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Introduction

The RPC (Resistive Plate Chambers) muon chambers are positioned  in three cylindrical layers along the z-axis, all around the Atlas detector.

A typical RPC has a length of several meters, a width of 1 m and a thickness of 10 cm.

In the present design, the mechanical rigidity of the RPC’s is provided by various layers of polystyrene foam (EPS = expanded polystyrene) having bromine as fire retardant. Most of these layers have a thickness of 5 cm and the total quantity of foam contained in all the chambers is more than 200 cubic meters.

Following the CERN Safety Instruction 41 rules, the use of both polystyrene and bromine is forbidden at CERN because of the large quantity of dangerous and corrosive gas they  produce in case of fire.

The polystyrene foam inside the RPC’s is totally encapsulated (but not sealed) in a 0.5 mm thick  aluminium box that should prevent, amongst other, direct contact with external flame. The question then arises if this protection is sufficient to prevent the polystyrene from burning in case of external fire.

It has been decided to perform some fire tests at CERN, using samples of RPC chambers.

Goals  of the fire tests

CERN is not equipped to perform standardised fire and smoke tests following the international norms on this subject. This kind of standardised tests can be performed by authorised laboratories or firms, such as those listed in the IS 41 Document. 

The tests reported here can then only provide a qualitative assessment on the fire behaviour of the RPC chambers.

  The goals of the tests can be summarised as follows:

· qualitative assessment on the quantity and density of smoke emission

· fire resistance of the aluminium cases

· fire behaviour of the polystyrene ( burning, dripping etc..)   
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Description of the test samples

V. Ammosov brought six RPC samples of  dimensions 20x30 cm and about 5 cm in thickness. Apart from their dimensions, they have the same composition as the actual RPC chambers, with a 5 cm thick polystyrene slab contained inside a 0.5 mm aluminium box. The aluminium is riveted, not welded.

The samples were as follow:

· Samples 1, 3 = 
EPS covered by fire retardant painting on the 4 edges, 

 totally enclosed in aluminium

· Sample 2 = 
EPS without fire retardant painting, totally enclosed in aluminium

· Samples 4, 6 = 
EPS covered by fire retardant painting on the 4 edges, enclosed in the aluminium casing open on two smaller sides

· Sample 5 = 
EPS without fire retardant painting, in open Al casing 

Conditions of the fire tests (see pictures)
Despite the previous considerations about the non-standard tests, we have tried, as far as possible, to follow the standard rules and norms ( especially the CEI 61034-1) in the preparation and of the tests. In particular:

i) The combustible was composed of

· 90 %  ethanol

· 4 %  methanol

· 6 %  water

ii) The dimensions of the steel  tray (burner) were

· 240 mm in length

· 110 mm in width

· 80 mm in height

The tests have  been performed in the building 969, a kind of a metallic container, of approximate dimensions 2.4x2.4x7 m3, used by the Fire Brigade for fire tests.

A special support allowed to keep the samples at about 10 cm above the edge of the tray during the tests.

During the tests, the entry door of the room was open, as well as a side door, and the smokes could exit from an opening in the roof.  

For each test we have used half a litre of combustible; we estimated that this quantity would be more than sufficient to induce the full combustion of the EPS.

Results of the tests

Three samples have been tested
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A) Sample No 5

· after 60” the EPS starts to produce smoke

· after 2’30” the EPS starts to drip and burn

· after 3’40” the aluminium starts to melt 

· after 5’ the aluminium cracks and the box is destroyed

· at 8’40” we stop the test

· visual inspection: the aluminium casing is completely destroyed and no more traces of polystyrene
B) Sample No 2

· after 1’30” the EPS starts to produce smoke 

· after 3’10” dense smoke evolves through the opening of the roof

· after 4’20” the EPS starts to drip

· after 4’40”  the melt EPS drops and burns

· after 12’20” the combustion terminates

· visual inspection : the aluminium casing presents two large holes ( about 3 cm in diameter) in its bottom part (in contact with the flames) 

C) Sample No 3

· after 1’ the EPS starts to produce smoke 

· after 3’30” dense smoke evolves through the opening of the roof 

· after 4’40” (?)  the melt EPS drops and burns

· after 11’40” the combustion terminates

· visual inspection : the aluminium casing looks intact.

N.B. A series of pictures have been taken during the tests; they will be soon available from G. Benincasa. 

Conclusions

There is an evident improvement in the fire resistance between the test A and test C; the fire-protective painting reduces the amount of oxygen reaching the EPS, and the combustion produces less heat. On the other hand, the addition of protective painting does not reduce the production of smoke; the quantity and density of smoke is very important (Moreover, it is known from the literature that this smoke is toxic.)

These results will soon be discussed with TIS, and advice given by the TIS-LHC Safety Working Group.

G. Benincasa     
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