 

• 125 to 200mm Pipe Size: First 4 points of support. 

• 250mm Pipe Size and Over: First 6 points of support. 

• Select 3 hangers closest to vibration source for minimum 25mm static deflection or static 
deflection of isolated equipment. Select remaining isolators for minimum 25mm static deflection or 
½ static deflection of isolated equipment. 

5.3.2.2 Pipe isolation requirements are given in the table below: 

 

Pipe Dia (mm) Minimum Distance from Equipment (Pipe 
Diameters) 

50 90 

80 80 

100 75 

150 60 

200 60 

250 54 

300 50 



 

 

Pipe Dia (mm) Minimum Distance from Equipment (Pipe 
Diameters) 

400 45 

600 38 

 

Table 3.1: Vibration isolating equipment minimum distance allowed from HVAC equipment. 

5.3.3 SITE QUALITY CONTROL 

Inspect isolated equipment after installation and submit report.  Include static deflections. 

6 23 07 19 – HVAC PIPING INSULATION 

6.1.1 SUMMARY 

Section Includes: 

• Piping insulation. 

• Jacketing and accessories. 

6.1.2 RELATED WORK SECTIONS AND DOCUMENTATION 

• Section 23 23 00 – Refrigerant Piping: Placement of inserts. 

Standards: Unless otherwise specified, the Work shall be in accordance with the following standards: 

• ISO 8497 – Thermal Insulation of Pipes and Equipment – Design and Application. 

• ASTM C534/C534M – Standard Specification for Preformed Flexible Elastomeric Cellular Thermal 
Insulation in Sheet and Tubular Form. 

• EN 13501 – Fire Classification of Construction Products and Building Elements. 

• ASTM C552 – Standard Specification for Cellular Glass Thermal Insulation. 

6.1.3 SUBMITTALS 

• General: Submit the following: 

• Product Data: Provide product description, thermal characteristics, list of materials and thickness 
for each service, and locations. 

6.2 Products 

6.2.1 FLEXIBLE ELASTOMERIC CELLULAR INSULATION 

• Manufacturers: 

• Armacell LLC; ArmaFlex Ultra with FlameDefense: www.armacell.us. 

• K-Flex USA LLC; K-Flex Titan: www.kflexusa.com. 

• Insulation: Preformed flexible elastomeric cellular rubber insulation complying with ASTM 
C534/C534M Grade 1; use moulded tubular material wherever possible. 

• Minimum Service Temperature: Minus 40 degrees C. 

• Maximum Service Temperature: 82 degrees C. 

• Connection: Waterproof vapour barrier adhesive. 



 

 

6.2.2 ACCESSORIES 

• General Requirements: 

• Provide required accessories in accordance with and subject to the recommendations of the 
insulation manufacturer. 

• Furnish compatible materials which do not contribute to corrosion, soften, or otherwise attack 
surfaces to which applied, in either the wet or dry state. 

• Supply materials that are asbestos free. 

6.3 Execution 

6.3.1 EXAMINATION 

• Test piping for design pressure, liquid tightness, and continuity prior to applying insulation 
materials. 

• Verify that surfaces are clean and dry, with foreign material removed. 

6.3.2 INSTALLATION 

• Install in accordance with manufacturer's instructions. 

7 23 08 00 - HVAC TESTING AND 
COMMISSIONING 

7.1.1 SUMMARY 

• The information within this specification relates to the HVAC design and installation only. Any 
discrepancies or contradictions shall be referred to the Engineer ’s for review prior to purchasing 
or proceeding. 

• General: Read this Section in conjunction with other related MEP Sections, General 
Requirements, the HVAC Particular Requirements, Equipment Schedules, Design Drawings and 
the Contract Conditions. 

• Testing and Commissioning of all HVAC systems shall be carried out by a Mechanical Contractor 
engaged, Engineer approved, Specialist Third Party agency. The firm shall be certified either by 
BSRIA or equivalent international organization.  The Contractor engaged Specialist Third Party 
agency shall oversee all Contractor testing and commissioning processes, including establishment 
of T&C plans, detailed programs, checklists and the like to enable a programmed commissioning 
process to be undertaken.  All Work interfaces and validation testing are the responsibility of the 
Contractor engaged Third Party agency. 

• Testing, balancing and commissioning shall be carried out by the Contractor in accordance with 
the CIBSE Commissioning Codes (Series A, C, M, R and W) and witnessed by the Engineer, in 
accordance with the Framework Specification. 

• The Contractor shall provide all labour, international laboratory certified instrumentation and 
testing equipment. 

7.1.2 RELATED WORK SECTIONS AND DOCUMENTATION 

• Standards: In addition to the requirements indicated on the Design Drawings, or specified in 
General Requirements, the Particular Specifications, and the MEPF Scope of Works, the Work 
shall be in accordance with the following standards, codes and relevant statutory requirements. 

• Architectural Specification. 

• Heating, Ventilating and Air Conditioning (HVAC) Work Sections. 

• Integrated Automation Work Sections. 



 

 

• Operation and Maintenance (O+M) of HVAC System. 

• Vibration Controls for HVAC. 

7.1.3 SUBMITTALS 

• General: 

• Section Includes: 

• Balancing Air Systems: 

Constant-volume air systems. 

• Electrical and Control Systems: 

• BMS and DDC systems. 

• Integration into the Converged Network and interfacing sub system integration. 

• Technical Submittals: 

• Project specific testing and commissioning program. 

• Project specific testing and commissioning plans for each item of equipment, all HVAC systems 
and system interfaces including the BMS and BMS integration into the Converged Network. 

• Air-Balance Report site EQ 1:  Documentation of work performed for ASHRAE 62.1-2004, Section 
7.2.2, "Air Balancing." 

• Strategies and Procedures Plan: Within 30 days of Contractor's Notice to Proceed, submit TAB 
strategies and step-by-step procedures as specified in "Preparation" Article. 

• Certified TAB reports. 

• Certificate of readiness. 

• Certificates of completion of installation, prestart and start-up activities. 

7.1.4 QUALITY ASSURANCE 

• Certify TAB field data reports and perform the following: 

• Review field data reports to validate accuracy of data and to prepare certified TAB reports. 

• Certify that the TAB team complied with the approved TAB plan and the procedures specified and 
referenced in this Specification. 

• Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in ASHRAE 111, Section 
5, "Instrumentation." 

• The Engineer requires the Contractor to implement practices and procedures to meet the project’s 
environmental performance goals, which include compliance under Green Building Regulation. 
Specific project goals that may impact this area of work include but are not limited to: reduced 
impact of construction activities, construction waste recycling, reduction of water and energy 
usage, use of recycled-content materials; use of locally-manufactured materials; and use of low-
emitting materials. The Contractor shall ensure that the requirements related to these goals, as 
defined in individual specification sections and the Sustainability Requirements Section are 
implemented to the fullest extent. Substitutions, or other changes to the work proposed by the 
Contractor shall not be allowed if such changes compromise the aforementioned environmental 
goals and Green Building Regulation compliance. 

7.1.5 CONTRACTOR RESPONSIBILITIES 

• Perform all pre-commissioning, commissioning, testing and balancing tests including responding 
to any direction of the Engineer. 

• Participate in HVAC & R systems, assemblies, equipment, and component maintenance 
orientation and inspection as requested by the Engineer. 

• Provide information requested by the Engineer for final commissioning documentation. 

• Provide independent calibrated and certified measuring instruments and logging devices to record 
test data and provide data acquisition equipment to record data for the complete range of testing 
for the required test period. 

• The Contractor shall provide the following to the Engineer: 

• Provide Project-specific construction checklists and commissioning process test procedures for 
actual HVAC&R systems, assemblies, equipment, and components to be furnished and installed 
as part of the construction contract. 



 

 

• Direct all testing, balancing and commissioning processes including all retesting as required to 
meet the Engineers requirements.  All systems shall be certified by the Contractor prior to 
submission to the Engineer for review witnessing. 

• Verify and certify that all testing, adjusting, and balancing of Work are complete. 

• Provide test data, inspection reports, and certificates in Systems Manual. 

7.1.6 COMMISSIONING DOCUMENTATION 

• The Contractor commissioning plan shall include the following: 

• Plan for delivery and review of submittals, systems manuals, and other documents and reports. 

• Identification of installed systems, assemblies, equipment, and components including design 
changes that occurred during the construction phase. 

• Process and schedule for completing construction checklists and manufacturer's prestart and 
start-up checklists for HVAC&R systems, assemblies, equipment, and components to be verified 
and tested. 

• Certificate of readiness, signed by the Contractor, certifying that HVAC&R systems, assemblies, 
equipment, components, and associated controls are ready for testing. 

• Certificate of completion certifying that installation, prestart checks, and start up procedures have 
been completed. 

• Certificate of readiness certifying that HVAC&R systems, subsystems, equipment, and associated 
controls are ready for testing. 

• Test and inspection reports and certificates. 

• Corrective action documents. 

• Verification of testing, adjusting, and balancing reports.. 

7.2 Execution 

7.2.1 SUBMITTAL STAGE REVIEW 

• Examine the Contract Documents to become familiar with Project requirements and to discover 
conditions in systems' designs that may preclude proper TAB of systems and equipment. 

• Review shop drawings for accessibility and commissionability of the HVAC equipment, associated 
components and systems, this includes all sensors, dampers and valves. 

• Locations of all ceiling access panels are critical. Coordination shall be validated via the Revit 
model with all public facing access panel locations positioned as noted in the Interior Design 
drawings. Any modifications will require Architectural acceptance as part of the shop drawing 
process. 

• Non-adherence to shop drawing locations shall require the installation to be modified to ensure 
access positions are maintained as agreed. Full maintenance access shall be provided. 

• The full plant maintenance access and plant replacement strategy shall be provided during design 
and validated during construction. The Third-Party agent shall monitor and approve the 
maintenance access and plant replacement compliance during the shop drawing process and at 
completion of the installation works. 

• Certify that the Contract design intent is being maintained prior to installation. 

7.2.2 EXAMINATION 

• Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer 
wells, flow-control devices, balancing valves and fittings, motorised and manual volume dampers. 
Verify that locations of these balancing devices are accessible. 

• Examine the approved submittals for HVAC systems and equipment. 

• Examine design data including HVAC system descriptions, statements of design assumptions for 
environmental conditions and systems' output, and statements of philosophies and assumptions 
about HVAC system and equipment controls. 

• Examine ceiling plenums and underfloor air plenums used for supply, return, or relief air to verify 
that they meet the leakage class of connected ducts and are properly separated from adjacent 
areas. Verify that penetrations in plenum walls are sealed and fire-stopped if required. 

• Examine equipment performance data including fan and pump curves. 



 

 

• Relate performance data to Project conditions and requirements, including system effects that can 
create undesired or unpredicted conditions that cause reduced capacities in all or part of a 
system. 

• Calculate system-effect factors to reduce performance ratings of HVAC equipment when installed 
under conditions different from the conditions used to rate equipment performance.  To calculate 
system effects for air systems, use tables and charts found in AMCA 201, "Fans and Systems," or 
in SMACNA's "HVAC Systems - Duct Design." Compare results with the design data and installed 
conditions. 

• Examine system and equipment installations and verify that field quality-control testing, cleaning, 
and adjusting specified in individual Sections have been performed. 

• Examine test reports specified in individual system and equipment Sections. 

• Examine HVAC equipment and filters and verify that bearings are greased, belts are aligned and 
tight, and equipment with functioning controls is ready for operation. 

• Examine terminal units, such as variable-air-volume boxes, and verify that they are accessible and 
their controls are connected and functioning. 

• Examine operating safety interlocks and controls on HVAC equipment. 

• Report deficiencies discovered before and during performance of TAB procedures.  Observe and 
record system reactions to changes in conditions. Record default set points if different from 
indicated values. 

• Certify that all of the above installations are in compliance with the Contract documents, meet the 
functional intent of the project and allow for unobstructed maintenance access and plant 
replacement 

• Certify that all systems, instrumentation and control systems have been completed, calibrated, 
results recorded, set points provided, operating ranges verified, automatic and manual controls 
proven 

7.2.3 PREPARATION 

• Prepare a TAB plan that includes strategies and step-by-step procedures. 

• Complete system-readiness checks and prepare reports. Verify the following: 

• Permanent electrical and controls wiring and functionality is complete. 

• Automatic temperature-control systems are operational. 

• Equipment and duct access doors are securely closed. 

• Balance, smoke, and fire dampers are open. 

• Ceilings are installed in critical areas where air-pattern adjustments are required and access to 
balancing devices is provided. 

• Doors can be closed so indicated conditions for system operations can be met. 

7.2.4 GENERAL PROCEDURES FOR TESTING AND BALANCING 

• Perform testing and balancing procedures on each system according to the procedures contained 
in ASHRAE 111 or SMACNA's "HVAC Systems - Testing, Adjusting, and Balancing” and in this 
Section. 

• Comply with requirements in ASHRAE 62.1-2004 

• Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum 
extent necessary for TAB procedures. 

• After testing and balancing, patch probe holes in ducts with same material and thickness as used 
to construct ducts. 

• Install and join new insulation that matches removed materials. Restore insulation, coverings, 
vapour barrier, and finish according to Section 23 07 19 – HVAC Piping Insulation. 

• Mark equipment and balancing devices, including damper-control positions, valve position 
indicators, fan-speed-control levers, and similar controls and devices, with paint or other suitable, 
permanent identification material to show final settings. 

• Take and report testing and balancing measurements in metric (SI) units. 

7.2.5 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

• Verify that all duct pressure testing (all risers, smoke extract and pressurisation systems) is 
completed and complaint. If not in compliance, undertake retesting. 



 

 

• Testing of systems with air filters shall be undertaken on clean and dirty filter condition 

• Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and 
recommended testing procedures. Crosscheck the summation of required outlet volumes with 
required fan volumes. 

• Prepare schematic diagrams of systems' "as-built" duct layouts. 

• For variable-air-volume systems, develop a plan to simulate diversity. 

• Determine the best locations in main and branch ducts for accurate duct-airflow measurements. 

• Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-air 
dampers through the supply-fan discharge and mixing dampers. 

• Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

• Verify that motor starters are equipped with properly sized thermal protection. 

• Check dampers for proper position to achieve desired airflow path. 

• Check for airflow blockages. 

• Check condensate drains for proper connections and functioning. 

• Check for proper sealing of air-handling-unit components. 

• Verify that air duct system is sealed as specified on the Design Drawings and equipment 
schedules. 

7.2.6 PROCEDURES FOR CONSTANT VOLUME AIR SYSTEMS 

• Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by fan 
manufaturer. 

• Measure total airflow. 

• Where sufficient space in ducts is unavailable for Pitot-tube traverse measurements, measure 
airflow at terminal outlets and inlets and calculate the total airflow. 

• Measure fan static pressures as follows to determine actual static pressure: 

• Measure outlet static pressure as far downstream from the fan as practical and upstream from 
restrictions in ducts such as elbows and transitions. 

• Measure static pressure directly at the fan outlet or through the flexible connection. 

• Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan as possible, 
upstream from the flexible connection, and downstream from duct restrictions. 

• Measure inlet static pressure of double-inlet fans through the wall of the plenum that houses the 
fan. 

• Measure static pressure across each component that makes up an air-handling unit, rooftop unit, 
and other air-handling and -treating equipment. 

• Report the cleanliness status of filters and the time static pressures are measured. 

• Measure static pressures entering and leaving other devices, such as sound traps, heat-recovery 
equipment, and air washers, under final balanced conditions. 

• Review Record Documents to determine variations in design static pressures versus actual static 
pressures. Calculate actual system-effect factors. Recommend adjustments to accommodate 
actual conditions. 

• Obtain approval from Construction Manager and Commissioning Authority for adjustment of fan 
speed higher or lower than indicated speed. Comply with requirements in Sections for air-handling 
units for adjustment of fans, belts, and pulley sizes to achieve indicated air-handling-unit 
performance. 

• Do not make fan-speed adjustments that result in motor overload. Consult equipment 
manufacturers about fan-speed safety factors. Modulate dampers and measure fan-motor 
amperage to ensure that no overload will occur. Measure amperage in full-cooling, full-heating, 
economizer, and any other operating mode to determine the maximum required power. 

• Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated 
airflows within specified tolerances. 

• Measure airflow of submain and branch ducts. 

• Where sufficient space in submain and branch ducts is unavailable for Pitot-tube traverse 
measurements, measure airflow at terminal outlets and inlets and calculate the total airflow for that 
zone. 

• Measure static pressure at a point downstream from the balancing damper, and adjust volume 
dampers until the proper static pressure is achieved. 

• Remeasure each submain and branch duct after all have been adjusted. Continue to adjust 
submain and branch ducts to indicated airflows within specified tolerances. 

• Measure air outlets and inlets without making adjustments. 



 

 

• Measure terminal outlets using a direct-reading hood or outlet manufacturer's written instructions 
and calculating factors. 

• Adjust air outlets and inlets for each space to indicated airflows within specified tolerances of 
indicated values. Make adjustments using branch volume dampers rather than extractors and the 
dampers at air terminals. 

• Adjust each outlet in same room or space to within specified tolerances of indicated quantities 
without generating noise levels above the limitations prescribed by the Contract Documents. 

• Adjust patterns of adjustable outlets for proper distribution without drafts. 

7.2.7 PROCEDURES FOR MOTORS 

• Motors, 0.75kW and Larger: Test at final balanced conditions and record the following data: 

• Manufacturer's name, model number, and serial number. 

• Motor horsepower rating. 

• Motor rpm. 

• Efficiency rating. 

• Nameplate and measured voltage, each phase. 

• Nameplate and measured amperage, each phase. 

• Starter thermal-protection-element rating. 

• Motors Driven by Variable-Frequency Controllers: Test for proper operation at speeds varying 
from minimum to maximum. Test the manual bypass of the controller to prove proper operation.  
Record observations including name of controller manufacturer, model number, serial number, 
and nameplate data. 

7.2.8 PROCEDURES FOR CONDENSING UNITS 

• Verify proper rotation of fans. 

• Measure entering- and leaving-air temperatures. 

• Record compressor data. 

7.2.9 PROCEDURES FOR HEAT-TRANSFER COILS 

• Measure, adjust, and record the following data for each refrigerant coil: 

• Dry-bulb temperature of entering and leaving air. 

• Wet-bulb temperature of entering and leaving air. 

• Airflow. 

• Air pressure drop. 

• Refrigerant suction pressure and temperature. 

7.2.10 TOLERANCES 

• Verification testing and balancing shall use the same instruments (by model and serial number) 
that were used to collect the original data. 

• Set HVAC system's air flow rates and water flow rates within the following tolerances: 

• Supply, Return, and Exhaust Fans and Equipment with Fans: 0 to plus 10 percent. 

• Air Outlets and Inlets: Plus or minus 10 percent. 

• Sound pressure: 3Db (refer to the Mechanical Specification, Schedule and Acoustic Report) 

• Failure in the verification an item includes any deviations outside of the above tolerances.  Failure 
of more than 10% of the tested items in any system shall result in the system being rejected. The 
Contractor shall undertake full remedial works of the complete system at their own expense and 
shall resubmit the system for review. 

• For sound pressure readings provide any required replacement or attenuation remedial works to 
ensure acoustic compliance. 



 

 

7.2.11 FINAL REPORT 

• General: Prepare a certified written report; tabulate and divide the report into separate sections for 
tested systems and balanced systems. 

• Include a certification sheet at the front of the report's binder, signed and sealed by the certified 
testing and balancing Engineer. 

• Include a list of instruments used for procedures, along with proof of calibration. 

• Final Report Contents: In addition to certified field-report data, include the following: 

• Fan curves. 

• Manufacturers' test data. 

• Field test reports prepared by system and equipment installers. 

• Other information relative to equipment performance; do not include Shop Drawings and product 
data. 

• General Report Data: In addition to form titles and entries, include the following data: 

• Title page. 

• Name and address of the TAB contractor. 

• Project name. 

• Project location. 

• Architect's name and address. 

• Engineer 's name and address. 

• Contractor's name and address. 

• Report date. 

• Signature of TAB supervisor who certifies the report. 

• Table of Contents with the total number of pages defined for each section of the report.  Number 
each page in the report. 

• Summary of contents including the following: 

• Indicated versus final performance. 

• Notable characteristics of systems. 

• Description of system operation sequence if it varies from the Contract Documents. 

• Nomenclature sheets for each item of equipment. 

• Data for terminal units, including manufacturer's name, type, size, and fittings. 

• Notes to explain why certain final data in the body of reports vary from indicated values. 

• Test conditions for fans and pump performance forms including the following: 

• Settings for outdoor-, return-, and exhaust-air dampers. 

• Conditions of filters. 

• Cooling coil, wet- and dry-bulb conditions. 

• Face and bypass damper settings at coils. 

• Fan drive settings including settings and percentage of maximum pitch diameter. 

• Inlet vane settings for variable-air-volume systems. 

• Settings for supply-air, static-pressure controller. 

• Other system operating conditions that affect performance. 

• System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present 
each system with single-line diagram and include the following: 

• Quantities of outdoor, supply, return, and exhaust airflows. 

• Duct, outlet, and inlet sizes. 

• Terminal units. 

7.2.12 ADDITIONAL TESTS 

• Within 90 days of completing TAB, perform additional TAB to verify that air and water balanced 
conditions are being maintained throughout and to correct unusual conditions. 

• Seasonal Periods:  If initial TAB procedures were not performed during near-peak summer and 
winter conditions, perform additional TAB during near-peak summer and winter conditions. 

• After 12-month defects liability period, undertake full system retest and recommission. 



 

 

8 23 09 30 – REFRIGERANT DETECTION & 
ALARM 

8.1.1 SUMMARY 

• The information within this specification relates to the HVAC design and installation only. Any 
discrepancies or contradictions shall be referred to the Engineer ’s for review prior to purchasing 
or proceeding. 

• General: Read this Section in conjunction with other related MEP Sections, General 
Requirements, the HVAC Particular Requirements, Equipment Schedules, Design Drawings and 
the Contract Conditions. 

• Section Includes: 

• Point-type, leak-detection switches. 

• Cable-type, leak-detection switches. 

8.1.2 Related Work Sections and Documentation 

• Standards: In addition to the requirements indicated on the Design Drawings, or specified in 
General Requirements, the Particular Specifications, and the MEPF Scope of Works, the Work 
shall be in accordance with the following standards, codes and relevant statutory requirements. 

• Architectural Specification. 

• Fire Suppression Work Sections. 

• Vibration Controls for Fire-Suppression Piping and Equipment. 

• Plumbing Work Sections. 

• Vibration Controls for HVAC. 

• Heating, Ventilating and Air Conditioning (HVAC) Work Sections. 

• SANS 10147 – Refrigerating systems including plants associated with air-conditioning systems. 

• SANS 10142-1 – The wiring of premises, Part 1: Low-voltage installations. 

• Integrated Automation Work Sections. 

• Common Work Results for HVAC Systems. 

8.1.3 Submittals 

• Product Data: For each type of product, including the following: 

• Operating characteristics, electrical characteristics, and furnished accessories indicating control 
signal, default control signal with loss of power, and electrical power requirements. 

• Product description with complete technical data and product specification sheets. 

• Installation operation and maintenance instructions including factors affecting performance. 

• Shop Drawings: 

• Include details of product assemblies. Indicate dimensions, weights, loads, required clearances, 
method of field assembly, components, and location and size of each field connection. 

• Include diagrams for power, signal, and control wiring. 

• Include number-coded identification system for unique identification of wiring, cable, and tubing 
ends. 

• Technical Samples 

• Submit 2 samples of any representative size illustrating each insulation type. 

8.1.4 Closeout Submittals 

• General: Submit the following: 

• Warranties. 

• Operation and Maintenance (O+M) Manuals:  Include component list with manufacturer's 
reference numbers, descriptions of materials and procedures for repairing and cleaning of finishes 
and cleaning frequency. 



 

 

8.2 Products 

8.2.1 Leak-Detection Switches 

• Point-Type, Leak-Detection Switches: 

• Features: Audible and visual alarm with relay output for remote indication. 

• Alarm activated based on change in resistance. 

• Performance: 

• Service: Water. 

• Temperature Limits: zero to 50°C. 

• Switch Type: SPDT relay. 

• Electric Connection: Cable attached. 

• Construction: Acrylic, ABS plastic. 

• Field Power: 24V ac or dc. 

• Cable-Type, Leak-Detection Switches: 

• Control Module Features: 

• Power and alarm LEDs. 

• Alarm test switch. 

• Continuous tape integrity self-check. 

• Performance: 

• Service: Water, or other conductive liquid. 

• Switch Type: DPDT. 

• Electric Connection: Screw terminals. 

• Conduit Connection: 13 mm. 

• Construction: 

• Control Module Enclosure: Extruded aluminum. 

• Tape: Hydrophobic with connector on each end. 

• Tape Length: 1500 mm, 3 m, 4.5 m. & 7.5 m. Field extendable. 

• Field Power: 24V ac or 24 to 30V dc 

8.3 Execution 

8.3.1 Examination 

• . Examine substrates and conditions for compliance with requirements for installation tolerances 
and other conditions affecting performance of the Work. 

• Prepare written report, endorsed by Installer, listing conditions detrimental to performance. 

• Proceed with installation only after unsatisfactory conditions have been corrected. 

8.3.2 Installation, General 

• Properly support instruments, wiring, and conduit to comply with requirements indicated. Brace all 
products to prevent lateral movement and sway or a break in attachment when subjected to an 
external force. 

• Fastening Hardware: 

• Stillson wrenches, pliers, and other tools that cause injury to or mar surfaces of rods, nuts, and 
other parts are prohibited for work of assembling and tightening nuts. 

• Tighten bolts and nuts firmly and uniformly. Do not overstress threads by excessive force, or by 
oversized wrenches. 

• Install products in locations that are accessible and that permit calibration and maintenance from 
floor, equipment platforms, or catwalks. Where ladders are required for Employer's access, 
confirm unrestricted ladder placement is possible under occupied condition. 



 

 

8.3.3 Connections 

• Electrical power connections shall comply with the electrical Contract Documents and applicable 
SANS 10142 requirements. 

8.3.4 Installation 

• Mount switches not required to be mounted within system control panels on walls, floor-supported 
freestanding pipe stands, or floor-supported structural support frames. Use manufacturer 
mounting brackets to accommodate field mounting. Securely support and brace products to 
prevent vibration and movement. 

8.3.5 Identification 

• Identify system components, wiring, cabling, and terminals. Each piece of wire, cable, and tubing 
shall have the same designation at each end for operators to determine continuity at points of 
connection. Comply with the identification requirements set out in the electrical Contract 
Documents. 

• Install engraved phenolic nameplate with instrument identification and on face of ceiling directly 
below instruments concealed above ceilings. 

8.3.6 Checkout Procedures 

• Check installed products before continuity tests and calibration. 

• Check instruments for proper location and accessibility. 

• Check instruments for proper installation for applicable considerations that impact performance. 

8.3.7 Adjustment, Calibration, and Testing 

• Description: 

• Calibrate each instrument installed that is not factory calibrated and provided with calibration 
documentation. 

• Provide a written description of proposed field procedures and equipment for calibrating each type 
of instrument. Submit procedures before calibration and adjustment. 

• Equipment and procedures used for calibration shall meet instrument manufacturer's written 
recommendations. 

• Provide diagnostic and test equipment for calibration and adjustment. 

• Calibrate each instrument according to instrument instruction manual supplied by manufacturer. 

• If after calibration indicated performance cannot be achieved, replace out-of-tolerance 
instruments. 

• Comply with field-testing requirements and procedures indicated by ASHRAE Guideline 11, "Field 
Testing of HVAC Control Components," in the absence of specific requirements, and to 
supplement requirements indicated. 

• Digital Signals: 

• Check digital signals using a jumper wire. 

• Check digital signals using an ohmmeter to test for contact. 

• Switches: Calibrate switches to make or break contact at set points indicated. 

8.3.8 Maintenance Service 

• Maintenance Service: Beginning at Substantial Completion, for a period of twelve (12) months, 
maintenance service shall include full maintenance by skilled employees of systems and 
equipment Installer or manufacturer's authorized service representative. Include preventive 
maintenance, repair, or replacement of worn or defective components, lubrication, cleaning, and 
adjusting as required for proper operation. Parts and supplies shall be manufacturer's authorized 
replacement parts and supplies. 

• END OF SECTION 



 

 

9 23 23 00 – REFRIGERANT PIPING 

9.1.1 SUMMARY 

• The information within this specification relates to the HVAC design and installation only. Any 
discrepancies or contradictions shall be referred to the Engineer ’s for review prior to purchasing 
or proceeding. 

• General: Read this Section in conjunction with other related MEP Sections, General 
Requirements, the HVAC Particular Requirements, Equipment Schedules, Design Drawings and 
the Contract Conditions. 

9.1.2 Related Work Sections and Documentation 

• Standards: In addition to the requirements indicated on the Design Drawings, or specified in 
General Requirements, the Particular Specifications, and the MEPF Scope of Works, the Work 
shall be in accordance with the following standards, codes and relevant statutory requirements. 

• Architectural Specification. 

• Vibration Controls for HVAC. 

• Heating, Ventilating and Air Conditioning (HVAC) Work Sections. 

• SANS 10147 – Refrigerating systems including plants associated with air-conditioning systems. 

• SANS 347 – Categorization and conformity assessment criteria for all pressure equipment. 

• Occupational Health and Safety Act (Act 85 of 1993): Pressure Equipment Regulations. 

9.1.3 Submittals 

• Product Data: For each type of product, including the following: 

• Product Data:  For each type of valve and refrigerant piping specialty indicated.  Include pressure 
drop based on manufacturer's test data. 

• Shop Drawings:  Show layout of refrigerant piping and specialties, including pipe, tube, and fitting 
sizes, flow capacities, valve arrangements and locations, slopes of horizontal runs, oil traps, 
double risers, wall and floor penetrations, and equipment connection details.  Show interface and 
spatial relationships between piping and equipment. 

• Refrigerant piping indicated on Drawings is schematic only.  Size piping and design actual piping 
layout, including oil traps, double risers, specialties, and pipe and tube sizes to accommodate, as 
a minimum, equipment provided, elevation difference between compressor and evaporator, and 
length of piping to ensure proper operation and compliance with warranties of connected 
equipment. 

• Field quality-control test reports. 

• Operation and maintenance data. 

9.1.4 Quality Assurance 

• Comply with ASHRAE 15, "Safety Code for Refrigeration Systems." 

• Comply with ASME B31.5, "Refrigeration Piping and Heat Transfer Components." 

• The Engineer requires the Contractor to implement practices and procedures to meet the project’s 
environmental performance goals, which include compliance under Green Building Regulation.  
Specific project goals that may impact this area of work include but are not limited to: reduced 
impact of construction activities, construction waste recycling, reduction of water and energy 
usage, use of recycled-content materials; use of locally-manufactured materials; and use of low-
emitting materials. The Contractor shall ensure that the requirements related to these goals, as 
defined in individual specification sections and the Sustainability Requirements Section are 
implemented to the fullest extent.  Substitutions, or other changes to the work proposed by the 
Contractor shall not be allowed if such changes compromise the aforementioned environmental 
goals and Green Building Regulation compliance. 



 

 

9.1.5 Product Storage and Handling 

• Store piping in a clean and protected area with end caps in place to ensure that piping interior and 
exterior are clean when installed. 

9.2 Products 

9.2.1 Copper Tube and Fittings 

• Copper Tube:  ASTM B 88, Type K or L, ASTM B 280, Type ACR. 

• Wrought-Copper Fittings:  ASME B16.22. 

• Wrought-Copper Unions:  ASME B16.22. 

• Solder Filler Metals:  ASTM B 32.  Use 95-5 tin antimony or alloy HB solder to join copper socket 
fittings on copper pipe. 

• Brazing Filler Metals:  AWS A5.8. 

• Flexible Connectors: 

• Body: Tin-bronze bellows with woven, flexible, tinned-bronze-wire-reinforced protective jacket. 

• End Connections: Socket ends. 

• Offset Performance: Capable of minimum 20mm misalignment in minimum 180mm long 
assembly. 

• Pressure Rating: Factory test at minimum 3,450 kPa. 

• Maximum Operating Temperature: 121°C. 

9.2.2 Valves and Specialties 

• Diaphragm Packless Valves: 

• Body and Bonnet: Forged brass or cast bronze; globe design with straight-through or angle 
pattern. 

• Diaphragm: Phosphor bronze and stainless steel with stainless-steel spring. 

• Operator: Rising stem and hand wheel. 

• Seat: Nylon. 

• End Connections: Socket, union, or flanged. 

• Working Pressure Rating:  3,450 kPa. 

• Maximum Operating Temperature:  135°C. 

• Packed-Angle Valves: 

• Body and Bonnet:  Forged brass or cast bronze. 

• Packing:  Molded stem, back seating, and replaceable under pressure. 

• Operator:  Rising stem. 

• Seat:  Nonrotating, self-aligning polytetrafluoroethylene. 

• Seal Cap:  Forged-brass or valox hex cap. 

• End Connections:  Socket, union, threaded, or flanged. 

• Working Pressure Rating: 3,450 kPa. 

• Maximum Operating Temperature: 135°C. 

• Check Valves: 

• Body:  Ductile iron, forged brass, or cast bronze; globe pattern. 

• Bonnet:  Bolted ductile iron, forged brass, or cast bronze; or brass hex plug. 

• Piston:  Removable polytetrafluoroethylene seat. 

• Closing Spring:  Stainless steel. 

• Manual Opening Stem:  Seal cap, plated-steel stem, and graphite seal. 

• End Connections:  Socket, union, threaded, or flanged. 

• Maximum Opening Pressure: 3.4 kPa. 

• Working Pressure Rating: 3,450 kPa. 

• Maximum Operating Temperature: 135°C. 

• Service Valves: 

• Body:  Forged brass with brass cap including key end to remove core. 

• Core:  Removable ball-type check valve with stainless-steel spring. 

• Seat:  Polytetrafluoroethylene. 



 

 

• End Connections:  Copper spring. 

• Working Pressure Rating: 3,450 kPa. 

• Solenoid Valves:  Comply with ARI 760 and UL 429; listed and labelled by an NRTL. 

• Body and Bonnet:  Plated steel. 

• Solenoid Tube, Plunger, Closing Spring, and Seat Orifice:  Stainless steel. 

• Seat:  Polytetrafluoroethylene. 

• End Connections:  Threaded. 

• Electrical:  Molded, watertight coil in IEC 60529 (IP-rated) enclosure of type required by location 
with 16-GRC conduit adapter, and 24/208 V ac coil. 

• Working Pressure Rating:  2,760 kPa. 

• Maximum Operating Temperature: 116°C. 

• Manual operator. 

• Safety Relief Valves:  Comply with ASME Boiler and Pressure Vessel Code; listed and labelled by 
an NRTL. 

• Body and Bonnet:  Ductile iron and steel, with neoprene O-ring seal. 

• Piston, Closing Spring, and Seat Insert:  Stainless steel. 

• Seat Disc:  Polytetrafluoroethylene. 

• End Connections:  Threaded. 

• Working Pressure Rating: 2,760 kPa. 

• Maximum Operating Temperature: 116°C. 

• Thermostatic Expansion Valves:  Comply with ARI 750. 

• Body, Bonnet, and Seal Cap:  Forged brass or steel. 

• Diaphragm, Piston, Closing Spring, and Seat Insert:  Stainless steel. 

• Packing and Gaskets:  Non-asbestos. 

• Capillary and Bulb:  Copper tubing filled with refrigerant charge. 

• Suction Temperature:  4.4°C. 

• Superheat:  Adjustable. 

• Reverse-flow option (for heat-pump applications). 

• End Connections:  Socket, flare, or threaded union. 

• Straight-Type Strainers: 

• Body:  Welded steel with corrosion-resistant coating. 

• Screen:  100-mesh stainless steel. 

• End Connections:  Socket or flare. 

• Working Pressure Rating:  3,450 kPa. 

• Maximum Operating Temperature:  135°C. 

• Angle-Type Strainers: 

• Body:  Forged brass or cast bronze. 

• Drain Plug:  Brass hex plug. 

• Screen:  100-mesh monel. 

• End Connections:  Socket or flare. 

• Maximum Operating Temperature: 135°C. 

• Moisture/Liquid Indicators: 

• Body:  Forged brass. 

• Window:  Replaceable, clear, fused glass window with indicating element protected by filter 
screen. 

• Indicator:  Colour coded to show moisture content in ppm. 

• Minimum Moisture Indicator Sensitivity:  Indicate moisture above 60 ppm. 

• End Connections:  Socket or flare. 

• Working Pressure Rating: 3,450 kPa. 

• Maximum Operating Temperature: 116°C. 

• Replaceable-Core Filter Dryers:  Comply with ARI 730. 

• Body and Cover:  Painted-steel shell with ductile-iron cover, stainless-steel screws, and neoprene 
gaskets. 

• Filter Media:  10 micron, pleated with integral end rings; stainless-steel support. 

• Desiccant Media:  Activated Alumina / charcoal. 

• Designed for reverse flow (for heat-pump applications). 

• End Connections:  Socket. 

• Access Ports: DN 8 connections at entering and leaving sides for pressure differential 
measurement. 

• Maximum Pressure Loss: 14 kPa. 



 

 

• Maximum Operating Temperature: 116°C. 

• Permanent Filter Dryers:  Comply with ARI 730. 

• Body and Cover:  Painted-steel shell. 

• Filter Media:  10 micron, pleated with integral end rings; stainless-steel support. 

• Desiccant Media:  Activated [alumina] [charcoal]. 

• Designed for reverse flow (for heat-pump applications). 

• End Connections:  Socket. 

• Access Ports:  DN 8 connections at entering and leaving sides for pressure differential 
measurement. 

• Maximum Pressure Loss:  14 kPa. 

• Maximum Operating Temperature:  116°C. 

• Liquid Accumulators:  Comply with ARI 495. 

• Body:  Welded steel with corrosion-resistant coating. 

• End Connections:  Socket or threaded. 

• Maximum Operating Temperature:  135°C. 

9.2.3 Refrigerants 

• Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

• Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

• Atofina Chemicals, Inc. 

• DuPont Company; Fluorochemicals Div. 

• Honeywell, Inc.; Genetron Refrigerants. 

• INEOS Fluor Americas LLC. 

• ASHRAE 34, R-22:  Monochlorodifluoromethane. 

9.3 Execution 

9.3.1 Piping Applications 

• Suction Lines DN 40 and Smaller for Conventional Air-Conditioning Applications:  Copper, Type 
ACR, annealed-temper tubing and wrought-copper fittings with brazed or soldered joints. 

• Suction Lines DN 100 and Smaller DN 50 to DN 100 for Conventional Air-Conditioning 
Applications:  Copper, Type ACR drawn-temper tubing and wrought-copper fittings with brazed or 
soldered joints. 

• Hot-Gas and Liquid Lines, and Suction Lines for Heat-Pump Applications:  Copper, Type ACR, 
annealed-temper tubing and wrought-copper fittings with brazed or soldered joints. 

• Hot-Gas and Liquid Lines, and Suction Lines for Heat-Pump Applications:  Copper, Type ACR 
drawn-temper tubing and wrought-copper fittings with soldered joints. 

• Hot-Gas and Liquid Lines, and Suction Lines for Heat-Pump Applications: 

• DN 40 and Smaller:  Copper, Type ACR, annealed-temper tubing and wrought-copper fittings with 
brazed or soldered joints. 

• DN 50 to DN 80:  Copper, Type K (A), annealed- or drawn-temper tubing and wrought-copper 
fittings with brazed or soldered joints. 

• DN 100:  Copper, Type ACR, K (A), drawn-temper tubing and wrought-copper fittings with 
soldered joints. 

• Safety-Relief-Valve Discharge Piping:  Copper, Type ACR, K (A), L (B), drawn-temper tubing and 
wrought-copper fittings with soldered joints. 

• Safety-Relief-Valve Discharge Piping: 

• DN 40 and Smaller:  Copper, Type ACR, annealed-temper tubing and wrought-copper fittings with 
brazed or soldered joints. 

• DN 50 to DN 80:  Copper, Type K (A), annealed- or drawn-temper tubing and wrought-copper 
fittings with brazed or soldered joints. 

• DN 100:  Copper, Type ACR, K (A), drawn-temper tubing and wrought-copper fittings with 
soldered joints. 



 

 

9.3.2 Valve and Specialty Applications 

• Install diaphragm packless or packed-angle valves in suction and discharge lines of compressor. 

• Install service valves for gage taps at strainers if they are not an integral part of strainers. 

• Install a check valve at the compressor discharge and a liquid accumulator at the compressor 
suction connection. 

• Except as otherwise indicated, install diaphragm packless or packed-angle valves on inlet and 
outlet side of filter dryers. 

• Install a full-sized, three-valve bypass around filter dryers. 

• Install solenoid valves upstream from each expansion valve.  Install solenoid valves in horizontal 
lines with coil at top. 

• Install thermostatic expansion valves as close as possible to distributors on evaporators. 

• Install valve so diaphragm case is warmer than bulb. 

• Secure bulb to clean, straight, horizontal section of suction line using two bulb straps.  Do not 
mount bulb in a trap or at bottom of the line. 

• If external equalizer lines are required, make connection where it will reflect suction-line pressure 
at bulb location. 

• Install safety relief valves where required by ASME Boiler and Pressure Vessel Code.  Pipe 
safety-relief-valve discharge line to outside according to ASHRAE 15. 

• Install moisture/liquid indicators in liquid line at the inlet of the thermostatic expansion valve or at 
the inlet of the evaporator coil capillary tube. 

• Install strainers upstream from and adjacent to the following unless they are furnished as an 
integral assembly for device being protected: 

• Install filter dryers in liquid line between compressor and thermostatic expansion valve, and in the 
suction line at the compressor. 

• Install flexible connectors at compressors. 

• Solenoid valves. 

• Thermostatic expansion valves. 

• Compressor. 

9.3.3 Piping Installation 

• Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems; indicated locations and arrangements were used to size pipe and calculate friction loss, 
expansion, pump sizing, and other design considerations.  Install piping as indicated unless 
deviations to layout are approved on Shop Drawings. 

• Install refrigerant piping according to ASHRAE 15. 

• Install piping in concealed locations unless otherwise indicated and except in equipment rooms 
and service areas. 

• Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated 
otherwise. 

• Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

• Install piping adjacent to machines to allow service and maintenance. 

• Install piping free of sags and bends. 

• Install fittings for changes in direction and branch connections. 

• Select system components with pressure rating equal to or greater than system operating 
pressure. 

• Refer to the BMS/controls Contract Documents for solenoid valve controllers, control wiring, and 
sequence of operation. 

• Install piping as short and direct as possible, with a minimum number of joints, elbows, and 
fittings. 

• Arrange piping to allow inspection and service of refrigeration equipment.  Install valves and 
specialties in accessible locations to allow for service and inspection.  Install access doors or 
panels as specified in the architectural Contract Documents if valves or equipment requiring 
maintenance is concealed behind finished surfaces. 

• Install refrigerant piping in protective conduit where installed belowground. 

• Install refrigerant piping in rigid or flexible conduit in locations where exposed to mechanical injury. 

• Slope refrigerant piping as follows: 

• Install horizontal hot-gas discharge piping with a uniform slope downward away from compressor. 



 

 

• Install horizontal suction lines with a uniform slope downward to compressor. 

• Install traps and double risers to entrain oil in vertical runs. 

• Liquid lines may be installed level. 

• When brazing or soldering, remove solenoid-valve coils and sight glasses; also remove valve 
stems, seats, and packing, and accessible internal parts of refrigerant specialties.  Do not apply 
heat near expansion-valve bulb. 

• Install pipe sleeves at penetrations in exterior walls and floor assemblies. 

• Seal penetrations through fire and smoke barriers according to Fire related sections, "Penetration 
Firestopping." 

• Install piping with adequate clearance between pipe and adjacent walls and hangers or between 
pipes for insulation installation. 

• Install sleeves through floors, walls, or ceilings, sized to permit installation of full-thickness 
insulation. 

• Seal pipe penetrations through exterior walls according to Section "Joint Sealants" for materials 
and methods. 

• Identify refrigerant piping and valves according to Section "Identification for HVAC Piping and 
Equipment." 

9.3.4 Pipe Joint Construction 

• Soldered Joints:  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook." 

• Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," Chapter "Pipe and 
Tube." 

• Use Type BcuP, copper-phosphorus alloy for joining copper socket fittings with copper pipe. 

• Use Type BAg, cadmium-free silver alloy for joining copper with bronze or steel. 

9.3.5 Hangers and Supports 

• Hanger, support, and anchor products are specified in Section 23 05 29 – Hangers and Supports 
for HVAC Equipment. 

• Install the following pipe attachments: 

• Adjustable steel clevis hangers for individual horizontal runs less than 6 m long. 

• Roller hangers and spring hangers for individual horizontal runs 6 m or longer. 

• Pipe Roller:  BS 3974 roller type, for multiple horizontal piping 6 m or longer, supported on a 
trapeze. 

• Spring hangers to support vertical runs. 

• Copper-clad hangers and supports for hangers and supports in direct contact with copper pipe. 

• Install hangers for copper tubing with the following maximum spacing and minimum rod sizes: 

• DN 15:  Maximum span, 1500 mm; minimum rod size, 6.4 mm. 

• DN 18:  Maximum span, 1500 mm; minimum rod size, 6.4 mm. 

• DN 25:  Maximum span, 1800 mm; minimum rod size, 6.4 mm. 

• DN 32:  Maximum span, 2400 mm; minimum rod size, 9.5 mm. 

• DN 40:  Maximum span, 2400 mm; minimum rod size, 9.5 mm. 

• DN 50:  Maximum span, 2400 mm; minimum rod size, 9.5 mm. 

• DN 65:  Maximum span, 2700 mm; minimum rod size, 9.5 mm. 

• DN 80:  Maximum span, 3 m; minimum rod size, 9.5 mm. 

• DN 100:  Maximum span, 3.7 m; minimum rod size, 13 mm. 

• Support multi floor vertical runs at least at each floor. 

9.3.6 Field Quality Control 

• Perform tests and inspections and prepare test reports. 

• Tests and Inspections: 

• Comply with ASME B31.5, Chapter VI. 

• Test refrigerant piping and specialties.  Isolate compressor, condenser, evaporator, and safety 
devices from test pressure if they are not rated above the test pressure. 

• Test high- and low-pressure side piping of each system separately at not less than the pressures 
indicated in Part 1 "Performance Requirements" Article. 



 

 

• Fill system with nitrogen to the required test pressure. 

• System shall maintain test pressure at the manifold gage throughout duration of test. 

• Test joints and fittings with electronic leak detector or by brushing a small amount of soap and 
glycerine solution over joints. 

• Remake leaking joints using new materials, and retest until satisfactory results are achieved. 

9.3.7 System Charging 

• Charge system using the following procedures: 

• Install core in filter dryers after leak test but before evacuation. 

• Evacuate entire refrigerant system with a vacuum pump to 67 Pa.  If vacuum holds for 12 hours, 
system is ready for charging. 

• Break vacuum with refrigerant gas, allowing pressure to build up to 14 kPa. 

• Charge system with a new filter-dryer core in charging line. 

9.3.8 Adjusting 

• Adjust thermostatic expansion valve to obtain proper evaporator superheat. 

• Adjust high- and low-pressure switch settings to avoid short cycling in response to fluctuating 
suction pressure. 

• Adjust set-point temperature of air-conditioning or chilled-water controllers to the system design 
temperature. 

• Perform the following adjustments before operating the refrigeration system, according to 
manufacturer's written instructions: 

• Open shutoff valves in condenser water circuit. 

• Verify that compressor oil level is correct. 

• Open compressor suction and discharge valves. 

• Open refrigerant valves except bypass valves that are used for other purposes. 

• Check open compressor-motor alignment and verify lubrication for motors and bearings. 

• Replace core of replaceable filter dryer after system has been adjusted and after design flow rates 
and pressures are established. 

10 23 63 13 – AIR COOLED REFRIGERANT 
CONDENSERS 

10.1.1 SUMMARY 

Section Includes: 

• Manufactured units. 

• Casing. 

• Condenser coils. 

• Fan requirements. 

• Controls. 

10.1.2 RELATED WORK SECTIONS AND DOCUMENTATION 

• Section 23 05 48 – Acoustic and Vibration Controls for HVAC Piping and Equipment. 

• Section 23 23 00 – Refrigerant Piping. 

Standards: Unless otherwise specified, the Work shall be in accordance with the following standards: 

• AHRI 210/240 – Performance Rating of Unitary Air-Conditioning and Air-Source Heat Pump 
Equipment. 

• ASHRAE Std 15 – Safety Standard for Refrigeration Systems. 



 

 

• ASHRAE Std 20 – Methods of Laboratory Testing Remote Mechanical-Draft Air-Cooled 
Refrigerant Condensers. 

• ASHRAE Std 90.1 I-P – Energy Standard for Buildings Except Low-Rise Residential Buildings. 

• IEC 60529 – Degrees of Protection Provided by Enclosures (IP Code). 

• UL 207 – Standard for Refrigerant-Containing Components and Accessories, Nonelectrical. 

10.1.3 SUBMITTALS 

• General: Submit the following: 

• Product Data: Provide rated capacities, weights, accessories, electrical nameplate data, and 
wiring diagrams. 

10.1.4 QUALITY ASSURANCE 

• Manufacturer Qualifications: Company specialising in manufacturing the type of products specified 
in this section, with minimum three years of documented experience. 

10.1.5 DELIVERY, STORAGE, AND HANDLING 

• Comply with manufacturer's installation instruction for rigging, unloading and transporting units. 

• Protect units on site from physical damage. Protect coils. 

10.2 Products 

10.2.1 MANUFACTURED UNITS 

• Provide packaged, factory assembled, pre-wired unit, suitable for outdoor use consisting of 
casing, condensing coil and fans, integral sub-cooling coil liquid accumulator. 

• Construction and Ratings: In accordance with AHRI 210/240 and UL 207. Testing shall be in 
accordance with ASHRAE Std 20. 

• Performance Ratings: Energy Efficient Rating (EER)/Coefficient of Performance (COP) not less 
than prescribed by ASHRAE Std 90.1 I-P, in combination with compressor units. 

• Refrigerant: Use only refrigerants that have ozone depletion potential (ODP) of zero and global 
warming potential (GWP) no greater than that allowed by applicable national legislation. 

10.2.2 CASING 

• House components in galvanised steel panels with weather resistant, baked enamel finish. 

• Mount starters, disconnects, and controls in weatherproof panel provided with full opening access 
doors. Provide mechanical interlock to disconnect power when door is opened. 

• Provide removable access doors or panels with quick fasteners. 

• Provide welded steel floor mounting stand and duct collars at coil inlet and fan outlet. 

10.2.3 CONDENSER COILS 

• Coils: Aluminium fins mechanically bonded to seamless copper tubing. Provide sub-cooling 
circuits. Air test under water to 2900 kPa, and vacuum dehydrate. Seal with holding charge of 
nitrogen. 

• Coil Guard: Expanded metal with lint screens. 

10.2.4 FAN REQUIREMENTS 

• Vertical discharge direct driven EC type condenser fans with fan guard on discharge, equipped 
with roller or ball bearings with grease fittings extended to outside of casing. 



 

 

• Weatherproof motors suitable for outdoor use, single phase permanent split capacitor or 3 phase, 
with permanent lubricated ball bearings and built-in current and thermal overload protection. 

10.2.5 CONTROLS 

• Provide factory wired and mounted control panel, containing fan motor starters, fan cycling 
thermostats, compressor interlock, and control transformer. 

• Provide controls to permit operation down to  degrees C ambient temperature. 

• Provide thermostat to cycle fan motors in response to outdoor ambient temperature. 

10.3 Execution 

10.3.1 INSTALLATION 

• Install in accordance with manufacturer's instructions. 

• Provide for connection to electrical service. 

• Align condensers on concrete foundations. 

• Install units on vibration isolation. 

• Provide connection to refrigeration piping system. 

• Provide cooling season start-up, winter season shut-down service, for first year of operation. 

• Shut-down system if initial start-up and testing takes place in winter and machines are to remain 
inoperative. Repeat start-up and testing operation at beginning of first cooling season. 

11 23 81 23 – CRAC UNITS – DX 

11.1.1 SUMMARY 

The information within this specification relates to the HVAC design and installation only. Any 
discrepancies or contradictions shall be referred to the Engineer ’s for review prior to purchasing or 
proceeding. 

General: Read this Section in conjunction with other related MEP Sections, General Requirements, 
the HVAC Particular Requirements, Design Drawings and the Contract Conditions. 

Section Includes 

• Floor-mounted computer-room air Conditioning units (CRACs), and larger. 

11.1.2 RELATED WORK SECTIONS AND DOCUMENTATION 

Standards: In addition to the requirements indicated on the Design Drawings, or specified in General 
Requirements, the Particular Specifications, and the MEPF Scope of Works, the Work shall be in 
accordance with the following standards, codes and relevant statutory requirements. 

• Plumbing Work Sections. 

• HVAC Work Sections. 

• Integrated Automation Work Sections. 

• Electrical Work Sections. 

• SANS 10147 – Refrigerating systems including plants associated with air-conditioning systems. 

• SANS 10142-1 – The wiring of premises, Part 1: Low-voltage installations. 

11.1.3 SUBMITTALS 

General: Comply with the requirements of Submittal Procedures and submit the following. 

Technical Submittals 



 

 

Submit manufacturer’s technical product data sheet for all computer room air conditioning units, 
indicating construction, dimensions, weights, performance and maintenance requirements. 

• Submit a detailed equipment schedule, for each computer room air conditioning unit. 

• Submit the following information, where applicable, to the CA for approval in accordance with the 
requirements of this specification: 

• Model number of unit. 

• Sensible and total cooling capacities 

• Sensible heat ratio (SHR) 

• Unit air flow and external static pressure 

• External static pressure 

• Unit sound power level @ 1.0m 

• Details of acoustic treatment to achieve the specified noise levels 

• Unit Energy Efficiency Rating (EER) 

• Filter performance 

• Heating capacity. 

• Humidifier capacity 

• Voltage and power consumption in kW for each unit. 

• Starting amp draw. 

• Rated load amp draw. 

Manufacturers Certified Drawings 

• Manufacturers certified drawings shall be provided for every computer room air conditioning unit. 

• Certified drawings of floor stands and intake and discharge ductwork where specified (by 
contractor) 

Test reports : 

• All computer room air conditioning units shall be factory tested for operation prior to shipment. 

• Submit factory test reports and certificates of all factory quality control programmes 

• Submit reports of independent tests demonstrating that the products and systems comply with the 
specified performance requirements. 

• Provide list of tests included. 

• Provide copies of the certified test data. 

• Where test results for a material or product are not available, undertake testing to show 
compliance with the Specification at an independent testing laboratory acceptable to the CA. 

• The provision of testing data or the carrying-out of tests does not relieve the Contractor of his 
responsibilities regarding the performance requirements, durability or service life requirements. 

Installation instructions : 

• Submit manufacturer's installation instructions and installation method statement. 

Maintenance Data: Submit maintenance instructions, including instructions for lubrication, filter 
replacement, motor and drive replacement, and spare parts lists. Include this data, product data, shop 
Supplementary Product Literature: 

• Include a statement from the manufacturer for the design life of the fan components 

Submit a summary of deviations from the contract documents (if any). 

Submit details of the manufacturers Quality Plan. 

• Closeout submittals 

General : Comply with the requirements of Section  ‘Execution and Closeout Requirement’, and 
submit the following: 

• Warranties as stated elsewhere 

• Operation and Maintenance (O+M) Manuals: 

• Include component list with manufacturer's reference numbers, descriptions of materials and 
procedures for repairing and cleaning of finishes and cleaning frequency 

• Spare Parts: Furnish extra materials described below that match products installed and that are 
packaged with protective covering for storage and identified with labels 

• Provide typical details of Input Current Harmonic Distortion Mitigation components used to limit 
current harmonic distortion as per Normal IEC standards. 

• Dimensions of basic unit with all specified options. 



 

 

• CRAC unit size, capacity, and all accessories. 

• Floor stand 

• Leak detection sensors and cables 

• Controls 

11.1.4 CLOSEOUT SUBMITTALS 

General: Comply with the requirements of ‘Execution and Closeout Requirement’ and submit the 
following. 

11.1.5 QUALITY ASSURANCE 

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

The manufacturer shall have at least 10 years of experience in the design and manufacture of 
computer room air conditioning units for HVAC applications and shall be fully accredited to the highest 
quality management standards, certified to ISO 9001 and 14001 

The manufacturer shall have a committed customer care and technical support team, complimented 
by a dedicated service team providing a call out service within the country the computer room air 
conditioning units are installed. 

Computer room air conditioning unit manufacturers shall have a readily available service department 
located to perform necessary repairs on short notice,  within 24 hours to  any emergency calls 7 days 
per week. 

Materials used in fire-rated assemblies shall bear the UL or other approved testing laboratory, 
Classification marking. 

Standards and other Codes of Practice: In addition to the requirements indicated on the Design 
Drawings and specified in the Specification, the Work shall be in accordance with provisions of the 
following standards, codes and statutory documents. 

• BSI Group, (BS) British Standards including; 

BS EN 14511 – Air conditioners, liquid chilling packages & heat pumps 

• All fans shall be tested in accordance with BS 848 

All filters shall be tested in accordance with BS EN 779 

BS 5141-1 – Specification for air heating and cooling coils, Method of testing for rating of cooling 
coils.or European standard. ( For units manufactured in Europe ) 

• BSI Group, (BS) British Standards including; 

• National Fire Protection Association, NFPA Standards. 

• International Code Council, ICC Standards 

11.1.6 DELIVERY, STORAGE AND HANDLING 

All computer room air conditioning units shall be shipped fully assembled & individually packed at the 
factory. Mark every unit with room location and unit reference on the outside of the shipping box. 

Each computer room air conditioning unit shall have lifting lugs of shipping skid to allow for field 
rigging and final placement. 

Deliver units completely assembled. 

Store in clean dry place and protect from weather and construction traffic. Handle carefully to avoid 
damage to components, enclosures and finish. 

Unit shall be handled and stored in accordance with the manufacturer’s instructions. 



 

 

11.1.7 COORDINATION 

• Coordinate layout and installation of computer-room air conditioners and suspension system with 
other construction that penetrates ceilings or is supported by them, including light fixtures, HVAC 
equipment, fire-suppression system, and partition assemblies. 

• Coordinate installation of computer-room air conditioners with computer-room access flooring 
Installer. 

• Coordinate sizes and locations of concrete bases with actual equipment provided. 

• Coordinate sizes and locations of equipment supports with actual equipment provided. 

11.1.8 WARRANTY & MAINTENANCE 

• Special Warranty: Manufacturer's standard form in which manufacturer agrees to replace 
components of computer-room air conditioners that fail in materials or workmanship within 
specified warranty period. 

• Warranty  period for CRAC unit and associated equipment/components shall be one (1) year for 
the entire unit and five (5) years for refrigeration equipment and accessories from date of 
Substantial Completion. 

• Initial Maintenance Service: Beginning at Substantial Completion, provide twelve (12) month full 
maintenance per manufactures recommendations by skilled employees of manufacturer's 
designated service organization. Include quarterly exercising to check for proper starting, load 
transfer, and running under load. Include routine preventive maintenance as recommended by 
manufacturer and adjusting as required for proper operation. Provide parts and supplies same as 
those used in the manufacture and installation of original equipment. 

• Maintenance Contracts: A complete range of preventative and corrective maintenance contracts 
shall be provided and offered with the proposal. Under these contracts, the manufacturer shall 
maintain the user's equipment to the latest engineering levels as they are developed. 

11.2 Products 

11.2.1 GENERAL 

Scope of Work 

• This section includes design of air conditioning units and components required for installations. 

• Provide capacity as scheduled on Design Drawings for both cooling and heating modes. 

11.2.2 PRODUCT SELECTION 

Manufacturers:  Provide systems and products from one of the listed manufacturers within the 
approved manufacturer list. 

The unit shall be built to the highest quality engineering and manufacturing standards and shall be 
floor mounted and selected for Down flow configuration with front air discharge and top air suction. 
Draw through air pattern, to provide uniform air distribution over the entire face of the coil. 

11.2.3 MATERIALS 

Standard Factory Tests:  Standard factory tests shall be performed on every single unit required by 
the project and shall be completed and factory certified. The units shall be factory run tested to ensure 
structural integrity. All electrical circuits shall be tested to ensure correct operation before shipment of 
unit. Units shall pass factory quality control and testing and be thoroughly cleaned prior to shipment. 

Description: Packaged, factory assembled, prewired, and pre-piped; consisting of cabinet, fans, filters, 
Condensate discharge pump with drain pan and controls. 

CRAC units shall be supplied with built-in double power supply with integrated Ultracapacitor module 
that shall provide redundancy and ensure a constant power supply. 



 

 

CRAC units shall be supplied with built-in double power supply with integrated Ultracapacitor module 
that shall provide redundancy and ensure a constant power supply. 

The power supply shall be equipped with an electromechanical changeover, that can be connected to 
two separate electrical lines: a main line and a secondary line connected to a generator or emergency 
line. 

• The double power supply shall be equipped with a voltage monitoring relay that controls the phase 
presence on all three lines. Due to the ability to select the main line and how often the lines are 
checked, continuous service shall be ensured. 

Cabinet and Frame: Welded steel, braced for rigidity, and supporting other mechanical equipment and 
fittings. 

• Doors and Access Panels: Galvanized steel with polyurethane gaskets, hinges, and concealed 
fastening devices, doors to be coated with corrosion resistant finish, door latches to be manually 
operable with hand. 

• Frame and Access doors gauge: 16 gauge frame and 18 gauge doors as a minimum. 

• Insulation: Thermally and acoustically insulate cabinet interior with thick duct liner, rear and the 
fans section panels should be double-skinned, with 20mm (frontal fan section panel with 40 mm) 
Class A1 EU fireproof insulation sandwiched between the skins to reduce noise emission and heat 
loss. The side panels, which are isolated from the inside of the unit to form a complete double-
skinned cabinet, the small service panel for electrical heaters, are also lined with 10mm Class A1 
EU fireproof insulation. Density is 20kG/m3. 

• Finish of Interior Surfaces: Surfaces in contact with the airstream shall comply with requirements 
in ASHRAE 62.1 

• Finish of Exterior Surfaces: Baked-on, textured vinyl enamel; color as selected from 
manufacturer's standard colors and should be as per owner’s selection and approval. 

• Floor Stand: certified welded tubular steel, matching raised floor elevation, with adjustable legs 
and vibration isolation pads. 

Supply-Air Fan(s): 

1. Direct driven, single inlet, two fold backward curved radial fan 

Electronically commuted motor, variable speed 

Fans shall be able to be independently pulled from the CRAC unit for maintenance/replacement. 

H. Extended-Surface, Disposable, Panel Filter: Pleated, lofted, nonwoven, reinforced cotton 
fabric; supported and bonded to welded-wire grid; enclosed in cardboard frame with thick, disposable, 
glass-fiber prefilter. 

Unit power consumptions can be calculated to the direct communication between the control and the 
EC fans motor. This specific algorithm calculates the entire unit power consumption with an accuracy 
of ± 5% at the nominal conditions. 

The electrical panel, located at the front of the unit in a compartment isolated from the airflow, contains 
the MCB’s, contactors, transformers, controller PCB, overload relays etc. Each high voltage system 
component is provided with an MCB over-current protective device. All high voltage components are 
touch protected. Once open, the electrical panel can be rotated on the right to allow for an easier 
installation/maintenance procedure. 

All electrical components, including contactors, relays and control transformers shall be pre- wired and 
contained in a unit-mounted electrical enclosure with piano-hinged door that can swing out for easy 
access and servicing. 

Each unit should equipped, with the internal electrical panel, with an ON/OFF switch which allows to 
turn ON-OFF the unit especially when the unit is without display. Close to the switch a LED provides 
visual indication of the unit ON/OFF status. 

Integral Electrical Controls: Unit-mounted electrical enclosure with piano-hinged door, grounding lug, 
combination magnetic starters with overload relays, circuit breakers and cover interlock, and fusible 
control-circuit transformer. 

The electrical panel complies with the IEC norm EN60204-1 

Electrical power supply is 400V (±10%) / 3Ph / 50Hz (±2Hz) +N +E and are fitted with a mains isolator, 
mechanically interlocked with the electrical panel cover 

The unit should satisfies the requirements for EMC regarding electro-magnetic emissions. 



 

 

Microprocessor-Control System: Continuously monitors operation of process cooling system; 
continuously displays room temperature and room relative humidity; sounds alarm on system 
malfunction and simultaneously displays problem. If more than one malfunction occurs, system 
displays fault in sequence with room temperature and continues to display fault when malfunction is 
cleared until system is reset. 

• Malfunctions: 

• Power loss. 

• Loss of airflow. 

• Clogged air filter. 

• High supply air temperature. 

• Smoke/fire. 

• Supply fan overload. 

• Digital Display: 

• Control power on. 

• Supply/Return Air temperature 

• Push buttons shall stop and start process cooling system, silence audible alarm, test indicators, 
and display room's relative humidity 

11.2.4 FAN MOTORS 

Comply with the IEC motor designation, temperature rating, service factor, enclosure type, and 
efficiency requirements indicated on the equipment schedules and Design Drawings. 

Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load will not require 
motor to operate in service factor range above 1.0. 

Wiring Devices: Comply with the electrical Contract Documents and SANS 10142. 

The motor shall be minimum 85% efficient at operating speed conditions 

11.3 Execution 

11.3.1 GENERAL 

Examine areas and conditions under which equipment shall be installed. Do not proceed with work 
until unsatisfactory conditions have been corrected. 

Comply with manufacturer's requirements for the installation of any equipment. 

11.3.2 EXAMINATION 

Verification of Conditions: Examine areas for compliance with requirements for installation and 
conditions affecting performance of the Work. Identify conditions detrimental to a proper and timely 
completion and notify the Engineer of the unsatisfactory conditions. Proceed with installation only after 
unsatisfactory conditions have been corrected. 

11.3.3 INSTALLATION 

Installation of Indoor and Outdoor Units 

11.3.4 CLEANING AND ADJUSTING 

Cleaning, Flushing and Inspecting: 

• Refer to Section 23 08 00 – HVAC Testing and Commissioning for cleaning, flushing and 
inspection procedures. 

• Clean and flush and vacuum system of all air and dirt. After flushing, remove, clean and replace all 
filters. Inspect each run of each system for completion of joints, supports, accessory items and 
any leaks. 



 

 

11.3.5 SITE QUALITY CONTROL 

Leak Testing 

• Provide temporary equipment for testing, including vacuum pump and gauges. Test the piping 
system before insulation is installed and remove control devices before testing. Ensure that the 
entire piping systems are leak tested, either as a whole or in sections, but leave no part untested. 

• Charge piping  systems  with  refrigerant  purge  all  air  and  run  all  equipment  for  24 hours  
and handover the system free from leakage. Test fails if leakage is observed or pressure drop 
exceeds 5% of test pressure. 

• Notify the Engineer at least 24 hours before performing leak test. 

• Repair   piping   systems   which   fail   required   piping   test   by   disassembly   and   re- 
installation, using new materials to extent required to overcome leakage. Do not use chemicals, 
stop leak compounds, mastics or other temporary repair methods. 

• Recharge with  refrigerant  piping  systems  after  testing  and  repair  work  has  been completed. 

Equipment Start-Up 

• Follow manufacturer’s instructions and have manufacturer’s representative present to certify the 
installation. 

• Check each item of equipment to ensure proper electrical connections, etc., and to verify proper 
operation. 

• Upon completion of installation of equipment start-up, operate equipment to demonstrate 
capability and compliance with requirements. Field correct malfunctioning units, then re- test to 
demonstrate compliance. 

• Check, verify and demonstrate remote signals operation. 

• Carry out all indicated electrical tests as applicable. 

11.3.6 TESTING AND COMMISSIONING 

Refer to Heating, Ventilating and Air Conditioning (HVAC) Work Sections and Integrated Automation 
Work Sections for testing and commissioning requirements. 

The installer shall coordinate all testing and commissioning requirements with other related equipment 
including the controls and installation as indicated in Integrated Automation Work Sections. 

END OF SECTION 

12 23 81 26 – SPLIT-SYSTEM AIR-
CONDITIONERS 

12.1.1 SUMMARY 

The information within this specification relates to the HVAC design and installation only. Any 
discrepancies or contradictions shall be referred to the Engineer ’s for review prior to purchasing or 
proceeding. 

General: Read this Section in conjunction with other related MEP Sections, General Requirements, 
the HVAC Particular Requirements, Equipment Schedules, Design Drawings and the Contract 
Conditions. 

12.1.1.1 Section Includes 

Air Conditioning Units. 



 

 

12.1.2 RELATED WORK SECTIONS AND DOCUMENTATION 

Standards: In addition to the requirements indicated on the Design Drawings, or specified in General 
Requirements, the Particular Specifications, and the MEPF Scope of Works, the Work shall be in 
accordance with the following standards, codes and relevant statutory requirements. 

Plumbing Work Sections. 

HVAC Work Sections. 

Integrated Automation Work Sections. 

Electrical Work Sections. 

SANS 10147 – Refrigerating systems including plants associated with air-conditioning systems. 

SANS 10142-1 – The wiring of premises, Part 1: Low-voltage installations. 

Definitions 

DDC: Direct Digital Control. 

LEV: Liner Expansion Valve. 

Specific project goals that may impact this area of work include but are not limited to: reduced impact 
of construction activities, construction waste recycling, reduction of water and energy usage, use of 
recycled-content materials; use of locally-manufactured materials; and use of low-emitting materials. 
The Contractor shall ensure that the requirements related to these goals, as defined in individual 
specification sections and the Sustainability Requirements Section are implemented to the fullest 
extent.  Substitutions, or other changes to the work proposed by the Contractor shall not be allowed if 
such changes compromise the aforementioned environmental goals and Green Building Regulation 
compliance. 

The Contractor shall at all times undertake to ensure that all targeted goals are achieved. As and 
when any risks arise that could compromise the achievement of one or more of the targeted goals, the 
Contractor shall bring these to the attention of the Engineer immediately. 

12.1.3 SUBMITTALS 

General: Comply with the requirements of Section related to Submittal Procedures and submit the 
following. 

12.1.3.1 Technical Submittals 

Shop Drawings: 

On all Shop Drawings reference the proposed insulation to be applied to the pipe work and equipment. 
Provide insulation application details for the various types of insulation to be used. 

Indicate individual service thicknesses. 

Product Data on materials and components for use. 

Supplementary Product Literature:  Include a statement from the manufacturer for the design life of the 
system. 

Unit Model: Unit arrangement and information on all external connections. Provide information on 
overall sizes, overall operating weight and sizes, sections weight, point of supported weight load, unit 
construction details, and true thermal break unit construction detail. 

Condenser Selection: 

• Compressor type. 

• Refrigerant type. 

• Refrigeration circuits arrangement, details and capacity control. 

• Technical performance of condenser. 

• Condenser Fan Air Flow Capacity. 

• Condenser coil type and performance. 

• Condenser Fan Static Pressure and Total Pressure. 



 

 

• Condenser Fan Drive. 

• Compressor Motor HP (kW). 

• Condenser Fan BHP (kW). 

Evaporator Selection: 

• Evaporator coil type and performance. 

• Evaporator Fan type. 

• Wheel type. 

• Fan Class. 

• Arrangement. 

• Size. 

• Air Flow Capacity. 

• Static Pressure and Total Pressure. 

• Drive. 

• Motor HP (kW) and Fan BHP (kW). 

Cooling, Heating and Heat Recovery Coil Sections: 

• Fin Series 

• Type 

• Height 

• Width 

• Rows 

• Capacity (kW, l/s, kg/s) 

• Air entering, dry bulb and wet bulb temperatures 

• Air leaving, dry bulb and wet bulb temperatures 

• Air pressure drop 

Unit Casing: 

• Frame and panel construction and materials 

• Insulation data 

• Vibration isolation provision or requirement 

• Access and clearances 

• Coating and finishes 

Connections: Size, Type and Location: 

• Air 

• Refrigerant piping 

• Drain 

• Power 

• Controls 

Submit fan curves showing fan performance with system operating point plotted on curves. Fan curves 
shall indicate air volume, static pressure, fan speed and power. 

Submit detail information on internal component pressure drops, fan pressure allowance for dirty filter 
pressure drops and available external static pressure at unit discharge and unit intake. 

Product data shall indicate centres of gravity for the assembled unit(s), dimensions, weights, coil 
performance, fan performance, motor electrical characteristics, finishes of materials, filter media, filter 
sizes and filter quantities. 

Submit sound power levels by octave band for air handling units at scheduled design conditions. 
Provide predicted sound power levels for all cabinet airway openings including OSA intake, supply air, 
return air and exhaust air openings and casing radiated noise as indicated on the unit Design 
Drawings and equipment schedules. Sound power levels shall be measured using procedures in 
accordance with AMCA 320 standard and the testing procedure indicated in Section 23 08 00 – HVAC 
Testing and Commissioning. If unit submitted sound power levels exceed values scheduled as defined 
in the Specification, the Contractor shall submit detailed plan outlining steps to meet design noise 
levels without added cost to the Engineer  for review and acceptance. 

Submit maximum vibration levels for the assembled units at the points indicated for each unit where 
the unit structure integrates with the building support structure. At a minimum vibration levels shall not 
exceed 50db re 1 micro G at 1/ 3 octave band readings from 5HZ to 100HZ frequency. Testing shall 



 

 

be conducted in accordance with Heating, Ventilating and Air Conditioning (HVAC) Work Sections. If 
predicted vibration levels at the base structure of the assembled AHU units exceed the indicated 
maximum level of 50db re 1 micro G, the Contractor shall, at no added cost to the Engineer  or 
changes to the building structure, submit for review and acceptance the method(s) necessary to meet 
the maximum vibration levels indicated. 

Submit details of Variable Speed Drive units including manufacturer's details. 

• List of tests included. 

• Certified test data: 

Submit certifications or other data as necessary to show compliance with this Section and governing 
regulations. Include proof of compliance for test of products for fire rating, corrosive resistance and 
compressive strength. 

Outline technical specifications reflecting proposed materials and systems. 

• A list of proposed suppliers and sub-contractors intended to be used. 

• Preliminary method statement 

• Preliminary Quality Plans 

• Summary of deviations from the Specification. 

12.1.3.2 Technical Samples: 

Submit 300 mm long sample of each piping insulation type and equipment insulation type. 

12.1.4 CLOSEOUT SUBMITTALS 

General: Comply with the requirements of Section ‘Execution and Closeout’ Requirement and submit 
the following. 

Warranties: 

Provide minimum 10 years warranty for 100% parts and labor. 

The Contractor shall guarantee 5 years all compressors from the date of certificate of completion and 
acceptance of his work 

Operation and Maintenance (O+M) Manuals: Include component list with manufacturer's reference 
numbers, descriptions of materials and procedures for repairing and cleaning of finishes and cleaning 
frequency. 

Spare Parts: 

Provide spare filters for indoor units as indicated on relevant Technical data sheets for applicable 
equipment 

12.1.5 QUALITY ASSURANCE 

Standards and other Codes of Practice:  In addition to the requirements indicated on the Design 
Drawings or indicated in the Specification, the Work shall be in accordance with provisions of the 
following standards and codes. The current editions of the publications listed below form a part of this 
Section. 

American Society for Testing and Materials, ASTM International Standards. 

American National and Standards Institute, ANSI Standards. 

Air Moving and Conditioning Association, AMCA Standards. 

Air-Conditioning and Refrigeration Institute, ARI Standards. 

BSI Group, (BS) British Standards. 

Underwriters' Laboratories, UL Standards 

Sheet Metal and Air-Conditioning Contractors' National Association, SMACNA Standards. 

National Fire Protection Association, NFPA Standards. 



 

 

NFPA 90A - Installation of Air Conditioning and Ventilation Systems. 

International Electrotechnical Commission, IEC Standards 

American  Society  of  Heating,  Refrigerating  and  Air-Conditioning  Engineer s,  ASHRAE Standards: 

ASHRAE Standards, American Society of Heating, Refrigeration and Air- Conditioning Engineer s, all 
applicable Standards and Guidelines, in particular ASHRAE 90.1 Section 7 - Service Water Heating, 
clause 7.4.3: Service Hot Water Pipe Insulation. 

South African National Standards, SANS Standards 

SANS 10400 – The National Building Regulations. 

Provide testing and inspections in accordance with relevant quality requirements. 

12.1.5.1 Preconstruction Testing/ Reports 

Submit reports of independent tests demonstrating that the products and systems are in accordance 
with the indicated performance requirements. 

Where test results for a material or product are not available, undertake testing to show compliance 
with the Specification at an independent testing laboratory acceptable to the Engineer ’s 
Representative. 

The provision of testing data or the carrying out of tests does not relieve the Contractor of his 
responsibilities regarding the performance requirements, durability or service life requirements. 

All materials supplied and installed shall be new and the best quality obtained for the intended 
purpose and shall, where applicable, in accordance with the standards of and shall be accepted from. 

All materials required for installation under this Specification shall be subject to the acceptance of the 
Engineer ’s Representative. Where no specific indication as to the type or quality of material or 
equipment is indicated, a first-class standard article to the Engineer ’s Representative's acceptance 
shall be furnished. 

Testing and Inspection. 

12.1.6 DELIVERY, STORAGE AND HANDLING 

Deliver, store, protect and handle products to Site under provisions of ‘Section Product Requirements’. 

Deliver, store, protect and handle products to Site with particular reference to climatic conditions in the 
project location. 

12.1.6.1 Project Climatic Conditions 

Climate: 

The project is located in Johannesburg on the Highveld. Products shall be protected against summer 
thunderstorms, hail, and elevated dust levels during the dry winter months. Design climatic conditions 
shall be as stated in Section 01 10 00 (Site Conditions), consistent with the Framework Specification 
design basis (CSIR Report 300). 

Maintain ambient temperatures and conditions required by manufacturers of adhesives, mastics and 
insulation cements. 

Maintain temperature during and after installation for minimum period of 24 hours. 

12.1.6.2 Civil Work Coordination 

Take into account all of the Civil / Electrical / Mechanical work performed by other sub- contractors 
associated with installation of electrical, mechanical, plumbing and other facilities. 



 

 

12.1.6.3 Scope of Work 

This section includes design of air conditioning units and components required for installations. 

Provide capacity as scheduled on Design Drawings for both cooling and heating modes. 

12.2 Products 

12.2.1 PRODUCT SELECTION 

Manufacturers:  Provide systems and products from one of the listed manufacturers within the 
approved manufacturer list. 

12.2.1.1 Ducted Split Units 

Ducted concealed indoor fan coil units and outdoor condensing units for cooling and heating. Each 
outdoor condensing unit shall be equipped with compressors and shall serve 1 No. individual indoor 
fan coil unit or air handling unit. The capacity of the outdoor units shall match the capacity of the 
indoor units. 

12.2.1.2 Mini-Split Units 

Decorative wall mounted indoor fan coil units and outdoor condensing units for cooling and heating 
modes. Each outdoor condensing unit shall be equipped with a compressor and shall serve 1 No. 
individual indoor fan coil unit. The capacity of the outdoor units shall match the capacity of the indoor 
units. 

12.2.1.3 Packed AC Units 

Outdoor roof top mounted packaged air conditioning units utilizing compressors for cooling and 
heating and centrifugal fans for supply and return air. The units shall be single piece containing 
condensers and evaporators. 

12.2.1.4 Ducted Split Units 

Indoor Units Nominal Air Flow < 1000 L/ s: 

The indoor units shall be manufactured with galvanized steel plate partially insulated with closed cell 
expanded polyurethane foam. The unit shall be ceiling concealed (ducted split), configuration as 
indicated and indicated on Design Drawings and detailed hereinafter. 

The units shall be for cooling and heating applications with self-contained direct expansion types 
evaporating coil gas distributor in fan coil unit with linear expansion valves. Evaporation coils shall be 
Aluminium fins mechanically bonded copper tubes factory leak tested to the pressure appropriate to 
the refrigerant. Fan shall be centrifugal direct driven types, statically and dynamically balanced and 
shall on permanently lubricated bearing. Fan motor shall be low noise with multi-speed motor with 
internal thermostat. Indoor unit shall be supplied with self-diagnostic functional thermostats and 
washable filter. 

A multiple numbers of indoor units shall be connected to a single outdoor unit. Refrigeration system 
shall be as heat pump for cooling and heating. Each outdoor shall be able to group the number of 
indoor units indicated on Design Drawings. The total capacity of the indoor units shall match the total 
capacity of the connected to outdoor unit. 

The flow of refrigerant shall be controlled by thermistors and a return air thermistor, capable of 
controlling variable capacity of the indoor unit between 25% and 100%. 

• Each indoor unit shall be suitable for fuzzy logic DC signal from the outdoor unit via a 2-core non-
polar screened cable. 



 

 

• The indoor units and the outdoor units shall be equipped with factory built in DDC for the control 
and monitoring of the units from the BMS. 

Indoor Units Nominal Air Flow > 1000 L/ s: 

Indoor unit shall be of horizontal concealed type. The basic unit shall consist of cooling/ heating coil, 1 
No. or more centrifugal fans, electric motor condensate drain pan and galvanized steel double skin 
insulated casing and electric junction box. 

Air shall be discharged by the centrifugal fans which shall be of the forward curved non-overloading 
type to the front of the unit to allow for field supply ductwork and air outlets to distribute the air into the 
room. 

Return air shall be brought to the rear of the unit to allow for the return air to be either ducted from 
room or taken from the ceiling void. The fans shall be statically and dynamically balanced and 
specially designed for quiet operation. The motor shall be built-in and resiliently mounted with 
adjustable mounting, direct driven as recommended by the manufacturer. 

The condensate drain pan shall be constructed of heavy gauge galvanized steel adequately treated 
against corrosion, insulated and pitched for positive drainage with the unit-installed level. The basic 
unit casing shall be constructed from galvanized steel plate partially insulated with closed cell 
expanded polyurethane foam. 

The unit shall be provided with washable filter, mounted on the box enclosure of the unit in a sealed 
way to prevent air by passing. 

Face velocity through filter/ coil not to exceed 2.5 m/s. 

Outdoor Units: 

The casing shall be fully weatherproofed for outdoor installation painted with polyester powder against 
severe saline weather conditions. It shall be provided with openings for power and refrigerant 
connection with removable panels for easy access to all internal components. An access door shall be 
provided on the control panel. 

If the unit is located in a marine type environment according to its location or specified as such, the 
casing panels shall be minimum of 50mm thick and of stainless steel construction. 

The condensing units shall be of the air-cooled type for cooling and heating capacity as indicated in 
the Particular Specification, Schedules and Design Drawings. 

The system shall be suitable for a 2-pipe system with either branch pipe or header pipe arrangement. 
The refrigeration process of the outdoor unit shall be maintained by pressure and temperature sensors 
controlling solenoid valves check valves and bypass valves. Control shall be via a DC signal 
generated by the outdoor unit. This signal shall be sent to the indoor units via a 2-core non-polar 
screened cable. 

The condensing unit shall comprise of propeller fan, fan motor, heat exchanger (condenser coil) 
accumulator, sub cooling coil, oil separator, compressor, control box and heat interchange circuit to 
allow for better refrigerant distribution and control with electronic expansion valves. 

The refrigeration accessories and safety control shall be assembled in a common casing, wired and 
tested in the factory. The unit shall be supplied from the factory with an operating charge of refrigerant 
and dehydrated compressor oil. 

The compressors shall be 1 No. inverter scroll type capable of controlling 1HZ increments plus 1 No. 
or more scroll  standard  fixed  speed  compressor according to the required capacity JIS (Japanese 
Industrial Standard), mounted on external spring isolators, provided with crankcase heater and 
accumulator located in a separate section isolated from the condenser coil and fans. 

The condenser fans shall be of the propeller type, arranged for top air discharge. The fan shall be 
weatherproofed, statically and dynamically balanced, directly driven by a totally enclosed and 
permanently lubricated resiliently mounted electric motor. Fans shall have safety guards. 

The condenser coils shall be constructed of heavy gauge seamless copper tubes mechanically 
bonded to Aluminium plate fins, weatherproof treated against corrosion and saline conditions factory 
applied protective coatings. The coils shall be capable of being divided into smaller sections to enable 
the outdoor unit capacity to match the capacity required by the indoor unit. The coils shall be circuited 
for sub-cooling and shall have guard protection for the condenser fins. Coils shall be leak tested at the 
factory at 450psi minimum. 



 

 

Controls: 

The unit shall be provided with all necessary factory built-in controls such as but not limited to H.P. 
switches, over current protection thermal switch, magnetic contactors for the compressors and fan 
motors. 

Inverter: Inverters shall be protected by built-in factory supplied DC bus current for applicable models 
in order to control the frequency. 

Fan Controller: Shall include inverter board, choke coil thyristor and transistor module with necessary 
smoothing capacitors and diode stack. 

Main Board: Shall include cooling heating auto-changeover relay centralized control transmission 
board, power supply terminals for main and controls. 

Inverter Board: Applicable models shall have necessary power supply terminals, choke coils, serial 
transmission point to main board and DC power generating source up to 560Volts DC. 

Time Delay relay: Outdoor unit shall be equipped with 30 minutes delay; in case the unit is started 
within 2 hours after turning on power at low outdoor temperature. 

• Cooling: + 5°C or less. 

• Heating: + 5°C or less. 

Bypass Capacity Control: Solenoid valve factory built-in to bypass high and low pressure side to 
facilitate when compressor is started, compressor stops in cool or heating mode, after operation stops, 
during oil recovery operations, during low "Hz" operation, when the high pressure increased or 
discharge temperature rises. 

Frequency control: To keep constant evaporation temperature in cooling and heating mode, rate of 
performance 2Hz second across 20 ~ 105 range or as recommended by the manufacturer. 

Oil Return Control: To facilitate the opening and closing electronic expansion valve to prevent rising 
discharge temperature, when compressor stop and depending upon the frequency and outdoor 
temperature. 

Sub-cool Coil control: Shall be fully open at defrosting and according to superheat detected from the 
bypass outlet temperature of sub cool coil and discharge temperature. 

Defrost Control: Operation shall start if -2°C or less is detected in piping temperature for a continuous 
period of 3 minutes during an hour operation. 

Control for Liquid level: In the accumulator to heat the refrigerant judging the refrigerant amount 
depending on our door air temperature and frequency. 

Refrigerant Recovery Control: To prevent refrigerant accumulating in the stopped indoor unit by 
opening the Liner Expansion Valve (LEV) of the respective unit and the compressor running till control 
is satisfied. 

Condensing Unit (Heat Exchanger) and Fan Capacity Control:  As per the indoor unit load demand 
either in cooling or heating mode the above factory built control shall control the outdoor unit fan air 
flow rate with phase control in order to maintain evaporator temperature on both modes. 

Microcomputer: 

From the same manufacturer factory built-in, in the outdoor unit control panel weather protected, with 
self-diagnostic function for easy reading and maintenance. A 4-digit LCD display shall give all service 
information, fault history and shall constantly monitor all operation of respective outdoor and 
connected indoor units, room's thermostats in cooling. 

Room Thermostat: 

Shall be located 1.4m from the finished floor level and away from direct supply air stream and direct 
sunlight or any hot air stream (typical) location as indicated in the Design Drawings and as per Site 
conditions. Shall be with LCD display, easy to read, operate with icon display. The display shall 
include: 

• Operational setting: 

Start/ Stop. 

Operation Mode. 

Temperature Setting. 



 

 

Air speed switching. 

Air flow direction. 

• To monitor the following: 

Status. 

Error and error content. 

Filter sign. 

Operating mode. 

Temperature setting. 

Indoor intake air temperature. 

Air speed and flow switching. 

• Scheduling the following: 

Start and stop per day. 

Minimum setting. 

Centralized Controller. 

Shall be with an interactive menu-driven screen LCD display easy to read and operate with icon 
display allowing operators to perform the ON/ OFF of 50 individual or 50 groups, where each group 
shall be feasible to control minimum 13 indoor units. 

In addition to the functions from individual room thermostats the centralized controller shall be 
schedule for a weekly designated day setting. 

Start/ Stop shall be minimum 3 times per day and 21 times per week 

Error history and error flashing, filter sign, operation mode. 

Option for BMS interface through LMAP or SNMP. 

Control Wires: 

A 2 non-polarized transmission line shall allow for simple and fool proof connection of each indoor and 
remote controller. The cable shall be either factory supplied or as recommended by the local supplier/ 
dealer. Empty conduit for the same with pull wire shall be fixed/ made available by the Contractor. 

Refrigerant Piping: 

Refrigerant pipe network shall be restricted to the total pipe length, maximum pipe length, maximum 
branch lengths, maximum separation and height difference between indoor and outdoor units 
associated with the installation requirements of the specific manufacturer. 

Suction  and  discharge  refrigerant  piping  shall  be  of  dehydrated  copper  tube. Insulated 
separately with closed cell rubber foam with a minimum thickness of 38mm. 

12.2.1.5 Ducted Split Units 

Indoor Units: 

Indoor units shall be of the horizontal concealed furred-in type. Indoor units shall have fan and coil 
capacities as indicated in the schedule of equipment indicated on the Design Drawings for cooling and 
heating modes. 

The air handling basic unit shall consist of cooling/ heating coil, 1 No. or more centrifugal fans, electric 
motor, condensate drain pan, galvanized steel casing panel painted with enamel finish and electric 
junction box. 

The centrifugal fans shall be of the forward curved non-overloading type and belt connected to the fan 
motor, the fans shall be statically and dynamically balanced and specially designed for quiet operation. 
The motor shall be built-in and resiliently mounted with adjustable mounting and variable pitch pulley 
or direct driven. 

The cooling/ heating coil shall be suitable for R410 A or R134 A or alternative ozone depletion free 
refrigerant and shall be constructed of staggered heavy wall seamless copper tubes mechanically 



 

 

bonded to Aluminium fins. The coils shall be leak tested at factory at 350psi minimum. Expansion 
valve/ capillary tube shall be provided and installed at the cooling or condensing unit in accordance 
with manufacturer's recommendations. 

The condensate drain pan shall be constructed of heavy gage galvanized steel and shall be projected 
under the entire length and width of coil including the headers and return bends. The pan shall be 
adequately treated against corrosion, insulated and pitched for positive drainage with the unit-installed 
level. 

The basic unit casing shall be constructed from galvanized steel sheet, enamel finished. It shall be 
thermally and acoustically insulated with 25mm thick fiberglass fastened with waterproof adhesive. 

The unit shall be provided with 25mm thick permanent metallic filter mounted on the box enclosure of 
the unit in a sealed way to prevent air by passing. 

Face velocity through filter/ coil shall not exceed 500fpm. 

The indoor units and the outdoor units shall be equipped with factory built-in direct digital control DDC 
for the control and monitoring of the units from the BMS. 

Outdoor Units: 

The condensing units shall be of the air-cooled type for cooling and heating capacity as indicated in 
the Particular Specification, Schedules and Design Drawings. 

The outdoor unit shall comprise of condenser fans, condenser coils, refrigeration accessories and 
safety control all assembled in a common casing, wired and tested at the factory. The unit shall be 
supplied from the factory with an operating charge of refrigerant and dehydrated compressor oil. 

The compressors shall be of the hermetic sealed reciprocating or scroll type, mounted on external 
spring isolators, provided with crankcase heater, accumulator and muffler and located in a separate 
section isolated from the condenser coil and fans. 

The condenser fans shall be of the propeller type, arranged for either vertical or horizontal discharge, 
weather proofed, statically and dynamically balanced, direct driven by a totally enclosed and 
permanently lubricated resiliently mounted electric motor. Fans shall have safety guards. 

The condenser coils shall be constructed of heavy gauge seamless copper tubes mechanically 
bonded to Aluminium plate fins, weatherproof treated against corrosion and saline conditions factory 
applied protective coatings. 

The coils shall be circuited for sub-cooling and shall have guard protection for the condenser fins. 
Coils shall be leak tested at the factory at 450psi minimum. 

The casing shall be fully weatherproofed for outdoor installation. It shall be provided with openings for 
power and refrigerant connection with removable panels for easy access to all internal components. A 
hinged access door shall be provided on the control panel. 

Controls: 

The unit shall be provided with all necessary refrigeration accessories, which shall include but not 
limited to the following: 

• Filter drier. 

• Sight glass. 

• Suction and discharge shut-off valves. 

The unit shall be provided with all necessary controls such as but not limited to H.P., L . P . switches, 
over current relay, reverse phase, protector, anti-short cycle timer, with required contactors for fan 
motors and compressor compatible with single or double stage room thermostat as per refrigerant 
circuit to be supplied and fixed on the locations as shown on the Design Drawings. 

Room Thermostat: 

Shall be located 1.4m from the finished floor level and away from direct supply air stream and direct 
sunlight or any hot air stream (typical) location as indicated in the Design Drawings and as per Site 
conditions. Shall be with LCD display, easy to read, operate with icon display. The display shall 
include: 

• Operational setting: 

Start/ Stop. 



 

 

Operation Mode. 

Temperature Setting. 

Air speed switching. 

Air flow direction. 

• To monitor the following: 

Status. 

Error and error content. 

Filter sign. 

Operating mode. 

Temperature setting. 

Indoor intake air temperature. 

Air speed and flow switching. 

• Scheduling the following: 

Start and stop per day. 

Minimum setting. 

Centralized Controller. 

Shall be with an interactive menu-driven screen LCD display easy to read and operate with icon 
display allowing operators to perform the ON/ OFF of 50 individual or 50 groups, where each group 
shall be feasible to control minimum 13 indoor units. 

In addition to the functions from individual room thermostats the centralized controller shall be 
schedule for a weekly designated day setting. 

Start/ Stop shall be minimum 3 times per day and 21 times per week 

Error history and error flashing, filter sign, operation mode. 

Option for BMS interface through LMAP or BACnet. 

Refrigerant Piping: 

Suction and  discharge  refrigerant  piping  shall  be  of  dehydrated  copper  tube. 

Insulated separately with closed cell rubber foam with a minimum thickness of 38 mm. 

12.2.1.6 Mini Split Units 

Indoor Units: 

The indoor units shall be of decorative slim dimension suitable indoor wall mounting. The unit base 
shall be fabricated from galvanized steel sheet and shall be internally insulated to prevent 
condensation. 

The external decorative cabinet shall be of plastic material with necessary provision for air intake in 
the centre through fixed blade air grill and washable factory supplied air filter. 

Air discharge shall be through auto-flap shutter for uniform airflow. This flap shall act as a shutter 
when the unit is turned off. 

The evaporator fan shall be centrifugal sirocco type directly driven by multi-speed low noise motor. 

Provision for 5 No. ways refrigerant piping and 4 No.  Ways condensate drain shall be feasible in order 
to connect the unit as per the Site conditions. All screws securing the unit shall be accessible from the 
front of unit for easy installation and maintenance. 

Indoor unit shall be supplied with self-diagnostic functional thermostats and washable filter. 

A multiple number of indoor units shall be connected to a single outdoor unit. Refrigeration system 
shall be only 2 No. pipes network for cooling. Each outdoor shall be able to group the number of 



 

 

indoor units indicated on Design Drawings. The total capacity of the indoor units shall match the total 
capacity of the connected to outdoor unit. 

The flow of refrigerant shall be controlled by 2-pipe thermistors and a return air thermistor, capable of 
controlling variable capacity of the indoor unit between 25% and 100%. 

Each indoor unit shall be suitable for DC fuzzy logic signal from the outdoor unit via a 2-core non-polar 
screened cable. 

The indoor units and the outdoor units shall be equipped with factory built-in direct digital control DDC 
for the control and monitoring of the units from the BMS. 

Outdoor Units: 

The casing shall be fully weatherproofed for outdoor installation painted with polyester powder against 
severe saline weather conditions. It shall be provided with openings for power and refrigerant 
connection with removable panels for easy access to all internal components. An access door shall be 
provided on the control panel. 

The condensing units shall be of the air-cooled type for cooling and heating capacity as indicated in 
the Particular Specification, Schedules and Design Drawings. 

The System shall be suitable for a 2-pipe system with either branch pipe or header pipe arrangement. 
The refrigeration process of the outdoor unit shall be maintained by pressure and temperature sensors 
controlling solenoid valves, check valves and bypass valves. Control shall be via a DC signal 
generated by the outdoor unit. This signal shall be sent to the indoor units via a 2-core non-polar 
screened cable. 

The condensing unit shall comprise of propeller fan, fan motor, heat exchanger (condenser coil) 
accumulator, sub-cooling coil, oil separator, compressor, control box and heat interchange circuit to 
allow for better refrigerant distribution and control with Electronic expansion valves. 

The refrigeration accessories and safety control shall be assembled in a common casing, wired and 
tested in the factory. The unit shall be supplied from the factory with an operating charge of refrigerant 
and dehydrated compressor oil. 

The compressors shall be 1 No. inverter scroll type capable of controlling 1HZ increments plus 1 No. 
or more scroll standard  fixed  speed  compressor according to the required capacity JIS (Japanese 
Industrial Standard), mounted on external spring isolators, provided with crankcase heater and 
accumulator located in a separate section isolated from the condenser coil and fans. 

The condenser fans shall be of the propeller type, arranged for top air discharge. The fan shall be 
weatherproofed, statically and dynamically balanced, directly driven by a totally enclosed and 
permanently lubricated resiliently mounted electric motor. Fans shall have safety guards. 

The condenser coils shall be constructed of heavy gauge seamless copper tubes mechanically 
bonded to Aluminium plate fins, weatherproof treated against corrosion and saline conditions. The 
coils shall be capable of being divided into smaller sections to enable the outdoor unit capacity to 
match the capacity required by the indoor unit. The coils shall be circuited for sub-cooling and shall 
have guard protection for the condenser fins. Coils shall be leak tested at the factory at 450psi 
minimum. 

Controls: 

The unit shall be provided with all necessary factory built in controls such as but not limited to H.P. 
switches, over-current protection thermal switch, magnetic contactors for the compressors and fan 
motors. 

Inverter: Inverters shall be protected by built-in factory supplied DC bus current for applicable models 
in order to control the frequency. 

Fan Controller: Shall include inverter board, choke coil thyristor and transistor module with necessary 
smoothing capacitors and diode stack. 

Main Board: Shall include cooling heating auto-changeover relay centralized control transmission 
board, power supply terminals for main and controls. 

Inverter Board: Applicable models shall have necessary power supply terminals, choke coils, serial 
transmission point to main board and DC power generating source up to 560VDC. 



 

 

Time Delay relay: Outdoor unit shall be equipped with 30 minutes delay, in case the unit is started 
within 2 hours after turning on power at low outdoor temperature (cooling: + 5°C or less, heating:  + 
5°C or less). 

Bypass Capacity Control: Solenoid valve factory built-in to bypass high and low pressure side to 
facilitate when compressor is started, compressor stops in cool or heating mode, after operation stops, 
during oil recovery operations, during low "Hz" operation, when the high pressure increased or 
discharge temperature rises. 

Frequency control: To keep constant evaporation temperature in cooling and heating mode, rate of 
performance 2Hz second across 20 ~ 105 range or in accordance with the manufacturer's 
recommendation. 

Oil Return Control: To facilitate the opening and closing electronic expansion valve to prevent rising 
discharge temperature, when compressor stop and depending upon the frequency and outdoor 
temperature. 

Sub-cool Coil control: Shall be fully open at defrosting and according to superheat detected from the 
bypass outlet temperature of sub-cool coil and discharge temperature. 

Defrost Control: Operation shall start if -2°C or less is detected in piping temperature for a continuous 
period of 3 minutes during an hour operation. 

Control for Liquid level: In the accumulator to heat the refrigerant judging the refrigerant amount 
depending on outdoor air temperature and frequency. 

Refrigerant Recovery Control: To prevent refrigerant accumulating in the stopped indoor unit by 
opening the Liner Expansion Valve (LEV) of the respective unit and the compressor running until 
control is satisfied. 

Condensing Unit (Heat Exchanger) and Fan Capacity Control: As per the indoor unit load demand 
either in cooling or heating mode the above factory built control shall control the outdoor unit fan air 
flow rate with phase control in order to maintain evaporator temperature on both modes. 

Microcomputer: 

From the same manufacturer factory built-in, in the outdoor unit control panel weather protected, with 
self-diagnostic function for easy reading and maintenance. A 4-digit LCD display shall give all service 
information, fault history and shall constantly monitor all operation of respective outdoor and 
connected indoor units, room's thermostats in cooling. 

Room Thermostat: 

Shall be located 1.4m from the finished floor level location as indicated in the Design Drawings and as 
per Site conditions. Shall be with LCD display, easy to read, operate with icon display. The display 
shall include: 

Operational setting: 

Start/ Stop. 

Operation Mode. 

Temperature Setting. 

Air speed switching. 

Air flow direction. 

To monitor the following: 

Status. 

Error and error content. 

Filter sign. 

Operating mode. 

Temperature setting. 

Indoor intake air temperature. 

Air speed and flow switching. 

Scheduling the following: 



 

 

Start and stop per day. 

Minimum setting. 

Centralized Controller: 

Shall be with an interactive menu driven screen LCD display easy to read and operate with icon 
display. Allowing operators to perform the ON/ OFF of 50 individual or 50 groups, where each group 
shall be feasible to control minimum 13 indoor units. 

In addition to the functions from individual room thermostats the centralized controller shall be 
scheduled for a weekly designated day setting. 

Start/ Stop shall be minimum 3 times per day and 21 times per week. 

Error history and error flashing, filter sign, operation mode. 

Option for BMS interface through LMAP or BACnet. 

Control Wires: 

A 2-non-polarized transmission line shall allow for simple and fool proof connection of each indoor and 
remote controller. The cable shall be either factory supplied or as recommended by the local supplier/ 
dealer. Empty conduit for the same with pull wire shall be fixed/ made available by the Contractor. 

Refrigerant Piping: 

Refrigerant pipe network shall be restricted to the total pipe length, maximum pipe length, maximum 
branch lengths, maximum separation and height difference between indoor and outdoor units 
associated with the installation requirements of the specific manufacturer. 

Suction and  discharge  refrigerant  piping  shall  be  of  dehydrated  copper  tube. 

Insulated separately with closed cell rubber foam with a minimum thickness of 38mm. 

12.2.1.7 Mini Split Units 

Indoor Units: 

The indoor units shall be exposed decorative type wall mounted; configuration as indicated in the 
Design Drawings. The units shall be fabricated from galvanized steel sheet and shall be internally 
insulated. The cabinet shall be pre-painted with baked enamel paint and provided with adjustable 
plastic grills. The coil shall be made from copper tubing with mechanically bonded Aluminium fins. The 
fan shall be centrifugal, direct driven, double inlet type with 2 No. impellers. 

The impellers and scrolls shall be made in shockproof material to guarantee maximum stability during 
transport and installation. The impeller shall have air foil blades. 

The motor shall be permanent split capacitor type single phase and shall be totally enclosed. The units 
shall be complete with remote control kit consisting mainly of multi speeds and 'Off' switch and a 
thermostat. 

The indoor units and the outdoor units shall be equipped with factory built-in direct digital control DDC 
for the control and monitoring of the units from the BMS. 

Outdoor Units: 

The casing shall be fully weatherproofed for outdoor installation painted with polyester powder against 
severe saline weather conditions. It shall be provided with openings for power and refrigerant 
connection with removable panels for easy access to all internal components. An access door shall be 
provided on the control panel. 

The condenser coil shall be constructed of Aluminium fins mechanically bonded to copper tubing. 

The condenser coil shall be weatherproof treated against corrosion and saline conditions factory 
applied protective coatings. 

Condenser fan shall be direct driven propeller type and arranged for either horizontal or vertical 
discharge. Fan hub shall be designed to protect motor shaft, bearing and winding. Fan motor shall be 
factory lubricated and inherently protected. The whole units shall be housed in a weatherproof cabinet. 

The compressor shall be of the welded hermetic type rotary/ scroll with internal vibration isolators and 
shall be located in an isolated compartment of the unit to reduce the noise level. 



 

 

Controls: 

The compressor shall be equipped with safety devices like crank case heater, thermal and current 
sensitive overload devices and H.P., L.P. switches. 

Suction and discharge refrigerant piping shall be from dehydrated refrigeration copper tubes, insulated 
and quick connect type. Insulation shall be of closed cell rubber foam with a minimum thickness of 
13mm for suction line and 9mm for liquid line. 

Room Thermostat: 

Shall be located 1.4m from the finished floor level location as indicated in the Design Drawings and as 
per Site conditions. Shall be with LCD display, easy to read, operate with icon display. The display 
shall include: 

Operational setting: 

Start/ Stop. 

Operation Mode. 

Temperature Setting. 

Air speed switching. 

Air flow direction. 

To monitor the following: 

Status. 

Error and error content. 

Filter sign. 

Operating mode. 

Temperature setting. 

Indoor intake air temperature. 

Air speed and flow switching. 

Scheduling the following: 

Start and stop per day. 

Minimum setting. 

The thermostat preferably shall be from the same manufacturers with self- diagnosis system. 

The units shall be equipped with factory built-in direct digital control DDC for the control and 
monitoring of the units from the BMS. 

12.2.1.8 Packaged AC Units 

Packaged Units: 

The unit shall be completely assembled, wired, charged and tested in the factory. The unit shall be 
suitable for outdoor rooftop or ground level installation. Exterior surface of all units shall be as per the 
technical data sheet. 

The condenser coil shall be of copper tubes mechanically bonded to Aluminium fins and shall be 
factory tested at 450psi. The condenser coil shall be weatherproof treated against corrosion and saline 
conditions factory applied protective coatings. 

The compressors shall be hermetic/ sealed reciprocating type provided with crankcase heater or scroll 
type as per JIS standard with adequate vibration mountings. 

Controls: 

The unit shall be provided with all necessary controls such as but not limited to H.P. / L.P. switches, 
over current relay, reverse phase, protector, anti-short cycle timer, with required contactors for fan 
motors and compressor compatible with single stage room thermostat as per refrigerant circuit to be 
supplied and fixed on the locations as shown on the Design Drawings. 



 

 

The unit shall be able to monitor and control on supply air temperature, enthalpy and humidity. 

Microcomputer: 

From the same  manufacturer  factory  built-in,  in  the  outdoor  unit  control  panel weather protected, 
with self-diagnostic function for easy reading and maintenance. A 4-digit LCD display shall give all 
service information, fault history and shall constantly monitor all operation. 

Open control protocol. 

Room Thermostat: 

Shall be located as indicated in the Design Drawings and as per Site conditions. Shall be with LCD 
display, easy to read, operate with icon display. The display shall include: 

• Operational setting: 

Start/ Stop. 

Operation Mode. 

Temperature Setting. 

Air speed switching. 

Air flow direction. 

• To monitor the following: 

Status. 

Error and error content. 

Filter sign. 

Operating mode. 

Temperature setting. 

Indoor intake air temperature. 

Air speed and flow switching. 

• Scheduling the following: 

Start and stop per day. 

Minimum setting. 

• The thermostat preferably shall be from the same manufacturers with self- diagnosis system. 

• The packaged units shall be equipped with factory built-in direct digital control DDC for the control 
and monitoring of the units from the BMS. 

12.2.2 SOURCE QUALITY CONTROL 

Standard Factory Tests:  Standard factory tests shall be performed on every single unit required by 
the project and shall be completed and factory certified. The units shall be factory run tested to ensure 
structural integrity. All electrical circuits shall be tested to ensure correct operation before shipment of 
unit. Units shall pass factory quality control and testing and be thoroughly cleaned prior to shipment. 

All sections of the units including those that are split for shipment shall be thoroughly cleaned 
externally and internally prior to wrapping for shipment. All surfaces shall be wiped down with 
Isopropyl Alcohol to remove any excess caulking from the caulked seams. All scratches to painted 
surfaces both inside and out shall be cleaned and repainted and the interior of the unit shall be 
completely vacuumed to remove all dust, metal shavings or other debris. Wrap each section shipment 
with suitable protection to ensure delivery free from deterioration. 

Witness of Factory Standard Tests: Should the unit be a fist of kind or non-standard off the shelf unit, 
the manufacturer shall include as part of bill of material a provision for 1 No. trips for 1 person 
including airfare, board and lodging to witness the standard factory tests as described above and 
inspection during assembly of units for each air handling unit, fresh air handling unit and heat recovery 
unit indicated for the project. 



 

 

Airflow measurements shall be performed in accordance with AMCA Standard 210. The testing shall 
be performed at the factory. A detailed report, including all data and test methods, shall be presented 
to the Engineer or his representative prior to equipment shipment. 

Fan Vibration Testing: Provide Fan vibration testing at the air handling unit manufacturer facility. A 
certificate of compliance signed by the manufacturers Quality Control Inspector shall be attached to 
each fan assembly at the factory and incorporated into the Operations and Maintenance (O+M) 
Manuals. Vibration measurements shall be taken in 3 No. orthogonal directions: 1 No. taken parallel to 
shaft in the horizontal plane and 2 No. taken perpendicular to the shaft in the  horizontal  and  vertical 
planes.  The values shall be checked with the levels being measured in mils peak to peak. During 
balancing, the fan shall be imposed with an operating resistance equal to the design external static 
pressure. Based on Direct Drive Fans with factory installed spring isolation assembly, perform Factory 
Balance Test on the fan assembly to certify that the fan meets and not exceeding the following 
vibration values. 

Rotational Speed up to and including 2000RPM, 0.5mils peak to peak. 

Acoustical Testing: Acoustical testing of the assembled AHU equipment shall be performed at the 
factory by the manufacturer prior to shipment.  The testing, at the discretion of the Engineer ’s 
Representative, shall be witnessed by the Engineer 's representative and the costs for travel at 
published coach fares and lodging not to exceed 1 night, for a person to witness the acoustical testing 
shall be included in the bid. 

Testing shall be based on the principles and procedures described in the AMCA 320 Laboratory 
Method for Testing of Fans Using Sound Intensity document. All Method Statements shall be agreed 
prior to testing. 

A written report shall be produced and provided to the Engineer within 1 week of the conclusion of the 
testing. 

12.3 Execution 

12.3.1 GENERAL 

Examine areas and conditions under which equipment shall be installed. Do not proceed with work 
until unsatisfactory conditions have been corrected. 

Comply with manufacturer's requirements for the installation of any equipment. 

Locate equipment as indicated on the Design Drawings to provide best possible connection 
arrangement and accessibility for maintenance and servicing. Provide clearances on all sides of 
equipment as required by the Statutory Authorities or manufacturer, whichever is greater. 

Install items of equipment with due regard to Architectural treatment and ensure all items are level and 
finished in keeping with good workmanship. 

12.3.2 EXAMINATION 

Verification of Conditions: Examine areas for compliance with requirements for installation and 
conditions affecting performance of the Work. Identify conditions detrimental to a proper and timely 
completion and notify the Engineer of the unsatisfactory conditions. Proceed with installation only after 
unsatisfactory conditions have been corrected. 

12.3.2.1 Installation of Indoor and Outdoor Units 

Install indoor and outdoor units where indicated, in accordance with equipment manufacturer's 
published installation instructions and with recognized industry practices, to ensure that units are in 
accordance with requirements and serve intended purposes. 

Coordinate with other work, including ductwork, floor construction, roof decking and piping, as 
necessary to interface installation of indoor and outdoor units with other work. 



 

 

Provide access space around indoor and outdoor units for service as indicated, but in no case less 
than that recommended by manufacturer. In isolated cases where free access around unit is 
restricted, provide necessary catwalk to the acceptance of the Engineer ’s Representative. 

Install floor mounted outdoor units on 150mm high reinforced concrete pad, 75mm larger on each side 
than unit’s base. 

Mount units on vibration isolators in accordance with the contract documents. 

Install electrical devices furnished by manufacturer but not indicated factory mounted. 

Verify that electrical wiring installation is in accordance with manufacturer's submittal and installation 
requirements of the electrical section of the HVAC installation and the requirements of the electrical 
Contract Documents and SANS 10142.  Do not proceed with equipment start-up until wiring 
installation is acceptable. 

Provide piping, valves, accessories, gauges, supports and flexible connectors as indicated on the 
Design Drawings. 

Install all electrical accessories, controls and thermostats  supplied  by  the  control contractor. 

Provide positive equipment ground for unit components. 

Pitch coils of indoor units 18mm/ m toward coil access end of units. 

Provide starters and panels in accordance with applicable Electrical Work Sections. In cases where 
starters and panels are mounted remote from the unit it is serving (outside the unit room, farther than 
5m or out of sight from unit in the same room). Provide a power disconnect for the unit. 

12.3.2.2 Air Conditioning Units Piping 

General: 

Connect piping system to mechanical equipment as indicated and in accordance with equipment 
manufacturer's instructions. Install shut-off valves, testing nipples, unions, filter driers and sight glass. 
Install condensate drain with U-trap. 

12.3.2.3 Cleaning, Flushing and Inspecting: 

Refer to  other  sections  in  related to Heating,  Ventilating  and  Air  Conditioning (HVAC) Work 
Sections. 

Clean and flush and vacuum system of all air and dirt. After flushing, remove, clean and replace all 
filters. Inspect each run of each system for completion of joints, supports, accessory items and any 
leaks. 

12.3.2.4 Leak Testing 

Provide temporary equipment for testing, including vacuum pump and gauges. Test the piping system 
before insulation is installed and remove control devices before testing. Ensure that the entire piping 
systems are leak tested, either as a whole or in sections, but leave no part untested. 

Charge piping  systems  with  refrigerant  purge  all  air  and  run  all  equipment  for  24 hours  and 
handover the system free from leakage. Test fails if leakage is observed or pressure drop exceeds 5% 
of test pressure. 

Notify the Engineer at least 24 hours before performing leak test. 

Repair   piping   systems   which   fail   required   piping   test   by   disassembly   and   re- installation, 
using new materials to extent required to overcome leakage. Do not use chemicals, stop leak 
compounds, mastics or other temporary repair methods. 

Recharge with  refrigerant  piping  systems  after  testing  and  repair  work  has  been completed. 



 

 

12.3.2.5 Equipment Start-Up 

Follow manufacturer’s instructions and have manufacturer’s representative present to certify the 
installation. 

Check each item of equipment to ensure proper electrical connections, etc., and to verify proper 
operation. 

Upon completion of installation of equipment start-up, operate equipment to demonstrate capability 
and compliance with requirements. Field correct malfunctioning units, then re- test to demonstrate 
compliance. 

Check, verify and demonstrate remote signals operation. 

Carry out all indicated electrical tests as applicable. 

12.3.3 TESTING AND COMMISSIONING 

Refer to sections related to Heating, Ventilating and Air Conditioning (HVAC) Work Sections and 
sections related to Integrated Automation Work Sections for testing and commissioning requirements. 

The installer shall coordinate all testing and commissioning requirements with other related equipment 
including the controls and installation as indicated in ‘Integrated Automation Work’ Sections.
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