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1 INTRODUCTION

This note presents the results (Phase 1 of Part 1) of the fire engineering study Efectis France is
currently carrying out for Axxana. Changes from the draft version of this report are based on
discussions with Axxana.

The aim of this first phase is to evaluate thermal actions that are likely to occur in a server room
in case of fire. The curves presented at the end of this note are not the final version of proposed
thermal actions; they should rather be considered as an indication for the definition of the test
protocol.

This note is intended to Axxana and Goldfire to validate the thermal actions to be considered in
the test protocol (part 2).

2 DETERMINATION OF THERMAL ACTIONS IN CASE OF FIRE IN A
SERVER ROOM

2.1 FIRE CODES ANALYSIS

As part of this study, Efectis France carried out an analysis of various fire code in terms of fire
resistance period required (or recommended) for office buildings of heights of 12 m or 45 m
(corresponding to 4 or 15 storeys).

The aim of this analysis is to estimate the most severe time / temperature curves that could be
withstood in a building. Indeed, if the structure of a building is designed to achieve 60 minutes
(for example) fire resistance, then it would be not be relevant to require more from the Goldfire
bag.

This does not mean that a fire would not last longer than 60 minutes, but it means that a
time / temperature curve equivalent to that of 60 minutes of the standard fire test would a
maximum. For example, this could correspond to a longer period of time with lower
temperatures.

The table below is extracted from the results of a European research program which took place
in 2002. This shows the fire resistance requirement / recommendations for several European
Countries, depending on the number of storeys in the office building:

Countries Number of levels
4 >10
Finland 60 120
France 60 120
Greece 60 90
Luxembourg 90 120
Spain 60 120
Denmark 30 (60 if S>600 m?) | 120 (60 under 12 m)
Norway 60 90
Sweden 60 90
UK 60 (30S) 120S

Table 1 : Structural fire resistance requirements ( in minutes)
according to the number of levels

In the column headed “UK”, the lower values in brackets are for buildings fitted with sprinklers.
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The values given above may not be completely accurate and may change depending on the
number of persons within a building, compartment floor areas and volume, or the fire safety
measures provided within the building. Also, although this is extremely uncommun, the fire
resistant requirement may evolve. However, the general tendency in most countries is the
following:

e 12m, 4 storey-building: 60 minutes fire resistance
e 45m, 15 storey-building: 120 minutes fire resistance

We currently have not found detailed information regarding the USA, or Asian countries.
However, this is unlikely to be relevant for current study for the following reasons:

« As detailed above, the height of the building may not be the only parameter to assess
required fire resistance duration.

« Even within each country / state, the requirements may change slightly depending on
the local authorities.

« We do not expect any country to have significantly more severe requirements

e The overall study being done is an engineering study. The aim of considering the above
thresholds is for comparison purposes only.

» Fire safety engineering is becoming more and more known and accepted throughout
the world; i.e. fire regulations and code become more performance based than
prescriptive.
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2.2 PARAMETRIC STUDY OF AFIRE IN A SERVER ROOM

2.2.1 Fire models

The aim of this part is to evaluate conservative thermal actions that are likely to occur in a
server room in case of fire. To perform this analysis, a parametric study using a simple zone
model is completed.

The parametric study is done using the ‘Probabilistic Fire Simulator V2.1’, developed at VTT
Technical Research Centre of Finland®. This fire safety engineering tool is designed to perform
numerous fire simulations with the fire code ‘Ozone’. Each parameter describing the fire
scenario is tune by a Monte-Carlo simulation control spread-sheet.

The fire code Ozone was developed at University of Liége (Belgium)® Version 2.2.2 is used.
CTICM and Efectis Fance use Ozone from many years; verifications (codes comparisons) and
validations (confrontation to experimental data) have been completed.

Details about zone model Ozone are given in Annex 3.2.

2.2.2 Hypothesis related to the server room

General considerations
e Server rooms are usually closed areas, with restricted access.

« HVAC is normally turned off automatically in a case of fire alarm.

For the scenarios described below, active fire fighting or mitigating systems are considered to
be off:

* Automatic fire suppression system.

* Smoke exhaust system.
These hypotheses are on the safe side and tend to maximize potential thermal actions in the
compartment.

Volume of the compartment
The size of the server room is assumed to vary from 100 up to 500 m2. The height considered
for all server rooms is 2.5 m.

Openings
At the beginning of the fire, combustion might be rather under-ventilated. Nonetheless, if the fire

is not extinguished quickly, the venting could increase and allow fire growth due to:
* Broken glazing.
» Doors left opened (without door-closer).
« Destruction of doors, walls or ceiling by the fire.

The area of openings in the server room is supposed to vary from 2.5 to 10 % of total wall
surfaces. For server rooms from to 100 to 500 m2, this corresponds to open doors of total size
from 1.25x 2.0 m (wx h) upto 11.2 x 2.0 m.

! Probabilistic Fire Simulator. Theory and User's Manual. Simo Hostikka, Olavi Keski-Rahkonen & Timo
Korhonen.

% The Design Fire Tool OZone V2.0 - Theoretical Description and Validation On Experimental Fire Tests.
J.F. Cadorin, D. Pintea, J.M. Franssen. University of Liege, Belgium.
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2.2.3 Hypothesis related to the fire

Maximum burning surface

By analysis of representative pictures of server room (see Annex 3.1), and based on indication
from Axxana, the computer floor occupation is taken between 15 to 50 % of total server room
floor area.

Thus, the maximum burning surface is supposed to fall between 15 to 50 % of the server room
floor area.

Fire growth rate

During initial fire growth, the heat release rate is supposed to increase as a function of squared
time. The standard NFPA 204° defines four classes of t-squared fire: ultra-fast, fast, medium
and slow, with a time to reach 1000 kW between 75 and 600 s.

For this study, we consider that server room fires fall in the medium class, with a characteristic
rise time of 300 s (i.e. it takes 5 min for the fire to reach 1000 kW).

Heat release rate per unit of area

The heat release rate per unit of area (HRRPUA) is the main parameter setting the fire local
intensity. It depends mainly on the fuels characteristics in terms of chemical composition,
shielding, height, fire retardant, etc.

Eurocode 1 (Actions on structures - Part 1-2: General actions - Actions on structures exposed to
fire / Table E.5) gives representative HRRPUA for various types of occupancies. Unfortunately it
does not include specific data for server rooms, but comparisons can be done with offices or
dwelling where 250 kW/mz is recommended.

In the parametric study, HRRPUA is considered to vary between 250 and 400 kW/mz2. This
hypothesis covers a reasonable range of potential fire intensity in a server room.

Fire load per unit of area
The fire load per unit area has no significant impact on fire intensity, but defines the fire
duration.

The fire load density was initially difficult to set in the absence of precise data concerning server
room. With indication from Axxana, the following assumptions:

« Mass of fuel *in a server : 2.5 to 12.5 kg/m? (based on
indication from Axxana giving on average 5 kg/m?)

* Heat of combustion : 20 MJ/kg in average.

* Fire load per unit of floor area of server : 50 to 250 MJ/mz2.

» Density of occupation : 15t0 50 %

* Fire load per unit of floor area of compartment : 7.51t0 125 MJ/mz2

In the parametric study, the fire load density is supposed to fall between 7.5 and 125 MJ/m2 per
unit of floor area of compartment.

* NFPA (National Fire Protection Association) 204. Standard for Smoke and Heat Venting. 2002 Edition.
* Fuel able to participate to fire development (i.e. external casings, cables, etc).
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2.2.4 Synthesis of hypothesis

Fixed hypothesis

e Compartment height : 2.5m.

e Walls and ceiling : Standard gypsum boards.
e Floor : Concrete.

e Fire characteristic rise time : 5 min.

Varying hypothesis

All hypotheses have a uniform distribution between min and max bounds shown below:

Compartment Fire
Fire area
Floor area (m?) 100 - 500 (% of compartment 15-50
floor area)
HRRPUA (kW/m?) 250 - 400
Openings
(% of lateral area) 25-10 Fire load per unit of
floor area of 7.5-125
compartment (MJ/m?)
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2.2.5 Results of Monte-Carlo analysis

Using the Probabilistic Fire Simulator, a Monte-Carlo analysis is done over 250 stochastic fire
scenarios.

Results are extracted for representative following times: - 15 min after fire start, - 20 min, -
30 min, - 45 min, - 60 min, - 90 min, - 120 min, 180 min, - 240 min.

Main results are synthesized in the table below and shown as a graph on the following page:

Maximum
Average compartment Standard
. . R L o compartment
Time (min) temperature (°C), deviation (°C), tem ture (°C)
over 250 fire simulations | over 250 fire simulations pe'ra u're )
over 250 fire simulations
15 379 90 723
20 471 152 851
30 291 229 773
45 116 106 624
60 77 56 517
90 53 24 212
120 42 15 124
180 30 7 66
240 25 4 43

Over 250 fire simulation, the repartition of maximum temperature is shown below.

Maximum temperatuore in the Number of case out of 250 Cumulative frequency
compartment (°C)
> 800 4 1.6%
> 700 43 17.2%
> 600 104 41.6%
> 500 180 72.0%
> 400 234 93.6%
> 300 249 99.6%

The number of scenarios with maximum temperature higher than 800 T is statistically very low
(< 2 %).

Simulations with varying hypothesis show that this repartition is quite insensitive to maximum
HRRPUA. Detailed analysis shows that high temperature scenarios happened for configurations
favorable to “fash-over”, i.e. high occupation rate and high percentage of openings.
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2.2.6 Statistical interpretation of results

Considering that the combination of multiple uniform distributions tends to a Gaussian

distribution”, one could reasonably apply Gaussian probability density shown on graph below:
. 50 % of fire scenarios \I
-~ ,I
. 85 % of fire scenarios |
o |
i
o
o
™
=l 34,1%| 34.1%
-
o
0. 1% 0.1%
- | I
]

—30 -20 -lo Wb 10 20 3o

< U :scenario less severe than average : > WL : scenario more severe than average

Graph 1: Probability density for the Gaussian curve
Representativeness of fire scenarios.

Average temperature represents statistically 50 % of potential fire scenarios, and average
temperature plus standard deviation represents statistically almost 85 % of potential fire
scenarios.

® Here five variables are varying uniformly : - floor area, - openings %, - fire area, - HRRPUA, -
fire load.
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2.3 CONCLUSIONS IN TERMS OF THERMAL ACTIONS

Let's remember that these results are valid only for a free burn in a server room, without any
attempt of fire fighting.

Monte-Carlo fire simulations show that:

e Maximum compartment temperature is in the order of about 800 C, but the probability
of such a fire is very low (< 2 % of potential fire scenarios).

* Average compartment temperature reaches a maximum of about 470 C after 20 min of
fire (probability 50 % of fire scenarios).

e Average compartment temperature plus standard deviation reaches a maximum of
about 620 T after 20 min of fire (probability 85 % of fire scenarios).

« Compartment temperature decay starts after 20 to 30 minutes of fire.

Results are plot on the graph below, with reference to the ISO 834 standard curve for cellulosic
fires.

Maximum compartment temperature

1200 ~
ww +— e e Temperature 1ISO &34 -
cellulosic fire
— 800
2
b ——— 509% of fires in & server raom
5
® 600
L*]
o
g
= 400 —— 85 % of fires in & server raom
200
<2 % of fires in a server room
0
0 a0 120 180 240
Time {min)

Graph 2: Thermal actions (out of 250 stochastic fir e scenarios)

These results show that the maximum temperature curve follows the ISO 834 standard curve for
the first 20 to 30 minutes. Then, most of the fire load would be used and the fire reduces
significantly in intensity.

The temperature reduces after approximately 30 minutes, However the maximum temperature
would remain above 500<C for about 60 minutes and a bove 100 for about 2 hours.
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Reminder: curves from the draft report:

The assessment of the likely fire load is of primary importance relative to the duration of the fire.
As a reminder of this, the graph 3 from our draft report (where combustible loads of 25 to
200 kg/mz (this is about 20 times more than currently considered) is shown below:

Maximum compartment temperature
1200 -~
1000 — 2= T ====- Temperature 1SO 834 -
cellulosic fire
— 800 +
&
e 50 % of fires in a server room
E!
& 600
7]
j=5
5
= 400 A 85 % of fires in a server room
200 A
<2 % of fires in a server room
0 ~ ; T T i
0 60 120 130 240
Time {min)

Graph 3: Thermal actions (out of 250 stochastic fir e scenarios)
for fire loads 25 to 200kg/m?2 (draft version).

We observe that the curve representing average temperature + standard deviation on graph 3 is
very close to the standard 1SO 834 cellulosic fire curve during about two hours of heating.
Afterward the temperature decreases slowly with time, unlike ISO 834 cellulosic curve.
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On the basis of the comparison of the two graphs above, it appears that initial assumptions
were extremely severe. However, the latest curves are extremely dependent on the very low fire
load in the compartment. Indeed, these values would not be relevant anymore if part of a server
room was used for common storage, or office with desks.

Therefore, if considering the latest curves (less conservative), an extreme attention should be
given to the acceptable fire loads in the room.

For the purpose of the fire test, the following points may be considered:

e The fire load could significantly exceed the one given in this report (cf. § 2.2.3).

e The ISO 834 curve appears to be an adequate basis for the thermal exposure, even in a
real fire situation.

« The compartment temperature, with the latest data, appears to be generally lower than
the 1SO curve, On this basis, a fire test following the ISO curve for one hour would be
conservative for most cases.

« If necessary, the action of fire fighting can be considered by stopping the heating after
one hour, opening the furnace, and even cooling the box with water.
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3 ANNEXES

3.1 REPRENSATIVE PICTURES OF SERVER ROOM
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3.2 DESCRIPTION OF ZONE MODEL OZONE

Ozone belongs to the family of zone models. These tools are designed for evaluation of the
temperature within a compartment during the course of a fire. Ozone allows to model only one
compartment.

The main hypothesis in zone models is that each compartment is divided in one or two zones in
which temperature distribution is uniform in time. Transition from two zones to one zone model
is related to the notion of fire growth curve, shown below:

Compartment
A average upper
temperature

Fully
developed fire

Time

If the fire is large enough relatively to the size of the compartment where it occurs (fully
developed fire), experiments show that it is adequate to assume that the temperature is
homogeneous in the compartment. Thus only one zone is needed. In the fire development
curve, this happens at a post flash-over stage.

Before flash-over, during fire growth, tests have shown that is more suitable to model two
zones: one hot layer of smoke and a cool layer free of smoke.

These two representations are sketched below for a single compartment:

Cold layer IS \

Localized fire — Two zones model
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Uniform temperature in compartment

Fully developed fire — One zone model

Transition from two to one zone model is automatically performed by Ozone, on the basis of
criteria describing the occurrence of a fully developed fire.

The data that inputs in Ozone are mainly:
e Compartment dimensions.

e Openings dimensions.

e Thermal properties and thickness of materials for ceiling, walls, floor.
e Maximum surface where fire can spread.

e Heatrelease rate per unit of fire area.

e Time representative of fire growth characteristic.

e Fire load density.

Simulation outputs are :
* Fire surface as a function of time.

* Heatrelease rate (HRR) as a function of time.

e Temperature of upper layer (two zones model) or uniform compartment temperature
(one zone model).

e Temperature of lower layer (two zones model).

« Height of smoke interface.

Before starting a simulation, Ozone sets up a theoretical heat release rate curve with the model
inputs:

HRR N . .

Maximum  fire HRR = 70 % fire load
surface reached

Development/, Steady state Decay phase

phase E phase
t2 fire groivth |
1MW |----- f :

: E Time

During the simulation, if the {ire is under-ventilated, an extended fire duration model is computed
by Ozone, based on oxygen consumption in the compartment:

HRR
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Theoretical HRR curve

Extended fire duration HRR curve

\ HRR = fire load

Time

This model supposes that HRR may be limited by the quantity of oxygen available in the

compartment. Considering that the total mass of fuel is burnt inside the compartment (safe side
hypothesis), then fire duration is proportionally increased.
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