Building a Computer room 101

Things to think about

Abstract

This paper attempts to look at most of the major issues related to building or refurbishing a dedicated computer room. We look at physical requirements, power, cooling, fire suppression and fire detection. References are given to standards for such rooms but this paper is based on the practical experience of the author.

Will the floor collapse?

One major concern in housing modern high density equipment is the capability of the physical building to support the weight. The carrying capacity of the floor, the false floor (where installed), any floors that heavy equipment need to be carried through and finally the elevators must all be considered before embarking on such a project. As an example we do the following calculation based on commonly available equipment: 

42RU Rack


APC NetShelter VX Enclosure w/Sides Black1

597mm *1072mm 

Weight 163.18kg

Weight Capacity (909.09 kg)

40 * 1U servers

HP DL 3602

2 * SCSI drives

2 * CPU

2 * Power Supplies

Weight 16.78

2 * PDU

APC Rack PDU, Basic, Zero U, 16A, 208/230V, (15) C133

Weight 2kg

A conservative calculation, ignoring weight for cables, cable trays etc shows that the total weight per rack will be

Rack weight (1 * 163.18) + Server weight (40 * 16.78) + PDU weight (2 * 2)

= 838.38kg per 0.64m2
Can your floor support such a load? Hopefully the building managers have this information for you however only a structural engineer can answer this question with certainty as the load bearing capacity depends not only on the strength of materials but on the location of supporting structures within the building itself.

1. http://apc.com/resource/include/techspec_index.cfm?base_sku=AR2100BLK
2. http://h18004.www1.hp.com/products/quickspecs/11937_div/11937_div.html
3. http://apc.com/resource/include/techspec_index.cfm?base_sku=AP9572
Can I get the equipment into the room?
This seems obvious but you need to look at the entire pathway to the server room and consider access and weight loadings from the street right through to the room itself. Most buildings have a delivery area, but in some cases a large truck will not be able to access that area, make sure the delivery people are aware of this. If you have factory configured equipment then it may be delivered pre-installed in a rack. Take time to ensure that a fully laden, upright, rack can be moved from the delivery area, through the building, into the lifts and then into the room. If you do have to take equipment up then the lift must be considered for access, width, height and weight. Be aware that buildings get modified over time and ensure that access to the lifts has not been restricted by any changes. Finally be aware of lifts that have a high ceiling but a low doorway.

Power Part 1

For those buying an Uninterruptible Power Supply (UPS) there are several key considerations.

How big a UPS do you need

A very simplistic way to work this out is to consider each piece of equipment the Voltage and maximum amperage

 
Load(va) = volts X amperage for each bit of equipment

Add the load from all the equipment and include any additional new devices to obtain the total expected VA or load. This figure is what should be used when sizing your UPS

How long does the UPS need to run for

This is only a question that you can answer if you know the customer requirements and the power consumption of the room. There does not appear to be a magic formula for working this out but each manufacturer has information on run times for their products.

Eg http://www.enterasys.com/support/power/smartups-pwr-btu.html
What type of UPS are you going to use

There are three main types of UPS' on the market today

Offline: Normally the power flows through a filter and out to the equipment as well as charging the batteries. In the event of a mains failure power is supplied from the batteries.
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Line interactive: This works in much the same way as an offline UPS but is more sophisticated in handling low mains power
[image: image2.wmf]
Online: In this design equipment is always supplied from the batteries and there is no “changeover” when the mains power fails. This is the best and of course most expensive type to purchase.

[image: image3.wmf]When considering a UPS, be aware that these can be large, very heave pieces of equipment and need to be housed somewhere.

Cooling
I have heard, but cannot find a reference to the comment, that more than 60% of a computers power input is dissipated as heat. For server rooms you pay twice for power, a UPS on the way in and cooling for the heat generated on the way out. When considering air-conditioning, ensure that the people you are talking to know about industrial solutions emphasise that these things are required to run 24*7 even during winter. Do not allow yourself to end up with a general unit not designed for 24*7 use as this will cause issues in the future.
When sizing an air-conditioning solution consider the equipment you have and might have in the future. Current trends are still for smaller hotter servers and more of them despite “consolidation”. All equipment should give you a rated heat output, normally for a “fully configured system”. Simply add all of these up to find out how much cooling you require and go out and purchase 2 units capable of more than this, in case 1 fails.

For larger rooms consideration should be given to ducted airflows, where the cool air is delivered directly to the rack via a duct. For dense hot racks there are options for in-rack cooling as well as additional fans (rear and top) to assist with efficient air flows.

Fire detection/suppression
While no-one wants a fire, precautions must be taken and some type of fire suppression will be mandatory in most buildings. When considering fire suppression make sure to include not only the main room space but any ceiling and floor spaces as well.

Water Suppression
While water is the cheapest option for fire suppression there are many things to consider when using water. There are two ways water can be used, normal sprinklers and the newer “fog” systems. Fog systems, as the name suggests generates a blanket of fog that extinguishes the fire without waterlogging every piece of equipment in the room. This method is gaining in popularity as it has overcome many of the drawbacks of a conventional sprinkler system but without the added cost of a gas system. Does your insurance policy cover water damage as a result of sprinklers? In the worst case and the room is very wet, do you have a way to drain the water? Do you have a way to check for leaks in the sprinkler system? How do you test such a system to ensure it will work?

Gas Suppression

Gas suppression can be used to overcome many of the problems involved with water suppression; however it comes with its own set of requirements and issues. In order to use gas a room must be “fire rated”. This means that special wall coverings, doors and windows (why do you have a window?) must be used to ensure that a fire in the room will be contained for a specified period of time, normally around 2 hours. This means any holes, such as those created by electrical and air-conditioning systems must be sealed. All of this adds significantly to the cost and must be designed into the room as retrofitting will be even more expensive. Storage of the gas must be considered: 

The current preferred gas type is the gas called ‘Inergen’ consisting primarily of Argon and CO2. Inergen extinguishes fire by displacing a proportion of the available oxygen in the protected en-closure with an inert gas mixture so that the remaining oxygen is below the level required to maintain combustion. For most fuels this is an oxygen concentration of approximately 15%. The blend of gases in Inergen is specifically designed to result in an extinguishing atmosphere in the protected area, which is of similar density to the normal atmosphere. This gives Inergen an exceptional ability to maintain an extinguishing concentration for long periods.
But how much gas do you need? An 83.0 litre high-pressure container filled to 30 MPa, gives a quantity of 22.6 m3. The design specs of Inergen state the concentration is 38%. So for a 100m3
Area we need 38m3 of Inergen = 2 * 80litre bottles. Make sure you have enough space to store all these bottles if you have a big area! The last issue involved with gas is what to do if it goes off, how do you venting gas? Make sure your only way of venting is not via the office space!

Fires detection 
VESDA is a brand of very early smoke detection apparatus which works on sampling particles in the air. Note that these are very sensitive so do not forget to turn off if you are doing work that produces particles in the room. VESDA type systems normally have several “levels” of detection
Stage 1 some particles have been detected
Usually at this stage an alert is sent to the people responsible for the area

Stage 2 more than just a few particles, something is definitely happening
Possibly automated shutdown of air conditioners etc

Stage 3 there is something burning

Possible automatic power off of the room, automated calling of the fire brigade
VESDA type system are normally installed and maintained by specialist firms so as far as most room are concerned, all you have to worry about is what to have triggered from each “stage” of the alarms.   Finally how do you test all this stuff to make sure it is working?
Power part 2 - circuits and loads

The room should have been designed with at least 2 power circuits going to each rack for redundancy. Please ensure that you plug redundant supplied in equipment into different circuits. Try to run larger than required capacity circuits as equipment power requirements continue to grow. Make sure than any pre-existing circuits and boards you are going to use have the spare capacity required for what you are doing. You may be required to run a feed from the main boards and have separate sub-boards just for the computer room.
Power part 3 - when the lights go out 

Anecdotally in Hobart CBD, with absolutely no data to back this claim, we have 3 types of power failures. 

< 2 seconds - sometimes repeatedly
1-2 minutes - rarely repeatedly

> 1.5 hours - never repeatedly (but you never know)

When a power failure occurs the following should happen if everything has been set up correctly.

1. UPS continues to power servers

2. After some pre-defined time-period an automated shutdown of servers commences in case of an extended power failure

At this point we ask “Are we powering the air conditioners from the UPS?” If we are then the UPS will not last for very long. If the answer is no then our room will be getting very hot. So a decision must be made to either shut all devices in the event of an extended power failure or purchase a generator.

Power part 4 – A generator

For critical systems that cannot go down a generator is a requirement to back up the UPS. The capacity of the generator will be determined both by the load of the UPS and any additional load that may be fed from the generator, but no on the UPS, during a power outage. In general organisations with a generator only require a UPS to hold the systems up until the generator automatically comes on line.  Generators are normally located outside the building as they are noisy and the exhaust fumes need to be vented. For a small site a generator with a reasonable on-board tank may be enough, but for larger sites a separate holding tank will be required. If the outage is extended over a period of days then consideration on how to refill the tank must be given. Lastly diesel does not last forever and either agents added to the fuel of regular cycling of the fuel will be required.

Maintenance

Many of the above systems will require regular maintenance and testing. This may be the hardest thing to achieve as no-one wants to test the sprinklers so “proving” they work may be impossible.

Further reading

There are a large number of standards associated with data centre’s and associated infrastructure. I found AS 2834-1995 : Computer accommodation which references the following standards
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AS 1020-1984 - The control of undesirable static electricity
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AS/NZS 1044:1995 - Limits and methods of measurement of radio disturbance characteristics ...
AS/NZS 1052:1992 - CISPR specification for radio interference measuring apparatus and meas...
AS 1132.5-1973 - Methods of test for air filters for use in air conditioning and general v...
AS 1170.1-1981 - Minimum design loads on structures (known as the SAA Loading Code) - Dead...
AS 1188-1990 - Radio transmitters and similar equipment - Safe practices
AS 1307.1-1986 - Surge arresters (diverters) - Silicon carbide type for a.c. systems
AS 1324-1973 - Air filters for use in air conditioning and general ventilation
AS 1428 Supp 1-1988 - Design for access and mobility - Extracts - Design rules for access ...
AS 1530.4-1990 - Methods for fire tests on building materials, components and structures -...
AS 1603.1-1997 - Automatic fire detection and alarm systems - Heat detectors
AS 1603.2-1997 - Automatic fire detection and alarm systems - Point type smoke detectors
AS 1603.4-1987 - Automatic fire detection and alarm systems - Control and indicating equip...
AS 1668.2-1991 - The use of mechanical ventilation and air-conditioning in buildings - Mec...
AS 1670-1986 - Automatic fire detection and alarm systems - System design, installation, a...
AS 1680.1-1990 - Interior lighting - General principles and recommendations
AS 1680.2.2-1994 - Interior lighting - Office and screen-based tasks
AS 1680.2.3-1994 - Interior lighting - Educational and training facilities
AS 1735.11-1986 - Lifts, escalators and moving walks (known as the SAA Lift Code) - Fire-r...
AS 1768-1991 - Lightning protection
AS 1850-1981 - Portable fire extinguishers - Classification, rating and fire testing
AS 1851.1-1995 - Maintenance of fire protection equipment - Portable fire extinguishers an...
AS 1905.1-1990 - Components for the protection of openings in fire-resistant walls - Fire-...
AS 2107-1987 - Acoustics - Recommended design sound levels and reverberation times for bui...
AS 2118-1982 - Automatic fire sprinkler systems (known as the SAA Code for Automatic Fire ...
AS 2201.1-1998 - Intruder alarm systems - Systems installed in client's premises
AS 2293.1-1987 - Emergency evacuation lighting in buildings - Design and installation
AS 2444-1995 - Portable fire extinguishers and fire blankets - Selection and location
AS 2743-1985 - Stabilized power supplies - a.c. output
AS 2785-1985 - Suspended ceilings - Design and installation
AS 3000-1986 - Electrical installations - Buildings, structures and premises (known as the...
AS 3080-1992 - Telecommunications installations - Integrated communications cabling system...
AS 3590.2-1990 - Screen-based workstations - Workstation furniture
AS 4154-1993 - General access floors (elevated floors)
AS 4155.6-1993 - Test methods for general access floors - Test for floor resistance for el...
AS 4214.1-1995 - Gaseous fire extinguishing systems - General requirements
 
However for a slightly more user friendly approach try

The Practice of System and Network Administration 

by Thomas A. Limoncelli, Christine Hogan -


Chapter 17 - Data Centers
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