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1101        TENDER DETAILS

1.0
SCOPE

1.1
The scope under this section covers the general details and conditions applicable on this contract and listed below:

2.0
PROJECT DETAILS

2.1
Project
:  HVAC Supply and Installation work

2.2
Client
: Chhatrapati Shivaji Maharaj



  Vastu Sangrahalaya

2.3
Site address
:  M.G.Road, Fort, Mumbai
2.3
Scope of work
 :
HVAC Supply and Installation

3.0    
Contract Details


3.1  
Type

: Works Contract

3.2
Rate

: Fixed Item Rate

3.3
Quantity

: Measurable as per BOQ

3.4
Quantity Variation

: +/- 10 % of Total Contract Value

3.5
Offer Validity
: 30 days

3.6
Offer Value
: Based on tender quantity and 



  rate offered

3.7
Contract Value
: Based on tender quantity and



  rate agreed up on

3.8           Final Contract Value
: Based on quantity executed 



  and rates agreed upon

4.0
Securities 

4.1          Earnest Money

 :15,000/- (Rupees Fifteen Thousand only)
5.0    
Material Delivery
5.1          Location
:
Site

5.2          Freight & Insurance
:
Inclusive

5.3          Loading and Unloading
:    Inclusive

6.0    
Insurance
6.1          Material
:   Inclusive

6.2          Workmen
:
Inclusive

6.3          Third Party
:
Rs.500,000 per occurrence 



subject to 3 such incidences. 
7.0    
Guarantee

7.1          Validity
:   12 months after handing over
7.2          Maintenance
:   Free of cost including spare 


    parts during guarantee

7.3          Downtime Period
:   24 Hrs

7.4          Penalty for delay
:   Rs.5,000 per day delay

8.0   
Terms of Payment


Eqpt

Balance

8.1          Advance against BG
30%

   10%

8.2          Delivery  Pro-rata
55%

    50%

8.3          Erection
 ----

    15%

8.4          Completion
 ----

    10%

8.5          Commissioning 
15%                    15%
               (Completion against BG of 5%

               as retention for a period of one year)

9.0
Approvals
9.1          Statutory Approval
:    Not Applicable
9.2          Liaison work with authorities
:
Not Applicable
9.3          Compliance with local codes

               and Regulation
: 
Applicable
10.0     
Site Facilities
10.1       Power Supply
:    Free at one point,

    any extension by contractor

10.2       Water Supply

:
Free at one point, any  




extension by  contractor

10.3       Storage
:
Covered Space by Client, 


Partition, doors & security 

     by contractor

10.4       Security
:   By contractor till the 


    installation is taken over by 


    clients.

1102
PRECISION AIRCONDITIONING UNIT (PAC)

1.0
GENERAL

1.1
The PAC shall be suitable for round the clock operation and shall be one of the following as indicated in the Schedule of work.


a)
Dx single circuit.


b)
Chilled water single circuit.


c)
Dual circuit Dx plus chilled water.

1.2
In Dx single circuit refrigerant gas is used as cooling medium. The system has the following components.


a)
Outdoor Dx condenser.


b)
Indoor evaporator cabinet.


c)
Interconnected refrigerant piping, power cabling and control cabling.

1.3
In chilled water single circuit, chilled water is used as cooling medium. The system has the following components.


a)
Chiller plant and Pumping system.


b)
Indoor evaporator cabinet.


c)
Interconnected chilled water piping.

1.4
In dual circuit both chilled water and refrigerant gas are used as cooling media, where chilled water is the primary media and refrigerant the secondary / standby media. The system has the following components.


a)
Chiller plant and Pumping station.


b)
Air cooled Dx condenser.


c)
Indoor evaporator cabinet.


d)
Inter connected chilled water piping.


e)
Inter connected refrigerant piping.

1.5
In general, chilled water shall be supplied to the system at 7.0( C with a permissible rise in temperature of 5.0(K, unless the same is specifically included in the schedule of work. In such a case the chiller plant, pumping and piping shall be covered separately.

1.6
The control system is the main focal point in a PAC and shall be precise in controlling the dry bulb temperature and humidity of the space served. The control system shall be of microprocessor controlling the entire functioning of the system and shall include.


a)
Compressor / Chilled water control.


b)
Indoor dry bulb and RH.


c)
Dehumidifier.


d)
Humidifier

e)
Control sensors and instruments

f)
Control wiring


g)
Compatibility to interface with IBMS.

1.7
The required quantity of refrigerant gas and lubricant for initial charging shall be supplied during installation.

1.8
All power and control equipment shall be selected for the following power supply.


a)
Single phase 240 ± 10% V, 50 Hz.


b)
Three phase 415 ± 10% V, 50 Hz. 

2.0
SCROLL COMPRESSORS

2.1
The compressors shall be rotary inverter scroll, hermetic / semi hermetically sealed suitable for vertical installation. The compressors shall be suitable for eco-friendly HFC refrigerants like R134a, R143a, R407A, R410A etc.

2.2
The scroll vanes for both fixed and orbiting shall be precision machined to have 180 deg. displacement and higher COP. The capacity control shall be through variable displacement.

2.3
The compressors shall be located in a separate compartment isolated from the air stream to permit servicing without shutting down the system. The compressors shall be installed on spring mounted floating platform / neoprene pads or as per manufacturer’s recommended approved mounting to prevent transmission of vibration. 

2.4
Isolation valves shall be provided at suction and discharge. Compressors shall be provided with electrically operated oil heaters with built-in thermostats and shall be automatically actuated when the compressor is shut-off. In built time delay shall be provided for the restarting of compressor.

2.5
The motors shall be squirrel cage induction, refrigerant cooled and sharing common shaft with orbiting scroll. The common shaft shall have adequate counter weight and bearing to curtail noise and vibration.

2.6
The compressor shall have capacity control from 25% to 100%. The control panels shall be preferably solid state and shall include.


a)
Pressure gauges for :
Suction, discharge, lub oil.


b)
Safety cut-out with indicators and reset.




Refrigerant high and low pressure




Lub oil pressure differential




Anti freeze thermostat




Motor high temperature




Chilled water and condenser water flow switch



c)
Operating switch, indicators & reset.




Power failure




Thermostat controlling liquid line.




Solenoid valve in response to return water temperature

d)
Starter with over load, protection, under voltage release and single phase prevention.

2.7
The compressors shall be located at the outdoor condensing unit in the case of split air conditioners and inside the indoor cabinet in the case of packaged units and PAC.

3.0
AIRCOOLED CONDENSERS

3.1
The air cooled condenser shall include :


a)
Condenser coil


b)
Air circulation fans with motor


c)
Weather proof enclosure


d)
Mounting chair / brackets

3.2
The condenser coil shall be factory formed, assembled and tested for 21.0 bar pressure. The coils shall be made out of seamless copper tubes with aluminium fins firmly bonded to the tubes. The coil face area shall be adequate and the air velocity across the coil shall not exceed 2.5 m/s. The coil shall have integral sub cooling circuit.

3.3
The copper tubes shall be of 15 mm dia having minimum thickness of 0.25mm. The copper tubes shall be of refrigerant quality, high grade seamless tubes. The pipes and fittings shall be made of phosphorous dioxide copper alloy C-106 or C-12200 with minimum copper purity of 99.9% and phosphorous purity of 0.015 to 0.040% and having dimensional tolerance to ASTM B251. The pipe assembly shall be soldered or brazed.

3.4
The aluminium fins shall be 0.27 mm thick uniformly spaced and shall be with hydrophilic coating to prevent corrosion.

3.5
The fans shall be axial / plug type having air handling capacity of minimum 200 lps per kW of rated capacity. The drive motors shall be copper wound TEFC squirrel cage induction with Class F insulation and IP 65 enclosure.


The motors for PAC shall be of EC or with VFD.

3.6
The casing shall be 1.2 mm GI duly rust inhibited and powder coated to suit the outdoor ambient condition. Necessary opening with guard shall be provided for the air inlet and outlet. The casing shall be with mounting frame and vibration isolator.

3.7
The entire assembly shall be mounted on a MS epoxy coated stand / bracket of adequate size.

4.0
EVAPORATOR UNIT
4.1
The indoor evaporator / air handling unit shall be floor mounted top / bottom discharge as indicated in the schedule of work. The unit shall include the following


a)
Refrigerant compressor


b)
Cooling coils


c)
Filter banks with pressure monitor


d)
Supply air fan


e)
Electrical heaters


f)
Humidifier


g)
Automatic control system


h)
Cabinet with supply air outlet and return air grill.

4.2
The refrigeration compressors shall be required only for single circuit Dx system and dual circuit system. The compressor details shall be as indicated under Section 2.0 above.

4.3
The cooling coil / evaporator – The cooling coil shall be factory formed, assembled, rated for 10.5 bar and tested for 21.0 bar pressure.The coils shall be made out of seamless copper tubes with aluminium fins firmly bonded to the tubes. The coil face area shall be adequate and the air velocity across the

coil shall not exceed 2.5 m/s. The coil shall have integral sub cooling circuit.

4.4
The copper tubes shall be of 15 mm dia having minimum thickness of 0.25mm. The copper tubes shall be of refrigerant quality, high grade seamless tubes. The pipes and fittings shall be made of phosphorous dioxide copper alloy C-106 or C-12200 with minimum copper purity of 99.9% and phosphorous purity of 0.015 to 0.040% and having dimensional tolerance to ASTM B251. The pipe assembly shall be soldered or brazed.

4.5
The aluminium fins shall be 0.27 mm thick uniformly spaced and shall be with hydrophilic coating to prevent corrosion.

4.6
Dx coils shall have expansion valve, whereas the chilled water coils have supply and return chilled water valve assembly, along with manual purge valve and drain valve.

4.7
The coils shall be provided with double skin drain pan fabricated out of 1.2 mm GI sheet sandwiching 50 mm PUF panel. The drain pans should be large enough to cover the valve assembly and to be finished with 2 coats of red oxide bituminised. Drain outlet of minimum 16 mm dia shall be provided for the pan at the coil connection end.

4.8
Filters shall be fire retardant, washable synthetic woven fibre ,mounted on anodised aluminium frame work with protective wire mesh. The filter panels to be mounted on anodised aluminium channel with facility to remove them for cleaning. The filters shall be rated for EU-4. Static differential pressure sensors shall be provided across the filters to initiate filter cleaning. The velocity across the filter shall not exceed 2.0 m/s.

4.9
The dehumidification shall be achieved by either reducing the effective coil area by solenoid valve arrangement using due point control or electrical heaters. The heart element shall be high quality integrated spiral fins in steps. The heater elements shall have minimum 4 steps and to be operated through PID controller.

4.10
The humidifiers shall be of electrode steam generator type of adequate capacity with automatic control system.

4.11
The supply air fans shall be DIDW forward curved aluminium centrifugal fans directly driven. The motor shall be of TEFC copper wound having Class F insulation and IP55 enclosure and speed not exceeding 1000 rpm.


The fans should deliver minimum 90 lps/kW of cooling load and shall have adequate static pressure to meet the pressure loss across the unit as well as the external air distribution. 



The unit having dual coils shall meet the pressure loss across both coils.

4.12
Electrical Power
a.
The electrical power system shall include power panel, indicating instruments etc. The power panels shall have incoming MCB isolator of adequate capacity with outgoing feeders for the fan motors and control system. The fan motor shall have starter with overload, under voltage and single phasing protection.

b.
All power cabling shall be fire retardant XLPE insulated copper conductor duly laid through raceways. The cabling shall be provided with ferrules at the upstream as well as down stream for easy identification.

c.
The body of all electrically operated components and the cabinet shall be duly earthed using adequate capacity cables.

d.
The following safety features shall be provided in the electrical system.

i)
Interlocking of electrical heater and humidifier with fan motor to shut off when the fan is not in operation.

ii)
Shut-off the power supply to the unit through fire alarm signal during fire emergency.

iii)
Time delay for switching off the condenser fan once the compressor stops.

4.13
Automatic Control System
a.
The automatic control panel shall be microprocessor based suitable for precise control on the capacity, dry bulb temperature and humidity.

b.
The control panel shall be with back lit LCD screen with digital and graphic display and password protection for authorised access.

c.
The control panel shall be user friendly with interface for IBMS connectivity.

d.
Following information shall be available on the display on the units.


i)
Room temperature and humidity


ii)
Supply fan working status


iii)
Compressor working status


iv)
Condenser fans working status


v)
Electric heaters working status


vi)
Humidifier working status


vii)
Manual / Audio unit status


viii)
Line voltage value


ix)
Temperature set point


x)
Humidity set point


xi)
Working hours of main component i.e. compressors, fans, heater, 

humidifier etc.


xii)
Unit working hours


xiii)
Current date and time


xiv)
Type of alarm (with automatic reset or block)


xv)
The 10 intervened alarms

e.
The microprocessor shall be able to perform following functions.


i)
Testing of the working of display system.


ii)
Password for unit calibration values modification.


iii)
Automatic re-start of program.


iv)
Cooling capacity control.


v)
Compressor starting timer


vi)
Humidifier capacity limitation


vii)
Date and time of last 10 intervened alarm


viii)
Start / Stop status storage


ix)
Random starting of the unit


x)
Outlet for the connection to remote system


xi)
Temperature and humidity set point calibration


xii)
Delay of General Alarm activation


xiii)
Alarm calibration

f.
Following alarm shall be displayed on screen of Microprocessor unit


i)
Air flow loss


ii)
Clogged filters


iii)
Compressor low pressure


iv)
Compressor high pressure


v)
Smoke – fire


vi)
Humidifier water level


vii)
High / Low room temperature


viii)
High / Low room humidity


ix)
Spare external alarms


x)
Maintenance request


xi)
The unit shall be able to maintain history of following events :


xii)
Previous 10 faults


xiii)
Highest / Lowest temperature


xiv)
Maximum / Minimum RH 

4.1.4
Cabinet
a.
The evaporator cabinet shall be modular in construction. The casing shall be of double skinned with 50 mm PUF insulation. The casing panel shall be fabricated out of 1.2 mm GI sheet duly stiffened to minimise drumming and vibration.  The sheets shall be rust inhibited and duly coated against corrosion. The outer surface shall be powder coated to the colour recommended.

b)
The cabinet shall be floor standing with flanged nozzle at top or bottom for supply air as indicated. The return air openings shall be through stamped slits on the cabinet.

c)
The cabinet shall be large enough to have adequate space to accommodate pipe connections, control valves and maintenance access for compressor, fans, humidifier, dehumidifier controls and instrumentation.

d)
The cabinet shall be mounted over GI epoxy coated frame work and duly earthed.
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AIR DISTRIBUTION
1.0
SCOPE
1.1.
The scope under this section covers air distribution system consisting of :


a)    Sheet metal ducting


b)    Grilles and diffusers

2.0
STANDARDS
2.1 The following standards shall be applicable.

a)   IS  :    277
Galvanised steel sheet

b)   IS  :    513
Cold rolled low carbon steel sheets and strips

c)   IS  :    655 
Metal air ducts

d)   IS  :    659
Safety code for airconditioning

e)   IS  :    737
COP for wrought aluminium and aluminium alloy sheets and strips for


general engineering purposes.

f)    IS  :  1079
Hot rolled carbon steel sheets and strips

g)   IS  :  2629
Recommended practic for hot-dip galvanising of iron & steel

h)   CP :   352
Mechanical ventilation and air-conditioning in buildings

i)    SMACNA
Low pressure duct construction standard

3.0
GENERAL REQUIREMENT
3.1
The material and fabrication shall meet the requirement of the relevant standard specifications and codes.  The materials and fabrication shall be suitable for the system pressure.  All upstream ducting for VAC units shall be of minimum 500 Pa pressure clause.

3.2
The duct shall be preferably factory fabricated to SMACNA standards.

3.3
The contractor shall prepare detailed shop/working drawings and get it approved by the Consultants before taking up the fabrication work.  The drawing shall indicate the size and thickness of duct, air flow rate, air discharge at each outlet, size of discharge, grilled diffuser, location and size of guide vanes, dampers, access door etc.

3.4
Ducts shall be straight, smooth, air tight and neatly finished.  The system leakage shall not exceed 5%.
3.5 The sheet metal ducting shall be done for the proper distribution of air in air-conditioned/ventilated space.  The ducting shall be designed on the basis of equal pressure drop and shall incorporate necessary accessories like reducers, bends, splitters, dampers and guide vanes for proper control and smooth air flow.

3.6
The selection of air diffusing attachments and their location shall be done to achieve uniform air distribution.  The grilles and diffusers shall be pained M.S or aluminium as specified and shown on the drawing.

3.7
The ducting shall be supported by means of hangers from the ceiling slab using anchor bolts and shall not rest on the false ceiling.  Chipping of concrete slab and exposing reinforcement is prohibited.
3.8
Duct crossing walls and slabs shall be treated for anticorrosion and the openings shall be closed properly unless indicated on the drawing for the purpose of return air. There shall be no traverse joint in the section of duct concealed in brick wall.  All longitudinal seams shall be sealed with mastic sealants.

3.9
Volume control dampers of splitter or louvered type shall be provided as shown on the drawings.  Additional dampers if required shall be provided for proper balancing of the air distribution system.

3.10
Fire dampers shall be provided at the AHU outlet and return air inlet to the Air Handling Equipment/room Additional fire dampers shall be provided as per the codes of local fire authorities.

3.11
Access door shall be provided adjacent to the fire, splitter and louvred dampers.

3.12
Air outlets shall be selected based on the air quantity, throw and aerodynamic noise power not exceeding NC 30.The location size and shape of the air outlets shall be co-ordinated with interior and false ceiling scheme.
3.13
The ducting material and fabrication shall meet the requirements of local authorities, especially the fire authorities and shall incorporate necessary fire dampers to stop/curtail the propagation of fire through the duct.
4.0
MATERIAL
4.1
The ducting material shall be of aluminium or GI as specified.  The GI shall be of lock forming quality sheets or coils conforming to standards ASTM A 653 and A 924 or conforming to grade D of IS : 1079 or IS : 513 as specified in IS : 272 coils are preferred to reduce the number of longitudinal joints.

4.2
The zinc coating of the sheets shall be hot dip G60 grade having minimum 180 gms/sq.m.

4.3
The yield strength of sheet and reinforcement shall be 200 Mpa.

4.4
The gaskets shall be self adhesive 3mm formed rubber or expanded polyethylene.  The filters shall be heavy mastic sealants having excellant adhesion and elasticity.

4.5
The duct flanges and supporting materials shall be mild structural steel sections.  The duct hangers shall be MS rod with threaded end and adjustable nuts.

4.6
All galvanised plain sheets shall be reasonably flat and free from twist.  The zinc coating shall be clean, even and free from ungalvanised spots.  Sheets shall not crack or peel during bending or fabrication.  All sheets shall be procured from approved manufacturers.

5.0
DUCT FABRICATION
5.1
The duct shall be rectangular or circular as indicated on the drawings.  The minimum thickness of the sheets shall be as per the pressure class and specified in SMACNA standards reproduced below.






5.2
The longitudinal joints shall preferrably be restricted to two diagonally opposite edges and shall be machine formed Pittsburgh lock type or button punch snap lock type.

5.3
The joints and seams should be able to withstand 1.5 times maximum operating pressure without deformation or failure.  The traverse joints and reinforcement shall be as per SMACNA standards furnished above.  The maximum deflection on traverse reinforcement joint shall be 6mm for ducts upto 1200 mm width and W/200 for greater width.

5.4
Cross breaking or beading shall be provided to tackle natural sag.

5.5
The companion flanges and girth angles shall be metered and welded at corners and riveted to the duct at 75mm centers.  The longitudinal seams shall be inside groove or pits-burg type.  The flanged joints shall be made air tight with 3mm rubber or 6mm felt gasket and secured with 10mm GI bolts at 150mm centers.  Ducts shall not be cross broken, if insulated.  The seams and joints shall be rendered air tight with mastic sealant.

5.6
The elbows shall have a minimum R/D ratio of 1:3.  The elbows of R/D rate of less than 1:3 and square elbows wherever provided due to site condition, shall be with equally spaced guide vanes for smooth flow. Splitter dampers shall be provided for all branch splits.  All branches, feeding more than two outlets, shall be provided with control dampers.

5.7
Capped air flow connections shall be provided, wherever shown, for testing and balancing of air distribution.

5.8
The joints shall be sealed as indicated below.
	Sl.no.
	Pressure Class
	Sealing Class
	Sealing details

	1.
	500 Pa
	C
	All travers joints only

	2
	750 Pa
	B
	All travers joints and longitudinal 

seams only

	3
	1000 Pa and above
	A
	All travers joints, longitudinal seams

and duct walls penetration



The upstream ducting for the VAV shall be considered as 1000 Pa class.

6.0
DAMPERS & GUIDE VANES
6.1
The GUIDE VANES shall be provided as shown below:

a)
At every non-split branch take off


b)
At every bend/elbow of less than 1.3 R/D ratio


c)
At first 4 collars after the fans and first two collar after every bends.


The vanes shall be double walled and properly curved for smooth air flow and change in direction of flow and shall be fabricated out of 0.8 mm GI sheets.  The vanes shall be fixed to the side runners at equidistant and riveted/bolted to the ducts.



6.2
The SPLITTER DAMPERS shall be double walled aero foil blade fabricated out 1.6mm (16 SWG) GI sheet.  The damper shall be complete with flanged sheet metal enclosure to suit the upstream and downstream duct connections, hinge at the downstream and operating road at the upstream end.  The GI enclosure shall be one size thicker than the upstream duct.

6.3
The LOUVRED DAMPERS shall be multi blade aero foil construction with opposed/parallel blades of maximum 250 x 1200 mm size .  The blades shall be mounted on 50mm channel with suitable gang operated linkage and operating rod.  The operation rod shall be terminated in a locking quadrant with position indicator.

6.4
The FIRE DAMPERS shall be rated for 2 hrs. fire resistance conforming to BS : 476-1 and CP-413 and shall be housed in a GI sheet enclosure flanged at both ends and shall include the damper blades, fusible link, holding spring, manual adjustable handle etc.


The material for fabrication of fire dampers shall be as shown below:

a)    Damper blades 
- 3mm (GI SWG) Galvanised sheet steel


b)    Casing


- 2mm (GI SWG)


c)    Bearing

- Sintered


d)    Spring


- SS 304


e)    Fusible link 
- Set for 7 deg C fusing temperature

6.5
All dampers larger than 1200 mm width shall be fabricated in multiple sections.  The damper rods shall be MS epoxy coated with bronze bushes at one end and locking quadrant with damper position indicator at the other end.  The damper rods shall extend beyond the enclosure frame and insulation.

6.6
The access doors for dampers shall be 400 x 400mm steel bolted with rubber gasket.

7.0
AIR OUTLETS 

7.1
The air outlets shall be grille or diffuser type as indicated on the drawing.  The grilles and diffusers shall be MS painted, aluminum or aluminum powder coated as shown on the drawing and schedule of material.

7.2
Supply air grilles shall be double deflection type with horizontal face bars and vertical rear bars placed in a rigid marginal frame.  Bars shall be shaped and spaced at 18mm centers with swaged pivot pins positively holding the defections setting under all conditions of velocity and pressure.  All grilles shall be provided with integral opposed blade, grille face kept-operated dampers.

7.3
Return grilles shall have fixed face bars shaped and set at 18mm centers.  Bars shall be set at 5 degree deflection for vision proof installation.  The grilles shall be complete with rigid marginal frames and shall be matching with the supply grilles.

7.4
Ceiling diffusers shall be round/square/rectangular face flush type horizontal air diffusion pattern.  Diffusers shall have ample margins to minimise ceiling smudge.  Half diffusers shall be provided with face operated volume control dampers.  Half diffusers shall be similar to full diffusers.

7.5
All MS grilles and diffusers shall be fabricated out of 1.0mm mild steel and painted with two coats of red oxide.  All duct collars terminating on to a grille or diffuser shall be given two coats of black paint for a length of 300mm.

7.6
Aluminium grilles and diffusers wherever specified shall be of extruded aluminium with margins & GSS butterfly dampers.  Grilles shall have horizontal face bars only.

7.7
Linear diffusers/grilles shall be die formed, flush mounted type with single  or double directional air flow.  The diffuser/grille shall be in a frame with minimum 20mm margin.  All linear air diffusing equipment shall be fitted with a distribution sheet metal plenum as shown on the drawings.

8.0
AIR INTAKES & EXHAUST OUTLETS
8.1
The outside air intakes and exhaust air outlets shall consists of louvers, bird screen and enclosure, the total assembly fitted into wall with clear opening and the edges sealed with mastic sealant.

8.2
The sheet metal enclosure shall be made out of 1.25mm GI sheets flanged at both ends and with minimum 4 hold fast.  The enclosure shall be minimum 250mm long or 100mm more than the width of the wall.

8.3
The louvers shall be 100mm wide mounted at 45 deg. and spaced at 100mm centers and shall be fabricated out of 1.25mm GI sheets.

8.4
The bird screen shall be made out of 15 x 15mm 1.0 mm GI wire mesh inset with 0.8mm GI frame and bolted to the enclosure flange at 150mm centres using 12mm MS brass bolts and nuts.

9.0
SUPPORTS & HANGERS
9.1
The ducts shall be supported at the traverse joints as indicated below :
	Sl.

No.
	Duct Size

(mm)
	Support

Spacing 

(mm)
	Supporting

Member

(Angle)
	Cleat

(Angle)
	Hanger

Rod

(mm) dia
	Anchor Fastner

No. & dia

	1
	Upto 500
	3000
	ISA 2525/3
	50 mm ISA4040/6
	6
	2 x 10

	2
	501-1500
	3000
	ISA 4040/6
	50 mm ISA4040/6
	10
	2 x 10

	3
	1501-2000
	2500
	ISA 5050/6
	200 mm ISA5050/6
	10
	4 x 10

	4
	2000 & Above
	2000
	ISA 5050/6
	200 mm ISA5050/6
	10
	4 x 10


9.2
Additional supports wherever considered necessary by the Engineer - in-charge shall be provided.  Supports shall be taken from steel members grouted in the RCC work and fixing of steel members shall involve minimum damage.  The entire supporting system shall be meet with the approval of the Engineer-in-charge.

9.3
All duct supports, flanges, hanger shall be given two coats of red-oxide before installation and one coat of aluminium paint after erection.

9.4
Where ducts are connected to the wall, such connections shall be made through mild steel frame fixed to the wall through suitable shear fasteners.

10.0
INSTALLATION
10.1
The ducts shall be routed as shown on the drawing or as instructed.  Working drawing shall be got approved before taking up the fabrication and erection.
10.2
Ducts connecting to air moving apparatus shall be through 15 OZ mildew resistant double canvas securely bonded and bolted at both ends as directed by the Engineer.  On all circular spigots the flexible material is to be screwed with adjustable screw or toggle fitting.  For rectangular ducts the material is to be flanged and bolted with a backing flat or bolted to mating flange with backing flat.  The flexible connection shall not be less than 75mm and not more than 200mm.

10.3
The ducting work and the air outlets shall be properly co-ordinated with other building services and necessary modifications, if required to be incorporated at site.  Similarly modifications and re-routings are to be carried out at site in case of obstruction/non-availability of space for ducting due to structural members, other equipment and services.

10.4
Uninsulated ducting in incorrosion atmosphere shall be painted in black epoxy paint.

11.0
TESTING & BALANCING
11.0
The entire air distribution shall be adjusted and balanced for delivery of design air quantities or as required for achieving design space conditions.  After all adjustments are made, the air readings shall be recorded on the drawings vis-a-vis the space conditions.  All dampers after adjustment shall be set and locked in position.  All air and static pressure measurements shall be done through proble type meters.  Vane type meter readings are not considered reliable.
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INSULATION
1.0
SCOPE

1.1
The scope under this section covers thermal insulation of pipes, ducting, roof and walls.

2.0
STANDARDS
2.1
The following standards shall be applicable.


a)   IS  :         702
     Specification for industrial bitumen


b)   IS  :        3346      
     Method of determination of thermal conductivity of 

     thermal insulation material


c)   IS  :        3677      
     Specification for unbonded rock and slag wool for 

     thermal insulation


d)   IS  :       3690            Specification for glass wool mats for thermal insulation


e)   IS  :       4671      
     Specification for expanded polystyrene thermal 

     insulation purposes


f)    IS  :       5688
     Methods of test for preformed block – type and pipe 

     covering type thermal insulation

g)   IS  :       5696
     Specification for loose mineral wool (rock wool and slag 

     wool)


h)   IS  :       7240
     COP for application and finishing of thermal insulation 

     material at temperature between -80 C to -40 C.


i)    IS  :       7413
     Application and finishing of thermal insulation material


j)    IS  :       8183      
    Specification for bonded mineral wool

            k)   IS  :      9743            Specification for thermal insulation finishing cements


l)    IS  :    10556
    COP for storage and handling of insulation materials

m)  IS  :    11239      
Method of test for cellular thermal insulation material 


(P1- P13)

            n)   IS  :    11307             Specification for cellular glass block and pipe thermal 

                                                   insulation

            o)   IS  :    12436
Specification for performed rigid polyurethane (PUR) 


and   isocynaurate (PIR) foam for thermal insulation


p)   IS  :    13013      
    COP for packing thermal insulation material


q)   IS  :    13204      
    Specification for rigid phenolic foams for thermal 

    insulation


r)    IS  :   14164      
    Industrial application and finsihing of thermal insulation 

    material  temperatures above 80 C and upto 700 C.

3.0
GENERAL REQUIREMENTS
3.1
The basic requirements of the thermal insulation are as shown below.


a)   Restrict the heat gain/heat loss


b)   Prevent condensation


c)   Prevent exposure of high temperature surface for personal protection

3.2
The insulation, bonding and cladding material shall be suitable for the system/service specified.

3.3
The bonding the cladding material shall be suitable for the insulation material used and recommended by the insulation manufacturer.

3.4
The application of insulation shall be as specified.  However, necessary improvement, if required as per the recommendation of the manufacturer, shall be incorporated.

3.5
The following materials used for insulation shall be provided additional mechanical protection.


a)   Resin bonded/unbonded glass wools and mineral wools.


b)   Rigid phenolic foam.
3.6
Exposure of glass wool and mineral wools in any form is unacceptable.

3.7
Pipe insulation shall be carried out only by preformed circular/semi-circular pipe sections of internal diameter exactly matching the outer diameter of the pipe to be insulated.  Air pockets due to mismatching pipe sections or any other reason is not acceptable.  Pipe insulation with slabs/sheets are acceptable for larger diameter pipe where preformed pipe section are not available.
3.8
All jointing both longitudinal and cross shall be staggered and the joints shall be sealed properly to avoid entry of moisture.  Minimum 50 mm overlapping shall be provided at joints on vapour barrier and cladding.

3.9
All surfaces to be insulated shall be thoroughly cleaned and dusted before applying the bonding and insulating materials.  The bonding material shall be applied on both surfaces to be bonded.

3.10    
All wooden plugs and batten used shall be treated for anti-termite with 3 coats of Shalimar clear liquid.  Anchor bolts and screws shall be brass GI or powder coated.

3.11
All cladding/vapour barrier provided shall be fire resistant.

3.12
All rigid form insulation shall be pre-inhibited, closed cellular structured solvent resistant having vapour permeability not excluding the figures indicated.

3.13
The bonded and unbonded glass wool/mineral wool shall be non-corroding short-free, non-hygroscopic specifically formed with a minimum fibre dia of 7 micrometer.  The unbonded glass/mineral wools shall be held in position using GI wire mesh.
3.14
The insulation shall be vermin proof, resistant to micro-organism and should not settle due to vibration.  The insulation together with bonding resin shall have Class I/Class O as per BS : 476.
3.15 The choice and thickness of insulation shall be as indicated in relevant sections and BOQ.

4.0
MATERIALS
4.1
The material for insulation shall be as shown below.
	Sl.no.
	       MATERIAL
	         SPECIFICATION TEMPERATURE RANGE C

	
	
	Density

kg/cu.m
	K Value

w/m K
	Water Vapour Permeability

Perm-in
	Cold insulation
	Hot insulation

	1.
	Closed cellular nitrile rubber
	40-70
	0.035
	0.060
	-40 to 20
	20 to 85

	2.
	Fire inhibiting expaned

polystyrene
	18
	0.0326
	0.625
	-150 to + 20
	20 to 60

	3.
	Expanded polyurethene
	32
	0.025
	0.500
	-150 to + 20
	20 to 100

	4.
	Rigid phenolic foam
	32
	0.022
	0.250
	-150 to + 20
	20 to 100

	5.
	Resin bonded glass wool
	34
	0.037
	13.550
	+ 5 to + 20
	20 to 150

	6
	Resin bonded mineral wool/Rockwool
	48
	0.041
	13.550
	       -----
	85 to 150

	7
	Unbonded mineral wool
	48
	0.041
	      -----
	       -----
	85 to 230


4.2
The bonding and binding materials shall be as shown below.

a)   Chemical adhesive/solvents manufactured and recommended by the 

      manufacturer.


b)   Industrial bitumen 85/40 and 85/25.


c)   CPRX compound


d)   20 mm GI chicken wire mesh of 24 G.


e)   18 G, GI binding wire.


f)    GI anchor bolt and screw.

4.3
The vapour barrier/cladding material shall be as shown below.


a)   50 micron reinforced aluminum foil facing


b)   28G and 6 G aluminum sheet cladding.


c)   Foster seal fast coating 30-36


d)   2 mm polymeric composite tape of polyethylene and bitumen film.

4.4
The bonding and cladding materials for different insulating materials shall be as shown below for indoor application.

	Sl.
	          Material
	        Cold Insulation
	    Hot Insulation
	Additional Clading for

External Application

	
	
	Bonding
	Clading
	Bonding
	Clading
	

	1.
	Closed cellular nitirile rubber
	Chemical

adhesive
	      Nil
	Chemical

adhesive
	      Nil
	Composite tape

	2.
	Fire inhibiting expanded

polystyrene
	Bitumen
	Alu. Foil
	Bitumen
	Alu.foil
	Composite tape

	3.
	Expanded polyurethene
	Bitumen
	Alu. Foil
	Bitumen
	Alu. foil
	Composite tape

	4.
	Rigid phenolic foam
	Bitumen
	Alu. Foil
	Bitumen
	Alu. foil
	Composite tape

	5.
	Resin bonded glass wool
	Bitumen
	Alu. Foil
	Bitumen
	Alu. foil
	Alu. sheet

	6.
	Resin bonded mineral 

wool/Rockwool
	     ----
	     ----
	    Nil
	Alu. sheet
	Alu. sheet

	7.
	Unbonded mineral wool
	    -----
	     -----
	    Nil
	Alu. sheet
	Alu. sheet


4.5
Additional cladding materials shall be provided for the insulation exposed to the atmosphere to prevent.


a)    Attack by birds, rodents and insects.


b)    Avoid ingress of water vapour.


c)    Reduce the heat input/loss.


d)    Weathering/faster aging of the insulation material

4.6
The thickness of insulation for various applications shall be as shown below.
	Sl.no.
	          ITEM
	Nitrile

Rubber
	Expanded

Polystyrene
	     PUF
	Phenolic

Foam
	Glass wool/

Mineral wool

	A.
	PIPING WORK
	
	
	
	
	

	1.0
	COLD INSULATION
	
	
	
	
	

	1.1
	Refrigerant Suction
	
	
	
	
	

	1.1.1
	+ 3C suction
	50
	100
	75
	75
	-----

	
	
	
	
	
	
	

	1.1.2
	- 5C suction
	75
	150
	100
	100
	-----

	
	
	
	
	
	
	

	1.1.3
	- 20C suction
	100
	200
	150
	150
	-----

	
	
	
	
	
	
	

	1.2
	Chilled water
	
	
	
	
	

	
	
	
	
	
	
	

	1.2.1
	Upto 25 mm
	19
	50
	40
	40
	-----

	
	
	
	
	
	
	

	1.2.2
	25 to 100 mm
	25
	50
	40
	40
	-----

	
	
	
	
	
	
	

	1.2.3
	Above 100 mm
	28
	50
	40
	40
	-----

	
	
	
	
	
	
	

	1.3
	Cooling coil drain
	
	
	
	
	

	
	
	
	
	
	
	

	1.3.1
	+ 10C
	19
	25
	20
	20
	-----

	
	
	
	
	
	
	

	1.3.2
	+ 3C to +5C
	28
	50
	50
	50
	-----

	
	
	
	
	
	
	

	1.3.3
	+10C to -20C
	50
	100
	100
	100
	-----

	
	
	
	
	
	
	

	2.0
	HOT INSULATION
	
	
	
	
	

	
	
	
	
	
	
	

	2.1
	Hot water upto 85C
	
	
	
	
	

	
	
	
	
	
	
	

	2.1.1
	15 - 40 mm dia
	9
	-----
	25
	25
	40

	
	
	
	
	
	
	

	2.1.2
	50 - 150 mm dia
	13
	-----
	40
	40
	50

	
	
	
	
	
	
	

	2.1.3
	200 and above
	19
	-----
	50
	50
	75

	
	
	
	
	
	
	

	2.2
	Saturated steam
	
	
	
	
	

	
	
	
	
	
	
	

	2.2.1
	Condensate
	
	
	
	
	

	
	15 - 40 mm
	13
	-----
	-----
	25
	25

	
	50 - 150 mm
	19
	-----
	-----
	25
	40


	2.2.2
	Steam 1 bar - 100C
	
	
	
	
	

	
	15 - 40 mm
	-----
	-----
	-----
	-----
	25

	
	50 - 150 mm
	-----
	-----
	-----
	-----
	40

	
	
	
	
	
	
	

	2.2.3
	Steam 3 bar - 133C
	
	
	
	
	

	
	15 - 40 mm
	-----
	-----
	-----
	-----
	50

	
	50 - 150 mm
	-----
	-----
	-----
	-----
	75

	
	
	
	
	
	
	

	2.2.4
	Steam 10 bar - 179C
	
	
	
	
	

	
	15 - 150 mm
	-----
	-----
	-----
	-----
	75

	
	200 and above
	-----
	-----
	-----
	-----
	100

	
	
	
	
	
	
	

	2.2.5
	Thermic fluid 250C
	
	
	
	
	

	
	15 - 150 mm
	-----
	-----
	-----
	-----
	75

	
	200 and above
	-----
	-----
	-----
	-----
	100

	
	
	
	
	
	
	

	B.
	DUCTING WORK
	
	
	
	
	

	1.0
	Cold Insulation
	
	
	
	
	

	1.1
	Supply duct in A/C area
	10
	25
	20
	20
	25

	
	
	
	
	
	
	

	1.2
	Return duct in A/C area
	-----
	-----
	-----
	-----
	-----

	
	
	
	
	
	
	

	1.3
	Supply duct in non A/C area
	19
	50
	30
	30
	50

	
	
	
	
	
	
	

	1.4
	Return duct in non A/C area
	10
	25
	20
	20
	20

	
	
	
	
	
	
	

	2.0
	HOT INSULATION
	
	
	
	
	

	
	
	
	
	
	
	

	2.1
	Air temp.               60 C
	10
	25
	20
	20
	25

	
	
	
	
	
	
	

	2.2
	Air temp.             100 C
	-----
	-----
	
	
	50

	
	
	
	
	
	
	

	2.3
	Air temp.             200 C
	-----
	-----
	-----
	-----
	75

	
	
	
	
	
	
	

	2.4
	Air temp.             300 C
	-----
	-----
	-----
	-----
	100

	
	
	
	
	
	
	

	C
	WALLS & CEILING
	
	
	
	
	

	
	
	
	
	
	
	

	1.0
	Exposed roof
	
	
	
	
	

	
	
	
	
	
	
	

	1.1
	Over RCC roof
	38
	75
	50
	-----
	-----

	
	
	
	
	
	
	

	1.2
	Under RCC roof
	28
	50
	30
	30
	75

	
	
	
	
	
	
	

	1.3
	Under GI roof
	38
	75
	50
	50
	75

	
	
	
	
	
	
	

	1.4
	Under AC roof
	38
	75
	50
	50
	75

	
	
	
	
	
	
	


	2.0
	EXPOSED WALL
	
	
	
	
	

	
	
	
	
	
	
	

	2.1
	RCC wall
	28
	40
	30
	30
	-----

	
	
	
	
	
	
	

	2.2
	Brick wall
	28
	25
	20
	20
	-----

	
	
	
	
	
	
	

	3.0
	FALSE CEILING
	19
	25
	20
	20
	50

	D
	COLD STORAGES
	
	
	
	
	

	1.0
	Cold Store (-5C)
	
	
	
	
	

	
	
	
	
	
	
	

	1.1
	Wall & ceiling
	50
	100
	75
	75
	-----

	
	
	
	
	
	
	

	1.2
	Floor
	50
	100
	75
	75
	-----

	
	
	
	
	
	
	

	1.3
	Door
	50
	100
	75
	75
	-----

	
	
	
	
	
	
	

	2.0
	Deep Freezers
	
	
	
	
	

	
	
	
	
	
	
	

	2.1
	Wall & ceiling
	75
	150
	100
	100
	-----

	
	
	
	
	
	
	

	2.2
	Floor
	75
	150
	100
	100
	-----

	
	
	
	
	
	
	

	2.3
	Door
	75
	150
	100
	100
	-----


5.0
PIPE INSULATION WORK
5.1
Pipe insulation work shall be carried out only after the pressure testing of the pipe is completed.

5.2
The surface to be insulated shall be thoroughly cleaned and dusted before applying the bonding material.

5.3
The application of various insulation materials on piping and ducting work shall be as shown in the following sections.

5.5
POLYSTYRENE, POLYURATHENE FOAM AND PHENOLIC FOAM

a)   Apply  hot  bitumen  uniformly  on  the  external   surface  of  cleaned  pipe,  

                 internal surfaces  of  insulation  and  the  meeting  surfaces  of  the  

                 insulation  at  the rate of 1.5 kg/sq.m.  Press  the  surfaces to the jointed till 

                 the bonding is achieved.  All joints shall be staggered and sealed with 

                 bitumen.


b)   Additional layers shall be done on similar basis by applying CPRX on the 

                  surfaces to be bonded.


c)  The  outer  surface  of  the insulation shall be coated with uniform layer of 

                 bitumen at the rate of 2.5 kg/sq.m. to achieve vapour barrier.  The insulation   

                 with pre lamination of reinforced  aluminium  foil  need  not  have  bitumen  

                 vapour  barrier.  The  free end of lamination  shall  be  glued  to  the  

      lamination  of  the other section, sealed  the joints using self adhesive     

      aluminium tape and held in position with 1 mm GI wire  tied at 600 mm      

      centre.

d)   The insulation exposed to weather shall have protective wrapping of 2 mm    

                  thick self adhesive  composite  tape  of polyethylene and bitumen film.  The 

                  underground pipe insulation  shall have similar coating of 4 mm thick.

6.0
DUCT INSULATION WORK
6.1
The duct insulation shall be carried out after cleaning and dusting of the exterior surface of duct.

6.2
The application of various insulations on ducting shall be as shown in the following scheme.

6.3
NITRILE RUBBER
a) Cut the insulation sheet to the required length and width. Apply the chemical adhesive on the surface of the duct and insulation uniformly and allow to dry.

b) Wrap the insulation around the duct and hold tightly till the bonding is 

achieved.


c)   Apply the adhesive on the edges and press together till the bonding is over.


d)   Seal the joints with 50 mm wide sheets.
1105
RECOMMENDED MAKES OF MATERIAL
1.0
SCOPE
1.1
The scope under this section shall cover the recommended makes of equipments, material components.  The final choice of makes shall be indicated at the time of award of work.
1.2
The makes of material and model offered by the contractor shall be indicated at the space provided for proper evaluation of the offer .  In the absence of such indication, the decision rests with the Consultants/Clients.
1.3
The client reserve the right to change the make and model of the materials even after awarding the work but before contractor plans order with 
2.0
MAKES RECOMMENDED
2.1       The makes of material recommended are as shown below.  

	NO.
	ITEM
	MAKES RECOMMENDED
	MAKES OFFERED

	1.0
	EQUIPMENTS


	
	

	1.1
	Precision Air Conditioner

(PAC)
	Bluestar, Blue Box, Datatech,

Emerson,GE, Schnider,Stulz
	

	2.0
	DISTRIBUTION


	
	

	2.1
	Refrigerant Piping (Copper)
	Mandev, Mexflow
	

	2.2
	CPVC pipes
	Astral, Supreme, Ashirvad


	

	2.3
	Volume control dampers
	Air Master, Cosmos, 

Systemaire
	

	2.4
	Smoke Fire Damper
	Air Master, Cosmos, Ravistar


	

	2.5
	Damper Actuators
	Bellimo, Anergy


	

	2.6
	Grilles & Diffusers
	Air Master, Cosmos, 

Systemaire
	

	2.7
	Nitrile Rubber Insulation
	Aeroflex, Armaflex, A-flex,

K-flex
	

	2.8
	Polyolefin Foam
	Thermobreak


	

	2.9
	GI sheet
	Tata, Jindal, Lloyd
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