Volume TWO (2)



Appendix 1. Index of relationships referred to in

1

[1] :
[2] :
(3] :
4] :
[5] :
6] :
[7] :
(8] :
[9] :
[10] :
[11] :
[12] :

[13] :

[14] :

[15] -

[16] :

[17] :

[18] :

Potential

text

interaction of Air Conditioning onto Existence

of Aural Information.

Potential

interaction of Compartmentation onto Existence

of Aural Information.

Potential
Existence
Potential
Existence
Potential
of Visual
Potential

interaction of Mechanically Induced Flow onto
of Aural Information.

interaction of Smoke Mass Flow Rate onto

of Visual Information.

interaction of Compartmentation onto Existence
Information.

interaction of Smoke Yield onto Existence of

Visual Information.

Potential
Existence
Potential
Existence
Potential
Existence
Potential

interaction of Route Choice Identification onto
of Visual Information.

interaction of Rate of Heat Release onto

of Tactile Information.

interaction of Internal Temperature onto

of Tactile Information.

interaction of Fire Temperature onto Existence

of Tactile Information.

Potential
Existence
Potential

interaction of Smoke Mass Flow Rate onto
of Tactile Information.
interaction of Air.Conditioning onto Existence

of Tactile Information.

Potential

interaction of Compartmentation onto Existence

of Tactile Information.

Potential
Existence
Potential
Existence
Potential

interaction of Mechanically Induced Flow onto
of Tactile Information.

interaction of Smoke Mass Flow Rate onto

of Gustatory Information.

interaction of Compartmentation onto Existence

of Gustatory Information.

Potential
Gustatory
Potential

interaction of Smoke Yield onto Existence of
Information. '
interaction of Smoke Mass Flow Rate onto
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[19] :
[20] :
‘[21] :
[22] -
[23] :
[24] :
[25] :
[26] :
[27] :
[28] :
[29] :
[30] :
[31] :
[32] :
[33] :
[34] :
[35] :
[36] :

(371 :

Existence of Olfactory Information.

Potential interaction of Compartmentation onto Existence
of 0lfactory Information.

Potential interaction of Smoke Yield onto Existence of
Oifactory Information.

Potential interaction of Psychological Capacity onto
Ability to Perceive Aural.Information.

Potential interaction of Physical Capability onto Ability
to Perceive Aural Information.

Potential interaction of Psychological Capacity onto
Ability to Perceive Visual Information.

Potential interaction of Physical Capability onto Ability
to Perceive Visual Information.

Potential interaction of Psychological Capacity onto
Ability to Perceive Tactile Information.

Potential interaction of Physical Capability onto Ability
to Perceive Tactile Information.

Potential interaction of Psychological Capacity onto
Ability to Perceive Gustatory Information.

Potential interaction of Physical Capability onto Ability
to Perceive Gustatory Information.

Potential interaction of Psychological Capacity onto
Ability to Perceive Olfactory Information.

Potential interaction of Physical Capability onto Ability
to Perceive Qlfactory Information.

Potential interaction of Communication onto Psychological
Capacity.

Potential interaction of Building Knowledge onto
Psychological Capacity.

Potential interaction of Specific Fire Safety Knowledge
onto Psychological Capacity.

Potential interaction of Physical Capability onto
Psychological Capacity.

Potential interaction of Physiological Capability onto
Psychological Capacity.

Potential interaction of Event Knowledge onto
Psychological Capacity.

Potential interaction of Location Identification onto
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[38] :
[39] :
[40] :
[41] :
OF
[43] :
[44] :
[45] :
[46] :

[47] :

[48]

[49] :

[50] :

[51] :

[62] :

[53] :

[54] :

[55] :

[56] :

Psychological Capacity.

Potential interaction of Psychological Capacity onto
Physical Capability. -

Potential interaction of Physiological Capability onto
Physical Capability.

Potential interaction of Rate of Heat Release onto
Physical Capability.

Potential interaction of Fire Temperature onto Physical
Capability.

Potential interaction of Rate of Heat Release onto
Physiological Capability.

Potential interaction of Fire Temperature onto
Physiological Capability.

Potential interaction of Smoke Yield onto Physiological
Capability.

Potential interaction of Psychological Capacity onto
Physiological Capability. '

Potential interaction of Length of Route onto
Physiological Capability.

Potential interaction of Psychological Capacity onto
Building Knowledge.

: Potential interaction of Location Identification onto

Building Knowledge.

Potential interaction of Route Choice Identification onto
Building Knowledge.

Potential interaction of Mobility onto Building
Knowledge.

Potential interaction of Specific Fire Safety Knowledge
onto Event Knowledge.

Potential interaction of General Fire Safety Knowledge
onto Event Knowledge.

Potential interaction of Psychological Capacity onto
Event Knowledge. |

Potential interaction of Location Identification onto
Event Knowledge.

Potential interaction of Route Choice Identification onto
Event Knowledge.

Potential interaction of Obstructions onto Event
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[57] :

[58] :
[59] =

[60] :
[61] :
[62] :
[63] :
[64] :
[65] :
[66] :
[67] :
[68] :
[69] :
[70] :
[.71] :
[72] :
[73] :
[74]

[75] :

Knowledge.

Potential interaction of Communication onto Event
Knowledge.
Potential interaction of Mobility onto Event Knowledge.

Potential interaction of Building Knowledge onto General
Fire Safety Knowledge.

Potential interaction of Communication onto General Fire
Safety Knowledge.

Potential interaction of Building Knowledge onto Specific
Fire Safety Knowledge.

Potential interaction of General Fire Safety Knowledge
onto Specific Fire Safety Knowledge.

Potential interaction of Communication onto Specific Fire
Safety Knowledge.

Potential interaction of Psychological Capacity onto
Location Identification.

Potential interaction of Building Knowledge onto Location
Identification.

Potential interaction of Event Knowledge onto Location
Identification.

Potential interaction of General Fire Safety Knowledge
onto Location Identification.

Potential interaction of Specific Fire Safety Knowledge
onto Location Identification.

Potential interaction of Smoke Mass Flow Rate onto
Location Identification.

Potential interaction of Communication onto Location
Identification.

Potential interaction of Event Knowledge onto Route
Choice Identification.

Potential interaction of General Fire Safety Knowledge
onto Route Choice Identification.

Potential interaction of Specific Fire Safety Knowledge
onto Route Choice Identification.

Potential interaction of Location Identification onto
Route Choice Identification.

Potential interaction of Obstructions onto Route Choice
Identification.
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[76] : Potential interaction of Smoke Mass Flow Rate onto Route
Choice Identification.

[77] : Potential interaction of Communication onto Route Choice
Identification.

[78] : Potential interaction of Space Shape onto Route Choice
Identification.

[79] : Potential interaction of Choice of Alternative Routes
onto Obstructions.

[80] : Potential interaction of Communication onto Obstructions.

[81] : Potential interaction of Physical Capability onto
Obstructions.

[82] : Potential interaction of Width of Route onto
Obstructions.

[83] : Potential interaction of Length of Route onto
Obstructions.

[84] : Potential interaction of Rate of Heat Release onto
Obstructions.

[85] : Potential interaction of External Integrity onto Choice
of Alternative Routes.

[86] : Potential interaction of Internal Integrity onto Choice
of Alternative Routes.

[87] : Potential interaction of Event Knowledge onto Choice of
Alternative Routes.

[88] : Potential interaction of General Fire Safety Knowledge
onto Choice of Alternative Routes.

[89] : Potential interaction of Specific Fire Safety Knowledge
onto Choice of Alternative Routes.

[90] : Potential interaction of Location Identification onto
Choice of Alternative Routes.

[91] : Potential interaction of Route Choice Identification onto
Choice of Alternative Routes.

[92] : Potential interaction of Obstructions onto Choice of
Alternative Routes.

[93] : Potential interaction of Rate of Heat Release onto Choice
of Alternative Routes.

[94] : Potential interaction of Smoke Mass Flow Rate onto Choice
of Alternative Routes.

[95] : Potential interaction of Compartmentation onto Choice of
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[96] :
[o7]
[98] :
[99] :
{100] :

[101] :
[102] :

[103] :
[104] :

[105] :
: Potential interaction of Reservoir Size and Design onto

[106]

[107] :

[108] :

" [109]

[110]

[111] :

[112]

[113] :

[114] :

[115]

Alternative Routes.

Potential interaction of Smoke Yield onto Choice of
Alternative Routes.

Potential interaction of Reservoir Size and Design onto
Choice of Alternative Routes. '
Potential interaction of Volume of Space and Design onto
Width of Route {Containment model only).

Potential interaction of Obstructions onto Width of
Route.

Potential interaction of Reservoir Size and Design onto
Width of Route (not Containment model).

Potential interaction of Mobility onto Width of Route.
Potential interaction of Space Shape onto Width of Route
(not Removal model).

Potential interaction of Obstructions onto Length of
Route.

Potential interaction of Space Shape onto Length of Route
(not Removal model).

Potential interaction of Mobility onto Length of Route.

Length of Route (not Containment model).

Potential interaction of Volume of Space and Design onto
Length of Route (Containment model only).

Potential interaction of Ignition Source onto Rate of
Heat Release.

: Potential interaction of Bulk Density onto Rate of Heat

Release.

: Potential interaction of Mode of Burning onto Rate of

Heat Release.
Potential interaction of Type of Material onto Rate of
Heat Release.

: Potential interaction of Fire Suppression onto Rate of

Heat Release.

Potential interaction of Fuel Supply and Distribution
onto Fuel Geometry and Orientation.

Potential interaction of Flame Spread Characteristics
onto Ignition Source.

: Potential interaction of Fire Suppression onto Oxygen
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[116] :
[117] :
[118] :
[119] :
[120] :
[121] :
[122] :

[123] :

[124]

[125] :

[126]

[127] :

[128} :

[129]

[130] :

[131]

[132] :

[133] :

Supply.

Potential interaction of Air Pressure Developed
(Mechanical) onto Oxygen Supply.

Potential interaction of Air Pressure Developed (Wind)
onto Oxygen Supply.

Potential interaction of Air Conditioning onto Oxygen
Supply.

Potential interaction of Rate of Heat Release onto Mode
of Burning.

Potential interaction of Bulk Density onto Mode of
Burning.

Potential interaction of Fuel Geometry and Orientation
onto Mode of Burning.

Potential-interaction of Flame Spread Characteristics
onto Mode of Burning.

Potential interaction of Rate of Burning onto Mode of
Burning.

: Potential interaction ofASurface Characteristics onto

Mode of Burning.
Potential interaction of External Temperature onto
Internal Temperature. ' i

: Potential interaction of Air Conditioning onto Internal

Temperature.

Potential interaction of Heat Gain of Space onto Internal
Temperature.

Potential interaction of Rate of Heat Release onto Fire
Temperature.

: Potential interaction of Air Conditioning onto Ambient

Temperature (not Containment model).
Potential interaction of Heat Gain of Space onto Ambient
Temperature.

: Potential interaction of Air Pressure Developed onto

External Leakage (Applies to both Mechanically and Wind
Induced Air Pressure).

Potential interaction of Internal Leakage onto External
Leakage (Applies to both Mechanically and Wind Induced
Air Pressure).

Potential interaction of External Leakage onto External
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[134] :

[135] :

[136]

[137]

Leakage (Applies to both Mechanically and Wind Induced
Air Pressure).

Potential interaction of Internal Temperature onto
External Leakage (Applies to both Mechanically and Wind
Induced Air Pressure).

Potential interaction of Internal Temperature onto
Internal Leakage (Applies to both Mechanically and Wind
Induced Air Pressure).

: Potential interaction of External Temperature onto

[138] :

[139] :

[140]

[141] :

[142] :

[143]

f144]

[145]

Internal Leakage (Applies to both Mechanically and Wind
Induced Air Pressure).

potential interaction of Air Pressure Developed onto
Internal Leakage (Applies to both Mechanically and Wind
Induced Air Pressure)}.

Potential interaction of Width of Route onto Volume of
Space and Design.

Potential interaction of Length of Route onto Volume of
Space and Design.

Potential interaction of Smoke Yield onto Smoke Mass Flow
Rate (all smoke control models).

Potential interaction of Rate of Heat Release onto Nature
of Smoke (all smoke control models).

Potential interaction of Fire Temperature onto Nature of
Smoke (all smoke control models).

: Potential interaction of Space Shape onto Nature of Smoke

{a11 smoke control models).

: Potential interaction of Reservoir Size and Design onto

[146]

[147]

[148] :

f149] :

Nature of Smoke {all smoke control models).

Potential interaction of Air Conditioning onto Internal
and External Integrity (all smoke control models).
Potential interaction of Air Conditioning onto Internal
and External Permeability (all smoke control models).
Potential interaction of Smoke Yield onto Air
Conditioning (Removal model only).

Potential interaction of Length of Route onto Length of
Space (all smoke control models).

Potential interaction of Width of Route onto Breadth of
Space (all smoke control models).
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[150] : Potential interaction of Location Identification onto

[151]

[152]

Operating Philosophy (not Dilution model}.
Potential interaction of Fuel Supply and Distribution
onto Geometry.

: Potential interaction of Rate of Heat Release onto Flame

[153] :

[154] :

[155]

e

[156] :

[157] :

[158] :

[159]

[160] :

[161]

[162]

[163]

Spread Characteristics.

Potential interaction of Mode of Burning onto Flame
Spread Characteristics.

Potential interaction of Type of Material onto Flame
Spread Characteristics.

Potential interaction of Air Pressure Developed onto
Flame Spread Characteristics.

Potential interaction of Direction onto Flame Spread
Characteristics.

Potential interaction of Rate of Burning onto Flame
Spread Characteristics.

Potential interaction of Rate of Heat Release onto
Compartmentation.

Potential interaction of Internal Integrity onto
Compartmentation{

Potential interaction of External Integrity onto
Compartmentation.

: Potential interaction of Length of Reservoir/Space onto

Compartmentation.

: Potential interaction of Fuel Supply and Distribution

[164] :
[165] :
[166] :
: Potential interaction of Exit Route Capacity onto

[167]

[168]

[169] :
[170] :

[171] :

onto Compartmentation.

Potential interaction of Fire Stopping onto
Compartmentation. .
Potential interaction of Training onto Communication.
Potential interaction of Obstructions onto Mobility.

Potential interaction of Ease of Use onto Mobility.

Mobility.

Potential interaction of Width of Route onto Mobility.
Potential interaction of Mobility onto Ease of Use.
Potential interaction of Exit Route Capacity onto Ease of
Use.

Potential interaction of Ease of Use onto Exit Route
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[172]

-
*

[173] :

[174] :

[175] :

[176] :
[177] :

[178]

Capacity.

Potential interaction of Choice of Alternative Routes
onto Exit Route Capacity.

Potential interaction of Surface Characteristics onto
Rate of Burning.

Potential interaction of Rate of Burning onto Volume and
Energy of Smoke (not Containment model).

Potential interaction of Fire Stack onto Volume and
Energy of Smoke (not Containment model).

Potential interaction of Wind onto External Leakage.
Potential interaction of Internal Leakage onto External
Leakage.

: Potential interaction of Ambient Temperature onto

[179] :
[180] :

[181] :

riaz] :

[183]

External Leakage {not Containment model).

Potential interaction of Wind onto Internal Leakage.
Potential interaction of Ambient Temperature onto
Internal Leakage (not Containment model).

Potential interaction of Volume and Energy of Smoke onto
Reservoir Size and Design (not Containment model).
Potential interaction of Smoke Mass Flow Rate onto
Reservoir Size and Design (not Containment model).

: Potential interaction of Nature of Smoke onto Reservoir

[184] :

[185] :

[186] :

[187]

[188]

[189]

[190]

[191]

Size and Design (Removal model only).

Potential interaction of Air Pressure Developed onto
Reservoir Size and Design (Removal model only).

Potential interaction of Wind onto Air Pressure Developed
(not Dilution model).

Potential interaction of Existence of Aural Information
onto Air Pressure Developed (not Dilution model).

. Potential interaction of Inlet Area onto Air Pressure

Developed (Removal model only).

Potential interaction of Volume and Energy of Smoke onto
Air Pressure Developed (Removal model only).

Potential interaction of Energy of Smoke onto Air
Pressure Developed (Containment only).

: Potential interaction of Smoke Mass Flow Rate onto Volume

and Design of Space (Containment model only).

: Potential interaction of Air Pressure Developed onto
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[192] :
[193] :
[194] :
[195] :
[196] :
[1971 :
[198] :

[199] :

[200]

[201] :

[202]

[203] :
[204]
[205] :

[206] :

[207]

[208] :

[209] :

[210] :

Volume and Design of Space (Containment model only).
Potential interaction of Energy of Smoke onto Volume and
Design of Space (Containment model only).

Potential interaction of Rate of Burning onto Energy of
Smoke (Containment model only).

Potential interaction of Fire Stack onto Energy of Smoke
(Containment model only).

Potential interaction of Air Pressure Developed onto
Energy of Smoke {Containment model only).

Potential interaction of Exhaust Area onto Inlet Area
(Removal model only).

Potential interaction of Air Pressure Developed onto
Inlet Area (Removal model only).

Potential interaction of Inlet Area onto Exhaust Area
(Removal model only).

Potential interaction of Air Pressure Developed cnto
Exhaust Area {Removal model only).

: Potential interaction of Reservoir Size and Design onto

Fuel Supp}y and Distribution (not Containment model).
Potential interaction of Passive Fire Stopping onto Fuel
Supply and Distribution.

: Potential interaction of Active Fire Stopping onto Fuel

Supply and Distribution.

Potential interaction of Rate of Heat Release onto Fuel
Supply and Distribution.

Potential interaction of Fuel Geometry and Orientation
onto Fuel Supply and Distribution.

Potential interaction of Geometry onto Fuel Supply and
Distribution.

Potential interaction of Length onto Fuel Supply and
Distribution (Dilution model only).

: Potential interaction of External Integrity onto Fuel

Supply and Distribution.

Potential interaction of Internal Integrity onto Fuel
Supply and Distribution.

Potential interaction of Volume and Design of Space onto
Fuel Supply and Distribution.

Potential interaction of External Leakage onto Passive
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and Active Fire Stopping.

[211]} : Potential interaction of Internal Leakage onto Passive
and Active Fire Stopping.

[212] : Potential interaction of Surface Characteristics onto
Passive and Active Fire Stopping.

[213] : Potential interaction of Surface Characteristics onto
Fire Suppression.

[214] : Potential interaction of General Fire Safety Knowledge
onto Fire Suppression.

[215] : Potential interaction of Specific Fire Safety Knowledge
onto Fire Suppression.

216] : Potential interaction of Mobility onto Fire Suppression.

[217] : Potential interaction of Escape Route Layout onto Mode of
Escape.

[218] : Potential interaction of Smoke Release onto Mode of

Escape.

[219] : Potential interaction of Smoke Movement onto Mode of
Escape.

[220] : Potential interaction of Smoke Control onto Mode of
Escape.

[221] : Potential interaction of Fire Spread onto Mode of Escape.

"[222] : Potential interaction of Mode of Escape onto Escape Route
Layout.

[223] : Potential interaction of Smoke Movement onto Escape Route
Layout.

[224] : Potential interaction of Smoke Control onto Escape Route
Layout.

[225] : Potential interaction of Fire Spread onto Escape Route
Layout.

[226] : Potential interaction of Fire Spread onto Smoke Release.

[227] : Potential interaction of Escape Route Layout onto Smoke
Movement. |

[228] : Potential interaction of Smoke Release onto Smoke

" Movement.
[229] : Potential interaction of Smoke Control onto Smoke
Movement.
[230] : Potential interaction of Escape Route Layout onto Smoke
Control.
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[231] : Potential interaction of Smoke Release onto Smoke
Control.

[232] : Potential interaction of Smoke Movement onto Smoke
Control.

[233] : Potential interaction of Escape Route Layout onto Fire
Spread. ,

[234] : Potential interaction of Smoke Release onto Fire Spread.

[235] : Potential interaction of Smoke Movement onto Fire Spread.

[236] : Potential interaction of Smoke Control onto Fire Spread.

[237] : Potential impact of Existence of Aural Information onto
Communication.

[238] : Potential impact of Existence of Visual Information onto
Communication.

[239] : Potential impact of Existence of Tactile Information onto
Communication.

[240] : Potential impact of Existence of Gustatory Information
onto Communication.

[241] : Potential impact of Existence of Olfactory Information
onto Communication.

[242] : Potential impact of Ability to Perceive Aural Information
ontoc Communication.

[243] : Potential impact of Ability to Perceive Visual

‘ Information onto Communication.

[244] : Potential impact of Ability to Perceive Tactile

Information onto Communication.

[245] : Potential impact of Ability to Perceive Gustatory
Information onto Communication.

[246] : Potential impact of Ability to Perceive Olfactory
Information onto Communication.

[247] : Potential impact of Psychological Capacity onto Mobility.

[248] : Potential impact of Physical Capability onto Mobility.

[249] : Potential impact of Physiological Capability onto
Mobility. ’

[250] : Potential impact of Building Knowledge onto Training.

[251] : Potential impact of Event Knowledge onto Training.

[252] : Potential impact of General Fire Safety Knowledge onto

" Training.
[253] : Potential impact of Specific Fire Safety Knowledge onto
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Training.

[254] : Potential impact of Location Identification onto Ease of
Use.

[255] : Potential impact of Route Choice Identification onto Ease
of Use.

[256] : Potential impact of Obstructions onto Ease of Use.

[257] : Potential impact of Choice of Alternative Routes onto
Ease of Use,

[258] : Potential impact of Width of Route onto Exit Route
Capacity.

[259] : Potential impact of Length of Route onto Exit Route
Capacity. :

[260] : Potential impact of Rate of Heat Release onto Rate of
Burning.

‘[261] : Potential impact of Fuel Geometry and Orientation onto
Rate of Burning.

[262] : Potential impact of Ignition Source onto Rate of Burning.

[263] : Potential impact of Bulk Density onto Rate of Burning.

[264] : Potential impact of Oxygen Supply onto Rate of Burning.

[265] : Potential impact of Mode of Burning onto Smoke Yield.

[266] : Potential impact of Type of Materials onto Smoke Yield.

[267] : Potential impact of Internal Temperature onto Ambient
Stack. l

[268] : Potential impact of External Temperature onto Ambient
Stack.

[269] : Potential impact of Height onto Ambient Stack.

[270] : Potential impact of Fire Temperature onto Fire Stack.

[271] : Potential impact of Ambient Temperature onto Fire Stack.

[272] : Potential impact of Air Pressure Developed onto
Mechanically and Wind Induced Flow.

[273] : Potential impact of External Leakage onto Mechanically
and Wind Induced Flow.

[274] : Potential impact of Internal Leakage onto Mechanically
and Wind Induced Flow.

[275] : Potential impact of Volume of Space and Design onto
Mechanically and Wind Induced Flow.

[276] : Potential impact of Smoke Mass Flow Rate onto Volume and
Energy of Smoke (all smoke control models).
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[277] :

[278] :

[279] :

[280]

Potential impact of Nature of Smoke onto Volume and
Energy of Smoke (all smoke control models).

Potential impact of Surroundings onto Wind (all smoke
control models).

Potential impact of Speed onto Wind (all smoke control
models).

: Potential impact of Direction onto Wind (all smoke

[281] :

[282]

[283]

control models).

Potential impact of Height onto Wind (all smoke control
models).

Potential impact of Integrity onto Internal and External
Leakage (all smoke control models).

: Potential impact of Permeability onto Internal and.

[284] :

[285] :

[286] :

[287] :

[288]

External Leakage (all smoke control models).

Potential impact of Air Conditioning onto Ambient
Temperature (not Containment model).

Potential impact of Heat Gain of Space onto Ambient
Temperature (not Containment model).

Potential impact of Space Shape onto Reservoir Size and
Design (Removal model only).

Potential impact of Space Shape onto Reservoir Size and
Design (Dilution model) and Volume and Design of Space
(Containment model).

: Potential impact of Height of Space onto Reservoir Size

[289] :

[290] :

[291]

[292]

[293]

and Design (Removal and Dilution models) and Volume and
Design of Space (Containment model).

Potential impact of Length of Space onto Reservoir Size
and Design {Dilution and Removal models) and Volume and
Design of Space (Containment model).

Potential impact of Breadth of Space onto Reservoir Size
and Design (Dilution and Removal models) and Volume and
Design of Space (Containment model).

Potential impact of Available Power onto Air Pressure
Developed (not Dilution model).

Potential impact of Operating Philosophy onto Air
Pressure Developed (not Dilution model).

Potential impact of Geometry onto Surface
Characteristics.
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[204] :

[295] :

[296] :
: Potential impact of Mobility onto Mode of Escape.
[298] :
[299] :
[300] :

[297]

{3017 :
[302] :
[303] :

[304]

[305] :

[306]

[307] :

[308] :
[309] :

[310] :

[311] :

[312]

Potential impact of Flame Spread Characteristics onto
Surface Characteristics.

Potential impact of Compartmentation onto Passive and
Active Fire Stopping.

Potential impact of Communication onto Mode of Escape.

Potential impact of Training onto Mode of Escape.
Potential impact of Ease of Use onto Escape Route Layout.
Potential impact of Exit Route Capacity onto Escape Route
Layout.

Potential impact of Rate of Burning onto Smoke Release.
Potential impact of Smoke Yield onto Smoke Release.
Potential impact of Ambient Stack onto Smoke Movement.
Potential impact of Fire Stack onto Smoke Movement.
Potential impact of Mechanically Induced Flow onto Smoke
Movement.

Potential impact of Wind Induced Flow onto Smoke
Movement.

Potential impact of Volume and Energy of Smoke onto Smoke
Control (not Containment model).

Potential impact of Wind onto Smoke Control (all models).
Potential impact of External Leakage onto Smoke Control |
(a1l models).

Potential impact of Internal Leakage onto Smoke Control
(a1l models).

Potential impact of Ambient Temperature onto Smoke
Control {not Containment).

: Potential impact of Reservoir Size and Design onto Smoke

[313] :

[314]

[315]

e

[316] :

[317] :

Control (not Containment model).

Potential impact of Air Pressure Developed onto Smoke
Control (not Dilution model).

Potential impact of Volume and Design of Space onto Smoke
Control (Containment model).

Potential impact of Energy of Smoke onto Smoke Control
(Containment model).

Potential impact of Inlet Area onto Smoke Control
(Removal model).

Potential impact of Exhaust Area onto Smoke Control
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[318] :

[319]

[320] :

[321] :
[322] :
[323] :
[324] :
[325] :

[326]

[327] :
[328] :

[329] :

[330] :

[331]

[332]

(Removal model). _
Potential impact of Surface Characteristics onto Fire
Spread.

Potential impact of Fuel Supply and Distribution onto
Fire Spread.

Potential impact of Active and Passive Fire Stopping onto
Fire Spread.

Potential impact of Fire Suppression onto Fire Spread.
Potential impact of Mode of Escape onto Life Safety.
Potential impact of Escape Route Layout onto Life Safety.
Potential impact of Smoke Release onto Life Safety.
Potential impact of Smoke Movement onto Life Safety.
Potential impact of Smoke Control onto Life Safety.
Potential impact of Fire Spread onto Life Safety.
Potential interaction of Oxygen Supply onto Physiological
Capability.

Potential interaction of Oxygen Supply onto Mode of
Burning. |

Potential interaction of Oxygen Supply onto Type of
Material.

: Common link of Ambient Temperature and Internal

Temperature.

: Dummy retationship of Ambient Temperature onto Existence

[333] :

[334] :

[335] :

[336]

[337]

-

[338] :

[339]

[340] :

of Tactile Information.

Dummy relationship of Ambient Temperature onto Internal
Leakage.

Dummy relationship of Ambient Temperature onto External
Leakage.

Dummy relationship of Volume of Space and Design onto
Rate of Burning.

Dummy relationship of Volume of Space and Design onto
Smoke Release.

Dummy relationship of Space Shape onto Ambient Stack.
Dummy relationship of Space Shape onto Fire Stack.
Dummy relationship of Length of Space onto Fuel Supply
and Distribution. |

Dummy relationship of Length of Space onto Length of -
Route.
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[341] :

[342] :
[343] :

[344]

[345] :

[346] :

[347] :

[348] :

[349] :

[350] :

[351] :

[352] :

[353] :

Dummy relationship of Breadth of Space onto Fuel Supply
and Distribution.

bummy relationship of Breadth of Space onto Width.
Common link of Geometry onto Fuel Geometry and
Orientation.

:Dummy relationship of Mechanically Induced Flow onto

Smoke Control by Dilution.

Dummy relationship of Mechanically Induced Flow onto
Smoke Control by Containment.

Dummy relationship of Mechanically Induced Flow onto
Smoke Control by Removal.

Dummy relationship of Wind Induced Flow onto Smoke
Control (a1l models) ,

Dummy relationship of Volume and Energy of Smoke onto
Height of Reservoir.

Dummy relationship of Ambient Temperature onto Existence
Tactile.

Dummy velationship of Reservoir Size and Design onto
Smoke Release.

Dummy relationship of Volume of Space and Design onto
Smoke Release. )
Potential interaction of Exhaust Area onto Air Pressure
Deve loped.

Relationship of Fire Suppression and Ignition Source.
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Appendix 2. Development details
Introduction

The Life Safety model described in the conceptual section was
developed into a quantitative evaluation tool over an eleven
month period commencing February 1985 using a structured group
process.

The aims of the development exercise were to quantify the model
and to test the conceptual soundness.

The structured group is referred to as the Delphi group. Its
functions were to:-

(1) Review and comment on the concept(s) within the model.

(2) Assign relative values to the relational links identified and
discussed by the group.

(3} Review and comment on the performance of the model.

Much of the conceptual evolution of the model ran in parallel
with the involvement of the Delphi group in the development
process. This section of the thesis reports these processes.

The record of the development process is based on the information
used by the Delphi group for decision making. The development
occurred in a number of stages, represented by the following sub-
sections:-

(1) Listing and definitions of factors.

(2) Diagrams of the model framework.

(3) Common factors in the model.

(4) Time stages derivation.

(5) 'Impact' values theory and derivation.

(6) Derivation of 'Original Impact' vectors.
(7) 'Interaction' values theory and derivation.
(8) Derivation of interaction matrices
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(9)

(10)

(11)
(12)

(13)
(14)
(15)

Manipulation technique for derivation of 'Modified Impact'
values.

Derivation of matrices for modified impacts.

Derivation of 'Relative Contributions' for each level.
Listing and discussion of +/- factors with respect to Life
Safety.

Net Safety or Threat theory.

The concept of 'Criticality'.

Discussion of factors.
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{1) Listing and Definitions of Factors

Diagram DI is a listing of each factor as considered by the
Delphi group for the development of the evaluation tool. The
definitions of the factors included in the model are listed
below. There are three levels below the objective - each was
considered.

Definitions

Primary level factors

Mode of Escape - The term Mode of Escape is to do with the
capability to escape of the fraction of the population of the
building which is threatened. This concept is the ability of the
threatened population to effect escape optimally from a unit
level of threat that may be imposed by the degrading environment,
assuming that if assistance is required it is available, at the
time of the event relevant for any given fraction of the
population. Mode of Escape, distinct from egress, is the mode
adopted in the event, which need not be that intended originally.

Escape Route Layout - this term deals with the layout of, and the
inter-relationships between the building spaces. Any building
space, whether a designed escape route, or otherwise, may be used
as part of an escape route: eg; the movement from initial
location in a building to the protected escape route, or a
refuge. The design covers factors affecting ease of use (note
that a blockage occurring during, as opposed to before the event
will be a modification of the optimal escape route design/ Tayout
- not a factor of it).

Smoke Release - The term Smoke Release covers the release of
products of combustion as a fuel or combination of fuels burns.
The products of combustion will not only be smoke.particles but
also toxic gases.
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Smoke Movement - The spreading of products of combustion within
and between building spaces. The way in which products move will
be influenced by these airflow mechanisms:-

Ambient stack (temperature-induced flow)
Fire stack (fire-induced flow)
Mechanically-induced flow

Natural (Wind Induced Flow)

Smoke Control - The control of the spread of the products of
combustion. This may involve techniques of dispersing products
of combustion in a large space, removal from, or containment
within a space (or set of spaces).

Fire Spread - The likelihood of fire spreading in the space of
origin and the potential for fire spread between spaces. Fire
spread includes the propagation of the flame boundary across
materials within a space and/ or across the surface materials of
a space, and the potential for flame spread between spaces.

Secondary level factors

Communication - The term communication  encompasses the
transferral of information to or from (1) an individual at any
stage of the event. Communication of information may be
important for varying reasons throughout the event - in mak ing
the threat apparent (2), assessing options for escape, and the
(continuing) execution of an escape plan (3}.

There can be no certainty that the communicated information will
be directly relevant to the fire event, or that it will be
correct (4) and complete.

Notes

(1) Information transferral from an individual: - in group
environments leadership formation or discussion of problem
definition (the threat from the fire/ smoke, etc.) and solution
(escape plan), the to/ from nature of communication is likely to
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be important.

(2) Making the threat apparent in a timely fashion may be
affected significantly by the time wasted ignoring or the
misinterpretation of ambiguous cues - do not confuse
misinterpretation with a low value of communication. They are
distinct and can occur for different reasons. Misinterpretation,
as the phrase implies, is concerned with the interpretation of
information - this occurs after communication has taken place.
The actual value of communication need not be the stumbling
block. However, the quality of the information may be
contributory to its ease of interpretation. Perceptibility,
directionality, coding, clarity, logic, credibility, and coverage
may all affect quality.

(3) The strategy of life safety will remain, the tactics (escape
plans) may be updated or drastically altered in the Tight of new
information.

(4) Incorrect conclusions may result from misinterpretation (see
note (2}) or incorrect information, eg: public address systems
giving incorrect facts about the event. The weak link in each
case may bhe different.

Mobility - The term mobility describes the overall ability of the
individual to effect escape. Limitations of psychological,
physical, or physiological capability may all directly affect
mobility. The broadness of this term leads to the prima facie
inconsistency that an ambulant person {(in normal Tlanguage - a
mobile person) may (because of psychological reasons, eg; sleep)
be classified as immobile.

Training - The term training 1is concerned with knowledge.

Knowledge about the building, the fire event, and fire safety.
This knowledge may be, in terms of the event, relatively static
or relatively dynamic. Obviously knowledge of the event will be
dynamic: nil at first, increasing throughout the event.
Knowledge of the building is pre-existent and the potential
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contribution constant. Knowledge of escape routes is a
combination of (1) Building knowledge a cognitive map of the
whereabouts and relationship of the route(s) to the building
spaces, and (2) Specific fire safety knowledge: knowing that the
designated routes are escape routes.

Ease of Use - The ease or otherwise with which all the building
spaces may be used for escape. Use of a route regquires that it
may be so identified, and the relationship with other building
spaces ascertained. Further, the degree of obstruction to
movement because of the design, usage by other escapees, or as a
direct result of the threat will alter the ease of use. Where
escape is achieved without movement or by use of refuge
facilities the contribution of the ease of use will 'be
correspondingly restricted. '

Exit Route Capacity - This applies to the aspects of route
suitability for evacuation population. The term capacity relates
to the dynamic flow capacity of the route - the number of people
entering or leaving per time interval. This is relevant for
people in the T(re]ative safety) ~ T(safety) stage of escape by
egress, more relevant to those in the T(action - T(relative
safety) stage, who may require to queue to enter the relative
safety of the protected route. (or indeed, a refuge).

Rate of Burning - The rate of weight loss of fuel or combination
“of fuels under |combustion. e
Smoke Yield - The characteristic of a material to yield a
combination of gases, vapours, and dispersed solid particles.
This characteristic will depend on the fuel concerned, and may be
affected by the way in which it is burning; the density and
toxicity of the smoke will be a function of these.

Ambient Stack - This is the normal stack effect in a building -
the pressure differential due to the internal temperature being
different to the external air temperature. If the internal
temperature is greater than the external temperature there will

291



be a tendency for the air to move upwards.

Inverse stack can occur. This normal air movement has nothing to
do with the fire, but may carry smoke around the building. The
height across which the pressure differential works will be
contributory factor.

Fire Stack - This is a measure of the smokes own buoyancy
relative to the surroundings and will depend on the difference in
temperature of the fire producing the buoyant plume and the
ambhient temperature.

Yechanically Induced Flow - The resultant air, and thus smoke,
movement from any mechanical plant operating for this purpose.
Smoke movement by mechanical induction is distinct from smoke
control in that smoke control is intentional during a fire and
should commence and continue throughout the event. Smoke
movement by mechanical induction is likely to be pre-existent.

Wind Induced Flow - This is any air, and thus smoke, movement
caused by wind induced pressure (acting through leakage areas) it
is distinct from smoke control by natural pressure for the same
reasons as mechanically induced flow.

Volume and Energy of Smoke - The energy of the smoke as a measure
of its buoyancy. The difference in temperature compared with
ambient temperature. The volume of smoke defines the amount of
smoke that must be safely handled within the space.

Wind - Any wind induced pressure at points on the fires of the
buildings, depending on wind speed and direction, building
height, and surrounding height. This pressure is available to
act across leakage areas.

External and Internal Leakage - This is defined as the equivalent
orifice area of these leaks in the surfaces forming the
boundaries of a space. In combination with any pressure
differential across that orifice area air or smoke flow will

occur.
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Ambient Temperature - The surrounding temperature within the
space concerned of the air. This will be influenced by any air
conditioning or heat gain of space.

Reservoir Size and Design - The geometrical layout and volume of
any reservoir within the space concerned (or the whole space)
that may safely be filled with smoke or diluted smoke.

Air Pressure Developed - The pressure developed for use across a
leakage area whether by mechanical or natural means. The
operating philosophy may determine how much pressure is developed
and how it is distributed.

Inlet Area - The area available as a fresh air inlet for smoke
control by removal system. Required to allow proper functioning
of the system - the efficiency of the system is dependent on the
distribution and positioning.

Exhaust Area - The area across which the pressure - for removal of
smoke will act to create a flow. The number of vents and the
sizes related to available pressure and in conjunction with a
balanced inlet area will affect efficiency of a removal system.

Surface Characteristics - The characteristic of the fuel surface
to allow spread of flame, depending on the flame spread
characteristic and geometrical layout of the fuel (vertical/
horizontal).

Fuel Supply and Distribution - This term relates to the
continued supply of fuel for combustion and the proximity of
other materials to provide fuel for the fire spread.

Passive Fire Stopping - Any element of the building structure
that provides a resistance to the spread of fire without needing
to be activated, eg; compartment walling, fire door (unless
chocked open!).

293



Active Fire Stopping - Any part of the building or its fittings
that provide a resistance to the spread of fire when activated,
eg; roller shutter on escalator, doors. This cannot be active
until T(detection) at the earliest.

Fire Suppression - Any activity, whether automatic or manual, to
try and put out the fire. The use of extinguishers, sprinklers.

Tertiary level factors

Aural Existence - This describes the existence of any aural
information about the fire event in total. This is broad enough
to include ordinary sounds, since they may mask the untoward
noises made by the fire, etc. As the event progresses and
information of different types may exist, eg; sounds of flames,
glass cracking, fire alarm sounders, people talking (or not
talking), shouting, running, the ambient noise Tevel changing,
etc. Rapid change is most likely to be received, but there is no
statement in this factor of communication of the information.
Communication only occurs when perception occurs. Note, any
alarm related noises may only occur after T(detection),

p(perception), or T(action), etc., and that ambiguous cues are

relevant in the T(ignition) - T(4etection) - T(perception)
stages.
Visual Existence - Similar to aural: - covers provision of

adequate light, changes in Tighting level, seeing peoples
actions, smoke, signs, flashing lights, etc.

Tactile Existence - This is the existence of tactile information
- temperature and, particularly change in temperature, and the
building shape and surface texture are important for movement and
location information. Also, the movement of other people will be
inciuded.

Gustatory/ Olfactory - The combined smell/ taste. At tertiary
level considerations it is difficult to separate these factors;
the point is the existence of information that would be detected
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as smell/ taste, such as smoke.

Perception of Aural/ Visual/ Tactile/ Gustatory/ 01lfactory
Information - separate from the existence of sound, sight, etc.
is the perception of it. The ability to perceive does not imply
meaningfulness, but rather the reception of it only, ie; it is
acceptable allowable (in terms of the model) for the sound of a
fire bell to exist, and to be perceived as existing, but if the
person does not have the general fire safety knowledge of what
the bell means, the communication of the information in the sound
does not occur. This term deals with the ability to perceive the
existing sound, or sight, etc.

Psychological Capability - The conscious reasoning power of the
individual to recognise and make decisions based on information
and required knowledge and so to detect, perceive, plan, and
execute escape tactics during the event.  Apart from mental
limitations, the capacity may be modified by sleep, alcohol,
medicines, etc.

Physical Capability - The capability to move oneself and perform
the physical activities required for escape.

Physiological Capability - The term is.concerned with the
functioning of the body, and importantly its continuing function
throughout the event.

Building Knowledge - The knowledge of the arrangement of the
building spaces relative to the occupants location. A cognitive
map of the building.

Event Knowledge - The knowledge built up during the event about
the event, aspects of knowledge of fire location, blocked routes,
paths taken, acts performed, etc. all forms this knowledge.
Knowiedge may be incorrect.

General Fire Safety Knowledge - Awareness of general procedure in
a fire. How to use an extinguisher, the meaning of signs.
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Specific Fire Safety Knowledge - The term covers that knowledge
which the ordinary person would not be expected to have.
Knowledge of routes, muster points, extinguisher location, coded
information, procedures.

Location Identification - The ease with which the person can
identify their location in a building relative to exits/ refuges.

Route Choice Identification - The ease with which a person at any
particular location in a building can identify where the nearest
escape route(s) or protected refuge is, and also identify that
they are still on a protected route when using it.

Obstruction - This term covers any temporary or permanent
obstruction to movement, within the time frame of the event.
Examples of obstructions include locked doors, hlocked routes,
gueues, narrow sections of routes.

Choice of Alternative Routes - The ease with which alternative
protected routes may be identified, and the provision of such
routes.

Width of Route - The effective width of the route or part of a
route or building space for people movement. Criteria for
effective width cover edges of corridors, use of stair width,
etc.

Length of Route - The effective length of the route in terms of
dynamic capacity for evacuation.

Rate of Heat Release - The rate at which heat is given out by the
fire for the release of volatiles and pre-heating of fuel, also
to the p1ume._*“_.__”i“i]

Oxygen Supply - The availability of a plentiful or otherwise
supply of oxygen to support the combustion process and influence
characteristics of smoke released.
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Footnote: Some heat is also radiéted (to the fuel). That which
goes to the hemisphere above the fire is lost to the
plume and fire.
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Fuel Geometry and Orientation - The way in which the fuel is
arranged to allow the development of the fire.

Ignition Source - This term covers the provision of some type of
ignition source for starting combustion. The effectiveness of
the ignition source to start combustion will vary with the ease
of ignition of the fuel.

Bulk Density - The density of material/ fuel as may affect its
rate of burning.

Mode of Burning - Flaming or non-flaming combustion.

Type of Material - Aspects of the fuel as may affect the smoke
yield properties.

Internal Temperature - Ambient temperature for the air in the
space concerned.

External Temperature - The external temperature of the air as
concerned for stack effects.

Height (Smoke Movement) - The internal height of the space
concerned with for internal temperature.-

“Fire Temperature - The rate of. heat given out by the.fire and
~generating the plume. | i

Ambient Temperature - As defined elsewhere.
Air Pressure Developed - As defined elsewhere.
External Leakage - As defined elsewhere.
Internal Leakage - As defined elsewhere,

Volume of Space and Design - As defined elsewhere.
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Smoke Mass Flow Rate - The rate of smoke/ entrained air
production requiring dilution by smoke control.

Nature of Smoke- Any cooling/ ageing effects.

Surroundings - The nature of the surrounding topography and its
influence on the characteristics of the wind. (Turbulence/
Velocity profile).

‘Speed - The wind speed at the relevant height and location.
Direction - The predominant direction of the wind.

Height - The relative height of the building to the wind flow.

Integrity - This term relates to any large holes in a surface,
open windows.

Permeability - Equivalent orifice area of a Tleaky surface.
Including cracks around windows.

Air Conditioning - Any air handling procedure including
temperature changes (is this still the real meaning?)

Heat Gain of Space - cf; the greenhouse effect.

Space Shape - A geometrical description of the spatial
arrangement.

Available Power - The available pressure difference for handling
smoke. ‘

Operating Philosophy - The way in which the available power is
used.

Geometry - This term deals with the vertical/ horizontal
orientation of the fuel surface and the impact this may have on

29%



flame spread.

Flame Spread Characteristics - The meaning as used in classifying
materials for flame spread.

Compartmentation - The restriction by enclosure of fire spread.
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(2)Diagrams of the model framework

There were a number of diagrammatic representations of the model
hierarchy created at the early conceptual stages prior to
developmental commencement. Sections of these are shown in
diégrams D2-D48 {July 1984), also presented to the Delphi group
for information; diagrams D49-D56 represent the rationalised
hierarchical structure used for the development of the model by
the Delphi group. This hierarchical structure was limited to the
tertiary level and remained unchanged throughout the development
process.

The listing and definitions provided earlier correspond to this
structure.
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(3)Common Factors in the model

| This is partially because of the inclusion of three techniques of

smoke control, determined by a number of similar factors. In
addition aspects of fire spread and smoke release, and factors
describing the geometrical nature of the building in the context
of people and smoke movement, are similar.

It was necessary that these factors were identified, and treated
accordingly in the quantification of the model. Multiple
occurrences represent multi-faceted relevance, not necessarily
greater potential influence. This is particularly relevant
during the development of the interactive nature of the model and
is discussed later.

The concept of common factors also created problems in their
contribution and how to model their relationships in the model.
It was considered that they may be modelled as interacting onto
each other with a maximum score, but this would have rendered
the handling of the number and value of interactions invalid,
and so an option of considering the factors as contextually
different contributors based on a common absolute value of some
sort was used. Where more than one of such common factors
interacted onto a factor only the highest score interaction was
chosen (to avoid misrvepresentation of the scale of the
interaction contribution).

A note on common interactions.

On a few occasions when the factors in the model were considered
for interactivity, a number of common factors were found to
interact onto a subject factor. For example, the tertiary factor
internal temperature [267] and secondary factor ambient
temperature [311] are similar and both were identified as having
a potential interaction onto external leakage [273]. See diagram
D58. Note also that the factors internal leakage (smoke
movement, mechanical induced pressure) [274] and internal leakage
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(smoke movement, wind induced pressure) [274] both interact onto
external leakage [273]. In each case a higher interaction value
is chosen if unequal.

Hence potential interactions of factors 3 and 4 are omitted. To
have included these in the derivation of the modified impact
values for the factors in the model would have distorted the true
interactions occurring (ie; if internal temperature interacts (in
one form or another) twice, it should not have double the
importance). So the factor chosen to represent the commons was
the one with the highest value in the modification of the
original impact value. Refer diagram D58.

This occurs on a number of occasions in the model and is taken
account of in this manner each time. The factors affected are
listed below, together with the relevant common factors. Note
that this applies to all three smoke control models.

Subject Factor Common Factor
Existence of Tactile Information Internal Temperature *

Ambient Temperature (2)
Ambient Temperature (3)

Mode of Burning Fuel Geometry and Orientation
Geometry *
External Leakage Internal Temperature *

Ambient Temperature

External Leakage : Internal Leakage (wind) *
Internal Leakage (mech)

Internal Leakage Internal Temperature *
Ambient Temperature

Fuel Supply and Distribution Geometry *
Fuel Geometry and Orientation
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Fire Stopping External Leakage {2) *

(Passive and Active) External Leakage {3)
Fire Stopping Internal Leakage (2) *
(Passive and Active) Internal Leakage (3)
Notes.

(1) * indicates the representative factor.

(2) Internal Leakage (mech) and (wind) refers to the impact of
Internal Leakage to mechanically and wind induced flow.

(3) 2 indicates secondary level, 3 tertiary.
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{4) Time stages derivation

The time stages adopted for the modelling exercise were discussed
in the conceptual section. It is not proposed to repeat that
discussion here. A summary of the time stages assumed is given
below, and the corresponding time-related activities of people in
fires associated with them. See diagram D59. The Delphi group
was initially asked to consider the potential contribution of
each factor in turn to Life Safety at each particular time stage.
At first the group considered each factor for a single time stage
only. This was the third (of five) stages, representing the time
hetween perceiving that there is a threat to escape from, and
acting to make good the escape (hatched on diagram D59). The
activities associated with this time stage are commonly
investigation (Sime (45), Canter (28)) and planning. Leadership
formation including associated delays are included in this time
stage. To create a meaningful starting reference point or the
group this was considered to occur at 1 minute into the event.
Diagram D60 was issued to the Delphi group (August 1985).
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(5) ‘Impact' Values theory and Derivation

Introduction

The representation of relationships in the model of the Life
Safety System was made using two conceptual types of’
relationship. These were termed impacts and interactions, and
were distinguished by the nature of relationship they
represented. At this stage of the development only impacts were
considered, to give a sound potential base of direct
relationships from which to develop a interactive aspect of the
model (modelled by interactions, and discussed later).

Original Impacts

The impact values discussed by the Delphi group in December
represent the importance of one factor to another factor directly
above it in the hierarchy, and upon which the other factor
depends. These values were on a scale of 1 - 10 and fell into
one of three bands; high, medium or low importance.

The term given to describe a direct relationship between two
factors is Impact. If a secondary factor depends on a tertiary
factor, the tertiary factor is said to have an impact on the
secondary factor.

See discussion of this in the conceptual section earlier. Impact
was defined for the purposes of the developmental exercise as:

Impact: An impact occurs between a lower and a higher factor in
the hierarchy. The Jevels must be adjacent, and existence of an
impact between two factors implies dependence of the higher on
the Tower. '

In cohsidering impacts, the Delphi group was asked to verify that
all impacts could potentially occur at the notional time of 1
minute into the event, in the time stage T(perception)

T(action)- This was then expanded to include the impacts for all
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other time stages; T(ignition) - T(detection): T(detection)

T(perception)' ¢+ Taction) - T(relative safety): T(relative
safety) - T(safety)' This allowed a series of potential

frameworks for different time stages to be set. An impact may
occur, or not occur, at any stage of the event for an individual,
and work was done to consider the potential impacts throughout a
"perfect" event. It was found that many impacts cannot occur
(within the definitions of the framework) until a particular
defined time stage for that individual, or group of individuals,
is reached. For example smoke control by containment can make no
contribution to 1ife safety until activation which, depending on
the activation technique, may not occur until after T(detection)r

T(perception)' or T(action)', In the case of activation by the

individual; after T(perception) or T(action)'

Initially the Delphi group considered the potential impacts of
factors at one time stage only. Following this, consideration
was expanded to cover all the potential impacts of all the
factors during each of the time stages.

Note that a potential impact is not the same as a relative
contribution. The relative contribution is a measure of the
factor's contribution to Life Safety in comparison with all the
other factors. It also takes into account the increased
significance of the factor as a result of potential interactions.
At this stage, looking at the potential impact of each of the
factors in turn, they are being considered as if the were
discrete. The subsequent stages of development are designed to
reflect the inter-related nature of contributions.

This section of the thesis is largely diagrammatical, with
explanatory notes where useful. The style of the question posed
in the evaluation of the factor is important, and is thus
repeated for each impact consideration. Each factor is
considered for a potential impact on the factor directly above
it.

Note that the values in the fourth and fifth time stages are
similar because the functional characteristics of each stage are
potentially similar, only the performance actually alters the
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two. The values for potential original and modified impacts will
be the same.

Note also that the third time stage value is that derived by the
delphi group and the value used is the arithmetic mean.

Primary level factors

Consider Mode of Escape [322] for all time periods:- does it have
any a potential impact on Life Safety?

T(ignition) - T(detection): Y€s

The potential impact on Life Safety of Mode of Escape may be
realised if detection is by people. Communication of ambiguous
cues may be significant in detecting the fire.

T(detection) = T(perception): '€S-

The time required to make the step from detection to perception
is significantly dependent on capability aspect. In the case of
manual detection the delay between detection and perception may
only be as Jong as it takes to recognise the fire (fractions of a
second). Automatic detection is assumed, for the purposes of the
exercise, to include 'instantaneous' automatic triggering of the
alarm system. The delay between detection (tﬁe alarm sound
existing) and perception depends on the awareness and ability to
perceive stimuli and training and mobility sub-factors also.

T(perception) - T(action): YeS

As considered by the Delphi group. Arithmetic mean 8/10.

T(action) - T(relative safety): YeS
Continued feedback on the event is required, whether it is
visual, to see the route; aural, to hear instructions; mobility
to effect movement; or training to know what to do. Vital to
Life Safety.
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T(relative safety) - T(safety): YeS:
Continued importance. Still vital to Life Safety. See diagram
D61.

Consider Escape Route Layout [323] for all time periods: - does
it have a potential impact on Life Safety?

T(ignition) ~ T(detection)- No

The layout of the escape routes does not have any direct impact
on Life Safety (in a fire) at this stage of the event. The
Escape Route Layout knowledge may improve training before the
event (existing knowledge) but it does not affect Life Safety
directly before detection.

T(detection) = T(perception): NO-

The layout of the routes is still jrrelevant to Life Safety.
Until T(perception)' there is (prima facie) no fire from which to
escape, so the routes cannot play a part.

T(perception) = T(action)- Ye€s-

As considered by the Delphi group. Arithmetic mean 9/10. (High)

T(action) - T(relative safety): Yes:

During this time stage the layout of all the spaces in the
building and their inter-relationships will have a fundamental
impact on Life Safety. Factors of ease of use, together with
capacity, will be very important to Life Safety for people
choosing escape by movement (whether to the outside or to a place
of refuge).

T(relative safety) - T(safety)' Yes.
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Once inside the protected route the capacity and ease of use will
be important, so will escape route design. See diagram D62.

Consider Smoke Release [324] for all the time stages:- does it
have a potential impact on Life Safety?

T(ignition) -~ T(detection)- Yes-

Even if the fire has not been detected there is a threat to Life
safety from the smoke released. It may also be the source of an
ambiguous cue that leads to detection.

T(detection) = T(perception): TYeS:

The potential threat is still present.

T(perception) - T(relative safety): Yes.

As Eonsidered by the Delphi group. Arithmetic mean 7/10 (High).

T(action) - T(relative safety): Yes:

The potential threat continues.

T(relative safety) - T(safety) Yes.

Note that although the T(relative safety) - T(safety) stage
involves the use of protected routes (or refuges) the potential

impact of smoke release on Life Safety is still present. The
reason that safety is maintained is not because the a potential
impact of Smoke Release on Life Safety has decreased, but because
smoke control or compartmentation is protecting people. If
protection failed (refer Victoria Nurses' Home, appendix 3) then
smoke would prevail. Note also that the potential is constantly
high.

The smoke release will harm people at any time during the event,
and if there is initially only a small quantity of smoke released
then the actual value of the impact of smoke release is small
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(the potential, although not realised is still hight). See
diagram D63.

Consider Smoke Movement [325] at the following times:- does it
have a potential impact on Life Safety?

T(1'gn1‘t1‘on) - T(detection)" Yes.

At an early stage in the event it can be expected that Smoke
Movement will have little resultant impact on Life Safety. This
does not mean there is no potential impact, there is a
considerable potential impact at all time stages - detection may
be too late for some people, and smoke movement will have
realised its potential. MNote that because smoke movement depends
on fire stack the actual value of this component may be initially
Jow and grow with time or the fire size grows - the potential is
still present.

T(detection) - T(perception): 'eS:

For same reasons as above.

T(perception) = T(action): Yes.

As considered by the Delphi group. Arithmetic mean 6/10 (medium).

T(action) = T(safety): Yes.

In a route the potential impact of Smoke Movement will be
present, and compartmentation and smoke control will maintain
environmental tenability. See diagram D64.

Consider Smoke Control [326] at the following times:- does it
have a potential impact on Life Safety?

Consider Smoke Control by Dilution.

T(ignition) = T(safety)" Yes
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The a potential impact is the same at all stages. This system is
passive, so requires no activation. Arithmetic mean 6/10
(medium). See diagram D65.

Consider Smoke Control by Contaimnment and Removal:

Fach of these systems potentially provides some protection prior
to activation: Passive smoke Containment will be provided by the
building structure, and the build up of a buoyant smoke layer is
a preliminary to smoke Removal.

Consider Fire Spread [327] at the following times: - does it have
a potential impact on Life Safety?

T(igm‘tion) - T(safety): Yes.

There will be a potential impact of Fire Spread on Life Safety
throughout the event. See diagram D66.

Secondary level factors

Consider Communication [296] at the following times: - does it
have a potential impact on Life Safety (through Mode of Escape)?

T(ignition) - T(detection)" Yes.

There is a potential. If communication has a part to play in the
detection of the fire associated with a scenario or any ambiguous
cues (direct or indirect), then there will be an impact on Life
Safety at that time period. '

T(detection) = T(perception)- Yes.

After detection, the time required until perception will depend
on the ability to perceive information.

T(perception) ~ T(action): Yes
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As considered by the Delphi group. Arithmetic mean 8/10.

Continued use of senses for assessing information required for
decision making.
T(action) = T(safety): Tes-

Continued use of senses for travel. See diagram D67.

Consider Mobility [297] at the following times: - does it have a
potential impact on Life Safety (through Mode of Escape)?

T(ignition) = T(detection) Yes.

Limited to alertness required to detect a fire, or follow up
ambiguous cues.
T(detection) = T(perception)+ Yes-

Psychological capacity important in making the step from
detection to perception (and is a sub factor of Mobility).

T(perception) = T(safety): Yes:

As considered by Delphi group.  Arithmetic mean 7/10.  Of
constant potential impact on Life Safety once action commences.
See diagram D68.

Consider Training [298] at the following times:- does it have a
potential impact on Life Safety (through Mode of Escape)?

T(ignition) = T(detection)- No.

At this time training plays no part in Life Safety. Any fire
prevention training has played its part (or not as the case may
be!) and escape training is of no importance until after
perception.
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T(detection) = T(perception): YeS:

Specific training may allow a quick step from detection to
perception.

T(perception) ~ T(action) Yes.

As considered by the Delphi group. Arithmetic mean 5/10
(medium).

T(action) = T(safety): '€s:

Route knowledge and event knowledge have a a potential impact on
Life Safety. See diagram D69.

Consider Ease of Use [299] at the following times:- does it have
a potential impact on Life Safety {through Escape Route Layout)?

T(ignition) = T(perception)- NO-

The routes are not being used for escape from a fire yet.

T(perception) = T(action) Yes-

As considered by the Delphi group. Arithmetic mean 7/10.

T(action) = T(relative safety): TeS-

Very important for way finding and route choice.

T(relative safety) ~ T(safety)- Yes.

Very important for usage of protected routes. See diagram D70.

Consider Exit Route Capacity [300] at the following times:- does
it have a potential impact on Life Safety (through Escape Route
Layout)?
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T(ignition) = T{perception)- Mo

T(perception) ~ T(action)* Yes.

As considered by the Delphi Group. Arithmetic mean 8/10 (high).

T(action) = T(relative safety)" Yes.

Capacity will be of significance in escape by movement (or
refuge), and should ideally match clearing rate of protected
route.

T(relative safety) - T(safety): YeS

Particularly relevant to Life Safety. See diagram D7I.

Consider Rate of Burning [301] at the following times:- does it
have a potential impact on Life Safety (through Smoke Release)?

T(ignition) - T(safety) Yes.

The Rate of Burning will have a high a potential impact on Life
Safety. The fire growth rate may mean the actual impact of Rate
of Burning follows a curve. The potential impact on Life Safety
is still present. See diagram D72.

Consider Smoke Yield [302] at the following times:- does it have
a potential impact on Life Safety (through Smoke Release)?

T(ignition) = T(safety): Te€s-

It will have a a potential impact on Life Safety. The amount of
Smoke Yield may depend on mode of burning and fire growth, but
the a potential impact of smoke yield is constant and high.
Arithmetic mean of Delphi Group 8/10. See diagram D73. -

Consider Ambient Stack [303] at the following times: - does it
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have a potential impact on smoke movement at the following times?

T(ignition) - T(perception): YeS:

It is pre-existent and will be of constant a potential impact
throughout the event. Note that a concept of reduced
significance as, say, the fire grows is false. Smoke movement by
ambient stack still has the same potential impact on Life Safety,
but s re]ati#ely unimportant in the actual event. It s
possible that Ambient Stack will have an impact.

T(detection) -~ T(action): Yes:

As considered by the Delphi group. Arithmetic mean 5/10
(medium).

T(action) = T(safety) Yes.

See diagram D74.

Consider Fire Stack [304]:- does it have a potential impact on
Life safety at the following times (for Room of Origin)?

T(ignition) = T(detection)- Yes.

In the vicinity of the fire this may be quite significant. This
is potentially significant (slow or fast fire).

T(detection) - T(safety): YeS:

Delphi group arithmetic mean 7/10. Smoke Movement factors will
continue throughout the event. See diagram D75.

Consider Mechanically Induced Flow [305] - does Mechanically
Induced Flow have any impact on smoke movement at the following
times?

T(ignition) - T(detection): Yes:
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The potential to move smoke is there at the start of the event.
It is pre-existent and as such can be considered to be available

at T(ignition)"

T(detection) - T(perception): Yes:

After T(detection) the mechanically operated system may be
automatically or manually switched to another mode, or off. (A
power supply may fail, but this is not a direct consideration
here (It is a 4th level factor)). However, this change will only
impact on the actual value. Smoke Movement may be influenced by
mechanical flow at this time, and there will be a potential
impact on Life Safety.

T( Yes.

T(perception) = Y(safety)"

Some impact potential, but alters as position in building
alters. Delphi group arithmetic mean 6/10 (medium). See diagram
D76.

Does Wind-Induced Flow [306] have a potential impact on Smoke
Movement at the following times?
T(ignition) - T(safety)' Yes.

The potential for wind impact is significant at all times. It is
constant, and in relation to other factors it will by summation
determine the smoke movement. Delphi group arithmetic mean 5/10
(medium). See diagram D77.

Does Yolume and Energy of Smoke [307] have a potential impact on
Smoke Control at the following times (Dilution model)?

T(ignition) - T(detection) Yes.

If dilution technique is used then Volume and Energy will have an
impact on it at any time throughout the event.
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T(detection) = T(safety)" Yes.

The potential is at constant maximum. The impact on Life Safety
will be available because the dilution system will be maintaining
(and thus impacting on) Life Safety. Delphi group arithmetic
mean 8/10 high. See diagram D78.

Consider Wind [308]. Does it have a potential impact on Smoke
Control at the following times (Dilution model)?

T(ignition) - T(safety) Yes.

It is of constant a potential impact and pre-existent. Delphi
group arithmetic mean 5/10- (medium). See diagram D79.

Consider External Leakage [309] - does it have a potential impact
on smoke control at the following times (Dilution model)?

T(ignition) - T(safety): Yes-

Equivalent orifice area is static. Delphi group arithmetic mean
6/10. See diagram D80.

Consider Internal Leakage [310]: - does it have a potential impact on
Smoke Control at the following times (Dilution model)?

T(ignition) - T(safety): Ye€S-

It has a constant, pre-existent value for all times. Delphi
group arithmetic mean 5/10 (medium). See diagram D8Il.

Consider Ambient Temperature [311]: - does it have a poteniia]
impact on Life Safety through Smoke Control at the following
times (Dilution model)? )

T(ignition) - T(safety): TYes:
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The pre-existent static potential of ambient temperature to
affect Life Safety via smoke control by dilution will continue
throughout the events. It may become less important relative to
other factors as the space becomes infiltrated by smoke, but the
potential is constant. Delphi group arithmetic mean 6/10
(medium). See diagram D82.

Does Reservoir Size and Design [312] have a potential impact on
smoke control at the following times (Dilution model)?

T(ignition) = T(detection)- Yes.

It will have a constant impact on Life Safety via smoke control.
If it fails because it 1is too small, this is a function of
combination of volume of smoke and size of space. If properly
designed it is assumed that this is a satisfactory volume.

T(detection) - T(safety)' Yes.

Delphi group arithmetic mean 8/10 (high). See diagram D83.

Does Air Pressure Developed [313] have a potential impact on
smoke control at the following times (Containment modei)?

T(ignition) - T(detection): MO

Unless the operating air conditioning system is of the level and
type to keep smoke out of the space, then before T(detection)
there will be no 'Air Pressure Developed'.

T(detection) = T(perception): T€S-:

Once triggered into its variable mode, or dedicated unit switched
on there is a potential impact on Life Safety for a system (via
containment) and this remains the same for as long as the unit
works. For the remainder of the event (including T(re]ative
safety) ~ T(safety)) there is a constant potential value. Delphi
group arithmetic mean 8/10 (high). See diagram D84.
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Does Volume and Design of Space [314] have a potential impact on
Smoke Control at the following times (Containmént mode1)?

T(ignition) - T(detection): Mo

Smoke Control has not yet been initiated. Any air movement by
one mode of a variable system which is not included for smoke
control will come under smoke movement.

T(detection) ~ T(perception) Ye?'

After detection the system will be activated and running. The
volume of the space will affect the efficiency of the system
(because of the pressure that may be developed). The effect will

be constant throughout the event for the volume being considered.
(note that any change because of a door opening is a leakage

problem).
T(perception) ~ T(safety): Yes:
Constant. Delphi group arithmetic mean 5/10 (medium). See

diagram D85.

Does the Wind [308] impact on smoke control by containment at the
following times ?

T(ignition) = T(safety)- Yes.

Wind is constant. Wind will be less important than it is for
dilution. No impact before Tigetection)-

Delphi group arithmetic mean 5/10
Refer diagram D77.

Does the Energy of Smoke [315] impact on Smoke Control by
containment at the following times?
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T(ignition) ~ T(detection) No.

Smoke Control not yet activated. Energy of smoke will impact on
smoke movement not on containment.

T(detection)“ T(safety): Tes:

The energy of smoke will impact on Life Safety via containment
because the smoke control system is overcoming the energy, thus
the impact of energy of smoke (which is real) on Life Safety is
counter-balanced against the smoke control. Delphi group
arithmetic mean 7/10 (high). See diagram D86.

Does the External Leakage [309] impact on Smoke Control by
containment at the following times?

T(ignition) = T(detection) Yes.

-Ssmoke control not yet activated, but there may be a passive

containment role.

T(detection) = T(safety): YeS:

Constant value because the equivalent orifice area is a constant.
(ie; static) value throughout the event. If doors into a space
used for containment are opened this will alter leakage but this
will be due to an interaction and will result in a new static
value. Delphi group arithmetic mean 6/10 (medium). Refer
diagram D8O,

Does Internal Leakage [310] have a potential impact on Smoke
Control by containment at the following times ?

Tlignition) = T(detection):  Yes-

Smoke control not yet activated, but there may be a passive
containment role.
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T(detection) - T(safety): YeS-

It is a vital factor in the functioning of smoke control by
containment. The equivalent orifice area is constant. Delphi
group arithmetic mean 6/10 (medium}. See diagram D87.

Does Reservoir Size and Design [312] have a potential impact on
Smoke Control by removal at the following times (natural) ?

' T(ignition) = T(detection) No.

Venting is not yet activated, but there may be a requirement for
the formation of -a buoyant layer.

T(detection) - T(safety): Yes:

Static and having a constant and predictable value on smoke
control and thus on Life Safety. Delphi group arithmetic mean
7/10 (high). See diagram D88.

Same comments as for natural apply to mechanical (forced)
venting.

Does the Inlet Area [316] have a potential impact on Smoke
Control by removal at the following times (natural)?

T(ignition) - T(detection): NO-

Venting not yet initiated.

T(detection) = T(perception): TS

Inlet area is very important to the efficiency of venting. It
must be balanced with extract area - there will be an interaction
here and it is particularly critical with naturally powered
venting where there is not so likely to be a significant
imbalance. There is not the excess power available to overcome
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imbalance with a wind induced ventilation.

T(perception) = T(safety): Tes:

Inlet area is constant and will be just as important to smoke
control by removal {and through it to Life Safety) throughout the
event. Delphi group arithmetic mean 8/10 (high).

Same comments as for natural apply to mechanical venting. See
diagram D89.

Does Exhaust Area [317] have a potential impact on Smoke Control
by removal at the following times (natural) ?

T(ignition) = T(detection) No.

Not yet activated.

T(detection) = T(safety): TYes-

" The exhaust area will affect the smoke control {(and thus Life
Safety). The provision of exhaust area will have a constant
potential input (the variation in wind - induced pressure
differences across it, and quantity of smoke to remove may vary,
but these are modifiers). The contribution of exhaust area to
Life Safety through smoke control by removal is potentially
constant. Actual value may be affected by whether there is or a
number of vents. Delphi group arithmetic mean 8/10 (high).

Same comments as for natural apply to mechanical venting. See
diagram D90.

Does Ambient Temperature [311] have a potential impact on Smoke
Control by removal at the following times (natural) ?

T(ignition) = T(safety): Yes
From T(ignition) on until T(safety) there is a constant potential
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impact of ambient temperature on smoke control by removal (and
thus to Life Safety). Delphi group arithmetic mean 5/10
(medium).

Same comments as for natural apply to mechanical venting, the
Delphi arithmetic mean is 7/10 (high). See diagram D91.

Does Wind [308] have a potential impact on Smoke Contrd] by
removal at the following times?

T(ignition) = T(detection)" No.

No activation yet, based on Delphi group decision process. Note
that External leakage and Internal leakage were considered by the
Delphi group as having a potential impact. This factor should
perhaps be included for T(ignition) to T(getection):

T(detection) - T(safety)" Yes.

The incident préssure across a removal vent will have a
fundamental impact on the Life Safety aspect because of smoke
control by removal. Delphi group arithmetic mean 5/10 (medium).

Same comments as for natural apply to mechanical venting. Refer
diagram D77.

Does Volume and Energy of Smoke [307] have a potential impact on
Smoke Control by removal at the following times (natural) ?

T(ignition) - T(detection)' Yes.

Formation of a buoyant layer prior to activation.

T(detection) = T(safety)" Yes.

The potential impact on Life Safety commences from T(detection)
{or in actual fact, whenever the smoke control system is
activated) until T(safety)' The volume of smoke will vary
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throughout the event, and unless it is sufficient to overload the
system its importance will be constant (an actual aspect).
Arithmetic mean 9/10 (high).

Same comments as for natural apply to mechanical venting. See
diagram D92.

Does Air Pressure Developed [313] have a potential impact on
Smoke Control by removal (natural) ?

T(ignition) - T(detection)' No.

Not yet activated.

T(detection) = T(safety): Yes:

Impact on the smoke control by removal is vital and of constant
import throughout the event. Delphi group arithmetic mean 7/10

(high).

Same comments as for natural apply to mechanical venting. See
diagram D93.

Does External Leakage [309] have a potential impact on Smoke
Control by removal at the following times (natural) ?

T(ignition) - T(safety)* Yes.

Equivalent orifice area is constant and the impact on smoke
control by removal will be constant. Delphi group arithmetic
mean 5/10 (medium).

Same comments as for natural apply to mechanical venting. See
diagram D94.

Does Internal Leakage [310] have a potential impact on Smoke
Control by removal at the following times (natural) ?
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T(ignition) - T(safety): Yes-

Constant equivalent orifice area throughout the event. Delphi
group arithmetic mean 5/10 (medium).

Same comments as for natural apply to mechanical venting, Delphi
group arithmetic mean 5/10. See diagram D95.

Does Surface Characteristic [318] have a potential impact on Fire
Spread at the following times ?

T(ignition) = T(safety) Yes.

Surface characteristics are very important throughout the event
for fire spread. Delphi group arithmetic mean 8/10 (high). See
diagram D96.

Does Fuel Supply and Distribution [319] have a potential impact
on Fire Spread at the following times ?

T(ignition) - T(safety): TYes:

Constantly throughout the event. Delphi group arithmetic mean
9/10 (high). See diagram D97.

Does Passive Fire Stopping [320] have a potential impact on Fire
Spread at the following times ?

T(ignition) = T(detection) Yes-

But very low.

T(detection) - T(perception)' Yes.

A bit more important. But intensity of fire not yet likely to be
significant enough to present a threat.

T(perception) - Flaction) Yes.
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As decided by the Delphi grohp, it would not be of high
importance.

T(action) = T(safety): TYes-

Increasingly important especially for T(re]ative safety)
'T(safety).on protected routes. Note how the curve may alter if
the growth is rapid. See diagram D98.

Does Active Fire Stopping [320] have a potential impact on fire
spread at the following times 7

T(ignition) - T(detection) No-

Not yet activated.

T(detection) = T(safety) Yes:

Same as for pressure. Note the sighificance of fire growth rate
for example if growth is considerable.

However, in Delphi consideration this is not very important
because small at 1 minute (which is assumed T(perception)
T(action) stage).  Note that in doing this the factor was
considered in actual rather than potential terms. See diagram
D99.

Does Fire Suppression [321] have a potential impact on Fire
Spread at the following times?

T(ignition) - T(detectéon)' No.

Whether automatic or manual, detection is required before
suppression commences.

T(detection) = Y(perception): T€S-
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Very important impact of suppression in early stage to prevent
fire spread and have an impact on Life Safety.  Note how
suppression may interact with smoke production and spread
(cooling and logging).

T(perception) - T(action): Yes-

Very important to maintain control of the fire and thus maintain
Life Safety.

No Delphi group afithmetic mean.

T(action) - T(safety)- Yes.

Very important. No let off after entering protected route
because concerned with fire spread throughout the event. See
diagram D100.

Tertiary level

Does the Existence of Aural Information [237] have a potential
impact on Communication at the following times?

T(ignition) - T(safety) Yes

There will be a constant potential contribution of aural
existence to communication. The actual importance of aural
existent information will depend on interactions of existence and
perception, but this is handled separately by the model. See
later. The potential aural existent information may always be as
significant for communication, although the actual value may
alter. Delphi group arithmetic mean 8/10 (high). See diagram
D101.

Does the Existence of Visual Information [238] have a potential
impact on Communication at the following times ?

T(ignition) - T(safety) TYes-
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Throughout. It is of constant value potentially to communication
(and through it to Life Safety).. Delphi group arithmetic mean
9/10 (high). See diagram D101.

Does the Existence of Tactile Information [239] have a potential
impact on Communication at the following times ?

T(ignition) - T(safety): TYes-

Delphi group arithmetic mean 4/10 (low). See diagram D10L.

Does the Existence of Gustatory Information [240] have a
potential impact on Communication at the following times ?

T(ignition) - T(safety): TYes:

The potential impact of gustatory information onto Life Safety is
low. Delphi group arithmetic mean 2/10 (low). See diagram D10l.

Does the Existence of Olfactory Information [241] have a
potential impact on Communication at the following times ?

T(ignition) - T(safety) Yes.

Olfactory information will have a potentially high impact on Life
safety throughout the event. Delphi group arithmetic mean. 7/10
(high). See diagram D101.

For each sense, does the Ability to Perceive [242,243,244,
245,246] have a potential impact on communication at the
following times?

T(ignition) - T(safety): Yes.

For each sense there is a potential impact onto communication at
each stage of the event. See diagram D102.
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Does Psychological Capacity [247] have a potential impact on
Mobility at the following times?

T(ignition) - T(detection): Y€S:

If mobility is concerned with the ability to effect escape
(whether that includes egress or not) then the impact of
psychological capacity the capacity to comprehend perceived
information, and thus to formulate plans will be of crucial
importance. Mobility only affects mode of escape at T(ignition)
- T(detection) through detection implications, and psychological
aspects are the main force behind detection. Mental alertness
is required to detect a fire or a combination of alertness and
movement itself - stumbling across it.

There is a potential impact at this stage.

T(detection) = T(perception)- Yes-

Vital for the step from detection to perception.

T(perception) = T(safety): Yes:

¥ital for information gathering and decision making, route usage
and continued evaluation of the situation and decision making.
See diagram D103.

Does Physical Capability [248] have a potential impact on
Mobility at the following times?

T(ignition) = T(detection) Yes.

Improves the likelihood of detection.

T(detection) ~ T(perception): Yes-

Investigation of ambiguous cues may involve movement.:

T(perception) = T(action): Yes:
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Coping behaviour may involve movement.

T(action) = T(safety): Yes-

Important for the movement throughout the building. See diagram
D104.

Does Physiological Capability [249] have a potential impact on
Mobility at the following times?

T(ignition) - T(safety): Yes-

At all times the physiological capability may be important to
mobility. In the later stages if escape involves movement the
actual importance may be particularly high.

The preparation of the body for action (fight or flight!)
involves changes in the physiology, and the potential
contribution of this may be high, after T(perception)'
Physiological endurance may be significant in the latter stages
of an event, and the potential contribution is high. See diagram
D105.

Does Building Knowledge [250] have a potential impact on Training
at the following times?

T(ignition) = T(detection)- No.

At this stage of the event building knowledge does not contribute
to Life Safety. (it is not being used specifically for the
purpose of investigation or escape).

T(detection) = T(perception) Yes:

If movement is involved for the purpose of investigation or
escape.

T(detection) - T(perception): Yes-
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If movement is involved for investigation and this involves
moving out of the space then a cognitive map of the building will
be needed.

T(perception) - T(action)- Yes-

As for T(detection) - T(perception)' movement may be involved and
so the impact of the knowledge of the spatial arrangement and a
familiarity with routes to exit the building may be of
potentially high importance. See diagram D106.

Does Event Knowledge [251] have a potential impact on Training at
the following times?

T(ignition) ~ T(detection)+ Yes:

Event knowledge comes after and as a consequence of detection and
perception. There can be no contribution until then.

T(detection) = T(perception): NO-

Nothing yet perceived as a fire event and so there will not be
any knowledge identified by the person as relevant to a fire
event. (note that someone who stumbles across a fire will almost
simultaneously detect and perceive it. The duration between the
two points in time will be real even if short, and as such there
is still a stage to go through.

T(perception) - T(action)+ Yes

Any knowledge comes out of and after perception. This will
result in an impact on training (and through this to Life
safety).' Event knowledge is important in decision making and
tactics formation.

T(action) ~ T(relative safety): Yes-
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Continued decision making. Event knowledge will impact on Life
safety by eliminating possibility of wrong choice. Decisions are
made on the basis of available knowledge (correct or incorrect).

T(relative safety) - T(safety): Yes.

Continued relevance of information about the event. See diagram
D107.

‘Does a General Fire Safety Knowledge [252] have a potential
impact on training (and through it to Life Safety) at the
following times ?

T(ignition) = T(perception) No.

" There is no contribution of knowledge of how to act in a fire
until the person is aware of one.

T(perception) = T(action)+ Yes:

There is a relevance of general fire knowledge in decision méking
and activities such as fire fighting.

T(action) - T(safety): Yes:

In evacuating a buiiding the use of the routes, signs and the
awareness of procedures all contribute to Life Safety. All are
aspects of general fire safety knowledge. See diagram D108.

Does a Specific Fire Safety Knowledge [253] have any impact on
Training at the following times (and through it to Life Safety) ?

T(ignition) - T(detection) No.

T(detection) = T(perception): Y€s:

Knowledge on coded information may increase speed of perception,
and thus impacts onto Life Safety.
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T(perception) = T(action) Yes:

Decision making based on route knowledge, and drill procedure.

T(action) - T(safety): Ye€S-

Knowledge of routes and specific procedures. See diagram D109.

Does Location Identification [254] have a potential impact on
Ease of Use at the following times (and through it to Life
Safety) ?

T(ignition) - T(perception)' No.

T(perception) = T(action)- Yes:

Decision making, plan formation and the relevance on details of
evacuation procedure (e.g., phased evacuation instructions) will
require identification of starting location.

T(action) = T(safety): Yes:

Continued identification of location significance throughout the
rest of the event. See diagram D110.

Does Route Choice Identification [255] have a potential impact on
Fase of Use at the following times (and through it to Life
Safety)?

T(ignition) = T(detection): No-
Unaware of event requirements .
Yes.

T(perception) - T(action)*

Route choice identification is important in decision making.
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T(action) = T(safety): Yes:

Continued importance of route choice identification for ease of
use throughout final stages. See diagram D111.

Do Obstructions [256] have a potential impact on Ease of Use at
the following times?

T(ignition). = T(perception)- No.

T(perception) - T(action) Yes-

The value of obstructions may be relevant in the preparation
stage and during formation of plans.

T(action) - T(safety)r YeS:

Blockages in the routes may make it difficult to use the routes
and the capacity may be reduced consequently. Queuing and
restrictions in carrying capacity will impose obstructions.

Obstructions are most important when movement occurs. See
diagram D112.

Does Choice of Alternative Routes [257] have a potential impact
on Ease of Use at the following times (and though it to Life
Safety) ?

T(ignition) = T(action): No-

There is no potential contribution of routes to escape prior to
action for escape.

T(action) = T(safety): Yes-

High potential contribution during the final stages of the event.
9/10 (high). See diagram D113.
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Does Width of Route [258] have a potential impact on Exit Route
Capacity (and through it to Life Safety at the following times)?

T(ignition) - T(action): MNO-

There is no movement during the first three stages. The width of
the route is not relevant before it is used.

T(action) = T(relative safety) TYes:

Width is now relevant. It relates to flow and static capacities.

T(relative safety) - T(safety) ['eS.

Life Safety is affected by the capacity for clearing people, and
width is of continued relevance. Changes in width may have
significance. See diagram D114.

Does Length of Route [259] have a potent?a] impact on Exit Route
Capacity (and through it to Life Safety at the following times)?

T(ignition) = T(action): NO-

Length of route not relevant until it is used.

T(action) = T(relative safety): 'es-

The length of unprotected route that has to be travelled is
significant to Life Safety. Continued potential relevance. See
diagram D115.

Does Rate of Heat Release [260] have a potential impact on Rate
of Burning at the following times (and through it to Life
Safety)?

T(ignition) - T(safety): TYes-
There will be a constant potential impact of rate of heat release
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on rate of burning throughout the fire event. See diagram D116.

Does Fuel Geometry and Orientation [261] have a potential impact
on rate of burning at the following times (and through it to
Life safety)?

T(ignition) = T(safety)" Yes.

At all times the fuel geometry and orientation will impact onto
rate of burning. See diagram D117.

Does Ignition Source [262] have a potential impact on Rate of
Burning at the following times (and through it to Life Safety)?

T(ignition) = T(detection)- Yes

There is obviously a requirement for the ignition source to have
an impact on rate of burning in the first stage to ensure that
ignition is maintained.

T(detection) =~ T(safety): Yes:

The impact is not continued through the event, although this was
not fully decided until late on in the development of the model.
It was considered realistic for a while to consider that spread
of the fire within or between spaces requifed jtems to act as
ignition sources for second item etc.,...

This was eventually decided to be eliminated, and the term
applied only to the first ignition source. The duration and
intensity of ignition sources may be that strictly speaking T@-
{ignition} occurs after the ignition source has acted.

Strict application would exclude ignition source from the model,
and this would not always be applicable, nor would it be serving
the purpose of "analysis. See diagram D118.

Does Bulk Density [263] have a potential impact on Rate of
Burning at the following times (and through it to Life Safety)?
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T(ignition) - T(safety) Yes.

The bulk density *is a constant definitive factor and the a
potential impact on rate of burning is thus constant.  See
diagram B119.

Does Oxygen Supply [264] have a potential impact on Rate of
Burning (and through it to Life Safety)?

T(ignition) - T(safety)

Supply of oxygen is essential for the continued existence or
growth of the fire. There is a constant potential impact on Life
Safety throughout the event. See diagram D120.

Does Mode of Burning [265] have a potential impact on Smoke Yield
(and through it to Life Safety)?

T(ignition) - T(safety)" Yes.

The a potential impact throughout will be constant., See D121.

Does Type of MHaterial [266] have a potential impact at the
following times ?

T(ignition) = T(safety)- Yes-

Throughout the event the impact of a material on yield will be
potentially the same, although the material type may alter -
differences in yield because of differences in materials will be
represented by differences in actual value. Type of material may
be expressed as wood equivalence. See diagram D122.

Does Internal Temperature [267] have a potential impact on
Ambient Stack at the following times (and through it to Life
Safety)? '

T(ignition) - T(safety)' Yes.
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Internal temperature is a fundamental factor of ambient stack..
It is of constant impact and may affect ambient stack and thus
Life Safety. Delphi group arithmetic mean 8/10 (high). See
diagram D123.

Does External Temperature [268] have a potential impact on
Ambient Stack at the following times (and through it to Life
Safety)?

T(ignition) = T(safety)" Yes.

4

For same reasons as internal temperature. Delphi group
arithmetic mean-8/10 (high). See diagram D124.

Does Height [269] have a potential impact on Ambient Stack at the
following times (and through it to Life Safety)?

T(ignition) - T(safety)" Yes.

Height affects the ambient stack, and may alter its significance
to Life Safety. But the impact of height in ambient stack is of
constant potential. Delphi arithmetic mean 9/10 (high). See
diagram D125,

Does Fire Temperature [270] have a potential impact on the Fire
Stack at the following times (and through it to Life Safety)?

T(ignition) - T(safety)" Yes.

At all times there is a constant potential impact of fire
temperature onto fire stack. Note that although the fire stack
impact onto smoke movement was dependent on fire growth curve,
the fire stack is of constant dependence on fire temperature.
Remember also that the factors are being considered as discrete
(at this stage).

Whether fire temperature is of less importance than ambient stack
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(or vice versa) at any stage of the event depends on their
re]ative importance, but there is a real potential at any time.
See diagram D126.

Does Ambient Temperature [271] have a potential impact on Fire
Stack (and through it to Life Safety) at the following times?

T(ignition) - T(safety) Yes.

At all times Ambient Temperature is potentially important - it is
what the fire temperature acts against (similar to containment
pressure needs smoke pressure to work against}. Fire stack will
depend on a combination of ambient and fire temperatures. Delphi
group arithmetic mean. See diagram D127.

Does Air Pressure Developed [272] have a potential impact on
induced flow (and through it to Life Safety) at the following
times?

T(ignition) - T(safety): TYes-

A vital factor in flow. There will be an impact through onto
Life Safety. Delphi group arithmetic mean 9/10 (high). See
diagram D128.

Does External Leakage [273] have a potential impact on
Mechanically Induced Flow at the following times (and through it
to Life safety)?

T(ignition) = T(safety): Yes-

For all time stages. The external leakage will be a constant
equivalent orifice area. It will consequently have a constant
impact on mechanically induced flow. Delphi group arithmetic
mean 6/10 (medium). Diagrams D129,D130.

Does Internal Leakage [274] have a potential impact on induced
flow at the following times (and through it to Life Safety)?
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T(ignition) - T(safety)- TYes:

Constant equivalent orifice area. Delphi group arithmetic mean
7/10 (high). Diagrams D131,D132.

Does Volume of Space and Design [275] have a potential impact on
induced flow at the following times (and through it to Life
safety)?

T(ignition) = T(safety): TYes-

The volume and design of the space will be constant, and so the
potential impact will be constant. Delphi group arithmetic mean
7/10 (high). Diagrams D133,D134, and D135.

For the next section, factors are considered in terms of their
impacts for the three different smoke control technigues
(dilution, containment, and removal). The three smoke control
techniques influence the Life Safety System different]y: Hence,
the model structure requires to be different, and it is necessary
to split the model into three sub-models.

These models became referred to as the smoke control by dilutioen,
containment, and removal models, since these are the
distinguishing features.

The main body of each model (the mode of escape, escape route
layout, smoke release and movement, and fire spread sections) is
similar but not identical, because of systemic interactivity.

The contribution of a factor to the model may be different in
each of the circumstances. The development of the model assumed
only one smoke control technique is used in any scenario, and so
the following sections on the smoke control aspects are discrete.
The factors for the dilution technique are considered first,
followed by the containment and removal models.

A factor that is relevant for each smoke control technique will
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appear in each sub-model, but may have a different potential
impact in each (the relative contributions, depending on
interactions will also tend to be different). Where practical,
factors common to more than one smoke control technique are
discussed together.

This aspect of relative contributions becomes particularly
relevant later on in the development of the model. The relative
contribution of a factor to Life Safety depends on its
interactions and its original impact. The impact of a factor in
each of the three models may be different. Also, because there
is a different set of factors in each of the three models, and
any factor can be considered for interaction with any other
factor in the system, it follows that each smoke control sub-
model needs to be considered in the terms of a completely
separate model.

Dilution model

Does Smoke Mass Flow Rate [276] have a potential impact on volume
and energy of smoke at the following times, and through it to
Life safety? Dilution model.

T(ignition) - T(safety)" Yes.

At all times, with a dilution system the smoke mass flow rate
will have a potential impact on volume and energy of smoke.
Delphi group arithmetic mean 9/10 (high}.

See diagram D136.

Does Nature of Smoke [277] (ageing, etc.) have a potential impact
on ‘volume and energy of smoke at the following times (and through
it to Life Safety)}? Dilution model.

T(ignition) = T(safety)" Yes.

There will be a potential impact of the nature of smoke
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(including such factors as ageing) from the time of ignition onto
the volume and energy of the smoke. The actual value is most
likely to be very low at the initial stages of the event, and
only when the smoke has aged (by cooling, increasing volume on
passing an obstacle, or the effect of sprinklers or gas
flooding). Delphi group arithmetic mean 7/10 (high).

See diagram D137.

Do Surroundings [278] have a potential impact on wind at the
following times (and through it to Life Safety)? Dilution model.

T(ignition) - T(safety): Yes-

The surroundings are constant - The only way the actual value of
surroundings may change is if the wind direction changes and a
different approach topography is experienced by the incoming air.
The potential value for any given plot will be the most
significant of the topographies. -Delphi group arithmetic mean
6/10 (medium).

See diagram D138.

Does Speed [279] have a potential impact on wind at the following
times (and through it to Life Safety)? Dilution model. ‘

Tiignition) = T(safety): Yes-

At all times the pressure developed by the wind will depend on
the speed. Delphi group arithmetic mean 9/10 (high).

See diagram D139.

Does Direction [280] have a potential impact on wind at the
following times (and through it to Life Safety)? Dilution model.

T(ignition) - T(safety): Yes.
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At all times the pressure developed by the wind on the building
faces will relate to the angle of incidence of the wind onto the
building. Delphi group arithmetic mean 9/10. (high).

See diagram D140,

Does the Height [281] have a potential impact on wind at the
following times (and through it to Life Safety)? Dilution model.

T(ignition) - T(safety): 'es-

At all times the height of the building will impact onto the
nature of the effect of the wind on the building.

See diagram D141.

Does Integrity [282] have a potential impact on external leakage
at the following times (and through it to Life Safety)? Dilution
model.

T(ignition) - T(safety)- Yes-

At all times. In terms of the event duration concerned, even the
correct levels of fire protection () hour from ignition?) will be
sufficient and the intended integrity of the wall can be assumed
to exist. Arithmetic mean of Delphi group 7/10 (high). Doors
are a special case of permeability, windows also.

See diagram D142.

Does Permeability [283] have a potential impact on external
leakage at the following times (and through it to Life Safety)?
Dilution model.

T(ignition) - T(safety)' Yes.

The same principle applies as for integrity. It is assumed to be
a constant aspect of the nature of the fabric and its fittings

363



and includes also cracks, doors, air conditioning vents. Delphi
group arithmetic mean 6/10 (medium).

See diagram D143.

Does Integrity [282] have a potential impact on internal leakage
at the following times (and through it to Life Safety)? Dilution
model.

T(ignition) - T(safety) 'es:

At all times. In terms of the event duration concerned, even the
correct levels of fire protection () hour from ignition?} will be
sufficient and the intended integrity of the wall can be assumed
to exist. Arithmetic mean of Delphi group 6/10 (high)> Doors
are a special case of permeability, windows also.

See diagram D144.

Does Permeability [283] have a potential impact on internal
leakage at the following times (and through it to Life Safety)?
Dilution model.

T(ignition) - T(safety): Te€S-

The same principle applies as for integrity. It is a constant
aspect of the nature of the fabric and includes also cracks,
doors, air conditioning vents Delphi group arithmetic mean 6/10
(medium). See diagram D145.

Does Air Conditioning [284] impact onto ambient temperature at

the following times (and through it to Life Safety)? Dilution
model.

T(ignition) - T{detection)+ TYeS:

The air conditioning will be pre-existent.
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T(detection) = T(safety): '€S:

Note that if the equipment is shut off automatically or manually
then it will have no further potential contribution to make,
Delphi group arithmetic mean 8/10 (high). See diagram D146.

Doés Heat Gain of Space [285] have a potential impact on ambient
temperature at the following times {and through it to Life
safety)}? Dilution model.

T(ignition) - T(safety) Yes.

At all times. The heat gain of the space may be unpredictable in
occurrence. The potential impact of the factor is constant and
may be relevant at any time in the event. See diagram D147.

Does Space'Shape [287] have a potential impact on reservoir size
and design at the following times (and through it to Life
Safety)? Dilution model.

T(ignition) - T(safety) Yes.

At all times the space shape (which in most circumstances will be
constant) will potentially impact onto the effectiveness of the
reservoir. The effectiveness of the reservoir to allow the smoke
to float around wiil depend on the shape.

Delphi group arithmetic mean 5/10 (medium). See diagram D148.
Does Height of Reservoir [288] have a potential impact on the

reservoir size and design (and through it to Life Safety)?
Dilution model.

T(ignition) - T(safety)' Yes.

Static height, constant potential impact. Delphi group
arithmetic mean 9/10. See diagram D149.
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Does Length of Space [289] have a potential impact on reservoir
size and design (and through it to Life Safety)? Dilution model.
T(ignition) = T(safety)- Yes-

A constant, and thus a constant impact at all times. Delphi
group arithmetic mean 7/10 (high). See diagram D150.

Does Breadth [290] have a potentia1 impact on reservoir size and
design at the following times (and through it to Life Safety)?
Dilution model.

T(ignition) ~ T(safety): Yes-

Same as length. Delphi group arithmetic mean 7/10 (high). See
diagram D151.

In the case of a smoke control system requiring activation, it is
assumed that the earliest that this could occur would be Jjust
after T(detection) by automatic detection. Manual detection, or
manual activation after automatic detection would both involve
delays before activation. In the case of some factors this means
that the factor has no contribution in the time stage 1.

Containment model

Does Available Power [291] have a potential impact on air
pressure developed at the following time stages (and through it
to Life safety)? Containment model.

T(ignition) - T(detection) No.

Not yet activated.

T(detection) ~ T(safety): Yes:

A vital factor in the development of pressure for the containment
of smoke. Delphi group arithmetic mean 9/10 (high). See diagram
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D152.

Does Operating Philosophy [292] have a potential impact on air
pressure developed at the following time stages (and through it
to Life safety)? Containment model.

T(ignition) - T(deteétion)' No.

Not yet activated.

T(detection) ~ T(safety) YeS

Operating philosophy refers to the adopted policy for use of
power to control smoke by containment. It may involve selective
positive and negative pressurisation and the air pressure
developed (and where it is developed) will depend on the policy
adopted. There is a high a potential impact on air pressure
developed. Delphi group arithmetic mean 8/10 (high}. See
diagram D153.

Does Space Shape [287] have a potential impact on volume and
design of space at the following times (and through it to Life
Safety)? Containment model.

T(ignition) - T(safety)" Yes.

Delphi group arithmetic mean 6/10 (medium). See diagram D154.

Does Height [288] have a potential impact on volume and design of
space at the following times (and through it to Life Safety)?
Containment model.

T(ignition) - T(detection) No.

Passive containment relevance to an inactive smoke control
system.

T(detection) - T(safety): YeS-
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A static value, and of constant a potential impact on the volume
and design of space and thus smoke control by containment.
T(detection) is the earliest potential stage for active
contribution. Delphi group arithmetic mean 9/10 (high). See
diagram D155.

Does Length of Space [289] have a potential impact on reservoir
size and design (and through it to Life Safety)? Containment
model.

T(ignition) = T(safety)- Te€sS:

A constant, and thus a constant impact at all times. Delphi
group arithmetic mean 7/10 (high). See diagram D156.

Does Breadth [290] have a potential impact on reservoir size and
design at the following times (and through it to Life Safety)?
Containment model.

T(igm‘tion) - T(safety): Yes.

Same as length. Delphi group arithmetic mean 7/10 (high). See
diagram D157.

Do Surroundings [278] have any potential impact on Wind at the
following times (and through it to Life Safety)? Containment
model.

T(igr_lition) - T(safety): Yes-

The surroundings are constant - The only way the actual value of
surroundings may change is if the wind direction changes and a
different approach topography is experienced by the incoming air.
The potential value for any given plot will be the most
significant of the topographies. Delphi group arithmetic mean
6/10 (medium).
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See diagram D158,

Does Speed [279] have a potential impact on wind at the following
times (and through it to Life Safety)? Containment model.

T(ignition) = T(safety): TYes-

At all times the pressure developed by the wind will depend on
the speed. Delphi group arithmetic mean 9/10 (high).  See
diagram D159.

Does Direction [280] have a potential impact on wind at the
following times (and through it to Life Safety)? Containment
model.

T(ignition) = T(safety): Yes-

At all times the pressure developed by the wind on the building
faces will relate to the angle of incidence of the wind onto the
building. Delphi group arithmetic mean 9/10. (high).

See diagram D160.

Does the Height [281] have a potential impact on wind at the
following times (and through it to Life Safety)? Containment
model.

T(ignition) - T(safety)" Y¢5°

At all times the height of the building will impact onto the wind
as 'seen' by the building. Delphi group arithmetic mean 7/10.
See diagram D161.

Does Smoke Mass Flow Rate [276] have a potential impact on volume
and energy of smoke at the following times, and through it to
Life safety? Containment model.

T(ignition) = T(safety): 'es-
B



At all times, with a containment system the smoke mass flow rate
will have a potential impact on volume and energy of smoke.
Delphi group arithmetic mean 9/10 (high).

See diagram D162.

Does Nature of Smoke [277] have a potential impact on volume and
energy of smoke at the following times (and through it to Life
Safety)? Containment model. | '

T(ignition) - T(safety)- Yes.

There will be a a potential impact of the nature of smoke
(including such factors as ageing) from the time of ignition onto
the volume and energy of the smoke. The actual value is most
likely to be very low at the initial stages of the event, and
only when the smoke has aged (by cooling, increasing volume on
passing obstacle, or the effect of sprinklers or gas flooding).
Delphi group arithmetic mean 7/10 (high). See diagram D163.

Does Integrity [282] have a potential impact on external leakage
at the following times (and through it to Life Safety)?
Containment model.

T(ignition) - T(safety)" Yes.

At all times. In terms of the event duration concerned, even the
correct levels of fire protection () hour from ignition?) will be
sufficient and the intended integrity of of the wall can be
assumed to exist. Arithmetic mean of Delphi group 7/10 (high).
Doors are a special case of permeability, windows also. See
diagram D164.

Does Permeability [283] have a potential impact on external
leakage at the following times (and through it to Life Safety)
Containment model.
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T(ignition) - T(safety)- V€S-

The same principle applies as for integrity. It is assumed to be
a constant aspect of the nature of the fabric and its fittings
and includes also cracks, doors, air conditioning vents Delphi
group arithmetic mean 6/10 (medium). See diagram D165.

Does Integrity [282] have a potential impact on internal leakage
at the following times (and through it to Life Safety)?
Containment model.

T(ignition) = T(safety) Yes.

At all times. In terms of the event duration concerned,
satisfactory fire resistance of the structure is assumed
sufficient and the intended integrity of the wall is assumed to
exist. Arithmetic mean of Delphi group 7/10 (high). Doors are a
special case of permeability, windows also. See diagram D166.

Does Pérmeabi]ity [283] have a potential impact on internal
leakage at the following times (and through it to Life Safety)?
Containment model.

T(ignition) = T(safety)" Yes.

See diagram D167.

The same principle applies as for integrity. It is assumed to be
a constant aspect of the nature of the fabric and its fittings
and includes also cracks, doors, air conditioning vents Delphi
group arithmetic mean 6/10 (medium).

Removal mode]l
Does Space Shape [286] have a potential impact on reservoir size

and design at the following times (and through it to Life
Safety)? Removal model (mechanical and'natural).
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T(ignition) - T(safety)- Yes.

At all times the space shape will impact on the effectiveness of
the reservoir. The effectiveness of the reservoir to allow the
smoke to accumulate will depend on the shape

Delphi group arithmetic mean 5/10 (medium). See diagram D168.

Does Height of Reservoir [288] have a potential impact on the
reservoir size and design (and through it to Life Safety)?
Removal model (mechanical and natural).

T(ignition) = T(safety)- Yes-

Static height, constant impact. Delphi group arithmetic mean ?.
See diagram D169.

Does Length of Space [289] have a potential impact on reservoir
size and design {and through it to Life Safety)? Removal model
(mechanical and natural).

T(ignition) - T(safety): Yes:

A constant, and thus a constant impact at all times. Delphi
group arithmetic mean 7/10 (high). See diagram D170.

Does Breadth [290] have a potential impact on reservoir size and
design at the following times (and through it to Life Safety)?
Removal model (mechanical and natural).

T(ignition) - T(safety)" Yes.

Same as length. Delphi group arithmetic mean 7/10 (high). See
diagram D171,

Does Air Conditioning [284] impact onto ambient temperature at
the following times (and through it to Life Safety)? Removal
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model (mechanical and natural).

T(ignition) - T(detection)+ 'ES-:

The air conditioning will be pre-existent.

T(detection) - T(safety) Yes.

Note that if the equipment is shut off automatically or manually
then it will have no further potential contribution to make,
Delphi group arithmetic mean 8/10 (high). See diagram D172.

Does Heat Gain of Space [285] have a potential impact on ambient
temperature at the following times (and through it to Life
safety)? Removal model (mechanical and natural).

T(ignition) - T(safety): Yes-

At all times. The heat gain of the space may be unpredictable in
occurrence. The potential impact of the factor is constant and
may be relevant at any time in the event. See diagram D173.

Do Surroundings [278] have a potential impact on wind at the
following times (and through it to Life Safety)? Removal model
(mechanical and natural).

T(ignition) ~ T(safety): Yes:

The surroundings are constant - The only way. the actual value of
surroundings may change is if the wind direction changes and a
different approach topography is experienced by the incoming air.
The potential value for any given plot will be the most
significant of the topographies. Delphi group arithmetic mean
6/10 (medium).

See diagram D174.

Does Speed [279] have a potential impact on wind at the following
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times (and through it to Life Safety)? Removal model (mechanical
and natural).

T(ignition) - T(safety) Yes-

At all times the pressure developed by the wind will depend on,
the speed. Delphi group arithmetic mean 9/10 (high).  See
diagram D175.

Does Direction [280] have a potential impact on wind at the
following times (and through it to Life Safety)? Removal model
(mechanical and natural).

T(ignition) = T(safety): Yes-

At all times the pressure developed by the wind on the building
faces will relate to the angle of incidence of the wind onto the
building.  Delphi group arithmetic mean 9/10. (high).  See
diagram D176.

Does the Height [281] have a potential impact on wind at the
following times (and through it to Life Safety)? Removal model
(mechanical and natural).

T(ignition) = T(safety): '€S-

At all times the height of the building will impact onto the wind
as 'seen' by the building. Delphi group arithmetic mean 7/10.
See diagram D177.

Does Smoke Mass Flow Rate [276] have a potential impact on volume
and energy of smoke at the following times, and through it to
Life safety? Removal model (mechanical and natural).

T(ignition) - T(safety)‘ Yes.

At all times, with a removal system the smoke mass flow rate will
have a potential impact on volume and energy of smoke. Delphi
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group arithmetic mean 9/10 (high). See diagram D178.

Does Nature of Smoke [277] have a potential impact on volume and
energy of smoke at the following times (and through it to Life
Safety)? Removal model (mechanical and natural).

T(ignition) = T(safety)" Yes.

There will be a a potential impact of the nature of smoke
(including such factors as ageing) from the time of ignition onto
the volume and energy of the smoke.” The actual value is most
likely to be very low at the initial stages of the event, and
only when the smoke has aged (by cooling, increasing volume on
passing obstacle, or the effect of sprinklers or gas flooding).
Delphi group arithmetic mean 7/10 (high). See diagram D179.

Does Available Power [291] have a potential impact on air
pressure developed at the following time stages (and through it
to Life safety)? Removal model (mechanical and natural).

T(ignition) - T(detection)- No-

Not yet activated.

T(detection) = T{safety) 'es:

A vital factor in the development of pressure for the removal of
smoke. Delphi group arithmetic mean 9/10 (high). See diagram
0180.

Does Operating Philosophy [292] have a potential impact on air

pressure developed at the following time stages (and through it
to Life safety)? Removal model (mechanical and natural).

T(ignition) - T(detection): No-

Not yet activated.
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T(detection) ~ T(safety)- Yes.

Operating philosophy refers to the adopted policy for use of
power to control smoke by removal. See diagram D181.

ﬁoes Integrity [282] have any impact on external leakage at the
following times (and through it to Life Safety)? Removal model
(mechanical and natural).

T(ignition) = T(safety): Yes:

At all times. In terms of the event duration concérned, even the
correct levels of fire protection () hour from ignition?) will be
sufficient and the intended integrity of of the wall can be
assumed to exist. Arithmetic mean of delphi group 7/10 (high).
Doors are a special case of permeability, windows also. See
diagram D182.

Does Permeability [283] have any impact on external leakage at
the following times (and through it to Life Safety)? Removal
mode (mechanica]rand natural).

T(ignition) = T(safety): Yes:

The same principle applies as for integrity. It is assumed to be
a constant aspect of the nature of the fabric and its fittings
and includes also cracks, doors, air conditioning vents. Delphi
group arithmetic mean 6/10 (medium). See diagram D183.

Does Integrity [282] have any impact on internal leakage at the
following times (and through it to Life Safety)? Removal model
(mechanical and natural).

T(ignition) - T{safety): Yes.

At all times. In terms of the event duration concerned, even the
carrect levels of fire protection () hour from ignition?) will be
sufficient and the intended integrity of of the wall can be
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assumed to exist. Arithmetic mean of delphi group 7/10 (high).
Doors are a special case of permeability, windows also. See
diagram D184,

Does Permeability [283] have any impact on external leakage at
the following times (and through .it to Life Safety)? Removal
model (mechanical and natural).

T(ignition) - T(safety)- Yes.

The same principle applies as for integrity. It is assumed to be
a constant aspect of the nature of the fabric and its fittings
and includes also cracks, doors, air conditioning vents. Delphi
group arithmetic mean 6/10 (medium). See diagram D185.

Does Geometry [293] have any impact on surface characteristics at
the following times (and through it to Life Safety)?

T(ignition) = T(detection)+ YeS:

Very important throughout the event. In the early stages as a
component of a surface characteristic to allow fire growth.

T(detection) = T(safety)- Tes-

This initial importance is continued throughout the event. There
is a potential impact of geometry on surface characteristics
through out the event. Delphi group arithmetic mean 8/10. See
diagram D186.

Does Flame Spread Characteristics [294] have any impact on
surface characteristics at the following times (and through it to
Life safety)?

T(ignition) = T(safety) Yes.

It will have a potential impact for the whole event duration.
Delphi group arithmetic mean 9/10 (high). See diagram D187.
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Does Compartmentation [295] have any impact on passive fire
stopping at the following times (and through it to Life Safety)?

T(ignition) - T(safety)' Yes.

Until failure of the structure or the fabric, 'there will be a
potential impact of compartmentation on fire spread through
passive fire stopping of the structure or the fabric. There wili
be a potential impact of compartmentation on fire spread through
passive fire stopping.

Delphi group arithmetic mean 8/10 (high). See diagram D188.
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(6) Derivation of 'Original Impact' vectors

Based on the original impact values derived by the Delphi group,
a set of tables were drawn up as a summary tool. These were
termed 'Original Impact Vectors'.

Tables to represent factors at each level of the hierarchy, for
each smoke control technique, and for each of the time stages
were created (45 total). Diagrams D189-D193 are examples of
vectors for the secondary level factors included in the smoke
control by containment model for the five time stages. Note the
six columns representing the six primary level factors in the
model. The secondary level factors impacting onto each primary
level factor, and the potential values (expressed as a decimal}
of these impacts can be identified easily., By time stage 4 all
factors have a potential contribution.

Taking Exit Route Capacity as an example: Note there 1is no
potential impact in stages 1 and 2, a potential impact of 0.80 in
stage 3, and potential impacts of 0.90 in stages 4 and 5.
Compare diagram D71.
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{7) 'Interaction’ values theory and derivation

Introduction

So far, the primary, secondary, and tertiary level factors in the
mode] had been assumed to be discrete in their effect on Life
Safety. The relationships considered had been limited to those
links shown on diagrams D49-D56, for each of the five ‘time
stages. In reality, the contributions of factors to Life Safety
are not simple enough to be described in terms of impacts only.
Indeed, they are are both complex and dynamic. The multi-faceted
nature of factor contributions to Life Safety may only be
represented by a complex set of statements about the operands.

At this stage of the development, the unrealistic assumption was
removed. The concept that occurrences during the event, and
influences on Life Safety, are the result of interactions between
factors, or groups of factors, was put forward.

Consider diagram D194 as an example. Factors have a potential
contribution to Life Safety (the concept of impacts} (e.g.,
[3001). In addition, a factor may be influenced in some way by
another factor (or factors) modifying the potential impact on
Life Safety (e.g., [171,172]). A knock-on effect occurs.
Further, since the subject factor may itself influence other
factors, any modification of its potential impact may have
implications for those other factors (e.g., [167,169]). A
chaining effect may occur (e.g., Ease of Use [171,169]).

These relationships are vrepresented in the model as
'interactions'. Such modifications may reduce or increase the
potential contribution of a factor to Life Safety, which in
itself may be either of a safe or hazardous nature. See
conceptual section for further discussion.

There are a number of limitations of interactions. For instance,
a factor can only influence another whilst it has a potential
contribution to Life Safety. Hence, a factor defined (earlier)
as having no potential impact in, say, stages 1 and 2 of an event
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cannot have any influence on other factors during stages 1 and 2
either (e.g., Exit Route Capacity). Neither can it be inf luenced
by any other factors during this time stage.

A further conceptual restriction on factor interactions is
concerned with branches. See diagram D195. Factors within a
branch of the hierarchy are related by impacts, either directly
(e.g., Communication and Mode of Escape) or indirectly (e.g.,
Existence of Aural Information and Mode of Escape). Such
relationships prevent a factor interacting onto another factor in
the same branch of the hierarchy.

Also if a factor (A) has a (potential) interaction onto a factor
(B) in a branch of the hierarchy, then factor (A) cannot also
have a (potential) interaction onto any other factor in that
branch; neither can any other factor in the same branch as (A)
have an impact on factor (B). Diagram D196 is an explanatory
example of the above conceptual restrictions and assumptions.
Otherwise there are no restrictions over interactions between
levels in the hierarchy.

The term “interaction" requires careful definition, and a clear
set of assumptions about its use. A summary of the term impact
is also given,

Impact: An impact occurs between a lower and a higher factor in
the hierarchy. The levels must be adjacent, and existence of an
impact between two factors implies dependence of the higher on
the lower.

Interaction: An interaction occurs between two factors in the
model. It describes the potential knock-on effect between the
two factors, but note that interactions are considered as being
directional, ie; there may be an interaction of A on B whilst
there is no interaction of B on A.

Refer diagram D194, Dictionary definitions of interactions
discuss relationships of a reciprocal nature; an action or
influence on each other. These sorts of relationships do occur
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to a limited extent in the model (e.g., [171,169]).

The relationships modelled by the terms "Interactions" were
intended to describe the network of influences, not necessarily
reciprocal, which determine the real impact of factors on the
objective during the event. The dictionary definition of the
term was overlooked. Clearly, it is contradictory to use the
term "interaction" to define relationships as being anything
other than reciprocal - nevertheless, a great number of factors
do influence other factors without themselves being influenced
(e.g., [172,167]).

A more accurate terminology may be "Influence”. The Delphi Group
felt it would be less confusing to continue with the term
interaction. For this reason it 1is kept in the thesis as
defined.

Interactivity is defined for the purposes of this model as
altering the importance of a potential contribution by modifying
it. The contribution itself is assumed to be of a similar nature.
For instance, the obstruction of an escape route by a queue
modifies the potential contribution of that escape route to Life
Safety. The increased time required for travel may be
represented as a greater effective route length [103] or smaller
effective route width [99]. The people waiting to enter the
protected section of the route are suffering a reduced
contribution of the route to their Life Safety (as are the
escapees delayed in the protected route) - however, the nature of
the contribution of the escape route to Life Safety remains
similar. The queue, representing an obstruction modifies the
escape route performance.

The qualitative and quantitative development of the potential
interactions in the system are now discussed. Consideration will
be given to each factor in the model in turn, for any
interactions it has which influence other factors.

The Delphi group was presented with the following information,
accompanied by diagrams to represent the interactions for the
relevant time stages. Sample diagrams for the secondary factor
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Exit Route Capacity are shown in diagram D197. These represent
identified interactions onto Mobility and Ease of Use, both from
time stage 4 onwards and of maximum potential importance.

A manual itemising the potential interactions for each of the
time stages was developed and discussed by the Delphi group (8th
and 15th January 1986). This comprised a set of standard sheets,
each sheet dedicated to a particular subject factor and itemising
its potential interactions onto other factors. Each standard .
sheet comprised information on the time stage definitions to
which was added details of the magnitude of potential impacts and
interactions of the subject factor, and the relevant time stages.
Diagram D198 is a reproduction of the standard sheet dedicated to
Exit Route Capacity. The information on it corresponds to that
in diagram D197 ie; interactions onto Mobility and Ease of Use
are identified.

In the following section a summary diagram is provided for each
factor.  This illustrates the interactions of and onto the
factor; the time stages the interactions are relevant for; and'
the magnitude of the interacting factors and their potential
interactions. The data in the diagrams corresponds to the
information presented to the Delphi group (e.g., diagrams
D197,D198), recast to save space. See diagram D199 (Exit Route
Capacity) and diagrams D200,D201 (for Mobility and Ease of Use
respectively).

To minimise interactions being assigned to the incorrect Tevels
in the hierarchy (particularly too high a level) the tertiary
level factors- are considered first. For each of the factors,
only those interactions thought to potentially exist will be
detailed. Any interaction not listed is considered as not
existing potentially for that time stage.

The text is based on information provided to the Delphi Group.

Tertiary Level

Do the Existence of Information factors have any potential
interaction on any other factors in the model? Diagrams D202-
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D206.

There will be no interaction of the Existence of Information
factors onto other factors in the model.

The modelling concept of information handling by people is based
on the idea that a stimulus does not 'exist' for a person or
group unless it is perceived. For this reason the existence of
information and the ability to perceive information factors are
discrete. Communication occurs as a result of existence of
information and the ability to perceive it. Any influence will
occur indirectly, through an interaction of communication. (see
later). See also diagrams D207-D211.

Does Psycho1ogi£a1 Capacity have any potential interaction on any
other factors in the model? Diagram D212.

Psychological Capacity can not have any interaction onto
existence of information factors, but will interact onto
the ability to perceive factors [21,23,25,27,29]. The ability to
perceive is defined for the purposes of the Delphi group as the
ability to receive and interpret existent information, thus
leading to the 'existence' of a stimulus (Radford (168)).

This will depend on the physical capability and the psychological
‘capacity, modelled by an interaction between psychological
capacity and the appropriate ability to perceive factor. |

The interaction of psychological capacity on each of the five
ability to perceive factors will be high. Also, since each of
the ability to perceive factors can have an impact on
communication at each of the time stages in the event, there may
be an interaction at any time throughout the event. Note that
the interaction of psychological capacity is of high importance
in determining the ability to perceive regardless of how
important that ability to perceive is to Communication or Life
Safety.

There must be a link between psychological capacity and physical
capability [38], in order that plans involving movement can be
translated into action. This relates to P°5t‘T(action) stages of
the event. Prior to action for escape, movement required for
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investigation purposes will be dependent on physical capability
and its impact on mobility. In turn, the interaction between
psychological and physiological capabilities [45] will be
potentially important (e.g., sleep as an immobilising state- this
may have a crucial effect on time for detection). Once ambiguous
cues become apparent there is a potential for interaction - this
will be most significant after perception of the fire event, when
mental activity is accompanied by physiological changes in the
body (preparation).

For the purposes of the Delphi group, building knowledge has been
defined as a cognitive map of the building spaces. \Use of a
cognitive map is influenced by psychological capacity [47].
There can be no impact of the Building Knowledge onto Life Safety
until T(detectibn)r and so there will be no interactive effect of
Psychological Capacity and Building Knowledge prior to this
either. The potential contribution of Location Identification
is also influenced [64].

There is no interaction of psychological capacity with general or
specific fire safety knowledge that will alter their impact on
life safety.  However there will be an element of feedback
involving Communication and Psychological Capacity that correct
or increase Event Knowledge [53]. This 1is potentially
significant after T(detection) (when the person becomes aware of
ambiguous information).

Does Physical Capability have any potential interaction on other
factors in the Life Safety System? Diagram D213.

There is an interaction of physical capability onio the ability
to perceive factors [22,24,26,28,30]. Tactile, gustatory, and
olfactory factors have been assumed to be physical activities.
They may be physiologically related, and in that case the
interactions required to model the activity would be between
physiological capability and ability to perceive.

There may be a small potential interaction of Physical Capability
onto Psychological Capability [34]. It may be that knowledge of
a limited personal physical capability will affect the
psychological capacity contribution to the planning and re-
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planning stages {ie; p°5t“T(perception))'

There is no interaction of physical capability onto physiological
capability, the effect will be the other way around. There fis
also no direct interaction of physical capability onto any
knowledge factors - knowledge aspects are influenced by
psychological capacity. Physical capability may interact with
obstructions [81] to alter the impact on Life Safety, during the
latter stages of the event. A weak individual may find an
ohstruction such as a fire door too much to overcome.

Does Physiological Capability have any potential interaction onto
the other factors in the LIfe Safety System? Diagram D214.

This term relates to the functioning of the body. Similarly to
the interaction of physical capability onto psychological
capacity, physiological capability has a potential interaction on
the psychological aspects of planning in the pOSt'T(perception)
stages of the event [35]. The effect will be limited.
Physiological capability will have a potential interaction onto
physical capability of a large importance in the latter stages of
an event involving egress. This is the effect of stamina on the
continued ability to perform tasks. During early stages
activities such as investigation of ambiguous cues, which rely on
a degree of physical capability may also depend on physiological
capability. Thus the potential of the interactive effect of
physiological capability onto physical capability is high,
throughout the event.

Physiological capability does not have any impact on any other
factors directly. In conjunction with the effect on physical
capability it may have indirect implications for any factors
affected by physical capability or mobility (which depends upon
it).

Does Building Knowledge have a potential interaction onto any
other factors in the Life Safety System? Diagram D215.

Building knowledge may have a potential interaction onto
Psychological Capacity [32]. There will also be a potential
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interaction onto both General [59] and Specific Fire Safety
Knowledge [61]. This is because of the high importance of
building familiarity in the use of such knowledge. The factors
will be closely linked and before the event it is 1likely an
increase in specific fire safety knowledge may increase the
building knowledge. The interaction of Building Know]edge onto
General Fire Safety Knowledge does not occur until at least
T(perception)' The interaction onto Specific Fire Safety
Knowledge may occur as early as T(detection)‘ The step from
T(détection) to T(perception) may be influenced by Specific Fire
Safety Knowledge such as an understanding of the meaning of coded
messages, and is modelled using this interactién.

The contribution of Location Identification to Life Safety may be
significantly . affected by Building Knowledge. Location
identification does not become relevant until ‘T(perception)- 50
there can be no interaction until at least then either.

Does Event Knowledge have a potentiaT‘interaction onto any other
factors in the Life Safety System? Diagram D216.

There will be a strong potential interaction with psychological
capacity [36]. This influence will be reciprocal, the Event
Knowledge giving information to allow the reasoning required for
planning and executing escape [36], the experience of which will
feedback from Psychological Capacity to Event Knowledge [53].
There will also be a potential (reciprocal) interaction of event
knowledge and Location Identification.[54,66]. A person with
knowledge about the event (e.g., fire location) may benefit more
from information for Location Identification.

Similarly, Route Choice Identification may have more significance
for someone with the relevant Event Knowledge [71]. This can be
modelled by the interactive links between event knowledge and
route choice identification [55,71].

There will be a potential interaction onto Choice of Alternative
Routes during the T(perception) - T(safety) stages. Event
knowledge on usability of route [87,56], or instructions on route
usage may alter the importance of the options available.
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Do the factors Genmeral and Specific Fire Safety Knowledge have
any potential interaction onto other factors in the Life Safety
mode1? Diagrams D217,D218.

The factors general and specific fire safety knowledge are
similar enough in context to be considered together. Differences
in relevance are noted. One of the elements of Specific Fire
Safety Knowledge is the ability to interpret information
presented in a way which the ordinary person would be inequipped
to interpret. An example may be the use of coded messages.
Without the 1link between Specific Fire Safety Knowledge and
Psychological Capacity the message may not be interpreted as
significant [33]. Specific Fire Safety Knowledge allows correct
interpretation.

There will be a potential interaction of General and Specific
Fire Safety Knowledge onto Event Knowledge [62,51]. The
interaction of Specific Fire Safety Knowledge could occur earlier
and potential importance will be greater.

The two types‘ of fire safety knowledge will complement each
other. It is unlikely that someone with a Specific Knowledge
will not have a General Knowledge, although the same cannot be
said of the reverse. The use of Specific Knowledge could
potentially be enhanced by this General Knowledge [62] and so an
interaction may occur.

Location identification could potentially be altered
significantly in its contribution to 1ife safety by the
interaction of both General and Specific Fire Safety Knowledge
[67,68]. Similarly, General and Specific Fire Safety Knowledge
is 1likely to improve the contribution of Route Choice
Identification [72,73] and Choice of Alternative Routes [88,89]
to Life Safety.

There are potential interactions between both General and
Specific Fire Safety Knowledge and Fire Suppression [214,215].
The likelihoed that people will tackle fires, and that actions
will be effective will be improved by training, particulariy of a
specific nature.

Does the factor Location Identification have any potential
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interaction onto other factors in the Life Safety model? Diagram
D219.

There 1is a very strong potential interaction onto Building
Knowledge [48]. The effectiveness of the use of an individuals
cognitive map for escape depends on any identification of the
location as a reference point about which plans for the movement
for escape can be made.

There will be a potential effect of Location Identification on
Event Knowledge [54].

There is no link of Location Identification onto General or
Specific Fire Safety Knowledge, it is the reverse [67,68]. There
will however be a potential interaction onto Route Choice
Identification [74]. Although in an acceptable situation it
would be expected that the contribution of Route Choice
Identification would be sufficient, there exists the potential in
real use for Location Identification to increase the
understanding and acceptability of the Route Choice information,
and this is modelled by an interaction of medium value occurring
after T(perception)' In addition, the potential impact of the
Choice of Alternative Routes on Life Safety may be enhanced by
knowledge of the location [90].

There may be a link between Location Identification and Operating
Philosophy [150]. Operating decisions on variable air handling
systems for the control of smoke spread will; require location
identification, |

Does Route Choice Identification have any potential interaction
on other factors in the Life Safety System? Diagram D220.

The interactions of Route Choice Identification will of a similar
context as those of location identification. There will be a
potential interaction onto the existence of visual information
[71.

Ease of route identification may make building knowledge more
useful to life safety, this is modelled by an interaction onto
Building Knowledge [49]. Event Knowledge may be enhanced
significantly [55].
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There will be a potentially strong link between the
Identification of Route Choice Alternatives [91]. This is an
important relationship. If alternatives can be identified the
value to 1ife safety may be enhanced considerably.

Do Obstructions have any potential interactions onto other
factors in the Life Safety System? Diagram D221.

The factor Obstructions may interact with Mobility [165]. An
Obstruction of duration longer than the event (e.g., a locked
fire door), or of temporary duration will have a potentially
detrimental effect on the usability of the routes, and this may
also affect the contribution Mobility can make. The effect will
be contextual, and is modelled by an interaction.

An Obstruction will potentially contribute to Event Knowledge
[56]. Additionally, the impact of Route Choice Identification
and particularly the Choice of Alternative Routes on life safety
may be significantly altered by an interaction of Obstructions
[75,92].

Width of Route is an obvious case for interaction of
Obstructions [99], and the contribution of Length may be affected
also [103] (generally less important).

Does the factor Choice of Alternative Routes have any potential
interactions onto other factors in the Life Safety System?
Diagram D222.

This may interact onto the contribution of Obstructions [79]. If
there is an alternative route, the significance of an obstruction
on the first may be reduced. This will be relevant only after
T(perception)-

Further, the significance of Choice of Alternative Routes may
have an interaction on to the contribution of Exit Route
Capacity [172]. Although in real scenarios the Choice of Alternative
Routes may not always imply sufficient capacity (the design
adequacy or otherwise may be modified by occupant load), in the
acceptable situation the relationship relies on this and models
an improved serviceability of the acceptable route.
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Does the factor Width of Route have any potential interaction onto
any other factors in the Life Safety System? Diagram D223.

There will be a potential interaction on to the factor Mobility
[168]. Width restrictions will be contextual: an able bodied
person may require less width for travel than a person with
prosthetics. The availability of sufficient width for the person
who's mobility requires it may be modelled as an enhancement of
the contribution of Mobility to Life Safety. The balance is re-
dressed. This relationship applies in general.

Width of Route will also have a potential interaction on
Obstructions [82]. The relevance of a partial obstruction will
depend on the width available (hence a reciprocal relationship -
[99]). There is no potential impact of Width of Route on Life
Safety until T(action): thus there can be no potential
interaction until then either.

If escape is being considered from the space of origin of the
fire, as may be the case with a shopping mall or atrium, there
may be an interaction of width of route on to the sub-factors of
smoke movement and control concerned with building spaces.
Breadth of Route {(smoke control by dilution model) may be
affected by the influence of width of route. Breadth (smoke
control by containment model) will also be affected as will
Breadth (smoke control by removal model) [149]. Note that the
interaction may have an influence on Life Safety before
T(action)' It may be from T(ignition) unless the smoke controtl
system requires activation.

Volume and Design of Space (a Smoke Movement factor) may be
affected for both wind and mechanically induced flow [138].

Does the factor Length of Route have any potential interaction
onto any other factors in the Life Safety System? Diagram D224.

There will be a potential interaction on to the Physiological
Capability [46] of the individual. The actual significance of
the interaction of Length of Route on stamina (Physjological
Capahbility) will depend on the individual concerned and the
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effective 1ength/difficu1ty of the route.

The significance of an obstruction may be increased if a great
length has been travelled; the length of travel may be an
obstacle in itself [83]. This is not a simple interaction and in
reality will depend on the relationships between physical
capability, physiological capability, and distance travelled
(including the effective difficulty of that distance).

In a similar way to width of route, there will be an interaction
of the factor Length of Route onto the Volume of Space and Design
(Smoke movement and control) [139].

A1l these interactions are restricted to after T(Action)'

Does the factor Rate of Heat Release have a potential interaction
onto any other factors in the Life Safety System? Diagram 225.

The impact of Existence of Tactile Information on Life Safety may
be influenced by the Rate of Heat Release (in the zone of origin
only probably), so there will be an interaction effect [8]. The
potential is high. In any space other than the origin of the fire
(or a space that the fire has spread to) the potential value will
be low. This interaction may exist at T(ignition) and for all
subsequent times.

There may be a link between Rate of Heat Release and Physical
Capability as excessive heat causes injury (see Victoria Nurses
Home) [40]. This is a potentially critical interaction, which
may result in serious injury or death. The interactive link for
this reason is given a value of 10 (maximum).

Heat exhaustion or injury to lungs can incapacitate even if the
rate of heat release is not sufficient to cause significant
physical injury. This is because heat exhaustion is a cumulative
effect. There will be a relationship between activity level and
exhaustion which should be taken dinto account in a model at
greater depth. The potential interaction of Rate of Heat Release
on Physiological Capability could cause death. Again a potential
value of 10 (maximum) [42].

Where the intensity of heat is such as to create a barrier to use
of a route, this may be modelled again by an interaction. The
interaction onto Obstructions [84] may be significant, but will
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not be relevant until T(action) when people try to use the
routes.  Similarly, the contribution of Choice of Available
Routes may be influenced by Rate of Heat Release [93]: routes
become unusable because of heat and limit the choice.

There will be a potential interaction on to the factor Mode of
Burning [119]. Whether the Mode of Burning of a fuel is flaming
or smouldering depends in part on the available heat source for
ignition/pre-heating. Pre-heating will depend on the Rate of
Heat Release.

For the purposes of the Delphi discussions the factor Fire
Temperature is related to Rate of Heat Release in a very strong
manner [128]. This is reflected by a potential interaction value
of 10 (maximum). The contribution of the Nature of Smoke .is
influenced by the Rate of Heat Release [141]. The buoyancy of
the smoke depends on the amount of heat in the smoke.

There will be a potential interaction on to the factor Flame
Spread Characteristics [152]. Note that the flame spread
characteristics of a material itself may not be altered, it is
the contribution of the Rate of Heat Release that alters its
contribution to life safety.

The significance of Fuel Supply and Distribution to Life Safety
may be influenced by Rate of Heat Release (a separation effect)
[203]. Close distribution of fuel is more likely to allow spread
of flame because of higher radiant heat levels for fuel ignition.
There are implications for Compartmentation also [158].

Does the factor Fuel Geometry and Orientation have an potential
interaction with any of the other factors in the Life Safety
System? Diagram D226.

The contribution of Mode of Burning to Life Safety may be
influenced by the Geometry (vertical or horizontal) of the
surface [121]. '
To a.small extent there may be an interaction between Fuel
Geometry and Orientation and Fuel Supply and Distribution,
reflecting the distribution [204].

Does the factor Ignition Source have any potential interaction on
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any other factors in the Life Safety System? Diagram D227.

In the early stages of the event there will be a close link
between Rate of Heat Release and Ignition Source [108]. The
Ignition Source performs a similar function to Heat Release in
pre-heating, and this is reflected by the potential interaction
of Ignition Source onto Rate of Heat Release.

Does Bulk Density have any potential interactions with the other
factors in the Life Safety System? Diagram D228.

There will be an interaction onto the factor Rate of Heat Release
[109]. Dense material burns and releases heat differently to
less dense material. The Bulk Density of a fuel will affect the
Ease of Ignition. The Mode of Burning is related to the Bulk
Density, and so may be affected by an interaction [120].

" Does the factor Oxygen Supply have any potential interactions
onto other factors in the Life Safety System? Diagram D229.

The Oxygen Supply will influence the nature of the fire, in
terms of the Mode of Burning [329], and the effect of Type of
Material on Smoke Yield [330]. There are potential consequences
for occupants also (hypoxia) [328].

Does the factor Mode of Burning have any potential interactions
onto other factors in the Life Safety System? Diagram D230.

Mode of Burning is related to the Rate of Heat Release [110]. If
the Mode of Burning is smouldering, then the Flame Spread
Characteristics of the fuel will contribute less to life safety
(this is a reciprocal relatjonship) [153,122].

Does the factor Type of Material have any potential interactions
onto any other factors in the Life Safety System? Diagram D231.

In a similar manner to Mode of Burning there may be interactions
to represent a link between Type of Material and Rate of Heat
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Release [111], and Flame Spread Characteristics [154].

Does the factor Internal Temperature have any potential
interactions onto any other factors in the Life Safety System?
Diagram D232.

There may be an interaction between the factors Internal
Temperature and Existence of Tactile Information [9]. Perception
of temperature changes is easier than perception of temperature
itself. Nevertheless, a reference temperature will be necessary
for comparison.

The motivating force of differential temperatures across leakages
will be affected by the internal (as well as the external)
temperature. This may be modelled by an interaction of internal
temperature onto internal and external leakages [135,132].

Does the factor External Temperature have any potential
interactions onto any other factors in the Life Safety System?
Diagram D233.

External Temperature will interact onto and alter the impact of
Internal and External Leakages [133,136].

Does the factor Height have any potential interactions onto any
other factors in the Life Safety system?

The factor height is discrete and has no interactivity with
system to tertiary level.

Does the factor Fire Temperature have any potential interactions
onto any other factors in the Life Safety System? Diagram D234.

Similarly to Internal Temperature, Fire Temperature may interact
to alter the impact of Existence of Tactile Information on to
Life Safety [10]. If a comparison of temperature is to be made
(or is what is perceived) this will be required. Fire
temperature can also alter the contribution of Physiological [43]
and Physical Capability [41] on Life Safety by interacting on to
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them.
Fire temperatufe may also interact on to Nature of Smoke,
influencing the smoke energy [142].

Does the factor Ambient Temperature have any potential
interactions onto any other factors in the Life Safety System?
- Diagram D235.

This and Internal Temperature are common factors; the potential
interactions will be similar (existence of Tactile Information
[332], Internal [333] and External Leakages [334]).

Does the factor Air Pressure Developed have any potential
interactions onto any other factors in the Life Safety System?
Diagram D236.

Air Pressure Developed by Mechanical or Wind technique will
influence the potential contribution of Internal and External
Leakage onto Life Safety [137,133].

There may also be an influence on fire spread. This will be by a
potential interaction that enhances the impact of Flame Spread
Characteristics on Life Safety [155]. Also, the aspect of forced
ventilation on fire growth may be significant. This will be
modelled by a potential interaction onto the factor Oxygen Supply
[116,117].

Does the factor External Leakage have any potential interactions
onto any other factors in the Life Safety System? Diagram'D237.

There will be an interaction of External Leakage onto Fire
Stopping (active and passive) [210]. This will depend in actual
cases on the scale of leakage that is being considered, and will
be reflected by the relationship between the integrity and
permeability of the structure. It is unlikely in the duration of
the event that the contribution of external leakage will be as
significant as internal leakage, but the potential is still
there (cf; Summerland (1973)).
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Does the factor Internal Leakage have any potential interactions
onto any other factors in the Life Safety System? Diagram D238.

The same points apply to internal leakage as apply to external
leakage. In addition to the interaction of Internal Leakage onto
Fire Stopping [211] there will be a relationship of Internal
Leakage and External Leakage [132].

Does the factor Volume of Space and Design have any potential
interactions onto any other factors in the Life Safety System?
Diagram D239.

This term relates to the spatial arrangement for air and smoke
movement. However, the shape of that space at the level used by
people for escape will have an impact on the use for escape.
This can be modelled by interactions onto Width [98] and Length
of Route [107]. In each case there will be no interaction until
at least T(perception)' when use of the route is planned.

The impact of Smoke Release on Life Safety may be altered be the
Volume and Space of the Design [336]. The interaction to
represent this link will be of high importance, and there is
potential for it to.exist throughout the event.

The Nature of Smoke may be altered by the Design of the Space
(144]. Smoke moving up past obstructions may increase in volume,
accompanied by an ageing effect. Note how the interaction occurs
before T(detection) €veN for systems requiring activation, since
the activation itself may in some way depend on the nature of the
smoke.

The design of the space may affect the impact of Fuel Supply and
Distribution on Life Safety by interacting on to it [209]. This
interaction will be of medium import.

Now consider the sub-factors of smoke control. There will be a
degree of overlap, and this may be reflected in similarity of
factors. Also, the values of interactions of similar factors onto
any given factor are expected to be similar also.

Does the factor Smoke Mass Flow Rate have any potential
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interactions onto any other factors in the Life Safety System?
Diagram D240.

This will interact with the factors Existence of Visual, Tactile,
Olfactory, and Gustatory Information [4,11,15,18]. The potential
interactions may occur from T(ignition) and are of high
significance.

Location Identification [69], Route Choice Identification [76],
and Choice of Alternative Routes [94] are all factors that may be
interacted onto by the Smoke Mass Flow Rate. The potential
contribution of each to Life Safety will be adversely affected.
The potential contribution of the Reservoir Size and Design will
be influenced by the Smoke Mass Flow Rate [182]. A small volume
with a large Smoke Mass Flow Rate will not impact favourably on
Life Safety. '

Does the factor Nature of Smoke have any potential interactions
onto any other factors in the Life Safety System? Diagram D241.

This will interact onto the factor Reservoir Size and Design
[183]. This interaction will be of particular import for smoke
control by removal (the efficiency of the removal depends on a
buoyant layer, which in turn depends on the nature of the smoke),
and of lesser import for dilution.

Do the factors Surroundings, Speed, Direction, and Height have
any potential interactions onto any other factors in the Life
Safety System? Diagrams D242,D243,D244,D245.

The factors relate to wind. The wind Direction may express
itself on Life Safety through wind pressure. Note that where
smoke and/or fire interface with the outer environment, there may
be an interaction of wind direction onto the impact of Flame
Spread Characteristics on Life Safety [156]. There will be no
other interactions.

Do the factors Internal and External Integrity have any potential
interactions onto any other factors in the Life Safety System?
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Diagram D246.

There may be potential interactions onto Compartmentation
[159,160], Fuel Supply and Distribution [207,208], and Choice of
Alternative Routes [85,86]. A failure of the Integrity of an
element may alter the impact on Life Safety of any/all of these
factors.

Do the factors Internal and External Permeability have any
potential interactions onto any other factors in the Life Safety
System? Diagram D247.

The factor Permeability may include in its scope doors. The same
space factors may be interacted onto as for integrity
(Compartmentation [159,160], Fuel Supply and Distribution
[207,208], and Choice of Alternative Routes [85,86]).

Does the factor Air Conditioning have any potential interactions
onto any other factors in the Life Safety System? Diagram D248.

Changes in air conditioning may occur throughout the event.
Prior to T(getection) (auto) or T(perception) (manual) stopping
of air conditioning is the result of failure or intervention
(without any knowledge of a fire). After these times alteration
may be by failure or conscious decision. The interaction of any
such alterations in the action of air conditioning may affect the
Existence of Aural [1] or Tactile Information [12] (a form of
ambiguous cue). Flame and smoke movement may also be interacted
onto [145,14¢6].

The factor Oxygen Supply may be interacted onto by air
conditioning [118].

Does the factor Heat Gain of Space have any potential interactions
onto any other factors in the Life Safety System? Diagram D249.

The term Heat Gain of Space is similar to the factors Ambient
Temperature, and Internal Temperature [127].
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Does the factor Space Shape have any potential interactions
onto any other factors in the Life Safety System?  Diagram D250.

This will interact onto ease of use sub-factor Route Choice
Identification [78]. The potential impact of the factor Nature
of Smoke may be altered by the influence Space Shape has on smoke
movement [143]; The factors Ambient Stack and Fire Stack are
related to Space Shape for their impact on Life Safety [337,338].
There may also be interactions onto the factors Width [102] and
Length of Route [104]. In each case there will be no interaction
until at least T(perception)r when use of the route is planned.

Do the factors Length and Breadth of Space have any potential
interactions onto any other factors in the Life Safety System?
Diagram D251,D252.

The factors Length and Breadth may have similar types of
potential intéractions. The factors Breadth and Width [342], and
Length of Space and Route [340] are similar. This is marked by
common interactions.

There will be potential interactions of Length on Fuel Supply
and Distribution [339,341], and on Compartmentation (effective
separation) [161].

Does the factor Height of Space have any potential interactions
onto any other factors in the Life Safety System?

This factor is discrete and has no interactions.

Does the factor Geometry have any potential interactions onto any
other factors in the Life Safety System? Diagram D253.

This is similar to the factor Fuel Geometry and Orientation (a
sub-factor of Rate of Burning) [343]. Potential interactions will
be the same as for that factor (ie; Mode of Burning [121], Fuel
Supply and Distribution [205]).

Does the factor Flame Spread Characteristics have any potential
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interactions onto any other factors in the Life Safety System?
Diagram D254,

There may be an interaction that alters the impact of Ignition Source
on Life Safety [114].

Does the factor Compartmentation have any potential interactions
onto any other factors in the Life Safety System? Diagram D255.

Compartmentation will interact onto the factors Existence of
Aural [2], Visual [5], Tactile [13], Olfactory [16] and Gustatory
Information [19]. Remoteness from the fire will result in less
direct information being available for reception:-
A prime function of compartmentation is to allow safety for
escape from the threat of the fire in areas other than the space
of origin, such as protected routes. This is modelled as a
potential interaction onto the factor Choice of Alternative
Routes throughout the latter stages of the event [95].

Secondary factors

Does the factor Communication have any potential interactions
onto any other factors in the Life Safety System? Diagram D256.

Communication will have a strong interaction onto Psychological
Capacity [31]. This interaction may potentially occur throughout
the event and is an important link in the assessment and re-
assessment of the event; this is required to plan, and replan
through a feedback process the escape from the threat.

Further, communication may interact onto Event Knowledge [57],
which is updated throughout the event (post T(perception))'
General [60] and Specific Fire Safety Knowledge [63] may be
enhanced by communication. Communication may assist in Location
Identification [70], Route Choice Identification [77], and help
minimise the problems of Obstructions [80]. This will occur post

T(perception)'

Does the factor Mobility have any potential interactions onto any
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other factors in the Life Safety System? Diagram D200.

During the event, Mobility may interact on to Building Knowledge
[50], Event Knowledge [58]. There will also be interactions of
Mobility on to Ease of Use [169] in general, and on Width [101]
and Length of Route also [105].

Manual Fire Suppression [216] may be quite strongly influenced on
to by Mobility.

Does the factor Training have any potential interactions onto any
other factors in the Life Safety System? Diagram D257.

Training may influence Communication [164] at a general level.

Does the factor Ease of Use have any potential interactions
onto any other factors in the Life Safety System? Diagram D201.

Ease of Use may interact onto Mobility [166]. The effectiveness

of Mobility is contextual, and an easy to use route will enhance

the impact of a given Mobility on Life Safety. This interaction

will occur post T(action)‘

There will also be an interaction of Ease of Use on Exit Route
Capacity [171] - an easy to use route may have a better handling
capacity. This will also be post T(action)-

Does the factor Exit Route Capacity have any potential interactions
onto any other factors in the Life Safety System? Diagram.D199.

Exit Route Capacity will affect Mobility [167]. If the route is
overloaded then the impact of Mobility on Life Safety may be
restricted, to the extent that movement for escape is nil.

Fxit route capacity will also interact on the Ease of Use for
similar reasons [169]. The blockage of a route-by a crowd is an
obstruction to each member of that population. See below:-

Does the factor Rate of Burning have any potential interactions
onto any other factors in the Life Safety System? Diagram D258.
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Rate of Burning may influence the Mode of Burning [123]. The
impact of the factor Flame Spread Characteristics will also be
influenced by the Rate of Burning [157].

There will be implications for the Energy of Smoke [193] and the
Volume of Smoke [174].

Does the factor Smoke Yield have any potential interactions onto
any other factors in the Life Safety System? Diagram D259.

Smoke Yield may influence the capability of people to escape.
This is modelled by interactions onto the factors Visual [6],
Ol1factory [20], Gustatory Information [17], and also
Physiological Capability [44]. 1In addition, the facilities for
escape may be affected, Choice of Alternative Routes [96].

The factor Smoke Mass Flow Rate will also be interacted onto by
Smoke Yield [140].

Does the factor Ambient Stack have any potential interactions
onto any other factors in the Life Safety System? Diagram D260.

Ambient Stack does not influence any other factors.
Relationships of smoke movement and smoke control are modelled by
interactions of other more appropriate factors.

Does the factor Fire Stack have any potential interactions onto
any other factors in the Life Safety System? Diagram D261.

Fire stack may affect the Energy of the Smoke [194], and the
Volume produced [175].

Do the factors Mechanically and Wind Induced Flow have any
potential interactions onto any other factors in the Life Safety
System? Diagrams D262,D263.

Mechanical and Wind Induced Flows affecting smoke movement may
potentially interact onto Smoke Control [344,345,346,347].
However, it is normal in an event for Mechanical Induced Flows to
be activated for control purposes (or ceased). Dedicated systems
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would switch on, and variable systems would alter mode. Air
flows and the equipment producing them provide tactile [14] and
aural [3] information. Changes to this may provide ambiguous
cues.

Does the factor Volume and Energy of Smoke have any potential
interactions onto any other factors in the Life Safety System?
Diagram D264.

Volume and Energy of Smoke occurs for dilution and removal
models. There will be an interaction of Volume and Energy of
Smoke onto Reservoir Size and Design [181]. If the Volume and
Energy of the Smoke is excessive, the reservoir may be
inadequate, and the potential impact of the reservoir on life
safety would be affected.

The required Air Pressure Developed for Smoke Control by Removal
will be influenced by the Volume of Smoke [188], and depth of the
layer of smoke to extract, controlled by Reservoir Height [348].

Does the factor Wind have any potential interactions onto any
other factors in the Life Safety System? Diagram D265.

Wind may create, enhance, or limit the Air Pressure Developed
[185]. In each case this is the result of an influencing effect
of the Wind, and is modelled by a potential interaction.

Wind acts through leakages to modify the internal environment.
This is also modelled by interactions, onto Internal {179] and
External Leakage [176].

The secondary factors External and Internal Leakage (Diagrams
D266,0267), Ambient Temperature (Diagram D268), Reservoir Size
and Design (dilution and removal models) (Diagram D269) were
dealt with at tertiary level.

Does the factor Air Pressure Developed have any potential
interactions onto any other factors in the Life Safety System?
Diagram D270.
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The Air Pressure Developed for smoke control purposes will
interact onto the Volume and Energy of Smoke (Removal model) and
the Energy of Smoke (Containment model), controlling it [195].
There will also be potential interactions of Air Pressure
Developed onto Reservoir Size and Design (Removal model) [184]
and Volume and Design of Space (Containment model) [191].

The design of removal systems must match the Inlet and Exhaust
vent areas, and the Air Pressure Developed for an efficient and
effective system [197,199].

Does the factor Volume and Design of Space have any potential
interactions onto any other factors in the Life Safety System?
Diagram D271.

The Volume and Design of Space will influence the Width and
Length of the Escape Route through that space [98,1078].
Additionally, the Fuel Supply and Distribution [209] and the
Smoke Release [351] will be affected. The spatial geometry will
affect the Nature of Smoke (e.g., obstacles) [144].

Do the factors Inlet Area and Exhaust Area have any potential
interactions onto any other factors in the Life Safety System?
Diagrams D272,D273.

Inlet Area and Exhaust Area will interact for a balanced system
[198,196]. Also each will interact onto Air Pressure Developed
[187,352].

Does the factor Surface Characteristics have any potential
interactions onto any other factors in the Life Safety System?
Diagram D274.

Surface Characteristics will interact onto Rate and mode of
Burning [173,124].

The effectiveness of Active and Passive Fire Stopping techniques,
and Fire Suppression measures will be influenced by the
Characteristics of the burning fuel [212,213].
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Does the factor Fuel Supply and Distribution have any potential
_interactions onto any other factors in the Life Safety System?
Diagram D275. '

The Fuel Supply and Distribution will influence the nature of a
fire growth, this is modelled by interactions onto Fuel Geometry
and Orientation [113], Geometry [151], and Compartmentation
[162].

Do the factors Active and Passive Fire Stoppiné have any
potential interactions onto any other factors in the Life Safety
System? Diagram D276,D277.

The factors Fire Stopping (Active and Passive) are intended to
control the spread of fire. This may be done by influencing
Supply and Distribution of available Fuel [201,202]. A practical
method of limitation is Compartmentation [163].

Does the factor Fire Suppression have any potential interactions
onto any other factors in the Life Safety System? Diagram 0278.

Fire Suppression, depending on the technique employed, may
interact onto Oxygen Supply [115], the Ignition Source [353], or
the Rate of Heat Release of a developed fire [112].

Primary factors

Does the factor Mode of Escape have any potential interactions
onto any other factors in the Life Safety System? Diagram D279.

After the perception of a threat, the ability of a person to
effect their escape will alter the impact any given Route Layout
has on Life Safety. Mode of Escape is modeiled as interacting
onto the factor Escape Route Layout [222].

Does the factor Escape Route Layout have any potential
interactions onto any other factors in the Life Safety System?

Diagram D280. )
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Escape Route Layout is an infiuential factor in the Life Safety
System. It will influence the effectiveness of Mode of Escape
[217], the Movement [227] and Control of Smoke [230], and the
Spread of Fire [233].

Does the factor Smoke Release have any potential interactions
onto any other factors in the Life Safety System? Diagram D281.

Smoke Release will interact onto Mode of Escape (affecting the
occupant capability) [218], Smoke Movement [228] and Control
[231], and Fire Spread [234].

Does the factor Smoke Movement have any potential interactions
onto any other factors in the Life Safety System? Diagram D282.

Smoke Movement will influence the potential contribution of the
Escape Route Layout [223], the Spread of Fire [235] and the
effectiveness of Control techniques [232]. In addition it may
influence the capability of the occupants to escape [219].

Does the factor Smoke Control have any potential interactions
onto any other factors in the Life Safety System? Diagram D283.

‘Smoke Control will interact onto a number of factors to maintain
safety: Mode of Escape [220] and Escape Route Layout [224], Smoke
Movement [229], and Fire Spread [236]. '

Does the factor Fire Spread have any potential interactions onto
any other factors in the Life Safety System? Diagram D284,

Fire Spread will interact onto Mode of Escape [221], Escape Route
Layout [225], and Smoke Release [226].
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(8) Derivation of interaction matrices

Following the development of an agreed set of potential
interactions, and agreed potential values to represent the
interactions, a set of tables were drawn up as a summary tool.
These were termed "Interactivity Matrices'.

Tables to represent interactions between factors at each level of
the hierarchy, for each smoke control technique, and for each of
the time stages were created (45 total). Diagrams D285-D289 are
examples of matrices for the secondary level factors included in
the smoke control by containment model for the five time stages.
The values (expressed as a decimal) in the tables correspond to
the potential interactions of the factors in the vertical column
onto the factors across the top of the table.

Taking Exit Route Capacity as an example: Note it has no
potential interactions in the first three time stages, and in
time stages 4 and 5 there are potential interactions onto the
factors Mobility and Ease of Use (value 1.00). Compare diagrams
D197,D0198,D199.

(The potential interactions of Ease of Use and Choice of
Alternative Routes onto Exit Route Capacity can also be drawn off
the matrices; by checking the column headed by the term Exit
Route Capacity.)
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(9) Manipulation technique for derivation of 'Modified Impact'

Values

The qualitative and quantitative interactions identified so far
were approved by the Delphi group, following discussion in depth.
Following this, the presentation of the values was reformatted to
produce another series of standard sheets; 1illustrating the
factors interacting onto a subject factor. A complete set of new
standard sheets was produced for each smoke control model (275
total). The reason for this reformatting exercise was to
simplify the calculation of the modified impact value of each
factor, which depend on the original impact value and the factors
interacting onto it.

Diagram D290 is a copy of the new standard sheet for Exit Route
Capacity. It illustrates the factors identified and agreed as
interacting onto Exit Route Capacity (ie; Ease of Use [171] and
Choice of Alternative Routes [172]).

(Note that Ease of Use is a two-way interaction, and so appears
on as a factor interacting onto Exit Route Capacity (diagram 456}
[171] and interacted onto by Exit Route Capacity [169](refer
diagram D291). Compare with diagram D199.

In contrast to the earlier standard sheets (e.g., diagram D198)
this new sheet does not illustrate the factors Exit Route
Capacity interacts onto (ie; Mobility [167] and Ease of Use
[169]). This information is to be found on the new standard
sheets for Mobility and Ease of Use respectively. See diagrams
D292,D293.

The information recorded in the set of diagrams accompanying
section (7) (e.g., diagram D199) provides the raw data necessary
for the calculation of the 'Modified Impact Values' for each of
the factors in each of the models, and for each time stage.

In turn the modified impact values will be used to calculate the
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potential relative contributions of the factors to Life Safety.

The calculation of the 'Modified Impact Value' was done using a
manipulative formula presented to the Delphi group (and agreed
upon). See diagram D294. This was developed after studying the
manipulative formulae used for a points scheme developed for
hospital wards (Edinburgh, 1979)(325) (The formulae were used to
manipulative considerably less relationships, of a different
nature).

The scale of the calculation exercise was vast, and since it was
felt that the objective of the research exercise was to establish
the potential workability of a systems evaluation tool, rather
than to identify the most suitable manipulative formulae at this
stage, only one formula was used. There were time limitations

also.

It was felt that if the formula produced results that appeared
reasonable: and if these results could be interpreted by a user
to produce meaningful and representative conclusions; on a
repeatable basis; then the formula met the necessary current
criteria for testing the potential workability of the model (A
view is supported by Sugawara (326).

Diagram D290 is an example sheet for the calculation of the
modified impact value for the factor Exit Route Capacity.

Note in stages 1 and 2 there is no potential impact of Exit Route
Capacity onto Escape Route Layout. The modified impact value is
nil also.

There 1is a potential impact in stage 3, but because the Exit
Route Capacity is not being used yet (stage 3 is a planning stage
prior to action for escape), and the extent of its contribution
is in helping plan escape tactics, it was agreed by the Delphi
group that there should be no potential interactions during this
stage. Hence the original impact value (0.80) carries forward.
In stages 4 and 5 there are potential interactions of the factors
Ease of Use (0.80) [171] and Choice of Alternative Routes (0.60)
[172] onto Exit Route Capacity, which modify its potential
contribution to Escape Route Layout (and thus Life Safety).
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Each interacting factor makes a partial contribution to the
modified impact value. Each partial contribution is calculated
separately.

First, the potential impact values of the subject factor and the
factor interacting onto it are averaged. This acts as a buffer
against any unrepresentative distortion of values by a very
strong factor interacting onto a weak factor {or vice versa).
Next, this is multiplied by the value of the interaction. Hence
a powerful interaction has a more marked effect than a weak
interaction.

This is repeated for each interacting factor.

These (partial) values are then summed and divided by the number
of interactions occurring (in this case, two). Adding this
value (0.60) to the original impact value (0.90) produces the
modified impact value (1.50). The modification represents an
enhancement of the potential contribution to Escape Route Layout
(and Life Safety).

In this manner sets of modified impact values were derived for
all the factors in each smoke control model, and for each time
stage. These were tabulated, and are presented in diagrams D295
(primary level to objective modified impacts); D296-D298
(secondary level to primary level modified impacts); and D299-
D301 (tertiary level to secondary level modified impacts).

(Note that the primary level factor smoke control does not
distinguish between techniques, and so these values are common to
each smoke control model).
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(10) Derivation of matrices for modified impacts

Based on the tabulated modified impact values derived using the
manipulative formula, and presented to the Delphi group for
discussion, a set of tables were drawn up as a summary tool.
These made access to the information clearer, and were termed
'Modified Impact Matrices'. Tables to represent factors at each
level of the hierarchy, for each smoke control technique, and for
each of the time stages were created (45 total).

To save space, only the vectors for the secondary ievel factors
included in the smoke control by containment model, for the five
time stages, are presented. See diagrams D294,D302-D305. Taking
Exit Route Capacity as an example: Note there is no potential
modified impact in stages 1 and 2, a potential modified impact of
0.80 in stage 3, and potential modified impacts of 1.50 in stages
4 and 5.
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(11) Derivation of 'Relative Contributions' for each level

It was necessary for evaluation purposes that the relationship
of each factor to the objective was established. This was
straightforward with the primary level factors (which impact onto
the objective); however, the modified impact values for the
secondary and tertiary level factors represented the potential
value of relationships to other factors in the hierarchy, rather
than the objective. |

The next step developed these modified impact values for the
secondary and tertiary level factors into values directly
representing their potential contribution to Life Safety.

The modified impact values were currently expressed in sets of
matrices, representing:

(1) Tertiary to Secondary modified impact values.
(2) Secondary to Primary modified impact values.
(3) Primary to Objective modified impact values.

Refer diagrams D294,0302-D305.
The interaction matrices represented the following relationships:

(1) Tertiary onto Tertiary.
(2) Secondary onto Secondary.
(3) Primary onto Primary.

For example, diagrams D285-D289 (secondary level).

To derive a set of values for the modified impact values of the
secondary and tertiary level factors to the Objective, it was
necessary to carry out some matrix multiplication. See diagram
D306.

If the vector representing the modified impact values of the
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primary level factors on Life Safety was multiplied by the matrix
representing the modified impacts of the secondary factors on the
primary factors, the result would be a vector representing the
modified impacts of the secondary factors to Life Safety.
Diagrams D484-D488 tabulate the matrix multiplication to derive
the modified impact values of the secondary level factors to the
objective, for each of the time stages {smoke control by
containment). Note no modified impact of Exit Route Capacity
during time stages 1 and 2.

Multiplying this new vector by the matrix representing the
modified impact values of the tertiary Tlevel factors on the
secondary factors would produce a vector representing the
modified impact values of the tertiary level factors to Life
Safety. Diagram D312 is an example for the smoke control by
dilution model.

Following the derivation of sets of values for the modified
jmpacts of factors to Life Safety at the different hierarchical
levels, it was necessary to derive relative potential
contributions and rank these. This would give the relative
potential contributions of factors to Life Safety in the
different smoke control scenarios, and for the different time
stages in events.

To derive these values, the modified impact vectors for the
primary, secondary, and tertiary level factors were summed and
expressed as a proportion of 1.0000. Diagram D313 presents these
values for the secondary factors in the smoke control by
containment model.

The factors were then put into order on the basis of the
magnitude of the scale of potential contribution, allowing simple
jdentification of the relative importance of each factor. This
is expressed in tabular form, in the following diagrams:

D314-D318 (primary: all models)
D319-D323 (secondary: dilution)
D324-D328 (tertiary: dilution)
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D329-D333 (secondary:containment)
D334-D338 (tertiary: containment)
D339-D343 (secondary: removal)
D344-D348 (tertiary: removal)

These new sets of values would allow evaluations to be done using
any hierarchical level of the model, depending on the level of
complexity and representivity required.

The hierarchical nature of the model led to each factor at any
given level being determined by a group of factors at the
adjacent lower level. This was a fundamental assumption. For
example, Escape Route Layout is determined by Ease of Use and
Exit Route Capacity. In turn, Exit Route Capacity is determined
by Width and Length of Route. See diagram D349,

The values developed for the factors in the Life Safety System
gave information about the relative potential contributions of
factors in any given level of the hierarchy to Life Safety, and
the time stages when potential contributions occur. It was also
practical to analyse which factor in any group was potentially
the most important. This is potentially useful when analysing a
particular aspect of the Life Safety System. This information
was gathered to produce a final set of tables of values developed
using the Delphi group process. See diagrams D350-D372.

A number of observations may be made from considering such
tables. For example, diagram D362:

Length of Route only makes 75% the potential contribution to Life
Safety that Width of Route does.

Each factor determining the Ease of Route Use is of similar, high
potential to Life Safety. Choice of Alternative Routes is
potentially the most important factor, and with the exception of
obstructions, all Ease of Use determinants are potentially more
important than the physical dimensions of the route. This
appears reasonable, but has fimplications for some methods of
escape route evaluation.
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However, there were still limitations in respect of (a) the
nature of factor contributions to Life Safety (pro-safety or pro-
threat) and {(b) identification of those factors that were
critical to the Life Safety System. These further developmental
stages are now discussed.
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(12) Listing and Discussion of #/- factors with respect to
Life Safety

The wide range of factors identified and included in the model
contribute either to the continued safety of occupants or to the
imposed threat. '

At this stage of the model development, factors were identified
as being pro-safety (+) or pro-threat (-).

The nature of many factors is obvious (e.g., obstructions (-),
mobility (+)).  Some factors may contribute to safety or threat
depending on context (e.g.; internal temperature [267,311]). To
simplify the model at this stage the ambiguous factors are
assumed to follow the implied nature of their contribution. For
example, Internal Temperature [267] (a Smoke Movement factor) is
assumed to make a negative contribution to Life Safety; Ambient
Temperature [311] (a Smoke Control factor) is assumed to make a
positive contribution to Life Safety.

Diagram D373 is a listing of the factors in the model, and their
assumed contributory nature.

The nature of factors will influence the algebraic representation
of factor performance. If a pro-safety (+) factor is assessed
as being deficient then the value of the relative contribution to
Life Safety will be Tess than the potential. For example;

Exit Route Capacity (Smoke Control by Dilution model)
Potential Relative Contribution (Time stage 4) ........ + 0.0787
Evaluated Deficiency ..cvvivverernrrreaeereeecrearsensas 50%
Assessed Relative Contribution (Time stage 4) ......... + 0.0394

Consider a factor that poses a threat to Life Safety, such as
Smoke Yield. A Tow Smoke Yield (relatively good) may be modelled
by an actual value similar to the potential contribution value.
A high Smoke Yield (not so good) may be modelled by an actual
value that is algebraically greater. Hence:
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Smoke Yield

Potential Relative Contribution (Time stage 4) ........ - 0.0327
Evaluated DeficienCy v.veuiieriiniiieennnneiiianernnnnes 50%
Assessed Relative Contribution (Time stage 4) ......... - 0.0490

For each -level in each model, and for each time stage, the
nature of the potential contributions of the factors may be
algebraically summed to give a net safety/threat balance. As a
complete reference, see diagrams:

D374-D378 (primary: all models)
0379-D383 (secondary: dilution)
D318-D388 (tertiary: dilution)
D389-D393 (secondary: containment)
D394-D398 (tertiary: containment)
D399-D403 (secondary: removal)
D404-D408 (tertiary: containment)

To clarify the nature of the potential contributions to Life
Safety, the values for each of the factors for each smoke control
model, were presented diagrammatically for each time stage.
These are reproduced for reference as diagrams D409-D505.
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(13) Net safety or threat diagqram

The net safety/ threat diagram is a graphical representation of
the aggregated contributions of the factors to Life Safety,
taking their nature of contribution into account. The potential
values indicate the datum 1line for acceptable overall
performance. It may be used to compare evaluated levels against
acceptable levels (see appendices 3 and 4). The value gives no
indication of the contributions of individual factors, or the
consequences of individual failures (not shown up by the
aggregated value). See diagrams D506-D508.
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(14) The concept of 'Criticality'

The total failure of a critical factor would be sufficient alone
to cause the failure of the factor that directly depends on it.
The failure of a non-critical factor would not be sufficient
alone to cause ;ych a failure.

The follawing list discusses the criticality of each of the
tertiary level factors. The criticality of a factor may have
implications for those factors it interacts onto. The potential
interactions of such critical factors are listed. Note that
implications may not apply for every time stage. This list
refers only to the Dilution model.

Factor Criticality Implications for...
Existence: Aural not critical
Visual not critical
Tactile not critical
Gustatory not critical
01factory - not critical
Perception: Aural not critical
Visual not critical
Tactile not critical
Gustatory not critical
O1factory not critical
Psychological capacity critical Ability to perceive

Physical capability
Physiological capability
Event knowledge

Location identification
Building knowledge

Physical capability critical Ability to perceive
Psychological capacity
Obstructions

Physiological capability critical Psychological capacity
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Building knowledge
Event knowledge

General fire safety kn.
Specific fire safety kn.

Location identification
Route choice identification
Obstructions

Choice of alternative routes

Width of route

Length of route

Rate of heat release

not

not
not

not
not

Lol

critical
critical

critical
critical

critical

critical
critical

critical

critical

critical

critical

Physical capability

Psychological capacity
Location identification
Route choice identification
Choice of alternative routes

Mobility

Event knowledge

Choice of alternative routes
Route choice identification
Width

Length

Obstructions

Exit route capacity

Mobility

Obstructions

Volume of space and design
Breadth

Physiological capability
Obstructions

Volume of space and design

Existence of information (tactile)

Physical capability
Physiological capability
Obstructions

Choice of alternative routes
Mode of burning

Fire temperature

Nature of smoke

Flame spread characteristics



Fuel supply and distribution

Compartmentation
Fuel geometry and orientation critical Mode of burning
Fuel supply and distribution
Ignition source critical Rate of heat release
Bulk density not critical
Oxygen supply ¢critical Physiological capability

Mode of burning
Type of material

Mode of burning not critical
Type of material critical Rate of heat release
' Flame spread characteristics

Internal temperature (SM) not critical

External temperature (SM) not critical

Height (SM) critical none

Fire temperature critical Existence of information (tactile)

Physical capability
Physiological capability
Nature of smoke

Ambient temperature not critical ‘

Air pressure developed (wind) critical Internal leakage
External leakage
Flame spread characteristics

Oxygen supply

External leakage (wind) critical Fire stopping
Internal leakage (wind) critical Fire stopping
External leakage
Volume of space and design critical Rate of burning
{wind) Width
Length

Smoke release
Nature of smoke
Fuel supply and distribution

Smoke mass flow rate critical Existence of information



(a1l except aural)

Location identification
Route choice identification
Choice of alternative routes
Reservoir size and design

Nature of smoke critical Reservoir size and design
Surroundings not critical

Speed ' critical none

Direction critical Flame spread characteristics
Height (of wind) critical none

Integrity (external) critical Compartmentation

Fuel supply and distribution
Choice of alternative routes

Permeability (external) critical
Integrity (internal) critical Compartmentation
Fuel supply and distribution
Choice of alternative routes
Permeability (internal) critical
Air conditioning not critical
Heat gain of space critical Internal temperature
Space shape not critical
Height of space critical none
Length of space not critical
Breadth of space not critical
Geometry critical Fuel geometry and orientation
Mode of burning
Fuel supply and distribution
Flame spread characteristics critical Ignition source
Mode of burning
Compartmentation critical Existence of information (all types

Choice of alternative routes
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(15) Discussion of factors

The following section discusses the potential relative
contributions of some of the key  tertiary factors. The
secondary and primary level factors are dealt with in the
discussion to the thesis.

Ranking the factors gives additional useful information, since
there is a trend for the value of the relative contributions to
drop throughout the event as more factors become potentially
involved.

A large number of factors reduce in rank as the event
progresses, many as a result of the occupants travelling away
from the fire and smoke threat origin (a consequence of a single
space model). '

The phrase "basket® is used to refer to a group of factors which
are all determinants of the same higher factor. For example
width and length of route are the determinants of exit route
capacity, and form a basket of factors.

Existence of Information

Consistently throughout the event, and for each of the three
containment techniques, the existence of aural information was
the third most important of the existence factors.

The trends for each of the "existence of information " factors is
similar: time stage 1 is the least important with respect to Life
Safety. Information is.likely to be ambiguous. '

The available information for making the step from detection to
perception is of great potential importance. The potential
contribution drops off throughout the event, as the reliance on
dynamic information decreases. There is a continued relevance of
information. The factors are not individually critiéa], however
a failure of all sources of information is deemed to be critical.

Existence of Aural Information (not critical):- This factor is
the third most important factor in the group of existence
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factors. In the second stage it ranks high (7th/ 8th). Initially
it is of medium potential importance, and the ranking drops
towards this at the end of the event. Diagram D442.

Existence of Visual Information (not critical):- This is
consistently the most important source of information. In the
stages of the event following detection, it increases to a
maximum during the step to perception, then dropping slightly (to
4th followed by 5th ranking) in the final stages of the event.
Diagram D443.

Existence of Tactile Information. {not critical):- This factor
makes a medium/- low potential contribution to Life Safety
compared with information available for the more commonly used
senses., Diagram D444.

Existence of Gustatory Information (not critical):- Consistently
throughout the event this is the least important factor in the
basket of existence of information factors. It is a dynamic
factor with a beneficial contribution to Life Safety. It is not
critical in isolation. The potential contribution of this factor
follows the same trend as for the other existence of information
factors (see aural). It is unlikely that this will occur in
isolation from olfactory information. Diagram D445.

Existence of Olfactory Information (not critical):- This factor
is consistently and for each smoke control technique the second
most important information source. Individually it is not
critical. It is closely allied to Gustatory Information. Its
ranking is at a maximum in the second stage (the step from
detection to perception), dropping away throughout the event
(retaining a medium ranking potential contribution). - Diagram
D446,

Perception of Information (not critical):- The means of
perceiving information range in potential importance. Most
jmportant is visual perception {occupying the top place in the
tertiary level in stages 2 and 3 and second place in stages 4 and
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5}.  Additionally, aural and olfactory perception make high
ranking potential contributions throughout the event. Gustatory
is of Tlow potential, tactile is of greater potential,
particularly in the stages following perception (as with all the
perception factors). Diagrams D447-D451.

Psychological Capacity (critical):- This factor is modelled as
the least important mobility sub-factor. It rises throughout the
event in potential importance, but only reaches a high/ medium
value. It is critical to Life Safety, particularly in the
stages following perception, when planning and use of the
building requires alertness and manipulation of knowledge.
Diagram D452,

Physical and Physiological Capability (critical):- This factor
interchanges with physiological capability of the most important
mobility sub-factor. In the early stages of the event the
potential contribution is only of medium import. The potential
of the factors rises dramatically following perception, to occupy
3rd ranking in the tertiary level as planning, and particularly
movement for escape place a heavy requirement on individual
capability and stamina. Diagrams D453,0454.

Building Knowledge (not critical):- In time stage 1, there is no
potential contribution of Bui]ding'Know1edge to Life Safety. The
potential contribution in time stage 2 1is the most important
stage (investigation and interpretation of information). The
ranking for the remaining time stages drops slightly (to
38th/40th) but remains a medium level. The factor is the third
in the bhasket in stages 3, 4 and 5. In stage 2 it is second to
Specific Fire Safety Knowledge (the only factors in the basket
making a potential contribution). Diagram D455,

Event Knowledge (critical):- This factor has no potential
contribution until time stage 3. Until perception occurs, which
marks the end of time stage 2, there can be no event knowledge.
However it is then the second most important factor in the basket
(General Fire Safety Knowledge makes the highest potential
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contribution). Event Knowledge is particularly important in time
stage 3 (for planning), and this reflects the significance of
full information. The ranking in the tertiary level is only of
medium importance. As the event progresses the requirement for
further event knowledge will decrease sTightly (less information
required for travel on protected routes or waiting in refuges).
Refer diagram D456.

General Fire Safety Knowledge (not critical):- This factor has no
potential contribution until stage 3. Then it is the most
important in the basket of training sub-factors, indicating the
. importance of general knowledge compared with specific training,
building knowledge, and even event knowledge, but is not
critical. It has a medium ranking in the tier. The knowledge is
static (gained prior to the event). Diagram D457.

Specific Fire Safety Knowledge (not critical):- This factor is of
maximum importance in the second stage of the event (for early
perception of ambiguous cues following detection). There is no
potential contribution in the first stage. As the decisions
required in the event become more conventional the potential
contribution decreases (from medium to medium/ Tow). Diagram
D458.

Location and Route Choice Identification (not critical):- There
is no potential contribution in the first two time stages. In
the third time stage it makes a high ranking potential
contribution, as planning for escape requires information of
starting location. In the final two stages it is at its most
important {6th/7th/6th), particularly for occupants with no
knowledge of the building. The factor is not critical, since it
is possible for a person to escape using available route choice
identification information.

Route Choice Identification makes a similar potential to
Location Identification throughout the event, but ranks Jjust
higher. This factor is also not-critical. Diagrams D459, D460,

Obstructions (critical):- This is the least potentially important
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Ease of Use sub-factor, however it is potentially critical to
Life Safety, particularly in the latter stages when it makes its
largest potential contribution (ranking 11th). Diagrams D461.

Choice of Alternative Routes (critical):- This is the most
important factor in the basket of Ease of Use factors, and in the
latter stages of the event is the most important factor in the
tertiary level (underlining the importance of keeping routes
available and unlocked). Diagram D462.

Width of Route, Length of Route (critical):- These two factors
are associated with the Exit Route Capacity and have no potential
contribution until stages 4/5. They are of reasonable potential
importance and are both critical. Width of Route is of higher
ranking (9th) than Length of Route (16th-18th, medium}. Diagrams
D463,D464.

Rate of Heat Release (critical):- There is a reduction 1in the
potential relative contribution of this factor as the event
progresses, as the number of pro-safety factors invelved in the
event respond (following the detection/ perception lag). The
ranking and potential contribution is similar for each model,
starting as a high ranking factor, and decreasing to medium
importance. Diagram D465.

Fuel Geometry and Orientation (critical):- The potential
contribution of this factor decreases through the event from
initially high ranking to a medium level. It is one of the least
important factors in the basket of Rate of Burning sub-factors
(4th of 5 factors). Diagram D466.

Ignition Source (critical):- At the March 1986 Delphi meeting it
was decided to 1limit the potential contribution of Ignition
Source to the first stage. During this stage ignition source is
one of the highest ranking factors (5th) although it is third
most important in the basket, emphasising the importance of smoke
release related factors in early stages. Diagram D467.
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Bulk Density (not critical):- The ranking of Bulk Density
declines within the level as a whole throughout the event
(starting at medium high and becoming medium), although the
relative importance within the basket of rate of burning sub-
factors is constant. Diagram D468.

Oxygen Supply (critical):- Oxygen supply is critical to the
growth of a fire and the nature of smoke released. The value of
this factor is high in the early stages {3rd/ 4th in stage 1).
As the event progresses the potential contribution to life Safety
(via smoke release) decreases to a high medium level. Diagram
D469.

Mode of Burning (not critical):- The factor decreases in relative
potential contribution as the event progresses, but ranking
medium throughout. It is more important to smoke yield than the
type of material. Diagram D470.

Type of Material (critical):- This factor is the less important
of the smoke yield sub-factors. The potential contribution
decreases throughout the event (starting as a medium/ low rank
and dropping to low rank by stage 5. Diagram D471.

Internal Temperature (Smoke Movement) {not critical):- This
factor is initially very important (ranks 8) for the smoke
control by dilution and removal scenarios. It is considerably
less important for the containment scenario (less criticality of
smoke buoyancy). Following activation of the smoke control
systems the position drops (for each model) to a medium/ Tow
ranking. Diagram D472, '

External Temperature (Smoke Movement) (not critical):- The
comments for this are similar to Internal Temperature, however
there is no control over External Temperature. Maintaining a
balance between the two temperatures will be difficult and
related to the nature of the building. The factor is of lower
potential contribution than Height (third factor in the basket of
ambient stack sub-factors). See diagram D473.
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Height (Ambient Stack) (critical):- This factor is generally of
low potential contribution to Life Safety at all stages of the
event. The contribution is Jjust greater than external
temperature, making it the second factor in the basket. Diagram
D474 .

Fire Temperature (critical):- This is the more important of the
two fire stack sub-factors. It relates to the plume production
effect of the fire. For each of the smoke control models there
is a decay in relative importance with time stages. In each case
it is more important than Ambient Temperature. Diagram D475.

External Leakage (Smoke Movement, Wind and Mechanically-Induced
Flow) (critical):- There are differences in the values of the
relative contributions of external leakage to a mechanical rather
than a wind induced flow. External leakage is of Tower potential
contribution with mechanically induced flow (the Delphi group
considered there was more likelihood of an overpressure with
mechanically induced flow). In each case it is -a medium ranking
factor. Refer diagrams D479,D480.

Internal Leakage (Smoke Movement) (critical):- The potential
contributions of the internal and external leakages is similar
for the wind induced flow (both medium ranking in the early
stages), dropping to medium/low. For mechanically-induced flow,
~an internally derived pressure, the potential contribution of
internal leakage is significantly higher than that of external
leakage, reflecting the importance of internal characteristics of
a building for internal air flows. Diagrams D481,0482.

Volume of Space and Design (critical):- Similarly to internal
leakage this factor is more important for mechanical induction of
pressure than wind induction. It tends to be of low potential
contribution {ranking 46 - 56), but in containment scenarios it
is slightly more important. Diagrams D483,D484.

Smoke Mass Flow Rate (critical):- This factor makes the highest
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potential contribution to Life Safety in the first time stage for
each model. As control measures are activated the ranking of the
factor decreases (control of smoke), but retains a high value.
Diagram D485.

Nature of Smoke (critical):- This factor 1is initially very
important. It ranks 2nd for removal and dilution, less for
containment (6th) which smoke nature is less critical. The
activation of smoke control and progression of the event (escape
from the space initially occupied) reduces the ranking and
potential contribution, nevertheless it retains a high/ medium
ranking for dilution and containment. Diagram D486.

Height, Surroundings, Speed, Direction (Wind) (all critical
except surroundings):- These factors are modelled as not having a
potential contribution in the removal scenario during the first
time stage. This is felt to be a Timiting omission compared with
the other scenarios, particularly containment for they are
assumed to make a potential contribution to passive containment,
Direction is the second most important factor in the group except
in stage 3 (Removal) where it is first. The factor Speed has a
similar relative contribution. The overall contribution is low,
and the position within the order reflects this. (about 50 to
60). Diagrams D487-D490.

Internal and External Integrity (critical):- The factors rank
highest for the containment scenario (integrity 2nd in tier for
stage 1), which relies on internal leakages for effective
control. Dilution and removal scenarios are both of high/ medium
ranking. In all models permeability makes a lower potential
contribution than integrity. Diagrams D491,0493.

Heat Gain of Space (critical):- This factor is important to
dilution and removal smoke control techniques. Similar points
arise with air conditioning. Diagram D496.

Space Shape (not critical):- The definition of this factor
differs for removal (related to the reservoir), The factor is of
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a medium/ low importance throughout the event, marginally higher
for removal (to maintain a buoyant layer than dilution, and
containment being the least important (smoke gquality relatively
un-important). Diagram D497,

Height of Space/ Reservoir (critical):- This factor is common to
each smoke control model, but the context differs. For the
containment and dilution models it refers to the height of the
space, for the removal model to the depth of the smoke reservoir.
The trend is similar to space shape and similar comments apply.
Height 1is a potentially important factor, particularly in the
early stages (high ranking in stage 1 for dilution and removal
models, less important for containment). In the latter time
stages it is replaced by the factors length and breadth of space
as the most important factor in this basket. Diagram D498.

Length and Breadth of Space (not critical):- Similar comments
apply to each. In the latter stages of the event the potential
contribution (and ranking) of these factors decreases. The
factors apply to the size of reservoir in the smoke control by
removal model, and hold their position better in this model
(reflecting the continued importance of reservoir capacity for
extraction). Diagrams D499,D500.

Available Power (Smoke Control) (critical):- This factor applies
only to smoke control by Containment and Removal and relates
specifically to power for air movement for smoke control. In
each mode], the potential contribution in time stage 1 is nil. -
There has been no detection. Time stage 2 is the earliest stage
when a potential contribution may occur, atthough (depending on
'operating philosophy') this may not occur until Tlater in actual
case.

During this stage available power is slightly more important than
operating philosophy - subsequently it is less important. The
order within the level drops from 18/20th to 29/31st throughout
stages 2 - 5 in a progressive manner. Diagram D501.

Operating Philosophy (critical):- This factor applies to the
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active smoke control systems. It is potentially effective from
stage 2 (assuming automatic operation). The potential
contribution is of medium potential contribution. During and
after stage 3 there may be manual activation or override. The
potential contribution of this to Life Safety (in expert hands)
is modelled as higher than automatic, and the ranking of the
factor rises, particularly with the complex requirements of a
containment system. Diagram D502.

Geometry (critical):- This factor applies to fire spread. It is
a medium/ low ranking factor and the least important fire spread
tertiary factor. Nevertheless it is critical. Diagram D503.

Flame Spread Characteristics (critical):- This factor is
potentially the secondmost important within the tertiary level of
fire spread factors (behind compartmentation). It is quite close
in value to geometry and lies in the medium ranking bracket of
the tertiary level. Diagram D504.

Compartmentation (critical):- This factor 1is potentially
important for all stages of the event and for this reason it has
a tight band of relative contributions and a shallow decay curve.
Diagram D505.

General Comments

The derivation of a set of potential relative contributions
requires checking for realism, representation, and repeatability.
In using the model a particular scenario can be evaluated in
terms of each of the factors in the model.

The user will consider the scenario and subjectively estimate the
performance of each of the factors compared with the assumption
implicit in acceptable level. For instance; If there is no aural
alarm it may be that the user will attribute 100% deficiency to
this model - A sounder rather than a tannoy gives ambiguous
information of a low content, and so the user may decide that
this represents a 20% deficiency compared with its acceptable
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value.

It is possible that factors will be super-optimal. For instance,
Building Knowledge [250], which represents the familiarity of the
occupants with the building layout, may be estimated as being
better than acceptable (e.g., in instances where the occupants
Tive in the building). This would be be represented by a super-
optimal value.

A super optimal value of the factor may indicate to the user that
a trade-off is possible against a related factor with a
corresponding deficiency. It is important that the trade-off is
balanced - The use of priority considerations for factors should
allow the implications of the evaluated performance of each
factor to be indicated. The complexity of the Life Safety System
(reflected by the complexity of the model suggests that trade-
offs must be considered systemically.

The interpretation of significance of deficiency, super-
optimality, and any trade-off possibilities further Timits the
interpretation of the model and its usage to relative experts.

A super-optimal value for Building Knowledge [250] may balance up
a deficiency in evaluated performance of ease of Location
Identification [254], and the user considering such a scenario
may consider that some deficiency in Location Identification is
acceptable if Building Knowledge is super-optimal. Note however,
that Location Identification interacts onto Building Knowledge
[48] - the cognitive map is only use useful if you can identify
where you are on it (such a problem arose in the Victoria Nurses
Home incident - appendix 3).

There is a trend for factors making contributions throughout the
event to reduce in the level of their contribution, and in some
cases to take lower positioné in the order for the level. The
reason for this is that as people become aware of the fire and
begin to participate so the factors required to potentially model
this begin to make a contribution to the model. The greater the
number of factors the smaller the average relative contributions
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wil)l be (for example the factor Choice of Alternative Routes is
not represented until the third time stage, and then becomes the
most important factor in the tertiary level in the final stages
of the potential event.

As a consequence of this the level in the model of other factors
will drop, and as more factors contribute factors below them will
have their positions displaced. The high potential of threat
factors in the early stages of the event before people are aware
or automatic measures. to limit the threat are applied, will
reflect the high significance of the uncontrolled danger (and
reinforces the common chservation that the time to alert must be
minimised).

In each model the smoke mass flow rate 1is the most. important
initial factor. It drops away in potential relative contribution
throughout the event - more obviously so in the containment
model. similarly, nature of smoke, another very important
factor in the early stages drops away in a markedly greater
manner in the containment model. The smoke characteristics are
less important when the mode of control is containment (provided
the pressure balance is correct - an assumption of the model - altl
factors that are evaluated for potential are done so for
acceptable Tlevels of performance.) In dilution and removal
scenarios the potential contribution of the smoke mass flow rate
and nature of smoke are more important to the continued control
in the space being used. )

The energy and volume of smoke (a secondary factor) is the most
important of the secondary factors in removal, and is very
important throughout the model. It is also the most important to
the Dilution model. In the smoke control by containment model
this is so in the first (passive) stage. Once the pressurisation
system is activated it is modelled as being of lesser potential
than the air pressure developed (the control technique is assumed
to work).
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Appendix 3. Case Study (1) Victoria Nurses' Home.



Appendix 3. Case study (1): Victoria Nurses’ Home, Kirkcaldy

This case study is based on information taken from official
reports, witness statements, and newspaper cuttings. These
formed the only information source available to the author. For
this reason much of the description of the event relies heavily
on the work of others, The reports used are included as
appendix 5. Appendix 6 was made available after the evaluation.
The abstraction of the appropriate information, interpretation
for modelling purposes, and conclusions on the modelling of
the event are the work of the author.

The main reasons for picking Victoria Nurses' Home as a case
study were:-

(1) A number of the members of the Delphi group were either
familiar or had been directly involved with the inquiry set
up into the event. This would allow a better appraisal of
the evaluation tool.

(2) 1t was a reasonably well documented incident.
(3) It was a relatively simple building.

(4) It gave the opportunity to test the model in assessing an
existing building by abstracting the information objectively
and then comparing this with the actual event occurrences
and outcome.

Introduction

The fire at the Victoria Nurses' Home, Kirkcaldy, occurred on
Friday the 13th of November 1981 at about 1 am. It resulted
directly in one death, and there were a number of serious
injuries caused to nurses who had to jump from their room windows
on the fire floor (C floor) to avoid direct injury (rooms
2,3,4,7,8,9,10,124).
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A fatal accident inquiry was set up to investigate the fatality
and the rapidity with which the fire spread through the (Crown)
property.

The evaluation of the event was kept as objective as possible.
Analysis of the scenario, made using the available information,
was based just prior to the commencement of the fire. This
included aspects of the building performance and the nature of
the coptribution of the occupants to their Life Safety.

Based on the evaluation of the scenaric, a comparison was made of
the predicted ‘actual' performance, the potential performance,
and the records of what actually occurred in the event.

The evaluated deficiencies in the performance of the factors, the
influence this had on the overall level of safety, the nature of
failure of factors, and their criticality were assessed.

The six storey, 87 bedroom Victoria Nurses' Home was erected in
Kirkcaldy 1in 1959, [t is approximately 38m x 1llm and is
constructed of a reinforced concrete frame with alternate bedroom
walls continuous with the structure. Other internal walls are
either brick or hollow block and the roof is asphalt. Floors B -
F are similar in layout. The fire occurred on C floor. See
diagrams A1-A3. There are two stairwells and the walls are
plaster- covered with several layers of paint.

The floors of the building are reinforced concrete with hollow
tile blocks set in the under-side. Conduit carrying the
electrical wiring for the building appeared to be encased within
the floor slab. The floor was covered with tiles, probably pvec,
and was carpeted. The stairways giving access to the outside are
each separated from the corridor by a self closing fire door and
screen, this comprising a large area of wired glass. See diagram
A4. The bedroom doors did not have self closers and were of a
poor fit and poor construction; two leaves of eighth inch ply on
framing with an 'eggbox' filling to provide some rigidity. See
diagrams A5, A6.

The stud partitions in each of the rooms on C floor (excepting
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C14) are timber faced on the window side with a plasterboard
facing the door. Between the corridor door wall and the
partition there is a wardrobe on the one side and a wash hand
basin on the other. Beside this basin is a service duct that
runs the height of the building. This juts into the room, and
while one side is of brick, the other consists of 6mm ply on
timber framing. This was significant in the fire.

There was a common room area on each floor situated at the west
end of the corridor. See diagram A7. It is completely open on
the corridor side although a rack of shelving and a low cupboard
effectively separates the two areas. See diagram A8. There is
some furniture comprising a television set, an electric fire and
some easy chairs, and coffee tables.

Towards the east end of the corridor there is an alcove to the
west of the bathrooms and cleaner's cupboard. See diagram AS.
There is also a telephone booth. See diagram Al0. There are
curtains around the common room and alcove area.

There 1is nothing to suggest either from witnesses' statements or
other notes that there were any other combustibles in the
corridor area. The exception is one timber-lined wall in the
ground floor lounge and the one side of timber partitions in the
bedrooms. The exception to this was room C14 which had no
partition and was maybe originally intended as a study room.
This was nurse Goodall's room (the fatality).

The ceilings and Tinings in the bedrooms and one exit stairway
were also plastered and covered with paint. The other exit
stairway has a ceiling 1lining of acoustic tiles. The ceilings
of the ground floor lounge and the corridors consisted of fibre-
boarding, treated on the under-side with a fire retardant. These
were fixed to a substantial timber frame so as to form a
suspended ceiling with a 230mm deep ceiling cavity. Diagram All
shows the corridor after the fire.

At the time of the fire the building was occupied by 51 of the 82
residents. As a result of the fire one died, eight were
seriously injured when jumping, and twelve others were slightly
injured. Seven occupants required rescuing.

Above the fire, most people used the west stairwell, the east
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failing. See diagram Al2. Below the fire both stairwells were
used but the majority used the east.

A number of unusual features were reported about the fire. The
time of ignition was not known accurately, but by the time the
alarm was raised the fire had grown to such proportions that
several of the occupants had to climb out of their windows to
avoid injury, and some were compelled to jump for their Tives.
The single fatality, nurse Goodall, was found in the corridor on
C floor a considerable distance from her room and had appeared to
have been caught in a flash fire and quickly perished, rather
than succumbing to the toxity of fire gases.

The alarm was activated at 00.57 on the morning of the 13th
November. This was raised by some nurses who had been in the
common room on B floor and had become aware of some banging
noises coming from above (C floor). They initially assumed this
to be some people "larking around” and, misinterpreting the cues,
did nothing for a few minutes.

As these noises continued, two nurses decided to investigate. On
the way up the west stair one of them said she heard a very loud
thump. They discovered the corridor on C floor full of smoke and
could only just see the common room area (a short distance from
the doorway - refer diagram A3).

There are a series of anomalies 1in the witnesses statements
concerning events preceding the alarm being raised, however,
there was be assumed to be approximately five minutes delay
between this and first hearing ambiguous cues (see reports,
appendix 5). This was a significant amount of lost time to those
who then had to escape. Assuming this, the time of ignition was
approximately 00.50 to 00.52 (unless there was a smouldering
stage of significant duration).

There were also reports from floors above (D) of smelling smoke
faintly in the area of the bathroom.

There appeared to be some controversy surrounding the deceased,
nurse Goodall. Reports suggest that she was conscious of the
risk of a fire in the Nurses' Home and it is puzzling why she
didn't raise the alarm. The post mortem result suggests she died
as a result of being enveloped in flames and hot gases rather
than in by inhalation of toxic gases. She was a heavy smoker,
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and the blood carbon monoxide level of 11% is not very much more
than could be expected normally. Either she was totally unaware
of any danger and just happened to be on her way to or from the
toilet when the fire suddenly erupted, or she was suspicious that
something was wrong, the smell of smoke perhaps, and was
investigating at the time.

The position of the deceased body, and report from the coroner
suggest that the fire that engulfed her was more likely to have
originated to the east of C18. Drysdale et al. (appendix 5},
reporting on the fire: ' This is somewhat specutative, but a
person suddenly engulfed in flames will not be capable of moving
far.,'

There is also a degree of confusion as to what the origins of the
flame that engulfed the deceased could have been. The cleaner's
room (diagram A9) has been proposed but there was an
inconsistency with this and the amount of materials that were
felt would be needed to cause such a build up of heat. Another
source is the ceiling void, the fire being initiated by faulty
wiring, and there were reports of a flood on F floor in the near
past and subsequent problems with aspects of the power and Tight
supplies. However, tests following the fire suggested no
electrical fault was present. The void above the suspended
ceiling may have housed a fire, but there were reasonably
effective fire stops and it was felt that this may not have been
the cause. The boarding was put up with round head nails,
consequently there was very little force needed to bring the
panels down, and it was suggested that this may have been a
source of the out break that killed nurse Goodall.

Diagrams Al3,Al4 show the probable alternative locations of the
fire, and the extent of damage on C floor.

The development of the evaluation tool meant that an evaluation
could be made based on one level of the hierarchy. The tertiary
level was chosen, to give maximum sensitivity.

The following notes are summaries of the relevant points arising
from analysis of the event and individual factor performance.
From this, the percentage deficiencies of the factors were
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established.
Summing the relative contributions of the factors with respect to
gave a net safety/threat balance, also reproduced graphically.

Existence of Information - Evaluation shows failure of all
aspects of information existence during time stage 1. This is a
serious deficiency. There is no guarantee of communication for
stage 1. Note that individually the existence of information
factors are not critical, but as a group they are and
communication may fail.

Aural - The only information available in the aural sense is
provided by the  sounder. This gives information about threat
only and of low content value. There is no automatic detection,
the alarm is activated by either the two break glass points on
each floor. The alarm sounded for only a short time (10 - 15s)
and this would be in the T(detection) - T(perception) stage
(stage 2). With the benefit of hindsight, it is assumed that the
alarm would have sounded for this length of time, and deficiency
estimated on this basis. Note that in the event the
contribution of aural information was greater. Ambiguous noises,
and shouting and screaming contributed, particularly in the early
stages. This cannot be included in an evaluation.

1 2 3 4 5

Deficiency 100% 90% 100% 100% 100%
Accebtab]e

Relative 0.0197 0.0324 0.0265 0.0245 0.0245
Contribution

Evaluated

Relative 0.0000 0.0032 0.0000 0.0000 0.0000
Contribution

Diagram Al5. Aural Existence (+).

Visual - In the context of visual information, this too was
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unsatisfactory. There was no emergency lighting provision, and
there is no mention of signage. The presence of any smoke will
not help, except as provision of ambiguous cues [4,6]. In stage 1
there is no contribution; in all others the factor is evaluated
as being 90% deficient. Note that 1in the real event the
contribution of visual information was greater. The fire/ smoke
provided information and also created problems by restricting
information. This cannot be included in an evaluation.

1 2 3 4§ - 5 .
Deficiency 100% 90% 90% 90% 90%
Acceptable
Relative 0.0261 0.0428 0.0346 0.0320 0.0320
Contribution
Evaluated
Relative 0.0000 0.0043 0.0035 0.0032 0.0032
Contribution

Diagram Al6. Visual Existence (+).

Tactile - At the evaluation stage of the event, there is no
evidence that there will be any tactile information available for
the benefit of Life Safety in the event. There can only be 100%
deficiency estimated. Note that in the real event, heat from the
fire will provide tactile information [8,10]. This cannot be
included in an evaluation.
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Deficiency 100% 100% 100% 100 100%
Acceptable

Relative 0.0124 0.0203 0.0166 0.0154 0.0154
Contribution i

Evaluated

Relative 0.0000 0.0000 0.0000 0.0000 0.0000
Contribution

Diagram Al7. Tactile Existence (+).

Gustatory/ Olfactory - At the evaluation stage, no information in
the gustatory/ olfactory sense can be relied on to exist. The
deficiency is 100% throughout the event. Note that in the real
event several of the nurses reported the smell of smoke as being
the first ambiguous cue [17,20]. This cannot be included in an

evaluation.

1 2 3 4 5
Deficiency 100% 100% 100% 100% 100%
Acceptable .
Relative (0) 0.0217 0.0357 0.0292 0.0270 0.0270
Contribution (G) 0.0097 0.0161 0.0132 0.0121 0.0121
Evaluated
Relative (0) 0.0000 0©.0000 0.0000 0.0000 0.0000
Contribution (G) 0.0000 0.0000 0.0000 0.0000 0.0000

Diagram Al8., Olfactory/ Gustatory Existence (+).

For all these factors, the inclusion in the evaluation of aspects
of real contributions would have to be on a probabilistic basis.
For this, statistics relating to people behaviour and the dynamic

aspects of the environmental degradation would be needed. This
 Jimitation is data, not the model flexibility. The criticality
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of the factors was mentioned above.

Each factor is not independently critical, but if all five were
to fail then communication would fail, because of its dependency
on information existence. In stage 1 the existence of
information is evaluated as failing completely. See diagram Al9

below:-
1 2 3 4 5

Deficiency: Aural 100% 90% 100% 100% 100%
Deficiency: Visual 100% 90% 90% 90% 90%
Deficiency: Tactile 100% 100% 100% 100% 100%
Deficiency: Gustatory 100% 100% 100% 100% 100%
Deficiency: Olfactory 100% 100% 100% 100% 100%
Critical

Diagram Al9. Showing predicted criticality of failure of
information existence. '

The existence of information is vital to alert people in an
event. It is obvious from the evaluation that in stage 1 there
may be no information available for detection. In the actual
event, the fire was discovered by occupants (rather than
automatically) as was to be expected. Although the ambiguous
cues heard by those who first discovered the fire were ignored
for some time, there was early detection.

For a fire at about 1.00 am this was fortunate. Automatic
detection is strongly recommended, and would have gone a long way
toward correcting the aural information deficiency. Provision of
emergency lighting is also to be recommended.

'Existence of Information. Further deficiencies as a result of

knock-on effect.
Interactions onto existence of information that affect

deficiency:-

Route Choice Identification {stages 3,4,5) [7] 25%
Smoke Mass Flow Rate {all stages) [4,11,15,18] 5%
Compartmentation (all stages) [2,5,13,16,19] B%
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Resulting in failure by all existence of information factors at
all stages.

Ability to Perceive - No problems here. The population is able,
and it is assumed that all the nurses have average abilities to
perceive using the five senses. Deficiency = nil. Evaluated =
Acceptable.

1 2 3 4 5
Ability to Perceive:
Aural 0.0253 0.0416 0.0341 0.0315 0.0315
Visual 0.0264 0.0435 0.0356 0.0329 0.0329
Tactile 0.0154 0.0253 0.0207 0.0191 0.0191
Gustatory 0.0098 0.0162 0.0132 0.0122 0.0122
Olfactory 0.0220 0.0361 0.0296 0.0274 0.0274

Diagram A20. Evaluated contributions of Ability to Perceive (+).

Ability to Perceive. Further deficiencies as a result of knock
on effect.
Interactions onto ability to perceive that affect deficiency:-

Psychological Capacity (stages 1,2,3 only) [21,23,25,27,29] 50%

Resulting in a reduction of contribution to 50% deficient in
stages 1, 2, and 3

Evaluation of Psychological Capacity - This applies 1in an
evaluation sense to the general capacity of the population. It
is assumed for this event that the occupants are slightly above
average in terms of psychological capacity. Further, as nurses
they could be expected to be reasonably familiar with acting in
emergencies, and their ability to act fast and make balanced
decisions under pressure is assumed to bhe above average. Offset
against this is the timing of the event. At 1 '0' clock in the

G26



morning, all can be expected to be tired or asleep
[22,24,26,28,30]. Decreased efficiency is to be expected in
relation to :- :

(1) awakening
(2) perception of situation
(3) planning

This will affect the early stages. In later stages (4,5) it is
assumed that the drowsiness problem is overcome. In the early
stages (1, 2, and 3) there is a knock on effect to other factors.
This is because of the interactions of psychological capacity,
and the factors affected are:-

Ability to Perceive [21,23,25,27,29] 50%

Physical Capability [38] 10%
Physiological Capability [45] 10%
Event Knowledge [53] 50%
Location Identification [64] 5%
Building Knowledge [47] 5%

Note that in the real event aspects of psychological capacity may
vary. This cannot be included in the evaluation. There is
1ittle that can be done about the deficiency of psychological
capacity in stages 1, 2, and 3. The deficiency results from the
timing of the fire. A fire later may create worse problems, a
fire earlier may be less problematic.

Psychological Capacity. Further deficiencies as a result of
knock on effect.

Interactions onto Psychological Capacity that affect deficiency:-
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Event Knowledge (stage 3 onwards) [36] - 30%
Building Knowledge (stage 2 onwards) [32] + 5% (super-optimal)

Deficiency 10% 5% 35% 20% 20%

Notes. (1) Unchanged.
(2) 5% super-optimal Building Knowledge offsets 10%
deficiency = 5%.
(3) Net deficiency knock on of 25%, +10% = 35%
(4) 5% super-optimal offset against 25% net deficiency
knock on, = 20%

Diagram A21. Deficiencies in Psychological Capacity after knock
on effects.

Evaluation of Physical Capability - The physical capability of
each of the nurses is assumed to be average. There is no

deficiency.

1 2 3 4 5
Evaluated
Relative 0.0186 0.0180 0.0350 0.0327 0.0327
Contribution

Diagram A22. Evaluated Relative Contribution of Physical
Capability (+).

Physical Capability. Deficiencies as a result of knock on

effect. Interactions onto Physical capability that affect
performance: -
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Psychological Capacity [38] 10%

Rate of Heat Release [40] 100%
Fire Temperature [41] 100%
Total 210%

Total deficiency caused by interactions for all time stages.

Deficiency 210% 210% 210% 210% 210%

Diagram A23. Deficiencies in Physical Capability after knock on
effects.

Evaluation of Physiological Capability - The physiological

. Capability of each of the nurses is assumed to be average.
there is thus no deficiency.

Physiological Capability. Deficiencies as a result of knock on
effects. Interactions onto physiological capability that affect

performance: -

Psychological Capacity [45] 10%
Rate of Heat Release [42] 100%
Fire Temperature [43] 100%

Total 210%

Total deficiency caused by interactions. Very high failure
1ikeTihood.

Deficiency 210% 210% 210% 210% 210%

Diagraﬁ A24, Deficiencies of Physiological Capability after
knock on effects.
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Evaluation of Building Knowledge - The nurses will have a better
than acceptable familiarity with the building. The value is
considered as being super-optimal. Note that in the event there
was an exception to this when one nurse forgot the west
stairwell. This could not be included in an evaluation.

Super-Optimal 1105 110%  110%  110%

Acceptable
Relative
Contribution

0.0145 0.0112 0.0104 0.0104

Evaluated

Relative 0.0160 0.0123 0.0114 0.0114

Contribution

Diagram A25. Evaluated contributions of Building Knowledge (+).

The value of Building Knowledge may interact onto other factors,
and improve the relative contributions:

Psychological Capacity (after stage 1) [32] +5%

General Fire Safety Knowledge [59] +15%
Specific Fire Safety Knowledge [61] N/A
Location Identification [49] +30%

Building Knowledge. Deficiencies as a result of knock-on effect,
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Interactions onto Building Knowledge that affect performance:

Psychological Capacity (all stages) [47] 5%
‘Location Identification {not stage 1) [49] 5%

Deficiency N/A - 5% 10% 10% 10%
Diagram A26 - Deficiencies of Building Knowledge after knock on
effects.

Evaluation of Event Knowledge - The amount of Event Knowledge
available from an event depends on information available. This-
scenario is particularly poor in predictable Event Knowledge
(considered in the evaluation). Aspects include sounders, Route
Choice Identification [55], Location Identification [54]. There
is a serious deficiency.

1 2 3 4 5

Deficiency - - 85% 85% 85%
Acceptablie

Relative - - 0.0115 0.0106 0.0106
Contribution

Evaluated

Relative - - 0.0018 0.0016 0.0016
Contribution

Diagram A27. Evaluated contributions of Event Knowledge (+).

The poor value of Event Knowledge may interact onto other
factors:
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Psychological Capacity [36] 30

Location Identification [66] 5%
Route Choice Identification [71] 5%
Choice of Alternative Routes [87] 40%

It is suggested that the availability of information should be
improved.

Event Knowledge. Deficiencies as a result of knock on effect.
Interactions onto Event Knowledge that affect performance:

Psychological Capacity (stages 1,2 and 3 only) [63] 50%
General Fire Safety Knowledge (stages 3,4 and 5) [52] 5%
Location ldentification (stages 3,4 and 5) [54] 5%
Route Choice Identification (stages 3,4 and 5) [55] 5%

Total 65%

Deficiency - - 150% 150% 150%

Diagram A28. Deficiencies of Event Knowledge after knock on
effects.

Evaluation of General Fire Safety Knowledge - The value of Fire
Safety Knowledge is low in this case. This had implications
during and before the event. Aspects including chocking open
fire doors, poor drill technique from the points of procedure and
experience, and poor understanding of the use of glass bolts on
emergency exit doors. The deficiency is serious - 85%.
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Deficiency - - 8b% 85% 85%
Acceptable

Relative - - 0.0118 .¢.0110 0.0110
Contribution

Evaluated

Relative - - 0.0018 0.0016 0.0016
Contribution

Diagram A29. Evaluated Contributions of General Fire Safety
Knowledge (+).

The poor value of General Fire Safety Knowledge may interact onto
other factors:

Event Knowledge [52] -5%
Specific Fire Safety Knowledge [62] N/A here
Location Identification [67] -5%
Route Choice Identification [72] -5%

Improvement in fire drills in the context of content, attitude,
and thoroughness is suggested.

General Fire Safety Knowledge. Deficiencies as a result of knock
on effects. Interactions onto General Fire Safety Knowledge that
affect performance:

Building Knowledge (not stage 1) [59] +15% (super-optimal)

Evaluation of Specific Fire Safety Knowledge - Not applicable in
this scenario.

Evaluation of Location Identification - At the evaluation stage
the contribution of Location Identification was deficient. In
the real event it was even more problematical for some of the
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nurses, but this wouldn't be shown up in the evaluation.
Generally, the nurses should be familiar with the building (this
is modelled by the beneficial interaction of Building Knowledge
onto Location Identification [65]). The consequence of the
deficiency 1in the relative contribution of Location
Identification is to affect (by its interactions onto) the
following factors:

Route Choice Identification [74] -5%

Choice of Alternative Routes [90] -5%
Event Knowledge [54] -b%
Building Knowledge [48] -5%

Improved signage and indication of floor level is important
generally. In the case of the nurses, the deficiency in this
factor is unlikely to be as significant as for a population less
familiar with the building. Note how this trade-off is modelled
by the interaction of Building Knowledge onto Location
Identification [65] (see below). A reduction in Smoke Mass Flow
Rate would help.

Location Identification. Deficiencies as a result of knock on
effect. Interactions onto Location Identification that affect

performance:

Building Knowledge (not stage 1) [65] +30%
Psychological Capacity (stages 1,2 and 3) [64] -5%
Event Knowledge (stages 3,4 and 5) [66] -B%
General Fire Safety Knowledge (stages 3,4 and 5) [67] -5%
Smoke Mass Flow Rate (all stages) [69] -60%

Evaluation of Route Choice Identification - There appeared to
have been little information available about the route choices,
but similarly to the factor Location Identification it would be
probable that the nurses would be familiar with the route
choices (against this must be laid the infrequent usage of the
west stair at all, and use for exits only in drills). The factor
is deficient. The consequence of this deficiency is also to
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reduce the relative contributions of:

Existence of Information [7] | -25%
Building Knowledge [49] -5%
Event Knowledge [55] -5%
Choice of Alternative Routes [91] -30%

Similarly to Location Identification, it is to be expected that
the Smoke Mass Flow Rate in the real event would worsen the
deficiency [76].

Route Choice Identification. Deficiencies as a result of knock
on effects. Interactions onto Route Choice Identification that
affect performance :

Event Knowledge {stages 3,4 and 5) [71] -5%
General Fire Safety Knowledge (stages 3,4 and 5) [72] -5%
Location Identification (stages 3,4 and 5) [74] -5%
Smoke Mass Flow Rate {all stages) [76] -60%

Route Choice Identification is about recognition of options, and
the information provided for this. Routes which are not
constantly used are not so likely to be recognised as options.
In a building where occupant familiarity is Tikely, it is
particularly important that routes are recognised as such, since
signage is likely to play little part to a person who 'knows' the
choices of routes (correctly or otherwise).

Evaluation of Obstructions - The only 'known' obstructions at the
evaluation stage are the glass bolts on the exit doors. These
were problematic in stage 5 only. In earlier stages the routes
are sufficient to allow free movement. The contribution will be
super-optimal. See diagram A30.

- In stages 1, 2 there is no contribution.

- In stages 3,4 the contribution is Dbetter than
acceptable. Consequently, the relative contribution of the
threat posed by obstructions is better than acceptable (with
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respect to Life Safety) and the value will be algebraically
smaller.

- In stage 5 the relative contribution is deficient (ie; worse
than acceptable). The contribution is algebraically larger.

There is a difference in the contribution of the factor
obstructions for the analysis of the bedroom and the corridor.
There is one extra door to go through from the bedroom to reach
safety, and so the obstruction will be more problematic.

Bedroom 50% (one extra door)
Corridor 40%

The consequence of the relative contributions of obstructions
interacts onto the following factors (in stage 5 only):

Mobility [165] 25%
Event Knowledge [56] 5%

Choice of Alternative Routes [92] 5%
Route Choice Identification [75] N/A

Width [99] 50%

Length [103] 20%

Obstructions. Further deficiencies as a result of knock on
effects.

The Rate of Heat Release can also affect performance.
Rate of Heat Release [84] 100%

An improvement in the deficiency of obstructions in stage 5 may
be achieved by a less restrictive exit door system. Fire Safety
should not be sacrificed to security, both must be considered for
performance.‘ More thorough training in the use of the glass
bolts is apparently necessary from the witness statements.

Evaluation of Choice of Alternative Routes - From an evaluation
point of view, this is satisfactory. In the event it was not,
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but this would not be included in an evaluation. Deficiencies as
a result of knock on effect.

Event Knowledge (stages 3,4 and 5) [87] -40%
Location Identification (stages 3,4 and 5) [90] -5%
Route Choice Identification (stages 3,4 and 5) [91] -5%
Internal Integrity (all stages) [86] -100%
Compartmentation (all stages) [95] -100%
Obstructions (all stages) [92] -5%

Smoke Mass Flow Rate (all stages) [94] -100%

Obviously a very high 1likelihood of failure. Supposedly adequate
Choice of Alternative Routes failure because of deficiencies as a
result of interactions.

Evaluation of Width of Route - The widths of the routes are
satisfactory {in relation to regulations).

Width of Route. Deficiencies as a result of knock on effects.
The following factors affect the relative contribution of width
by interacting onto it:

Obstructions (stages 3,4 and 5) [99] -50%
Volume of Space and Design (all stages) [98] -5

Q\°

Evaluation of Length of Route - The lengths of the routes when
evaluated are satisfactory (in relation to the regulations).

Length of Route. Deficiencies as a result of knock on effects.
The following factors affect the relative contribution of length
by interacting onto it:

Obstructions (stages 3,4 and 5) [103] -20%
Volume of Space and Design (all stages) [107] -5%

Evaluation of Rate of Heat Release - This can be evaluated in
terms of the probable rate of heat release of the relevant space.
It has a severe deficiency because of:
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Corridor:- Poor ceiling tiles, painted surfaces, doors, curtains,
telephone hood - unacceptable,

Cupboard:- Unacceptable,

Bedroom:- Beds, partitions, interjor fittings, doors -
unacceptable.

The consequences of this deficiency affect the following factors:

Existence of Information [8] N/A (at evaluation)

Physical Capability [40] -100% * .

Physiological Capability [42] -100% *
~Compartmentation [158] -50%

Obstructions [84] 100% *

Mode of Burning [119] 50%

Fire Temperature [128] 50%

Nature of Smoke [141] 10%

Flame Spread Characteristics [152] 50%

Fuel Supply and Distribution [203] 50%

* Total failure as a result of interaction.

Control of ignition source would obviously stem the deficiency in
this factor affecting Life Safety [108]. Other than that,
material choice (for Bulk Density [109], Type of Material [111],
Mode of Burning [110]) and Fire Suppression [112] (preferably
automatic - in this case manual fire suppression equipment was
inaccessible and of limited use when it could have first been
used). The consequence was borne out by Goodall.

Rate of Heat Release. Deficiencies as a result of knock on
effects.

The following factors affect the relative contribution of Rate of
Heat Release by interacting onto it:

o

Mode of Burning (all stages) [110] 50
Type of Material [111] 5

o
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Evaluation of Fuel Geometry and Orientation - In the corridor the
geometry and orientation of the fuel is unacceptable. Horizontal
unprotected (upper) surface of the fibre ceiling board allows
spread. Vertical surfaces and fittings in both corridor and
bedrooms allow for easy spread. The consequence for deficiency
in Fuel Geometry and Orientation is an increased unacceptability
of the threat factors:

Mode of Burning [121)] 50%
Fuel Supply and Distribution [204] 20%

A change in the availability of fuels and continued availability
(through both geometry and orientation) is desirable. Geometry
cannot be changed in most cases, and where this 1is unavoidably
unfavourable, adequate proofing should be made.

Fuel Geometry and Orientation. Deficiencies as a result of knock
on effects.
There are no extra factor interactions to alter the deficiency.

Evaluation of Ignition Source - It could be said that the
ignition source contribution was obviously unacceptable if a fire
_occurs - this 1is not consistent with the thinking applied to the
other factors. There is no specific evidence of an identifiable
ignition source, or for that matter universal agreement on a
location, so, for any of the reasonable scenarios imagined (the
model could be run for many scenarios similar except for the
ignition source, for example) although fire occurred, the
performance of materials may have been contributory. The
ignition source is thus assumed to have been an ‘acceptable’
rather than unacceptable contribution (some theories on this
event assume a slow start to the fire). Without a theory on
ignition source it is difficult to make improvement suggestions -
in general, ignition source can be avoided by good management -
material performance under various ignition sources is an
important parallel consideration [114]. There are no further
interactions onto ignition source to alter its relative
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contribution.

Evaluation of Bulk Density - This can only be given an acceptable
value in the absence of further information on which material(s)
to consider. In question may be the 'celotex' ceiling tiles.
Under ordinary (test) ignition conditions no excessive
smouldering was reported. Density is a factor in smouldering, so
it would appear that density was not acceptable, and this is
assumed. There are no other factors interacting onto Bulk
Density to alter its relative contribution.

Evaluation of Oxygen Supply - This is concerned with oxygen
supply for Smoke Release. In general, and for evaluative
purposes, the oxygen supply can be assumed acceptable. Without
excessive draughts there will be no excess of oxygen supply. (in
the scenario of a fire in the cleaning cupboard or the ceiling
void the value may be better than acceptable). In a real event
with windows breaking the actual value may be unacceptable. At
evaluation stage it 1is acceptable. There are no other factors
interacting onto oxygen supply to alter its relative
contribution.

Evaluation of Mode of Burning - In any assumed scenario, in both
the bedroom and corridor, flaming combustion 1is unacceptable.
From a smoke yield point of view so is smouldering.

Mode of Burning. Deficiencies as.a result of knock on effects,
The 50% deficiency of Mode of Burning is made worse by
interactions of the following:

Rate of Heat Release (all stages) [119] 50%
Fuel Geometry and Orientation {all stages) [121] 50%
Flame Spread Characteristics (all stages) [122] 50%

Total 150%

Note also that the deficiency in Mode of Burning will interact
onto the following factors:
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Rate of Heat Release [110] 50%
Flame Spread Characteristics [153] 100%

Evaluation of Type of Material - The Types of Material are
unacceptable with respect to smoke yield. Curtains, fibreboard,
paints, create visibility and/or toxicity problems when they
burn, but are not as serious as, say, some plastics. Deficiency
of 50%. There are consequences of this deficiency for other

factors:
Rate of Heat Release [111] 50%
Flame Spread Characteristics [154] 100%

Better material choice could improve smoke yield performance, but
with implications for other functions (aesthetics, etc.). Usage
and quality of materials is important. There are no other
factors interacting onto Type of Material to alter the
deficiency.

Evaluation of Internal Temperature - Although it is night time,
it is assumed that the internal temperature would be kept within
the range required for it to be acceptable.

Internal Temperature. Deficiencies as a result of knock on
effects.

The interaction of unacceptable External Temperature at all
stages in relation to Stack Effect creates a 10% deficiency in
Internal Temperature [125].

Evaluation of External Temperature - It would be expected that an
evaluation based on a November Night would give a colder than
average temperature, and this is assumed in giving the factor a
less than acceptable contribution. 20% deficiency. There are
consequences for other factors:
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Internal Temperature [125] 10%
External Leakage [133] 10
Internal Leakage [136] 5

o

¢

External Temperature. Deficiencies as a result of knock on
effects.

There is an interaction onto External Temperature of Internal
Leakage which increases the deficiency to 25% (all Stages).

Evaluation of Height (for Ambient Stack) - For each floor above
ground, the relative contribution will alter: the higher up the
building, the greater the Stack Effect, (with respect to the
whotle building). For the top (F) floor, a fire here will be of
lesser consequence than for a fire on the ground floor (A). For
ordinary Stack Effect, the smoke will move upwards. Hence, the
deficiency is greatest (with respect to Life Safety} for floor A,
and Tleast for floor F. It will change proportionally between
them. See diagram A31. There is nothing that can be done

to alter height. There are no increases- in deficiency by knock
on effect.

Evaluation of Fire Temperature - If a very severe fire develops,
the relative contribution will be unacceptable. In this case it
was unacceptable. Deficiency 100%.

The 'consequences of deficiency in this factor apply to the
following:

Existence of (Tactile) Information [10] N/A

" Physical Capability [41] (up to) 100%
Physiological Capability [43] 100%
Nature of Smoke [142] 10% (improvement)

Timely suppression may help here.

Fire Temperature. Deficiencies as a result of knock on effects.
Rate of Heat Release further increases the deficiency of Fire
Temperature {all stages) to 150% [128].
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Evaluation of Ambient Temperature - Similar to Internal
Temperature. No deficiency, or knock on effects.

Evaluation of Air Pressure Developed (Wind) - Note that
Mechanical Air Pressure Developed is not included in this
scenario. The Air Pressure Developed would be evaluated as
within the range for acceptable contributions. There is no knock
on effect.

Evaluation of External Leakage (Wind) - For evaluation purposes,
the External Leakage of the building is acceptable with the
windows closed. Opened or broken windows are aspects of the real
fire, but difficult to include in an evaluation, without resort
to a probabilistic approach.

External Leakage. Deficiencies as a result of knock on effects.
The following factors affect External Leakage by knock on
effects:

External Temperature (all stages) [133] 10%
Internal Temperature (all stages) [134] 5%
Total 15%

Evaluation of Internal Leakage (Wind) - This would be evaluated
as acceptable for :

Bedrooms - If no doors were left open (doors opened during the
event are difficult to include in an evaluation
because this would require probabilistic modelling).

Corridor - If no doors were open, Smoke door to the east
stairwell was open, and the factor 1is thus
unacceptable.

Consequences of this deficiency for:
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External Leakage [132] 5%
Compartmentation [211] 100% (corridor)

Keeping doors closed when not in use, and the installation of
repeaters for telephones may have removed the reason for having
door chocked open.

Internal Leakage. Deficiencies as a result of knock on effects.
External Temperature increases the deficiency further (add 5%)
[136].

Evaluation of Volume of Space and Design (Wind) - From the point
of view of Smoke Movement, the bedroom is an unsuitable volume.
It is deficient. The corridor is even less acceptable, the
design of the space (narrow [138]) allowing the rapid spread of
smoke along the route, a relatively small volume of smoke could
spread over a large distance. An alternative technique of Smoke
Control to Dilution may make the Volume of Space and Design less
problematic - but with a fixed design of the building the scope
of this would be 1limited. The poor performance is to be
expected. The consequences of the low value of Volume of Space
and Design are for the following factors:

Rate of Burning [335] 30%
Smoke Release [336] 100%
Fuel Supply and Distribution [209] 30%
Nature of Smoke [144] 20%
Width (of route) [98] 5%
Length (of route) [107] 10%

There are no further deficiencies (corridor or bedroom).

Evaluation of Smoke Mass Flow Rate - At an evaluation stage the
amount of smoke that would be produced would be unacceptable -
50% deficient. This is similar for each space. In the event
this factor becomes very important. At evaluation stage this is
not reflected. The consequence of this deficiency applies to the
following factors:
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Existence of Information [4,11,15,18] 5%

Location Identification [69] 60%
Route Choice Identification [76] 60%
Choice of Alternative Routes [94] 100%
Reservoir Size and Design [182] 100%

Suggest minimisation of smoke potential in vital routes.

Evaluation of Nature of Smoke - This concerns the ageing of the
smoke. In a small compartment with a low ceiling this may create
a problem - However, this should be seen as an interaction
between the smoke and the space, rather than the deficiency of
the nature of the smoke alone. Hence, the evaluated contribution
is Teft acceptable.

Nature of Smoke. Deficiency as a result of knock on effects:

Space Shape [143] -10%
Rate of Heat Release [141] +10%
Fire Temperature [142] ) +10%

Evaluation of Surroundings (with respect to wind) - Evaluated
performance with a SW wind would be acceptable in the context of
the surroundings (little turbulence problem in the near
vicinity).

Evaluation of Speed (with respect to wind) - An evaluated
contribution of 25% deficiency for the 15 - 20 mph wind (Fire
Brigade report).

Evaluation of Direction (with respect to wind) - At the
evaluation stage this cannot be identified as problematic. In
the actual event, with the other factor deficiencies, the
direction was important.

Evaluation of Height {with respect to wind) - This relates to the
velocity profile. At higher floors in the building the effect of
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the wind becomes more marked than at low levels, and may disturb
Dilution. At the low levels (including C floor) the velocity may
be less unacceptable.

Evaluation of External Integrity - Whilst the windows are closed,

this is no problem and will be acceptable. In an event where the
windows are opened or break (as happened in this case) the

contribution 1is deficient. This cannot be included in an

evaluation without probabilistic data. External Permeability is

similar,

Evaluation of Internal Integrity - This is poor. The door to
the east stairway was open, and the ducts running through the
bedrooms had a lack of integrity (for example smoke was reported
on F floor). Also, in the real event, the opening of doors
further affected each space detrimentally. Good design and
workmanship are essential to provide a building with good
integrity. Usage is important also. There are consequences for
the following:

Compartmentation [159,160] 100%
Fuel Supply and Distribution [207,208] 50%
Choice of Alternative Routes [85,86] 100%

Evaluation of Internal Permeability - Gaps around doors are poor
and this is modelled by a 50% deficiency (in the real event, this
was worse as the doors failed, but 50% 1is picked up by the
evaluation).

Evaluation of Air Conditioning - As for Internal Temperature the
evaluation shows an acceptable value.

Evaluation of Heat Gain of Space - There will not be heat gain on
a November night and it is assumed that the Internal Temperature
was in reasonable equilibrium.

Evaluation of Space Shape - From the point of view of a Smoke
Control by Dilution technique, the shape of the bedroom is not
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unacceptable.  The shape of the corridor is less useful for
containing smoke, 10% deficient (note that this is distinct from
the size). The 10% deficiency of the corridor has consequences
for the following:

Route Choice Identification [78] nil (no real problem because

of shape)
Length of route [104] nil
Width of route [102] : nil {not for route capacity)
Nature of Smoke [143] 10%

The consequences of this deficiency are not serious compared with
other factors.

Evaluation of Height of Space - The height of the space is poor
from the point of view of Smoke Control, 90% deficient. There
are no consequences for other factors.

Evaluation of Length of Space and Breadth of Space - Length and
Breadth analysis is similar. In the bedrooms, both are
deficient. In the corridor, although the Breadth is deficient,
the Length is considered acceptable. The consequences of these
deficiencies appty to:

Fuel Supply and Distribution [339,341] 25%
Compartmentation [161] 30% (length)

35% (breadth)

Evaluation of Geometry - In an evaluative sense this was
unacceptable (borne out by problems of vertical and horizontal
flame spread in corridor, 90% deficient, and vertical spread in
the bedroom, 50% deficient). Relevance of ceiling tiles, paint,
curtains, partitions. The consequence of this deficiency extends
to the following factors:
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Fuel Geometry and Orientation [343] nfa (a similar factor)

Mode of Burning [121] 20%
Fuel Supply and Distribution [205] 20%

Suggest the correct proofing of materials, and correct usage
(tiles).

Evaluation of Flame Spread Characteristics - Both the corridor
and the bedrooms are unacceptable. Ceiling materials and wood
allow for rapid flame spread. This is a greater problem in the
corridor. Consequences of the deficiency for:

Mode of Burning [153] 50%

Properly treated materials or choice of good materials and
correct use may go a long way toward improving this. (similarly
for the doors).

Flame Spread Characteristics. - Further deficiencies as a result
of knock on effects. The following factors knock onto Flame

Spread Characteristics:

Rate of Heat Release (all times) [152] 50%

Mode of Burning (all times) [153] 100%
Type of Material (all times) [154] 100%
Evaluation of Compartmentation - This is exceptionally poor.

Doors are unacceptable and this has implications for both
corridors and bedrooms. Consequences:

Existence of Information [2,5,13,16,19] + 5%
Choice of Alternative Routes [95] 100%

Suggestion:- A1l fire doors should be kept closed when not in
use. This may be extended to cover the bedroom doors and self-
closers may be useful. Doors should be adequately fire
resistant.
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Compartmentation. Further deficiencies as a result of knock on
effects.
The following factors knock onto Compartmentation:

Rate of Heat Release (all stages) [158] 50%

Internal Leakage (all stages) 100%
Internal Integrity (all stages) [159] 100%
Length (of space) [161] 30%
Breadth (of space) 35%

The deficiencies of the factors may be summarised. This is
presented 1in diagrams A32 and A33, separating those factors
defined as being of a pro-safety or pro-threat nature.

These deficiencies may be applied to the potential relative
contributions. This produces sets of evaluated relative
contributions to Life Safety for the factors at each time stage.
See diagrams A34,6A35.

The totalled safety and threat contributions for each time stage
are algebraically summed, to produce a net safety/threat value
for each time stage. The performance of the corridor and
bedrooms are differentiated. See diagram A36.

These results of the evaluation are displayed graphically on a
net safety/threat diagram. See diagram A37. This shows an
unsatisfactory performance: in stages 1 and 2 there is a net
threat to Life Safety; in stages 3,4 and 5 the net Tlevel of
safety is unsatisfactory. As would be expected the bedroom is
evaluated as being less hazardous than the corridor.

In addition to the net safety/threat value it is useful to
analyse the implications of individual deficiencies of factors on
other factors in the system because of interactivity. A number
of factors and interactions are identified - see diagram A38.

As a result of evaluated deficiency and knock-on effects fifteen
factors were identified as failing using the model. These are
shown in diagram A39. Note that the factors Rate of Heat Release,
Fuel Geometry and Orientation, Fire Temperature, Internal
Leakage, and Volume and Design of Space were evaluated as
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completely deficient before considering knock-on effects.

Comparison of factors failing in the evaluation with reports and

the event

A failed factor is one that has a deficiency when evaluated
greater than or equal to 100%. The fifteen factors predicted as
failing are discussed below in the context of their failure,
deficiency, criticality, and the consequences of the failure. A
criticality summary is reproduced in diagrams A40,A41.  Where
available information is from reports, this too 1is used.
Diagrams A42-A45 provide a summary.

(1) Existence of Information - There is failure predicted for the
provision of information in each of the five sense media.
Although the Existence of Information in each sense is not
critical in itself, the failure of all information is, and the
result of this is predicted failure in communication. There is a
reduction in safety indicated. In the actual event there was
ambiguity of information. There was a delay in the alarm being
activated, and for many of the occupants the first cues heard
were not the alarm. The information was unpredictable and of low
informative content.

(2) Physical Capability - The predicted failure of this factor
indicates a reduction in safety. It is a critical factor to
Mobility , consequently Mobility is predicted to fail also. In
the early notional stages of the event the factor is of medium
import only (Dilution/Removal 26th in stage 1 and 23rd in stage
2), but in the three last stages (after perception of the event)
it is the third most important factor in the tertiary level (of
58 factors), and the prediction of failure must be seen as
serijous for Life Safety. In the actual event a number of
occupants were injured, one fatally. There were a number of
nurses who had to jump from their windows to avoid direct injury
from the fire and smoke, and one nurse was injured in the
corridor when trying to escape, and this impeded her escape (12A
burned her hands).
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(3) Physiological Capability - The failure of this second
critical factor on which Mobility depends predicts a reduction in
safety again. In the early stages the factor is only of medium
importance (24th in each model}. However, in the three stages
after perception it is very important (2nd, 4th, and 4th of 58
respectively). Its predicted failure must be considered as
serious. In the actual event the death and injuries were
associated with physiological (and physically untenable)
conditions. Goodall died as a result of inhaling hot fire gases,
others reported having difficulty breathing.

(4) Event Knowledge - This critical factor 1is predicted as
faiting by the model with the result that training will also
fail. There is no contribution in the first two stages of the
event, but after perception it is of medium import to Life
Safety. The predicted failure will give a reduction in safety
and should be considered as serious. In the actual event there
was a general ignorance of what was happening. This was
exacerbated by misinterpretation of the event, and resulted in
confusion and incorrect actions.

Note that the primary factor Mode of Escape depends on three
secondary factors. These are Communication, Mobility and
Training. The predicted failure of critical tertiary sub-factors
which din turn gives rise to their failure of each of three
factors must result in the predicted failure of the primary
factor itself.

(4) Route Choice Identification - This factor is predicted as
failing. It does not have a potential contribution in stages one
and two, but is of fairly high importance in the three stages
after perception. It is not critical to Ease of Use, and for a
familiar population it may be of less than potential import in
real circumstances. One nurse reported getting lost, and several
forgot the option of the west stair (possible because of its
infrequent use normally).

Lusi



(5) Obstructions - This factor is critical to the Ease of Use of
escape routes. The prediction of failure must be taken as being
serious, and in turn Jjeopardises the performance of the factor
Ease of Use. The failure is an increase in threat. The factor
has no potential contribution in the event for the first two
stages, but after perception it is of fairly high importance
(16th,11th, and 11th). In the actual event there was a
significant problem of QObstructions. The glass bolts at the foot
of the west stair, which many of the nurses noted unfamiliarity
with, presented a less significant obstruction than they might
have, (although one nurse reported returning upstairs to get a
shoe to break the bolt).

Other source of Obstruction were the fire and smoke itself. This
affected occupants in all the stages of escape:- T(perception) -
T(action) - unable to leave rooms; Tisctign) - T(relative safety)
- 12A unable to negotiate corridor; T(relative safety)
T(safety) - Nurses prevented from using the stairways, and Hopton
et al. prevented from returning up the stairs.

(7) Choice of Alternative Routes - This is a critical factor to
Ease of Use, and its failure must predict failure of Ease of Use
also. There will be a reduction in safety, and because of the
position of Choice of Alternative Routes in the tertiary level
must be taken very seriously (it is -/-/6th,lst,1st). The
failure 1is totally attributed to the interactions onto the
factor. In the actual event the unusable the routes including
the corridor limited the choices. The occupants above C floor
had to use the west stairwell since the east was untenable, and
on C floor the usability of the corridor meant that many of the
occupants had no conventional routes available, and had to jump
from the windows. The consequences for them of a similar fire
but on D, E, or F floor would most probably have resulted in more
deaths and much more serious injury.

Failure of the secondary factor Ease of Use as a result of the
failure of critical sub-factors may be sufficient in itself to
cause failure of the primary factor Escape Route tayout, and this
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is borne out in the event. The failure of this primary factor
and the primary factor Mode of Escape leaves the escape domain
non-contributory.

(8) Rate of Heat Release - This is a critical factor to the
secondary factor Rate of Burning. The failure of this factor
results in the predicted failure of the secondary factor also.
This gives an increase in threat. Failure of a pro-threat factor
in the context of Life Safety means that the threat to Life
| Safety is greater than acceptable. In the early stages of the
event the position of this factor in the tertiary level is fairly
high (3rd, 10th in stages 1 and 2). In the actual event the fire
grew very quickly, with an early build up of smoke and this can
be seen as comparing well with the model prediction. The
corridor becomes unusablie quickly (Hopton reports thick smoke at
the 'five minute' stage). The rooms and stairways also became
untenable. There was early flashover in the corridor.

(9) Fuel Geometry and Orientation - This is a critical factor in
the model. The importance of the factor is fairly high at the
start of the event, and decreases to relatively medium import
later (a function of increasing numbers of factors). Its failure
would result in the failure (with respect to Life Safety) of Rate
of Burning. In the actual event there was unacceptable Fuel
Geometry aspects. The spread of fire across the ceiling tiles
and other surfaces in the corridor and bedrooms (wood) allowed
rapid growth of the fire size accompanied by unacceptable Smoke
Release. The source of ignition and the origin of the fire is
questionable, but the ceiling void or the cleaners cupboard may
provide the necessary Fuel Geometry and Orientation for growth.

(10) Mode of Burning - This factor is of medium import in the
model and is not critical. In the actual event the fire severity
and the consequences of the early flashover on Smoke Yield caused
significant problems in the building.

The evaluation concludes that the building was unsafe, and there
was a high 1likelihood of death and/ or serious injury in a fire
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scenario such as occurred. The likely severity of the incident

outcome increased with height of the floor involved.

An evaluation just prior to the fire would have suggested
improvements in the areas of communication, fire resistance
(specifically doors and ducts), fire safety practice/training,
route usage (west stairwell), and the locating of telephones {or

repeater bells to avoid temptation to chock fire doors).
Reductions recommended in the fuel availability, flame spread
characteristics and potential smoke release of materials used in
the corridor and lounge, of internal leakage (particularly around
doors), and the occurrence of obstructions to rapid escape.

A number of factors performed worse in the event than
evaluation suggested. These were:

(1) Location Identification (Smoke)

(2) Existence of Information (Alarm)

(3) Physiological Capability (Death)

(4) Route Choice Identification (Smoke)

(5) Choice of Alternative Routes (Compartmentation, Smoke, Heat)
(6} Obstructions (Smoke, Heat)

(7) Oxygen Supply (Windows)

(8) Mode of Burning (Flaming)

(9) External Leakage (Windows)
(10) External Integrity and Permeability (Windows)
(11) Internal Leakage (Doors)
(12) Internal Integrity and Permeability (Doors)
(13) Compartmentation (Doors, Ducts)

The HSE report to HM Principal Inspector noted that the building
would probably not meet current standards in respect of:-

(1) Ceiling Lining

(2) Unstopped service ducts with insufficient fire resistance.

(3) Design of corridor outside rooms 12,12A,14 (fire resistance).

{(4) Lounge furnishings directly onto main corridor (now
considered as protected routes) not considered to have played
a part in death or injuries.
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(5) Bedroom doors poor.
(6) Laxity in control of fire doors (influencing spread or escape

from upper floors).
(7) Alarm failure.
(8) Fire Brigade access.

The predicted performance of factors from the evaluation exercise
shows a good correlation with the event.
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Appendix 4. Case Study (2) Standard Life Building.
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Appendix 4. Case study (2): Standard Life Building

Evaluation Exercise

The Evaluation tool is intended for use on proposed as well as
existing building scenarios. '

A systemic approach to Building Performance requires
incorporation of Life Safety criterion from the early stage of a
building's life.

The objective of this exercise was to evaluate a proposed
building in an early stage using the Life Safety Model. Data
limitations imposed an increased reliance on assumptions and
expert judgement in the use of the model. A number of specific

points arose:

(1) The input information was characteristically incomplete. The
exercise should establish whether the tool can usefully
assist with an analysis based on incomplete data.

(2) It was important to establish whether the model could
still highlight potential problem-factors? Also, could it
indicate what implications this may have and what factors
exacerbate or relieve the situation.

(3) What information is needed to allow a performance-based
(expert judgement) evaluation of each factor to be made?

The approach was to focus in turn on each factor; analyse the
plans to assess the contribution to Life Safety, and the
implications of inter-relationships. Factor criticality was also
be appraised.

Introduction to The Proposed Standard Life Building

The information on the Standard Life Building available was
limited to a design summary of the building (February 1986).
This is reproduced as diagrams A46-A55,

See diagram A50. The building is bounded by Brandon Terrace,
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Howard Place, Inverleith Terrace Lane, and the Water of Leith.
The building should be mainly two-storey administration offices
with 200,000 sq. ft. of space for 1,200 staff. A roof top garden
and restaurant is proposed. The former wool warehouse on Howard
Place will be retained and refurbished. There will be a basement
car park combined with a sports facility, and the two storeys of
open plan office area above it will combine with existing windows
in the wool warehouse facade. There will be three external
materials used - glass, natural stone, and slate, combined in a
vernacular form. Refer diagrams A47,A53.

Diagrams A51,A52. Domed atria link the two open storeys, and
four pillars run through the atria gaps. There are ten sets of
stairs, each at the perimeter of the floor, all serve to the
basement. In addition there is the main entrance affecting the
ground floor only. Layout of pillars is based on a 13.5m grid.
The envelope is based on a double-glazed curtain wall with a
large gap between panes, which provides a circulation duct for
the air conditioning. See diagrams A51,A56. The inner leaves of
glass are full height, horizontally sliding. The stairs double as
service zones. Vent Touvres are at roof level around atria.

Services are housed under a raised floor void to a floor with
exposed waffle structure on the under-side. Diagram A51.

It was assumed that in Jong term use the open plan format of the
floors may be changed to a partially or totally compartmentalised
format.

Evaluation of each of the factors

The building was considered unsuitable for smoke control by
pressurisation (containment) technique in its proposed form.
Evaluations were made assuming dilution or removal techniques of
smoke control. Evaluation was based on the tertiary level

factors.

There is insufficient information provided for the evaluation of
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many factors. In these cases, evaluation is made on the basis of
assumptions. Where an acceptable factor value is assumed,
performance criteria are noted. In some cases sample evaluation
questions are noted.

Many of the factors are related to the management aspects of in-
use fire safety. This is a potential fire safety problem, and
illustrates that Life Safety in Building Fires cannot be catered
for solely by design, or by usage. The two must complement each
other.

Existence of Aural Information {+)> Not Critical [237]

There is no information about proposals for this factor on the
plans.. Aural information provision at the design stage will be
limited to the provision of alarm and information systems for use
in the event of a fire. This is of relevance for all stages of
the event., there may be problems in giving clear information to
all 1,200 people that is applicable to all of them.

Confidence in information is a subjective, and depends on the
history of alarm information (false alarms, etc.) and also on
applicability to the individual and correctness. Aspects of an
alarm system should include directionality (this is similar to
applicability), comprehensibility, clarity, quality
(correctness), and speed.

In a small to medium sized single space, it is possible that many
peop]é will know of a fire almost simultaneously. In a large
space such as each of the main floors this may not be so, and.
work stations may localise information. A compartmentation effect
is potentially relevant if the layout is changed subsequently
from open-plan.

There are implications onto existence of information of the
following:-

(1) Air Conditioning {switching off or altering mode) [1].

(2) Compartmentation, subject to changes to the internal format
affecting sound attenuation [2].

(3) Mechanically induced flow - Similar to Air Conditioning [3].
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Assuming mechanically induced flow for air conditioning or a
removal system there will be be a switching effect that may alert
people. Dilution model, switching off systems may alert people.
An assumed acceptable alarm system to provide existence of
information should be able to alert people at all locations of
the building.

Different sounds may not be practicable in this situation and
clarification of alarm is desirable - a tannoy system giving
accurate information is desirable, and in a flexible workstation
arrangement may be desirable for general day to day alerting,
calls. Spacing of alarms and sound levels are important.
Occupants are assumed awake, and sound level requirements normal.

The provision of an automatic alarm system of informative nature
and adequate coverage whilst maintaining clarity, correctness and
quality of information will be acceptable. Existence of Aural
information would then not be a priority factor.*

Implications of changes to layout which cause significant sound
attenuation (e.g., compartmentalisation, or partitioned work
stations) must be noted. Additional stimuli of switching air
handling equipment [1] may give information, but is not a
reliable aspect of existence of aural information.

Sample questions arising:

(1) Is there a reliable alarm system installed ?

(2) Is it of a sounder or tannoy variety?

(3) Is there adequate sound coverage?

(4) Are staff regularly familiarised with the alarm?

(5) Is it directional?

(6) Is 1is automatically operated, with a relay to a Fire
Station?

(7} Is it adequately maintained, with a separate power supply?

(8) Is the system regularly tested?

Aséumed no deficiency.
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Existence of Visual Information (+). Not Critical [238]

There is no information available from the plans concerning the
provisions for existence of visual information.

Provision requirements as assessed in the model cover visual
alarm (flashing lights) and also emergency/ continued provision
of lighting. Signs are also significant but are covered by the
factor Route Choice Identification [7] and are discussed there.
In an open plan environment it may be less of a problem to
ensure. However, should the space be compartmentalised [5] or
partitioned at a later stage there are implications for Route
Choice Identification (ie; provision of signs). Adequate
lighting must be maintained across all spaces. The criteria of
adequate illumination is affected by:-

Smoke Mass Flow Rate [4]

Smoke Yield [6]
Compartmentatisation [5]

Route Choice Identification [7]

There are no factors that visual existence interacts onto. There
is a potential significance of subsequent changes in visual
existence because of changes to any of the factors that interact
onto it. '

Sample questions arising:

(1) Is there emergency lighting and secondary power supply?

(2) Is switching automatic?

(3) Is the switching delay acceptable and expected by occupants?

(4) Is the lighting level in all areas of the building
acceptable for escape?

(5) Is emergency lighting regularly tested, maintained, and
faults reporting encouraged?

(6) Are any flashing alarm signals visible from all points in the
spaces?
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(7) Are any flashing alarm signals fully understood by occupants?

Assumed deficiency: nil

Existence of Tactile Informatjon (+). Not Critical [239]

-

" This is one of the factors that is going to be unacceptable. The
type of occupancy will not have a requirement for special
facilities for tactile information, and it is assumed they will
not be provided. There may be information in an event [8,10,11]
(cf; Victoria Nurse's Home), however such information (or threat)
is not included in the evaluation. Any environmental changes
caused by the switching or failure of the air Tconditioning
[9,12,14] are unpredictable.

It is assumed that there is no special provision for tactile
information.

Assumed deficiency: 100%

Existence of Gustatory/ Olfactory Information (+). Not Critical

[240,241]

Similarly to the existence of tactile information, there is no
predictable existence of gustatory or olfactory information at
the design stage. Implications of compartmentalisation changes
and the nature of the fire and its products may have consequences
for existence of gustatory and olfactory information [15,16,17,
18,19,20].

Assumed deficiency: 100%

Ability to Perceive (+). Mot Critical [242,6243,24,245,246]

In general, the ability to perceive can be expected to be
reasonable. A range of partial deficiencies will occur, which
any employee, including the proportion of registered disabled may
have. Locating those that have difficulty in perception in
situations where their deficiency can be made up for by other
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people should be considered. A minor deficiency is assumed.
Sample questions arising:

(1) What extent and nature of disability is expected?
Assumed deficiency: 5%

Psychological Capacity (+). Critical [247]

Again there is no information available about the psychological
capacity of the occupants, nor could there be expected to be in
detail. It is assumed though that in an office scenario the
people could be relied upon to be reasonably alert {this may vary
throughout the work session). The ability of people to cope in a
fire is unlikely to be different to the normal. This is assumed
to be acceptable.

Sample questions arising:

(1) Is there anything to suggest a population of Tless than
average psychological capacity?

Assumed deficiency: nil

Physical Capability {+). Critical [248]

No information available. Bearing in mind the possibility of 3%
registered disabled, and also the transiently disabled, there is
likely to be a deficiency. Deficiencies in physical capability
may be significant for the individual and the other members of
the population (blockages, gqueuves). Stairs may provide a problem
for the disabled, provisions for the disabled are not apparent
[81]. Thought about the location of workstations for the
disabled will be necessary to minimise the effects of this
deficiency.

Sample questions arising:
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(1) Could a fire scenario involve physically disabled occupants?

(2) what implications are there for other escapees?

(3) Are there any special facilities to minimise problems arising
from restricted physical capability?

(4) Where are the disabled located?

Assumed deficiency: 10%

Physiological Capability (+). Critical [249]

No information available. A 10% deficiency is assumed on the
same basis as for physical capability. Travel distance may be
significant [46], and there may be consequences of deficiencies
for other occupants. Thought about the location of workstations
will be required.

Sample questions arising:

(1) Could a fire scenario involve physiologically disabled
occupants?

(2) what implications are there for other escapees?

(3) Are there any special facilities to minimise problems arising
from restricted physiological capability?

(4) Where are the disabled located [46]7

Assumed deficiency: 10%

Building Knowledge (+). Not Critical [250]

In the absence of other information, it is assumed that the
occupants of the building will be familiar with its layout.
There are a number of potentially significant consequences of
poor building knowledge [32,59,61], and changes affecting
occupant familiarity should be noted.

Sample Questions arising:
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(1) Do occupants regularly use or have the opportunity to use all
the building?

(2) Is each person familiar with the layout of each floor?

(3) Are there any escape routes not in general use?

(4) Is the layout subject to change?
(5) Are the disabled restricted in their use of the building [50]?

Assumed deficiency: nil

Event Knowledge (+). Critical [251]

Event Knowledge is influenced by the layout [54,55] and use [56]
of the building. Problems of the size of the space may be offset
by an ease of communication [57] between workstations for the
transmission of knowledge.

Assumed deficiency: nil

General Fire Safety Knowledge (+). Not Critical [252]

No information available, and is assumed satisfactory as default.
It is important that people are trained properly and are familiar
with what should be done in fire events.

Sample questions arising:

(1) Are all the occupants trained for the initiation,
interpretation, and reaction to fire alarms?

(2} Are occupants fire safety conscious?

(3) Are people trained in fire procedure?

(4) Is training updated regularly?

Specific Fire Safety Knowledge (+). Not Critical [253]

Similarly to general fire safety knowledge, this can be assumed
only. There is no such information on the plans.

Similar requirements to general fire safety knowledge [621, but
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_extending to a greater practical depth. It must be ensured that
there are sufficient people always present who are trained, that
people know who the trained personnel are, that they are
interested and given opportunity and encouragement to train.
Feedback is necessary, and if anyone leaves there must be a
person responsible for their replacement.

Assumed deficiency: nil

Location Identification (+). Not Critical [254]

No information available. It should be noted that in an open
plan design for this type of building it may be difficult to
provide obvious identification of Tlocation by signage. An
imaginative layout and the view from the windows will aid
orientation. The problem of location identification is likely to
be less significant for those familiar with the building [65].

Sample questions arising:

(1) Is it practical for a person unfamiliar with the building to
locate himself in relation to the building at any Jocation
and reasonably effectively (signage requirements)?

(2) Is orientation straightforward? Are stairs distinguishable

in use?
Assumed deficiency: nil

Route Choice Identification (+). Not Critical [255]

There may be a deficiency with this factor if the layout of the
open plan floor is muddied. In areas where there is a similarity
in layout there may be ambiguity [78,74]. In some cases
confusion as to direction of route has to be considered, but
this 1is unlikely to be a problem here. Adequate signage and
clarity of visual field may allow for ease of route choice
identification. In the absence of other information this is
assumed to be so and the factor evaluated as acceptable.
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Note the implications of a change of internal layout such as
partitioning or compartmentalising would have on this building
with all routes at the perimeter.

Sample questions arising:

(1) Can a person at any point in the building see at least two
choices of routes [91]7

(2) Can routes be easily identified and followed?

(3) 1Is the space easily interpreted, or are there complications

and obstructions [75]7
Assumed deficiency: nil

Obstructions {-). Critical [256]

This is a particularly worrying factor. There is a great
potential for obstructions that could be built in, or arise in
use in this building.

(1) Stairs are an obstruction to the disabled [165,81].

(2) Open plan long travel distances exacerbated by complexity of
route and width allowance [82,83,99,103].

(3)  Possibility of zoned protection to allow sports or
restaurant usage outside ordinary hours may involve
restricted access implications for building (and egress)
[92].

(4) Security. Unless the car park is secure there will be a
requiremeﬁt to restrict entry to the stairwells from the
building [92,79]. This may have implications for people
trying to escape to or from the car park.

{5) The travel distance requirements are excessive from the
centre of the floors to the perimeter stairwells [83].

There is an excessive length and likely complexity of the routes
across the floor, complicated further by the need to travel
around the atria and the possibility of smoke travelling up as an
obstruction. See diagrams A51,A52.
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Evaluation produces a deficiency of 50%, mainly due to the
unacceptable travel distance and complexity of route [83,75].
This may be overcome by reducing the required travel distance
[83]. Compartments as refuges , or a central stairway may help.
Dedicated aisles should be maintained for all travel. Location
of the disabled at or near perimeter, on the ground floor should
be aimed for [81]. The nature of the job function requiring an
open plan office may require movement from post.

Sample questions arising:

(1) Will all routes be available for escape use from any floor
at all times the building is in use [92,79]?

(2) 1s there a foreseeable 1likelihood of stair usage being
restricted?

(3) Are there adequate choices of routes within an acceptable
distance (the distance becomes an obstruction otherwise)
[92]? |

(4) Is there a uniform distribution of people across the floor?

(5) Will travel be restricted by the layout, or could it be
[165]7

(6) Can any change to the building be envisaged that will create

_ or exacerbate the obstructions problem?

(7) Are doors wide enough [82]?

Assumed deficiency: 50%

Choice of Alternative Routes {+). Critical [257]

This factor is reasonably good in terms of quantity of stairways
[172], but the travel distance to the stairs is unacceptable.
There are locations where a person could not be within acceptable
travelling distance of any stairway.

It is assumed that the routes can be maintained in proper order
throughout an event if fire .doors are used (properly) at each
floor. However, the routes are too far away from some locations
for acceptability (certainly for the disabled). It should be
considered contextually.
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Sample questions arising:

(1) Within a reasonable distance {the relevant travel distance)
are there at least two stairwells, ie; protected routes?

(2) Are the routes sufficiently protected to ensure continued
availability of use ?

(3) 1Is this acceptable as put forward, and are the consequences
acceptable ?

Assumed deficiency: 50%
Suggestion - A central stairway or a protected central zone or
corridor to bring choices for safety to within acceptable travel

distances.

Width of Route (+). Critical [258]

The Width is evaluated as acceptable. Changes to the layout or
usage of the building spaces may tend to alter the effective
width of sections of the route [99].

Sample guestions arising:

(1) Is the width of every part of escape route {protected and
unprotected) satisfactory for the occupancy load?

(2) Is it ensured that all parts of the route will be wide

enough?

Assumed deficiency: nil

Length of Route (+). Critical [259]

This appears excessive. Once inside the protected section of the
route the distance required to be travelled in the stairways is
acceptable. The length of the route to reach the protected
section is not acceptable. There may be consequences for
physiologically disabled occupants [46].
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Sample questions arising:

(1) Can a protected place be reached within an acceptable
travelling distance from any location in the space?

‘(2) Is this taking into account the complexity of the route
[103]7 -

(3) 1Is this the effective or actual length of travel?

(4) 1s this acceptable as it stands, and are the consequences
acceptable?

Assumed deficiency: 50%
Suggestion - On the main floors, the inclusion of féfuges or
stairs within a suitable travel distance from any tocation (for

example a central protected stairwell).

Rate of Heat Release {-). Critical [260]

The Rate of Heat Release and the fire size will be related. The
quantity [152] and nature of fuel available [111,109], and
effectiveness of any suppression techniques [112] will be
important to the rate of heat release.

In an open space (such as in this building) a high rate of heat
release will cause a very rapid fire growth unless swiftly and
effectively suppressed. The alternative, and preferable option
is to limit the rate of heat release that can be developed by
material choice and management. Difficulty in controlling fuel
availability is foreseen in an open plan scenario, and the factor
is assumed 50% deficient.

Sample questions arising:

(1) Is there material about of sufficient potential rate of heat
release to be unacceptable - Tloose papers, carpets,
office furnishings?

(2) What amount of fuel is available and at what rate would it
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burn?
(3) What size fire (fe; Rate of Heat Release) is acceptable ?
(4) Are materials fire retarded?

Assumed deficiency: 50%

Fuel Geometry and Orientation (-). Critical [261]

This refers to the proximity of adjacent fuels, and the
orientation, and how this will impact on the rate of burning
should a fire start.

The value of the contribution cannot be assumed to be
satisfactory with the flexible layout opportunities afforded by the
open plan scenario. Control of the fuel supply and its
distribution cannot be guaranteed, and will also influence the
contribution of this factor [113]. There are consequences of
this deficiency for the mode of burning [121].

Little to be done directly concerned with this factor - it is a
usage problem. Effective distribution of the potential fuels
would help, and could be achieved by compartmentation techniques.

Sample questions arising:

(1) Is material laid out, or likely to be laid out in such a way
as to promote growth of fire or spread of flame, smoke

production?
(2) Is the material of the type to allow fire growth and/or

smoke production?
(3) Could the material be better orientated?

Assumed deficiency: 50%

Ignition Source {-). Critical [262]

This is a problematic factor to speculatively evaluate. It has
been assumed for the purpose of this exercise that the ignition
source will not be inordinate. What is assumed by this is that
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abnormal ignition sources such as explosions, very high energy
sources, are not likely to occur.

Measures should be taken in the ordinary use of the bui]dfng to
minimalise the occurrence of ignition sources. Smoking 1is a
particular example, particularly if taking place during ordinary
usage.

Assumed deficiency: nil

Bulk Density (-). Not Critical [263]

This cannot be predicted from plans alone, and will also be
affected by the live fuel load. The likely fuels that will be
present in the space are papers, furniture and decor. None of
these factors can be given an acceptable level of contribution of
bulk density, and a deficiency of 10% is used in the evaluation.
The consequences for the factors interacted onto by bulk density
is a tendency to degrade the performance of the factors rate of
heat release [109] and mode of burning [120].

Sample questions arising:

(1) Can the bulk density properties of any of the materials used
in the space be improved, or could an alternative choice of
materials improve this?

Assumed deficiency: 10%

Oxygen Supply (-). Critical [264]

There is an excessive availability of oxygen for the'development
of a fire and the production of smoke. The assumed type of fire
could be fuel controlled and liable to the production of an
excess of smoke. The atria in conjunction with the large volume
of the space will ensure a continued supply of oxygen. Before
deactivation {or change of mode) the air conditioning system may
also contribute [116,118). The potential consequences of such
problems, modelled as a deficiency of 70%, are to allow an
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unacceptable mode of burning [329] and to affect the contribution
of the type of material [330] to smoke yield in relation to the
manner in which it burns. The characteristics of this will depend

on the material properties.

The performance of this factor can be improved by the switching
of the air conditioning to a more appropriate mode {116,118], and
by ensuring that the fire can be effectively suppressed [115].
Direct measures to affect the availability itself would require
compartmentation. Closing off the atria would also help (removal
or replacement with a sterile tube).

Sample questions arising:

(1) Can the size and design of the fire space be used to limit
the oxygen supply?

Mode of Burning (-). Not Critical [265]

An assumption of a 5MW fire in the office and adequate oxygen
supply, will give an unacceptable mode of burning.

Assumed deficiency: 50%

This may have implications for the Rate of Heat Release [110] and
the Flame Spread Characteristics [153].

Type of Material (-). Critical [266]

This is an important factor in determining the potential release
of smoke. It is a function of material that affects the type of
“smoke given off. Modern material usage associated with office
function may contribute significantly to smoke yield and the fire
nature [111,154]. It is assumed deficient.

Sample questions arising:

(1) What materials choices in design or usage are likely to
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create a potential problem, and can the use be limited?
Assumed deficiency: 10%

Internal Temperature (Smoke Movement) (-). Mot Critical [267]

It js assumed that the functioning air conditioning unit will
keep the building at a reasonably satisfactory and consistent
temperature level. In winter the system will maintain a
satisfactory internal temperature by heating the air, and in the
summer it may have to perform a cooling duty.

In each circumstance there will be a temperature difference
between the interior and exterjor [125]. In addition, the heat
gain of space will influence internal temperatures [127].

Assumed deficiency: nil

External Temperature (Smoke Mbvement) (-). Not Critical [268]

This factor is discrete. The climatic conditions of the city
location are assumed satisfactory for the evaluation.

Assumed deficiency: nil

Height (Smoke Movement)-{-). Critical [269]

There is a deficiency in the evaluated performance of this factor
because of the atria. The floor to ceiling heights of each main
space are not unacceptable., The atria, stairways, and vertical
spaces formed between the inner and outer leaves of the glazing
(refer diagrams A56,A51,A52) all provide a significant height for
the development of stack effect. The potential consequences for
Life Safety will vary with the occupant location in relation to
the neutral pressure plane. Level 3 space is assumed for the
evaluation. This will be more deficient than level 2 and is
assumed for the calculation. See diagram A57,

Limitation of vertical shafts in the building may help prevent
the problems of a chimney effect on smoke movement being so
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potentially significant in the main spaces (although the tendency
for stack is not eliminated by this)., Extraction at the roof
level may may help lift the neutral pressure plane and reduce
risk of smoke spread around level 3.

Sample questions arising:
(1) Can the potential problems of tall spaces be avoided?
{2) Alternatively, can the position of the neutral pressure be
altered (using power).

Assumed deficiency: 60%

Fire Temperature (-). Critical [270]

The size of the fire assumed for such a space is SMW (it is
lTikened to a store rather than a conventional office). The
smoke movement potential induced by that would be unacceptable
[128]. There is no suppression {see later).

An unacceptable fire temperature will give rise to further
problems, with tactile information [10], physical and
physiological capability [41,43]. Further, it will produce a
buoyant smoke, and the contribution of nature of smoke will be
affected [142].

Sample questions arising:

{1} 1Is the assumed fire size an acceptable design criterion?
(2) Can the size of the fire be limited?

Assumed deficiency 50%

Ambient Temperature (Smoke Movement) (-). Mot Critical [271]

Similar comments as for Internal Temperature - no deficiency.

Mechanically Induced Air Pressure {Smoke Movement) (-}. Critical
272 '

LS



In this building type it is assumed that HVAC equipment is used
for normal air handling - and this may produce the air pressure
for smoke movement - This is designed to flow air along the
ceiling level (325) on each floor, into the atrium space and away
through ventilation louvres. There may be some natural

assistance (325). The cut-away section suggests air inlets
around building perimeter, extracts around the atrium (diagrams
A51,A56).

This means a smoke movement potential across the whole of the
space and then into the atria. A tendency of the air pressure
developed to push any smoke across the floor plan may create
significant problems for the environment.

Additional problems may arise with oxygen supply for the fire
[116,117], lack of internal leakage [137] to limit spread and act
as a buffer against external leakage [133], and encouragement of
flame spread [155].

Sample questions arising:

(1) Does the HYAC system switch automatically to a more suitable

mode for fire conditions?
(2) If a manual override facility is fitted, will trained
personnel always be available?

Assumed deficiency: 50%

Wind Induced Air Pressure (Smoke Movement) (-). Critical
272

Wind induced pressure should always create a scavenging effect
and the top of the atria with appropriate venting controls.
Alternatively, there could be counterpressure {to air
conditioning) and smoke movement problems.

External Leakage (Smoke Movement) (-). Critical [273]

The effective external leakage is satisfactory if the outer
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windows are closed. Openable internal leaves of the double
glazing may present a problem in association with the vent
Touvres at roof level [133] (lack of internal buffer [132]) and
HVAC [131]. Vent louvre will require to be fire damped to
ensure no spread of fire/smoke through system [210]. Any residual
leakage is assumed to be of an acceptable scale.

Assumed deficiency: nil

Internal Leakage (Smoke Movement) (-). Critical [274]

This is unsatisfactory. There is no internal resistance to smoke
movement within the building. A fire or products of combustion
within the occupied levels could spread throughout the whole
building - there is limited fire stopping within and between
floors [211].

There is no resistance to smoke movement throughout the
building. Possible improvements in the internal leakage
potential for smoke movement include omitting or sealing atria
(sterile tube method); or use of internal partitioning.

Sample questions arising:

(1) Is there any resistance to smoke propagation throughout
room, floors or building?

Assumed deficiency: 100%

Volume of Space and Design (-). Critical

The volume of the space is certainly very large. However, it is
too shallow and wide to create a safe, buoyant layer across its
entirety and logging out will occur with all but the most serious
fires - downward movement of smoke at the perimeter may be
particularly serious because of stair location. Early loss of
tenability is likely.

The design of the space has consequences for route effectiveness
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'[98,107], smoke release [336] and nature [144], rate of burning
[335] (re-radiation from Tow roof!) and fuel supply and
distribution [209]

Assumed deficiency: 100%

Introduction to Smoke Contro)l

Considerations of potential smoke movement indicate the
requirement for smoke control. Dilution or Removal are the
options - spatial layout precludes smoke control by containment
(total building pressurisation may be practical, but was not
considered for the exercise).

Dilution will probably be unsuitable because of the space shape
Particularly, the floor to ceiling height, and problems of
descending neutral pressure plane limit usefulness.

Problems of reservoir provision for smoke control by Removal may
occur, because of floor to ceiling height and the distance across
which smoke would have to be drawn if atria were used.

Wind leakage through the vents in atria will be problematic (see
diagram A5l, A positive pressure will drive smoke down onto the
floor below; a negative pressure could cause a stagnant area

between two removal points.
Practical solutions may be to put in extracts across each ceiling

or create sterile tubes from the atria,

The following factors determine the effectiveness of smoke
control, and are discussed for dilution and removal techniques
only.

Smoke Mass Flow Rate (both models)(-). Critical [276]

Potential smoke mass flow rate is related to smoke yield [140],
also related to fire size. The assumed fire size is 5MW, which
will produce an unsatisfactory smoke mass flow rate,

The factor 1is unacceptable whether a dilution or removal system.
Consequences for route usage [94] from the space and
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identification [69,76] are potentially significant., Particular
problems will arise with a dilution technique.

Assumed deficiency: 70% (Removal model)
80% (Dilution model)

Nature of Smoke (both models)(-). Critical [277]

An ageing effect will be caused by the shape of the space
[143,144]. Factors include the entry to the atria, smoke travel
past corbels (probably marginal because of boundary layer), the
poor height, and the excessive travel distance. ‘

The useful time provided by the reservoir 1in a removal or
dilution smoke control technique will be timited by this [183].

Assumed deficiency: 30% (both models)

Surroundings (both models}{+). Not Critical [278]

The location of the building is generally built up (see diagrams
A48 ,AB4,A55). HWind passing across the roof is assumed to be
turbulent. The roof finishings (garden) will affect the
potential scavenging effect of the wind across the atria vents,
particularly in the NE direction. A 20% deficiency is assumed
because of the roof and the surrounding buildings.

Assumed deficiency: 20% (both models)

Speed (both models)(+). Critical [279]

There is no indication that this factor will be abnormal.
Assumed deficiency: nil (both models)

Direction (both models)(+). Critical [280]

There is no indication of the wind direction either. However the
atria may be prone to less effective scavenging (roof ventilation
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assistance across domes) in certain wind directions (e.g., NE).
The restaurant facility may obstruct flow. A small deficiency is
assumed,

Sample questions arising:
(1) How effective will the scavenging effect of the wind be, and

what are the marginal conditions?
(2) Could a particular wind direction cause failure of the smoke

control system?

Assumed deficiency: 10% (both models)

Height (Wind){both models}-{+). Critical [281]

The building is deliberately set low (see diagram A47). The
velocity profile may be disturbed by the adjacent buildings, and
a deficiency is assumed. The surroundings are fairly open, and
so the deficiency is minor.

Assumed deficiency: 10% (both models)

External Inteqrity (both models)(+). Critical [282]

The external integrity should be reasonably good.  This has
differential potential consequences for dilution and removal
techniques (removal needs a fresh air inlet). - Assuming adequate
provisions for resupply of .air, no deficiency.

Assumed deficiency: nil (both models)

External Permeability (both models)(+). Critical [283]

Similar comments to external integrity. This factor becomes
unsatisfactory if the ventilation louvres and ducting around the
perimeter are not damped, or if excessive leakage problems occur
around windows and entrances.
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Assumed deficiency: nil (both models)

Internal Inteqrity (both models)(+). Critical [282]

This is unsatisfactory (see also internal leakage). There is no
internal integrity within or between the workspaces [159,207].
This will allow smoke to move away from the fire area, causing
potential failure of a Dilution system, and severe problems for a
removal system relying on the atria for removal. There are
consequences of this poor integrity for compartmentation [159],
effective choice of alternative routes [85], and limiting fuel
supply [207]. Internal subdivisions would provide internal
integrity, improving the consequences for other factors
[159,85,207].

Assumed deficiency: 100% (Dilution model)
80% (Removal model)

Internal Permeability (both modelis)(+). Critical [283]

Similar comments as for internal integrity. Any poor sealing of
vertical pipe runs, and power supplies may further exacerbate the
large scale lack of integrity, throughout the building [159].

Assumed deficiency: 100% (Dilution model)
80% (Removal model)

Air Conditioning (+). Not Critical [284]

This may affect the efficiency of the smoke control systems - In
each case if the air is too warm then a boundary layer at the
ceiling of hot air will reduce the effective height, and affect
normal buoyant layer formation (possible detection implications
because of waffles also). Buoyant layers for removal may not
perform properly.

It is assumed that (a) the HVAC system will function properly,
and limit the potential problems and (b) that the vents for atria
work properly.
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Assumed deficiency: nil (both medels)

Heat Gain of Space {+)}. Critical [285]

This may be a problem in the domes of the atria - glass domes in
summer may build up excessive temperatures and depress the
position of the neutral pressure plane. This will reduce the
capacity of the dome to hold smoke, detectors to work, and will
make extraction inefficient.

It is thus assumed that there is a 25% deficiency for the factor
contribution to a dilution scenario because of loss of effective
capacity, and 50% for the removal scenario - here the loss of
capacity is compounded by the effect on extraction.

The area of glass in the envelope may cause general problems with
the temperature of the workspaces - particularly since the gap
between the double glazing leaves acts as the air-conditioning
ductwork. See diagram A56.

The use of a sterile tube and extract system across the ceiling
grid, and ventilation at the tops of the domes would provide a
" suitable smoke control which would largely eliminate the
potential problems caused by heat gain of space.

Assumed deficiency: 25% (Dilution model)
50% (Removal model)

Space Shape {+). Not Critical [286,287]

Dilution [287] - The shape of the space is not particularly
problematical, it does not restrict the smoke and so allows a
free flow through the building for dilution. There may be a
problem related to smoke expansion effects at the perimeter of
the atria [143], and as a result of the height of the space. In
the context of this factor, no deficiency.

Assumed deficiency: nil (Dilution model)

Removal [287] - Not unacceptable in this scenario either. The
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waffles may let the factor contribution down a little, and the
requirement to draw the consequently larger volume of smoke for
removal [143].

Assumed deficiency: nil (Removal model)

Height of Space (+). Critical [288]

Dilution - There is no height available for a dilution system
except in the atria. The smoke would log out on each floor
otherwise and could create problems for escape and vision. This
may be a particular problem at the perimeter of the floors where
all the stairs are, and this is a weak point. The ceiling height
js unacceptable (3.350m}.

Assumed deficiency: 100% (Dilution model)

Removal - If downstands were used to create reservoirs this could
be effective with a grid extract system.

Extraction via the atria, would involve smoke flow through the
workspaces. A ceiling downstand at the perimeter of atria would
be required to protect the upper floor against the neutral
pressure plane dropping, which would prevent smoke control of a
fire on the upper floor. Floor to ceiling height unacceptable.

Assumed deficiency: 100% (Removal model)

Length of Space (+). Removal: Critical; Dilution: Not Critical
289

The performance of this factor appears to be unacceptable for
smoke control by removal or dilution. The removal distance for
smoke is excessive. There may be problems of maintaining a
buoyant layer across such a distance, however the scale of the
space is acceptable for dilution.

Assumed deficfency: nil (Dilution model)
50% (Removal model)
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Breadth of Space (+). Removal: Critical; Dilution: Not Critical
290

In this type of building the breadth is of a similar scale to the
length. The same assumptions about performance are made as for
length. Minimising the length and breadth of the space by use of
reservoir screens and grid extract for a removal system, may help
the probiem.

Assumed deficiency: nil (Dilution model)
50% (Removal model)

Available Power (+). (Removal model)-Critical [291]

There is mechanical power for air conditioning at the perimeter.
If reliable, a variable mode may be used for smoke extraction to
the outside. (Alternatively, smoke may be extracted from the
workspaces to the atria, if further services were installed).
Naturally powered smoke venting may fail because of reliability
and effects of surroundings and structure (see earlier). A
dedicated system installation in the dome may be a suitable
alternative.

Assumed deficiency: nil

Operating Philosophy (+) (Removal model) Critical [292]

Assumptions - The operating philosophy is carried out as
intended, and is an effective technique. Any different
techniques required for different locations (a flexibility of
system response) are implemented.

If extraction is through either the perimeter venting or the
atria this will be a deficient technique, and flow problems may
occur. A grid extract may provide a superior system.

Assumed deficiency: 50%
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Geometry (-). Critical [293]

The geometry of the fuels which would be available for fire
spread could be most unacceptable. The layout of office
furniture and other associated combustibles to allow fire spread
throughout the open-plan workspace. The geometry of the fuels
could play a significant part in fire spread. The factor is
unacceptable.

The conééquences of this deficiency may make the contribution of
the factors fuel geometry and orientation [343], mode of burning
[121], and fuel supply and distribution [205] & more significant
threat.

The geometry of the fuels is a function of usage in this
scenario. Control of fire spread may be achieved by effective
separation of the fuels [151], using éompartmentation.

Assumed deficiency: 70%

Flame Spread Characteristics (-). Critical [294]

This 1is unknown at the stage of evaluation, and is assumed
to satisfy current standards.

Assumed deficiency: nil

Compartmentation (+). Critical [295]

This factor is totally deficient for the workspaces under
consideration. The stairways are assumed protected. Within each
workspace (600 occupants), and between each floor (atria) there
is totally unacceptable compartmentation. There is no {active or
passive) fire stopping. There are implications of this
deficiency for the choice of alternative routes [95] (cf;
Summerland) and existence of information [2,5,13,16,19].

Assumed deficiency: 100%

The above evaluation of the performance of the tertiary level
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factors may be summarised in a tabular form for each of the smoke
control models, dilution and removal. See lists below; diagrams
A58,A59,A60.

Diagrams A61,A62 represent the evaluated performance of the pro-
safety factors, diagrams A63,A64 the pro-threat factors for each
of the time stages.

Based on the potential contributions at each of the time stages
the evaluated ‘actual' contributions are derived. These are
presented in tabular form - see diagrams A65,A66,A67,A68.

The algebraic summation of the evaluated contributions may be
derived, and are presented in diagram A69.

Diagram A58. Factors assumed tc be acceptable

Existence of Aural Information. Psychological Capacity.
Existence of Visual Information. Building Knowledge.
Event Knowledge. Location Identification.
General Fire Safety Knowledge. Width of Route.
Specific Fire Safety Knowledge. Ignition Source.

Route Choice Identification. Internal Temperature,
External Temperature. Ambient Temperature.
External Leakage. Speed.

External Integrity. External Permeability.
Length of Space (Dilution). Mode of Burning.
Breadth of Space {Dilution). Space Shape.

Available Power (Removal). Air Conditioning.

Flame Spread Characteristics.

Diagram A59. Factors assumed to be 100% deficient

Existence of Tactile Information.
Existence of Gustatory Information.
Existence of (lfactory Information.
Volume of Space and Design.
Internal Integrity (Dilution).
Internal Permeability (Dilution).
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Height of Space.
Compartmentation,
Internal Leakage.

Diagram A60. Summary of partially deficient factors

Values apply to both smoke control models unless otherwise
stated.

Ability to Perceive: Aural (5%).

Ability to Perceive: Visual (5%).

Ability to Perceive: Tactile (5%).

Ability to Perceive: Gustatory (5%).

Ability to Perceive: Qlfactory (5%).

Physical Capability (10%).

Physiological Capability (10%).

Obstructions (50%).

Choice of Alternative Routes (50%).

Length of Route (50%).

Fuel Geometry and QOrientation (50%).

Rate of Heat Release (50%).

Oxygen Supply (70%).

Bulk Density (10%).

Type of Material (10%).

Height (Ambient Stack) (60%).

Fire Temperature {(50%).

Air Pressure Developed (50%).

Smoke Mass Flow Rate (70% Removal; 80% Dilution).
‘Nature of Smoke (30%).

Surroundings (20%).

Direction (10%).

Height (of Wind) (10%).

Internal Integrity (80% Removal; 100% Dilution).
Internal Permeability (80% Removal; 100% Dilution).
Heat Gain of Space (50% Removal; 25% Dilution).
Length of Space (50% Removal).

Breadth of Space (50% Removal).

Operating Philosophy (50% Removal).
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Geometry (70%).

The evaluated performance of factors can be summarised, and those
factors that are critical identified. This is done for each
smoke control technigue. See diagrams A70 (Dilution), A7l
(Removal).

Diagram A70. Listing of factors and deficiencies

‘Dilution model

Deficiency Critical Improvement

Existence of Information Tactile 100% No No
Existence of Information Gustatory 100% No No
Existence of Information Olfactory 100% No No
Ability to Perceive Aural 5% No No
Ability to Perceive Visual ‘ 5% No No
Ability to Perceive Tactile 5% No No
Ability to Perceive Gustatory 5% No No
Ability to Perceive Qlfactory - 5% No No
Physical Capability 10% . Yes No
Physiological Capability 10% Yes No
Obstructions 50% Yes Yes
Choice of Alternative Routes 50% Yes Yes
Length of Routes 50% Yes Yes
Rate of Heat Release 50% Yes Yes
Fuel Geometry and Orientation 50% Yes Yes
Oxygen Supply ‘ 70% Yes Yes
Bulk Density 10% No No
Type of Materials 10% Yes No
Height (ambient stack) 60% Yes Yes
Fire Temperature 50% Yes Yes
Air Pressure Developed 50% Yes Yes
Internal Leakage 100% Yes Yes
Smoke Mass Flow Rate 80% Yes Yes
Nature of Smoke 30% Yes Yes
Surroundings 20% No No
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Heat Gain of Space 25% Yes Yes

Height of Space " 100% Yes Yes
Geometry 70% Yes Yes
Compartmentation 100% Yes Yes
Internal Integrity 100% Yes Yes
Internal Permeability 100% Yes Yes

Diagram A71. Listing of factors and deficiency

Removal model

Deficiency Critical Improvement

Existence of Information Tactile 100% No No
Existence of Information Gustatory 100% No No
Existence of Information Qlfactory 100% No No
Ability to Perceive Aural 5% No No
Ability to Perceive Visual 5% No No
Ability to Perceive Tactile 5% No No
Ability to Perceive Gustatory 5% No No
Ability to Perceive Olfactory 5% No No
Physical Capability 10% Yes No
Physiological Capability 10% Yes No
Obstructions 50% Yes Yes
Choice of Alternative Routes 50% Yes Yes
Length of Routes 50% Yes Yes
Rate of Heat Release 50% Yes Yes
Fuel Geometry and Orientation 50% Yes Yes
Oxygen Supply 70% . Yes Yes
Bulk Density 0% No No
Type of Materials 10%  Yes No
Height (ambient stack) ' 60% Yes Yes
Fire Temperature 50% Yes Yes
Air Pressure Developed 50% Yes Yes
Internal Leakage 100% Yes Yes
Smoke Mass Flow Rate 70% Yes Yes
Nature of Smoke 30% Yes Yes
Surroundings 20% No No
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Heat Gain of Space 50% Yes Yes

Height of Space 100% Yes Yes
Geometry 70% Yes Yes
Compartmentation 100% Yes Yes
Internal Integrity 80% Yes Yes
Internal Permeability 80% Yes Yes
Length of Space 50% Yes Yes
Operating Philosophy 50% Yes Yes

As a result of this, a number of factors emerge as failures as a
result of inadequacies in design/ assumed usage, and are given
suggestions for improvement:

Obstructions - Less travel distance, less Jlikelihood of
obstructions of layout (atria included) and less risk of fire
affecting whole floor or floors.

Choice of Alternative Routes - Less travel distance, such as may
be provided by a central stairway provision.

Length of Route - Lesser distance to a protected route. The
protected routes appear to be of satisfactory length.

Rate of Heat Release - Reduce potential rate of heat release in
respect of smoke release by more appropriate choice of materials.

Fuel Geometry and Orientation - A compartmentalisation of the
space may lead to an improvemént in this factor. Loose papers
may be an unavoidable problem, and a ltong expanse of carpet or
underf loor ductwork may be unacceptable.

Oxygen Supply - Subdividing the workspace, or closing off the
atria {removal or creation of a sterile tube) may improve this.

Height (Ambient Stack) - Reducing the maximum height across which
stack can occur (positive or negative stack) is an important
factor in the reduction of potential smoke movement problems.
Removal of atria or creation of a sterile tube are suitable
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approaches.

Fire Temperature - Speed of application and effectiveness of Fire
Suppression techniques will be important features in the
reduction of the deficiency of this factor.

Air Pressure Developed - Design of HVAC may allow relatively easy
smoke spread. Redesign of air circulation may reduce the
deficiency of this factor and improve the potential for smoke
control. The waffle ceiling may interfere with the nature of air
movement near the ceilings of the workspaces.

Internal Leakage - There are no internal partitions, and
consequently there are no passive restrictions on smoke movement.
Subdividing the workspaces would ease protection against smoke
spread.

Smoke Mass Flow Rate - Reduction of the available fuel load
(e.g., compartmentalisation), or improved suppression could
improve the evaluated performance of this factor.

Nature of Smoke - This is determined by the geometry of the
building, and only a major redesign could alter the performs of
this factor significantly. A sterile tube(s) and an improved
ceiling surface may help.

Heat Gain of Space - This could be improved by altering the
design of the domed atria (assumed to be glass). The creation of
a sterile tube would largely eliminate the problems of heat gain
in the atria. Some control of heat gain in the workspace may be
achieved with sunshades.

Height of Space - The floor to ceiling height is too tittle in
relation to the size of the space and the amount of smoke that
could be produced. Redesign of the building may improve this -
the potential problems of stack effect in the atria may be
reduced by the creation of a sterile tube.
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Geometry - Large open spaces allow potentially rapid spread of
fire across the workspace. Control of materials in use is only
practical with a subdivided space,

Compartmentation - Workspace subdivision, and integrity of floors
will create compartmentalised spaces.

Internal Integrity and Internal Permeability - may be improved by
subdivision.

Length of Space (Removal) - Length of individual spaces can be
minimalised by subdivision of the workspace.

Operating Philosophy - Redesign of the space may allow for a
practical smoke removal philosophy.

Other factors which fail are less practical to rectify, and are
likely to remain weaknesses in the scenario. Design and usage of
the building must cater for the deficiencies in these factors:

Existence of Tactile Information
Existence of Gustatory Information
Existence of Qlfactory Information
- Ability to Perceive

Physical Capability

Physiological Capability

There are implications for other factors in the model, because of
the interactive nature of the system. An exercise to establish
which factors would be affected by a knock-on effect of evaluated
deficiencies was carried out. The results are presented in the
listing below.

Diagram A72. Listing of interactions creating knock-on

deficiencies

Values in square brackets are estimated knock-on effects.
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(1) Existence of Tactile Information (100%).

None
(2) Existence of Gustatory Information (100%).
None
(3) Existence of Olfactory Information (100%).
None
(4) Ability to Perceive: Aural (5%).
None
(5)  Ability to Perceive: Visual (5%).
None .
(6) Ability to Perceive: Tactile (5%).
None
(7) Ability to Perceive: Gustatory (5%).
None
(8) Ability to Perceive: Dlfactory (5%).
None

(9) Physical Capability (10%).
Obstructions [25%]

Ability to Perceive [10%]
Psychological Capacity [5%]

(10) Physiological Capability (10%).
Psychological Capability [5%]
Physical Capability [20%]

(11) Obstructions (50%).

‘Mobility [50%]

Event Knowledge [5%]

Choice of Alternative Routes [50%]
Width of Route [30%]

Length of Route [50%]

(12) Choice of Alternative Routes (50%).
Obstructions [20%]

Exit Route Capacity [5%]

(13) Length of Route (50%).
Physiological Capability [80%]
Obstructions [80%]

Volume and Design of Space [25%]

(14) Rate of Heat Release (50%).
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(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

Existence of Tactile Information [5%]
Physical Capability [100%]
Physiological Capability [100%]
Obstructions [100%]

Choice of Alternative Routes [100%]
Mode of Burning [25%]

Fire Temperature [100%]

Nature of Smoke [+10%]

Flame Spread Characteristics [20%]
Fuel Supply and Distribution [50%)
Compartmentation {100%]

Fuel Geometry and Orientation (50%).
Mode of Burning [100%]

Fuel Supply and Distribution [60%]
Oxygen Supply (70%).

Physiological Capability [+5%]
Mode of Burning [100%]

Bulk Density (10%).

Rate of Heat Release [50%]

Mode of Burning [60%]

Type of Material (10%).

Rate of Heat Release [50%]

Flame Spread Characteristics [60%]
Height (Ambient Stack) (60%).

None

Fire Temperature (50%).

Existence of Tactile Information [+5%]
Physical Capability [100%]
Physiological Capability [100%]
Nature of Smoke [+10%]

Air Pressure Developed (50%).
Internal Leakage [100%]

External Leakage [20%]

Flame Spread Characteristics [50%]
Oxygen Supply [20%]

Internal Leakage (100%).

External Leakage [20%]

Fire Stopping [100%]
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(23) Smoke Mass Flow Rate (70% Removal; 80% Dilution).
Existence of Information (not Aural) [5%]
Location Identification [80%]

Route Choice Identification [80%]
Choice of Alternative Routes [100%]
Reservoir Size and Design (Removal} [20%]

(24) Nature of Smoke (30%).

Reservoir Size and Design (Removal) [20%]

(25) Surroundings (20%).

None
(26) Heat Gain of Space (50% Removal; 25% Dilution).
None

(27) Length of Space (50% Removal).
Fuel Supply and Distribution [20%]
Compartmentation [30%]
Length of Route [10%]
(28) Operating Philosophy (50% Removal).
None
(29) Geometry (70%).
Fuel Geometry and Orientation [50%]
Mode of Burning [60%]
Fuel Supply and Distribution [60%]
(30) Compartmentation (100%).
Existence of Information (all) [+10%]
Choice of Alternative Routes [100%]
(31) Internal Integrity (100%).
Compartmentation [100%]
Fuel Supply and Distribution [100%]
Choice of Alternative Routes [100%]
(32) Internal Permeability (100%).
Compartmentation [100%]
Fuel Supply and Distribution [100%]
Choice of Alternative Routes {100%]

The factors affected by knock on effects may be summarised:

Diagram A73. Factors affected by knock-ons

49s



(1)

(2)

(3)

(5)

(6)

(7)

(8)
(9)
(10)
(11)

(12)

Obstructions:

Physical Capability
Choice of Alternative Routes
Length of Route

Rate of Heat Release
Ability to Perceive:
Physical Capability
Psychological Capacity:
Physical Capability
Physiological Capability
Physical Capability:
Physiological Capability
Rate of Heat Release
Fire Temperature
Mobility:

Obstructions

Event Knowledge:
Obstructions

Choice of Alternative Routes:
Obstructions

Rate of Heat Release
Smoke Mass Flow Rate
Compartmentation
Internal Integrity
Internal Permeability
Width of Route:
Obstructions

Length of Route:

‘Obstructions

Exit Route Capacity:

Choice of Alternative Routes
Volume and Design of Space:
Length of Route

Existence of Information:

Rate of Heat Release (tactile)
Fire Temperature (tactile)

Smoke Mass Flow Rate (not aural)
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(13)
(14)
(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

Compartmentation (al})

Mode of Burning:

Rate of Heat Release

Fuel Geometry and Orientation
Bulk Density

Fire Temperature:

Rate of Heat Release

Nature of Smoke:

Rate of Heat Release

Fire Temperature

Flame Spread Characteristics:
Rate of Heat Release

Type of Material

Air Pressure Developed

Fuel Supply and Distribution:
Rate of Heat Release

Oxygen Supply

Fuel Geometry and Orientation
Length of Space (Removal only)

- Internal Integrity

Internal Permeability
Compartmentation:

Rate of Heat Release
Length of Space (Removal only)
Internal Integrity
Internal Permeability
Air Pressure Developed:
Oxygen Supply

Rate of Heat Release:
Bulk Density

Type of Material
Internal Leakage:

Air Pressure Developed
External Leakage:

Air Pressure Developed
Internal Leakage
Oxygen Supply:

Air. Pressure Developed
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(24) Fire Stopping:

Internal Leakage 100%
(25) Location Identification:

Smoke Mass Flow Rate 80%
(26) Route Choice Identification:

Smoke Mass Flow Rate 80%

(27) Reservoir Size and Design:
Smoke Mass Flow Rate (Removal only) 20%

Nature of Smoke 20%
(28) Internal Temperature:

Heat Gain of Space 30%
(29) Fuel Geometry and Orientation:

Geometry 50%

As a result of the (a) evaluated deficiencies of factors and (b)
the extra problems identified as a result of knock-on effects the
following factors fail (ie: greater than 100% deficiency):

(a) Existence of Tactile Information
Existence of Gustatory Information
Existence of Qlfactory Information
Internal Leakage
Height of Space
Compartmentation
Internal Integrity

(Existence of Information deficiency not considered unacceptable

in this scenario)

(b) Obstructions
Physical Capability
Choice of Alternative Routes
Length of Route |
Mode of Burning
Fire Temperature
Flame Spread Characteristics
Fuel Supply and Distribution
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Air Pressure Developed

Rate of Heat Release

Fire Stopping

Fuel Geometry and Orientation

Net safety/threat values for Standard Life proposed building.

Improvements

The improvement values for the deficient factors are effectively
used to provide a 'new' evaluated value on the basis of a 'new'
building proposal.

Note how each successive increased package of improvements
increases the performance of the building.

It was intended originally to produce two packages of

improvements for the building.  However, this is in effect
already in implementation.

Improvements

(1) Sterile tube or remove atria

The Sterile Tube improvement is based on the (GLC) concept of a
fire resisting glass tube that encloses the atria. The glass
allows the functions of the atria (except air circulation) to
take place, and thus prevents smoke movement. The problematic
factors that this would improve:-

(1) Oxygen Supply (to the fire) - A great improvement but still
an excess available and still seriou;.

Residual deficiency: 30%

(2) Height (ambient stack) - A vast improvement. There is now
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no deficiency in respect of ambient stack and smoke
movement,

Residual deficiency: nil

(3) Volume of Space and Design - Improved, but large scale space
means still not totally safe.

Residual deficiency: 80%
{4) MNature of Smoke - Improved by removal of balcony effect.
Residual deficiency:20%

(5) Surroundings - The problem with surroundings may become less
if the atria are not subject to natural ventilation. Stili
a problem for other high parts of the building.

Residua] deficiency:10%

(6) Heat Gain of Space - May be better if the heat gain within
the domes becomes irrelevant. There is still a great
potential from the windows for heat gain.

Residual deficiency: 25%

(7) Compartmentation - Vast improvement in respect of separation
between floors, but still a problem within floors.

Residual deficiency: 90%

If in addition to the sterile tube, there is an automatic extract
into the tube based on a balanced design, there may be additional
improvements to :-

(8) Smoke Mass Flow Rate (Removal) - There will be Jess of a
problem with the smoke if the tube is used as a reservoir
for removal. The problem of smoke mass flow rate on the
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floor of origin is still potentially serious, although
restricted to one floor.

Residual deficiency; 50%

(9) Operating Philosophy - There is now no deficiency, assuming
that that smoke removal to the sterile tube is automatic
and linked to the existing air conditioning system so as not

to work in opposition. The existing air conditioning may
be used as an inlet.

Residual deficiency: nil.

Deficient factors not improved by this measure

Existence of Tactile Information. Ability to Perceive.
Existence of Gustatory Information. Physical Capability.
Existence of Qlfactory Information. Physiological Capability.
Obstructions. Rate of Heat Release.
Fuel Geometry and Orientation. Bulk Density.
Type of Material. Fire Temperature,
Air Pressure developed. Geometry.
Choice of Alternative Routes. Length of Routes.
Height of Space. Internal Integrity,
Internal Permeability. Length of Space.

(2) Extract System for Removal

The practicality of this is 1limited because of the floor to
ceiling height. Ducting may be run through the floor void above
and and into the sterile tube (it is assumed that this option
would be used in conjunction with the sterile tube). See diagram
A74. The problematic factors this would improve:-

(1) Air Pressure Developed - a linked air conditioning and smoke
removal system would eliminate the potential problem of
conflicting air handling.
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(3)

(4)

(5)

Residual deficiency: nil

Volume and Design of Space - Further improvements over
sterile tube improvement if extraction used in conjunction.

Residual deficiency: 25%

Nature of Smoke - A residual deficiency related to the
travel distance and disruptive effects of the waffle floor.

Residual deficiency: 10%

Smoke Mass Flow Rate - In conjunction with the improvement
of the sterile tube, there is a further reduction in the
residual deficiency.

Residual deficiency: 25%

Length of Space - A small residual deficiency as a result of
the distance for smoke travel

Residual deficiency: 10%
Height of Space - The provision of reservoirs and frequent
extraction vents is assumed to remove the residual

deficiency.

Residual deficiency: nil

Deficient factors not improved by this measure

Existence of Tactile Information. Ability to Perceive.
Existence of Gustatory Information. = Physical Capability.
Existence of Olfactory Information. Physiological Capability.
Obstructions. Rate of Heat Release.
Fuel Geometry and Orientation, Bulk Density.

Type of Material. Fire Temperature.
Internal Permeability Geometry.
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Choice of Alternative Routes, Length of Routes.
Internal Integrity.

The two improvements have largely eliminated the smoke movement
and smoke control problems (excepting internal integrity and
permeability)

(3) Compartmentation

Each workspace is compartmentalised into three open plan spaces,
each with a sterile tube. See diagram A75. Used in conjunction
with improvements 1 and 2, the problematic factors this would

improve are:-

(1) Fuel Geometry and Orientation - this is reduced by the
subdivision of the spaces.

Residual deficiency: 10%

(2) Oxygen Supply - Deficiency assumed acceptable.
Residual deficiency: nil

(3) Rate of Heat Release and Fire Temperature - The deficiencies
of these factors are reduced significantly by the reduced
size of space,

Residual deficiency: 25%

(4) Volume of Space and Design - The reduced volume limits the
deficiency.

Residual deficiency: 10%
(5) Internal Leakage - Assumed satisfactory.
Residual deficiency: nil
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(6) Nature of Smoke - A smaller space for smoke movement,
however problems of waffle ceiling remain.

Residual deficiency: 5%
(7) Smoke Mass Flow Rate - Reduced because of the lower volume,
the potential problem is limited to a smaller proportion of
~ the building.
Residual deficiency: 10%
(8) Geometry - Improved because of a smaller space.

Residual deficiency: 10%

(9) Internal Integrity and Internal Permeability - assumed
satisfactory.

Residual deficiency: nil

(10) Length of Space - Compartmentation removes problems of
length to draw smoke over. Adequate inlets assumed.

Residual deficiency: nil

Deficient factors not improved by this measure

Existence of Tactile Information. Ability to Perceive.
Existence of Gustatory Information. - Physical Capability.
Existence of Olfactory Information. Physiological Capability.
Obstructions. Bulk Density.

Choice of Alternative Routes. Length of Routes.

Type of Materials.

(4) Central Stairway

The inclusion of a central stairway used in conjunction with
improvements 1,2 and 3. See diagram A76. This would improve the
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fol]owjng factors:-

(1) Vojume of Space and Design - Easier to evacuate.
Residual deficiency: nil

(2) Obstructions - No length of travel obstruction,
Residual deficiency: nil

(3) Choice of Alternative Routes - Now satisfactory because of
increased access, '

Residual deficiency: nil

(4) Smoke Mass Flow Rate - Now almost acceptable.
Residual deficiency: 5%

(5) Length of Route - now assumed satisfactory.
Residual deficiency: nil

(6) Physical and Physiological Capabilities - Now assumed to be
of acceptable performance,

Residual deficiency: nil

Deficient factors not improved by this measure

Existence of Tactile Information. Ability to Perceive.
Existence of Gustatory Information. Type of Materials.
Existence of Olfactory Information. Bulk Density.

Rate of Heat Release : Fire Temperature.

(5) Life Safety Sprinklers

The installation of life safety sprinklers in each workspace.
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The use of this improvement in conjunction with improvements
1,2,3, and 4 will improve the following factors:-

(1) Rate of Heat Release and Fire Temperature - now assumed to
be acceptable.

Residual deficiency: nil

(2) Fuel Geometry and Orientation - a minimal deficiency
remains.

Residual deficiency: 5%

(3) Bulk Density - now controlled by the fire suppression
effect.

Residual deficiency: nil
(4) Type of Materials - a residual deficiency.

Residual deficiency: 5%
(5) Smoke Mass Flow Rate - This becomes 'acceptable’.

Residual deficiency: nil
(6) Geometry - this also is now assumed acceptable.

Residual deficiency: nil
The above improvements and the residual deficiencies can be
converted into values for relative contributions. This is done
for each factor affected by an added improvement measure. The
revised deficiencies and relative contributions for factors
affected by the improvements are presented in diagrams A77-A108.
The net safety/threat values for each of the improvements can be
calculated (diagrams A109-A113) and displayed graphically. See

diagram All4. As the problems with deficient factors are
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eliminated or minimised by the inclusion of improvements, so the
net safety/threat level approaches the 'optimal' level. A number
of residual deficient factors prevent optimal safety levels being
attained. A net threat remains in stage 1 ('optimal' performance
showed a small net threat value in stage 1 ‘for removal
(not activated at this stage)), however in the subsequent stages
there is an increasing net safety level.

Suggestions and assumed performances required

Create sterile tubes or remove atria.

Smoke control by Dilution impractical, provide a variable extract
system for smoke Removal.

Compartmentation and a central set of stairs.

Supply of inlets for air conditioning and smoke Removal system.

Assumed:

Fire suppression (e.g., life safety sprinklers)

Automatic fire detection and alarm (relayed).

Emergency lighting.

Effective dissemination of information.

General and Specific Fire Safety training.

Adequate location and route choice signage.

Maintenance of clear travel routes in workspaces.

Uniform population distribution.

Fire controlled at 5SMW.

Satisfactory temperature control.

Ductwork damped.

Glass domes to atria.

Fire doors to stairs.

Satisfactory flame spread characteristic materials used
throughout.

Under-floor void fitted with detectors and adequately fire
stopped.

Switchable smoke control system.

Ventilation louvres in dome designed to prevent inflow.

No compromise of route facilities as a result of restaurant
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(after hours usage); sports hall; car park.
Unannounced changes in layout limited.
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Appendix 5. Reports on Victoria Nurses' Home.
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. .
REPORT ON THE FIRE AT THE NURSES' ROME, VICTORIA HOSPITAL,

af

KIRKCALDY, ON FRIDAY 13 NOVEMBER, 1881. \
by .o W
D D Drysdale , D J Rasbash and E W Marchant.

1. Introduction

The fire which broke out in the Nurses' Home of the Victoria Hoapital,
Eirkealdy, on 13 Novenmber 1981, had manf unusual features. The time of
ignition is not known accurately, but when the alarm was sounded, the

fire had alresdy grown to such proportions that within a few minutes

" several of the occupants of the rooms on the fire floor had to climb out

of their windows, some being compelled to jump for their lives. The
single fatality, whose body was found in the corrideor a considerable
distance from her room, appeared to have been caught in a flash fire and
had-quickly‘pariahed, rather than succumbing to the toxic gases present
in fire gaseﬁ. This suggests that a confined fire suddenly burst out
into the corridor, trapping the vicéim, and thereafter spreading rapidly

to involve the corridor and threaten the individual rooms.

While the subsequent stages of the fire are of considerable interest fronm
the point of view of fire spread within bulldings, this report is concerned
mainly with the early stages of the fire., Thus it fs devoted to an
analysis of the evidence relating to the tira, leading to a discussion

of the locaﬁgon of the seat of the fire and the mechanism by which the

fire could have developed so rapidly to involve the ascond floor corridor.

2, Level C and its contents

A plan of the Eecond (or "C"™) fl&or of the nurses' home is shown in
Figure 1. The six floors are designated A - F, of which B - F are slmost
identical. The frepme of the building, which ipcorporates gome of the
internal. walls, 1s of reinforced concrete. Other walls are of either
brick or hollew clay block. The floors are reinforced concrete with
hollow tile blocks set in the underside. Conduit carrying the electrieal
wiring of the building appeared to be encased in the floor slabs.

On floor C, the walls ware plastered and covered with several layers

of paint. The bedroom ceilings were similar, but the corridor had a
falge ceiling consisting of a coarse fibreboard on a timber framing,

The underside of the fibreboard was treated with a fire retardant paint,
The flooer was covered w{tn qiles (probably PVC) and carpat, the nature

of which is atill to be identified.

Two atzirways giving access to the outaide exist, one at each end of the
corridor, each separated from the corridor by a self-closing fire door and
screen, comprising a large area of wired glass, The bedroom doora do not
have self-closers ana are of very flimsy construetion, two leaves of
1/8inch plywood on framing, with an internal "egg box" mtructure to provide
aome rigldity ., . All bedrooms on level C {except

C.14 which was perhaps originelly intended as a atudy room) are partially
divided by a timber stud partition, timber-faced on the window side, but
with plasterboard facing the door. Between the corridor (door) wall and
the partition therelis a built-in wardrobe on one side and a wash hand
basin on the other (see figure 1). Beside the basin 13 & gervice duct
which runs the height of the building: this juts into the rgom and while
one side 18 of brick, the other side conslsts of €mm plywood on timber

framing.

The commonroom area, situated at the west end of the corridor.near the
weat stalr, is completely cpen to the corridor, although a rack of shelving
with 2 low level cupboard effectively divides this area from the corridor.
It containm a television set, an electric fire, a number of eagsy chairs
(upholstered with latex foam) and two or three low coffee tables

(Plate 1). + Towards the east end of the corridor

to the west 61 the bathrooms and toilet, there is an alcove which containe
a: telephone booth and provides accesg to two gelf-contained bathrooms and

a small cleaners' cupboard. The windows of the commonrcom and alcove areas
overlook Hayfield Road, and were provided with curtains,

Other than the items noted sbove, n; other combustible materisls should
have been present in the corridor, the commonrvom or the alcove. None of

the witnessea' statements suggests otherwise.




s

the east of C.1i8, This 1s somewhat speculative, but a person suddenly v

slong the entire length of F floor", She began to runm esst, shouting engulfed in flames will not be capable of moving far. This is a
to alert the other girls, when the fire alarm sounded: by this time different situation from that in which a person's clothing catthes fire.
r . .
the smoke was thick enough to prevent her golng beyond the 'midway’ Under these circumatances, an individual ecould run a considerable
point in the corrtdor {(telephone recess?). The fire door at the east distance before collapsing. ¢ 12 the deceased had screamed for any length
end of Ffloor was open . of time, she would have been heard. Only two nurses admit to being
wakened by screaming before the alarm rang: Marint in C.4 and Thomson
L
Clearly, it 1a nost possible to pinpoint an exact time at which the fire in C.15. (At the other end of the corridor, Taylor (C.12A) was also
started from thess atatements, particularly as estimates of time intervals ] wakened by screaming but did not hear the alarm). Thomson's neighbour
by individuals unde; these circumstances are known to be unreliable i (McNeil (C.16)) was wakened by nolses, found smoke coming under her door,
However, it would seem that the fire was well developed at lsast five and establishked that there were flames in the corridor. She admits to
minutes before the alarm was sounded (Hopton and colleagues) and was perhaps screaming to alert Thomson (C.15) and Dunean {C.17), yhich could gecount
burning five minutes before noises wera heard on B floor (Lawson (P.15)}, tor Thomson's awakening. Duncan does not report hearing screams,
although this is less certain ’] . = - &lthough she was awake well before the alamm sounded . Rooms C.1, C.5,
. " ,
. . 6 v ) C.6 and C.18 (Hopton) were vacant at the time, so that if Goodall did
The fire was probably discovered by the deceased, Goodall (C.14). Reports screan, then one would expect the cccupants of C.2 (Jamieson), C.3
suggest that she was consclous of the risk of fire in the nurses' home (Rusgell) and C.4 (Marini) to have heard her. However, Jamieson was
8o that it is puzzling why she did not raise the slarm The post-mortem wakened by nolses immediately before the alarm, and Russell {at the time
report suggests that she died ms a result of being enveloped in flames ber statement was taken) could remember nothing at all about the fire.
and hot gases (heat searing of the larynx and upper trachea) rather than Merini (C.4) recalled that the alarm sounded shortly after she heard
" "
by inhalation of toxic gases (blood carbon monoxide saturation 11 per cent, girls scresming”. She too found flames in the corridor, and shortly
which is not much higher than that té be expected of & hesvy smoker: afterwards the fire broke into her room. As the fire was apparently well
Goodall was a "fairly heavy smoker" according to Hill (C.11)). Either . established in the corridor when Marini woke, the screams are unlikely to
Goodall was totally unaware of any denger and just happened to be on the way } have been those of the deceased (she may have heard Russell (C.3) although
to or from the toilet when the fire suddenly errupted, or she was susplcicus there 1a nothing to support this suggestien).
that something was wrong (a smell of smoke, perhaps) and was investigating .
at the time The latter seems more likely as she was seen going to and It would seem that no one heard Goodall at the time ahe was overcome:
from the tollet at about 2315 hrs (McNeil (C.16). Moreover, her bedroom elther she could not scream or could not scream effectively, both
door was found .open after the fire and there was evidence that she may alternatives being compatible with her being engulfed in flame. The
already have been in bed (statement by Police Sergeant Kinnison). origin of this event must now be considered.
Whichever is the case, the fire must have been hidden from view when Goodall Possible origins of flame that may have engulfed the deceased
walked along the corridor, otherwise she would have raised the aiarm. Except for the deceased, it would appear that the occupants of C lsvel were
eroused only when the fire was well-establighed in the corridoer.
From the position of the deceased's body (lying face downwards outside C.18 . Thomson (C.15) recalls the flames being to the east of her room when ghe
on the north side of the corridor with her head towsrds the west end of the investigated, but all others to the east of the commontroom ares spoke of

corridor} the fire that engulfed her is more likely to have originated to + flames outside their rooms when they opened their doors slightly. It
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3. Sequence of events

Table 1 gives the location of the residents at the time of the fire.
rrom_stntementu of these rauidenté, it has been possible to build up &
reasonable picture of everyone's movements. The fire alarm was
activated at 0037 hrs on 13 November. Hoises were heard during &
periocd of about & minutes before this time. Working back, it would
geem that the fire was anlready well esteblished by 0050 hrs. All the
occupants of floor C - with the exception of Hopton (€.18) - were in

bed: two retired after midnight (C.? and C.15) but reported nothing
unuaual,

It is necessary to examine the statements of eigﬁt nurses who were
8till up and about at the time the alarm was raised, Four nurses were
in the commonroom area of level B, v{; Quinn (B.2), Pearson (B.9),
Brealey (B.12) and Hopton (C.18): two were in the toilet of level D
(Petrie (D.6) and Connell (D.7)), one was in the commonroom at E level
(Thorvaldsen (E.17)), and the eighth was in the corrider on F lavel
{(Lawson (F.15)).

The alarm was raised by Hopton and her companions who had been aware of
banging noises coming from the floor above (i.e: C level). They assumed
thia to be some girla "larking about" and did nothing for a few minutes.
As the nolses were continuing, Hopton and Quinn decided to investigate.
Quinn (B.12) stated that she heard a very loud thump as they were on their
way. Hopton (C.18) went up to € level by the west stair (Quinn only
¢limbed to the landing between B and C) and opened the door to look into

C corridor. She states that the corridor was full of smoke end that she
could only just see the commonrocom araea (4-5m) . Ho flames or glow were
noted. Hopton called to the others to sound the alarm, which was
activated by Pearson (B.9). The call point was only 2m or so to the east
of the exit on to the west gtair. The stetements by the four nurses
involved are in general agreement, although Pearson states that on stepping
back from the fire door to sound the alarm, she noticed smoke coming from
the commonroom clock which 18 not vigible from this part of the corridor.

It may be that she had noticed smoke before moving to the fire escape door

with the others. Ancother contradiction is that Quinn sfatea that
from-the half-landing she saw smoke and the glow of flames on € level
through the fire door, although Hopton recalis seeing only smoke when
she leoked into the corridor. Brealey (B.12) states that she s#w smoke
entering the west stairvell grom C level when Hopton opened tha door to

investigate, although Pearson (B.9) does not remember Brealey leaving
the commonroom area. B

Despite these anomalies, which could be attributed to the state of
confugion that these witnesses must have experienced, they are all agreed
that they.began to hear noises from C level sbout 5,minutes before deciding
to investigate. Given that the alarm was operated at 0057 hours, the

noises must have started around 0050-0052 hours approximately.

On D level, the floor above the fire floor, Connell (D.7) reports

amelling smoke faintly in the area of the bathroom, shorgly after checking
the time om the elock in the commonroom area. Thig would be sbout 0056,
She commented to Petrie (D.6) who was also in the bathroom area.

The fire alarm sounded ghortly afterwards. Robertgon (D.15) reported
that she smelt smoke in her room inmediately before the fire alarm scunded.
These witnesses all recall seelng smoke coming from around the door of

the 1ift, immediately to the east of the tollet/bathroom (the fire door at
the east end of D corrider was closed, and remaived closed throughout the

fire) . Ko noises were reported.

Torvaldsen (E.17) was sitting in the commonroom om E floor and heard
noises like "someone running about", just before the fire alarm sounded .
This could have been Lawson (F.15) nlready alerted to the fire {next
pnfagrnph). On leaving the commonroom area, she found that the east end

of the corridor was full of black smoke {the fire door at the east end of
E floor was open).

On the top floor (F), Lawson (F.15) states that she "gmelt faint smoke in
the area of the sittingroom" nf about 0038 hours. She checked the kitchen
(immediately to the west) and on satlisfying herself that all was in order,
she went to her room, leaving the door open. "About 10 minutes later",

she smelt smoke again and this time found "dark grey smoke floating about,



€IS

would be unwise to place too much reliance ap the individual gtatements
but Thomson's statement was quite categorical, indicating a fire to the
east of C.15, Jamieson (C.2) remembers seeing only smoke when she
tirst peaked round her door, but reports flames when ghe looked agaln
after a short interval. Janieson and Thomaon (C.15) probably looked out
at about the same time (1.97 shortly after the alarm gsounded). The
initial fire would seem to have been confined to that stretch of the
corridor between C.15 and C.2. Adding to this the obmervation made
esrlier regarding the position and location of the deceased’'s body,

the nrea of interest can be reduced to the ares between C.18 (or C.17)
apnd C.2.

The type of fire that we are proposing killed Goodall 1s that which is
nometiﬁes referred to as "flashback", when a fire 1# a room Oor enclosure
has almost atarved itself of oxygen, only to errupt with flame when

fresh air is provided by the cpening of a door, or the breaking of a
window, or other barrier. The position of the deceased's body 18 quite
compatible with the hypothesis that she opened a door on a dying fire and
provided the ventilation necessary for flashback to occur. Examination
of the evidence and the witness' statements effectively excludes any of

the bedrooms as the seat of the fire. In the firat place, if the room

was occupied at the time, the occupant would have had to escape at an early
stage or she would have disd in the fire. No one died in a bedroom,

end all those in their rooms at the time of the fire jumped or were rescued
after the fire was known to be in the corridor: (in fact, the damage to
the bedrooms suggests that only three are potential candidates for this
scenario, viz C.4, C.7 and C.17; their occupants gave clear statements about
the course of events). Secondly, the unoccupiad rooms (C.1, c.5, C.8,
C.17 and C.18) suffered relatively little damage in relation to their
positions on the tiré floor. With this scenario, the room of origin

would have been burnt out.

The other rooms off the corridor are: (1) kitchen, (i1} cupboard
containing fuse boxes, ete. (i11) two bathrooms off the tslephone slcove,
(iv) a cleaners’' cupboard off the telephone alcove, (v} main bathroom with
tollets. 01 these, (i) and (11) can be excluded as thoy suffered little
damage. The bathrooms (111) and the main bathroom/toilet (v) can be
excluded for the same rgason. Howaver, the door of the cleaners' cupboard

(iv) was wide open, 30-40° back on ite hinges, and the interior had

suffered damage, although it was greatest just ingide the door and
diminished towards the rear, A low sink was intact and the shelf

above still had intact jars and bottlea on it. The evidence of the
internal damage would make this an uniikely seat, but the position

of the door is compatihly wigh the glight overpressure that would be
asgociated with a flashback and, moreover, the alcove celling was most
severely damaged above the opening in the cupboard (see below). It
the cupboard is excluded on the grounds that the internal damage is too,
slight, then the possibility that the fire started in the corridor nmust
be conaidered. On the assumption thet Goodall did not walk along a
smoke-filled corridor (lgw blood carbon monoxide) we are still looking
for a fire that waes virtually undetected until she was close to it.

Two situations that are compatible with this are: (a) a fire developed
in the void above the false ceiling and burst out just as Goodall was
underneath, bringing down several burning boards which burst into flame,
or (b) the fire was malicious and Goodall was trapped in'a pool of
burning iiquid. A third alternative is that the victim's clothing
caught fire first, but this seems most unlikely for a number of reasons,
viz (i) there iz no obvious ignition source (although she was a asmoker) ;
(11) it ie likely that she was wearing little more than a nightdress or
a dreséing gown, which could have eagily been removed 1f it had caught
fire; (111} there would have been time for her to cry for help and
perhaps bang on a door; (iv) there seems no way for B clothing fire
at floor level to spread to the celling (unless the paint on the walls
happened to be particularly flammable) .

The second of these alternatives {(b) above) can be dismissed as no
evidence was found for flasmable liquids being involved. Heither was
there any indication that someone bad left the building before the fire
alarn was raised (the security devices on the exit doors had to be broken

by the occupants as they left the building after the alarm).

The firgst alternative ({a} ahove) requires detailed consideration. The
ceiling board comprised a coarse fibre insulating board treated on one

side (the underside) wiéh a fire retardant paint. This is being

analysed in detaill at the Fire Research Station, but tests carried out

in the laboratory of the Fire Satety Engineering Department indicate that
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the treated face of the board is resistant to flame spread, per!drﬁing
well in a amall ‘scale surface spread of flame te;t (BS 476 Pnr¥ .

It in likelf that it would achieve “Cliss 1" stetus in the full scale
test, although 1t is not possibze to way if it would achieve "Class A"
as vould be required for escnpe routes under the present Scottish

Building Regulations, The reverse (untreated) side of the board 1s slmost

cortainly "Class 4", according to our teats. ’ Ndrmllly a boafd of this

type would be fixed diractly onto a non- combustible aihstrate {(e.g.
brickwork or plaster), but in this particular building the ceilings of

the corridors (and the commonroom areas) consisted of a timber stud framing
to which the !1breboard was nailed at approximately B-inch centres by oval
nails with small heads. Consequently, there was a cavity above the
untreated surface of the fibreboard which was about 10-inches deep, along
most of the corridor. Transverse beams forming part of the reinforced
concrete structure of the building provided (fortuitously) partiml "fire-
stopping” in the wvoid, but there still remained gaps of about l-inch
between thé fibreboard and the soffits of the beams.

An upper limit to the volume of the cavity is about 23m3. 1f flaming
combustion developed in the cavity, oxygen would become depleted in the
vieinity of the fire and further combusation would probebly proceed. by
amouldering, fed by oxygen diffusing from the rest of the void, or

perhaps leaking into the void from the corridor. The combustion products
would bgconfined within the cavity. It is not clear how ignition might
oceur (see below), but if 1t did, the development of the fire could be
explained by @ spreading smoulder, buming horizontally and downwards
(towardy the treated surface), releasing smoke which {4n principle) could
lead to the formation of u flammahle atmosphere within the void. If this
was ignited (by an electrical ipnrk,_or by the appearance of flame, however
momentarily) then an explosion would occur which would bring down at least
some of the ceiling boards. This need not have been a violent "explosion”
causing a loud noise, but just sufficient to dislodge the hoards. For
Goodall to have been trapped; rendered incapable of sereaming, and killed
in a short period of time by this event, is just conceivable.

It would require fire to establish itself very quickly on the fibreboard

sheets, some of which would be on the floor, others hanging from the

ceiling, The main arguments against thia scenario, which must be answered,

are as foliowa: ' o ' .
(1) It seems very unlikely that Goodall would'hlve been unable to
' raige the alarm. She would have been burnt by the burning
- premixed volatile/air mixturs which brought the ceiling boards
down, but the ensging.fire would have taken time to build up to
its full intensity. (0f course, it is impossible to say how
any individual would r;act in these circumstnnges. Shock,

combined with a blow from a falling board, could have rendered
her unconscious).

(i1} The build-up of heat within the void prior to the explosion would
' have been very localised, and initial burning in the corridor
would also be localiged, particulerly as the corridor itself was

until that time quite unaffected by heat.

(11i) There 1is no obvious ignition source in the void. The electrical

wiring to the corridor lights was of good standard, and

contained within metal eonduits, leading to junction boxes set

into (and flush with the lower side of) the fibreboard ceiling.

The holes cut in the fibreboard to fit the circular junction

boxes are not treated with fire retardant paint, but to establish
burning here would require high local temperatures {certainly greater
than 250°C).  An overheat condition with the light bulb itsel?
would not produce sufficiently high temperatures to initiate smoulderi:
'(or flaming) combustion. A report on the electrical fittings and
connections will be available from the Heazlth and Safety Executive.
Ad hoc testa carried out at Edinburgh and Borehamwood indicate that
the untreated parts of the fibreboard can be made to smoulder but
that this is not self-sustaining, (In & cavity, with build up of
heat, it may he self-sustaining. Thie should be investigated).

(iv) A fire in the void cannot eastly be reconciled with the early
appearance of smoke on the top floor ap there ware no direct

connections one with the other.

Thus, while we ars still left with the conclusion that the fire must have
started somewhers in the vicinity of the telephone alcove (certainly between
rooms C.17 and C.2) it is not prossible to locate the spot precisely. It
may have started in the cleaners’® cupboard or in the falge celling of the
corridor, but there are strong objections to both these scenarios. More

ipformation is required on (a) the contents of the cupboard, (h) the
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properties of the ceiling board, and {c) the state of the electrical s_stem
and its behmviour under faulty conditions (the fact that previoualy there

tad been a flood on an upper floor may be significant {see statement by
HcLeod (F.17); also Jardine (C.8)). On balance, the cleaners’ cupboard

seems to be the more likely ﬁeat. particularly in view of the position

" of the door. VWe do not knov if this door was normally closed, or what

position 1t would adopt 1f left open. (In the position in which it was
found, 1t would have hindered access to the bathroom at the end of the
alcove). The dapage pattern inside the cupboard would have to be
explalned.

Subsequent development of fire )
In the subsegquent development of the fire, three events can be pinpointed,

approximately at least:

(1) The moment at which flamea broke out of the window at the

telephone alcove at C level,

(1i) The appearance of flames in the east stairwell and subsequent
bresking of the windows, producing the "ball of flame"
described by Mclndoe (Patient in Ward 10).

(111) The time at which nuraes began to jump from the bedroom windows

of C floor. The concensus appears to be that the girl in C.4
(Marini) was the first to jump.

Of these three events, the first to occur was the emergence of flame at
the north side of the building, from the telephone alcove. Thomseon,
McNeil and Duncan (C.15 to C.17) all describe this particular effect
shortly stter the alarm and it was also observed by Duthie (the normal
occupant of B.7) who was returning to the Nurses' Home sfier a night at

& disco. She heard the fire alarm sound and by the time she had reached
the junction Dunnikier Road and Hayfield Road, she was aware of fiames

in a room on the south side of the C floor, but then obgerved flames to
shoot out of the centre of leloor on the north side of the building. She
assumed this to be thesittingroom, but it pust have been the telephone
alcove. From this particular point she saw the girls beginning to appear

at various windows on C and D floors, and at the seme time the Fire Brigade

. arrived and began setting ladders up the north side of the wall. The

Fire Brigade took approximately 2 minutes to reach the Nuraes' Home from
the fire station.

+

The second event — the emergence of flames from the sast stairwell -
took place shortly afterwards. It was observed by a number of the
building occeupants, although it 13 difficult to establish precisely
the time interval betwee? the first and second events. Many of the
nurses from other levels who were able to escape from the bullding
unaided cbserved the 'ball of flame"” and one girl states that flames
came out of the oast stairwell at about the same time as the Fire

Brigade arrived. (Pearson (B.9)).

PC Kimmel (Police) stated that flames were emerging from the east stair-
wali as firémen were unloading equipment from an aspliance on Hay!ield_
Road. 0'Ponnel (D.17) saw the fire brigade coming up Dunikier Foad

as she was leaving the building at the foot of the west stairwell.

She subsequently went round the south of the building and ran along in
front, ohserving the develepment of flames in the bedrooms. She saw
MNarint (C.4) climb out and jump as flamees engulfed her room, This event

almost certainly happened after flames had burst through the ezst stairwell.

However, the most vivid description of the events in the east stairwell

is given by two nurses from B floor, namely Muir (B.16) and Laidlaw (B.1),
both of whom escaped down the east stairwell and were going out the south
daor when they began to hear screams and decided to return to assist escape
from the upper levels. The pair of them managed to get back to B level
and perhaps to the landing between B snd C when flames and spcke were seen
at C level, Muir tmlks of flames awirling about behind the closed fire
door at C level (she is the only witnesa to suggest that the fire door at
the east end of C corridor was closed during the fire) and they retreated
qdickly to the ground floor. As’ they did so, there was a sound of i
shattering glass and fragmnents fell down beside them. This must have been
the moment at which flames bursat out of the east end of the building. It
1s difficult to put a time to this following the sounding of the fire alarm
but both Muir and Laidlaw were only slightly behind Hooton who was cpening

the south fire door.

Hopton, as one of the group who first discovered the fire and raised the

alarm, presumably managed to reach the door to the outside well within q

-minute, given that Laidlar and Muir would have taken a little bit lopger

to get cutside and decide to return to investigate the east staircase.

Adding atiother minute to give the approximate time at which the glass of
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of the east stairwell shattered, matches well with the time at which
the Fire Brigade arrived on the north side of the building.

Several of the nurses escaping down the west stairwell, although
delayed slightly while Thorvaldsen (E.17) was trying to break the
glass bolt to open the !lre'door, succeeded in reaching the east end

of the building in time to see flames burst out of the stairwaell.

* The occupanta of B.S, D.7, E.17, refer to flames appsaring out of the

east end of the building at roughly the same time as girls appeared at
the windows of C floor, The conclusion is that flames broke out of
the eant stairwell at about two minutes after the fire alarm sounded,
whereas the fiames came out the north side of the building after about
one minute, say between half and one and 2 half minutes. There is no
way of being sure exactly when this particular event occurred, although

the sequence is not in dispute. In view of the short time delay between

the sescond and third eveﬁts. it can be argued that the fire in the corridor

broke out on the north side of the building very shortly after the alarm
was sounded, partieularly as Thompson in C.185 recalls sesing flames
coming either from C.18 or the telephone recess when she first looked out
of the window, (McNeil and Duncen in €.18 and C.17, recall that they
were hanging cut the window when flames errupted from the telephons alcove
although McNeil may mean "leaning". Only Duncan was hanging out of her
window when the Fire.Brigade arrived).

The third event is the start of the short period of time during which

the girls jumped from the windows. It is important to establish which
girl had to jump first because this mlght give an indication of the point
in the corrider at which the fire was most sovere. There geems little
doubt from the statements of the other witnesses that the girl in C.4
(Marini) jumped first. This-is stated quite categorically by a number of
;1tnes!es (C.2, B.2, B.18, F.8, F.15, F.12 and D.17). It i8 also clear
that she jumped without throwing a mattress as she had to get out quickly.
although she dressed and began taking clothes from her wardrobe firat.
Moat of the girls in the rest of the corridor succesded in throwing
mattresses out (all but C.12A who had burned her hands when trying to

éscape along the corridor).

It 4s difficult to establish the order in which the girls jumped

from C floor but s rough order for at least five of the occupants is as
follows: 4, 7, 18, 9, B. It is not clear when exactly the occﬁpants

of robms 2, 3 and 12A jumped although from one witness's gtatement, C,3
Jumped at some considerabie time after C.4 (0'Donnell assisted in
carrying Marinl from the paving onto the grass from where she observed
Russell (C.3) jumping. C.3 and C.4 did not jump simultaneously, and a'
lapse of a minimum of 30 seconds would seem to be‘likely. It would
appear that many of the girls jumped almost sinultaneously. For example,
McLeod (F.17) states that C.% and C.7 Jumped just a few seconds after
c.4. Thorvaldsen (E.17) recalls that when she returned from the
casunlfy department with a trolley she saw .9 and one other jump almost

simultaneocusly.

There 18 no statement to suggest that any occupant of C.floor Jumped
before Marini (C.4) so that we can assume that she was the first to jump
out of her window. She was nwakened by undefined noises and then heard

the fire alarm. On locking, ahe cbserved flames in the corridor and

although she went straight to the window, she then dressed quickly and began

taking clothes from her wardrobe. The smoke in her room began to get
thicker and fire broke in rather suddenly, This would suggest that the
fire was of considerable intensity im that part of the corridor outside
ber bedroom, which was oppesite the telephone alcove. Once the windows
of the alecove had broken, a very intense fire in the alcove would be

expected, which could explain why the door of C.4 failed so rapidly.

The occupant of C.7 {Chriatie) who Jumped next, commented that having

heard the fire alarm and looked out from her door to see the corridor full

. of flames, she found that the fire was 1ip the room by the time she managed

to elose the door. Consequently she must have Junped very shortly after-
wards and it is likely that the through draught caused by her burnt door
aad open window would be sufficient ‘to create A very substantisl fire
lmpediately outside her room, if one had not existed there befors. Early
involvenent of C.17 cannot be accounted for guite so #asily, unless the
occupant, 1like Christie, had allowed the fire to enter the room when she
opened the door, This, mnd the fact that the windows of C.7 and C.17
were opened by the occupants, would sccount for fire entering these rooms
a4t an early stage, while the unoccupied rooms €.5, C.8 and C.18 suftered
relatively minor damage.
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When the first units of the Fire Brigade arrived, two minutes after the
alarm was raised, Duncen (C.17) was hanging out of her window on the
north slde of the buildinh. with flames coming out over her head. At
about the same time, flumes broke out of the ¢ast stairwell: it was
shortly after this that nurses started to jump from their rooms on the
scuth slde of C corridor. Thus, fire appears to have broken into
Duncan's room first. Of the three hurses in their rooms on the north
side of the building, McNeil was probably the first awake, to hear nolses
which, as she lay in bed, seemed to get louder. She opened her door
"fractionally"” to see flames filling the corridor. Only after sghe went
to the window did she hear the .fire alarm. By this time, Duncan (C.17) was
awake and realised something was wrong. S8he opened per door after the
alarm had sounded. She states that "the heat was so bad that I had to
shut the door quickly"”, which suggests that she was less cautious than
McNeil ¢C.18) and her action may well have hastened fallure of the door.
The door to C.16 failed as McNeil was belng rescued. 0f these three
rooms, C.17 suffered the greatest daumage (Plates 2, 3 and 4) while C.18
did not quite reach the fully developed stape of burninpg (Plates 3 and 8)
and C.15 was surprisingly lightly damaged (Flate 7). It seems that jets
were brought to bear on the north side shortly after the rescue, which
would account for the extent of damage compared, particularly, with C.7
(Plates 8, 2 and 10) which wap the most heavily damaged room.

0f the three rooms which "flashed over” (C.4, C.7 and C.17), C.4 suffered
the least damage because a jet was brought to bear on this room almost
immediately after flashover 85 the external flames were threatening the
fireman (Lumsden) who was ascending a ladder to rescue McGill (E.3) (see

statements by Armit and Lumsaden).

SBubsequent behavicur of the fire can only be surmised. There was a south-
west wind, speed 15-20 mpg (Pife Fire Brigade Report, p 15) which would
have tended to move the fire towards the north and east of the building,
particularly once windows had been opened or had broken. The areas of
mlxiﬁum damage in the corridor were outside the rooms which had flashed
over, as judged by the fact that at these points the ceiling was most
heavily dnmagéd - the‘tiles were broken away, and outside C.4 and C.7

the underside of the reinforced concrete slab had spalled, exposing

the fein!orcing bars . One other zrea where the hollow block tiles
were damaged under the ceiling was outside the cleaners’ cupboard in
the telephone alcove. This is curious as there had obviously been a
very severs fire in the hlcote a8 the walls are heavily damaged

yet this is the only arem of celling which 13 affected

in this way. This may be 8 point to consider in trying to establish
the aeat of the fire, although as discussed earlier, the damage in the f
cupboard is not entirely consistent with the fire starting inside.

The plaster on the sputh side of the corridor was Heavily damaged in the

fire but nowhers was the damage creater than in C.7.

The internal firefighting was based on the east stairwell (Williamson,

Fire Brigade). At 0115, two teams wearing breathing apparatus ascended

the east stalr to the floors above the fire floor, which suggests that the
fire in the corridor had largely subsided by this time. Shortly afterwards
& tesm of two entered { corridor with a branch and advanced along the
corridor. The Fire Brigade report puts this at about 0120 hours, but

there is no statement available from the firemen first involved. Scetland
and Dyce {(Firemen) state thet they took a running hose line up the east
stair at 0215 hrs to relieve two others. They found the body of the
deceased and somehow informed §/0 Williamson, who times this at 0220 hrs.
The implication is that ft took about 45 minutes to advance along the
corridor to the telephone salcove. No further times nré mentioned but
Williamson recalls that the last area of fire to be extinguished was in the
commonroom Rrea. The fire could not have been burning in this area for ver

long &s several of the latex foam cushlons on the essy chairs survived,.
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Concluding remarks

Reviewing the evidence discussed in this report, the most likely
sequence of fire development ia that the fire origin was located in
the cleaners' cupboard. This is the sequence most competible with
the various statements and the subsequent observation of the burnt

and damaged parts of the building, l The 1act_and location of the
fatality may be explained by her leaving a bathroom, smelling smoke
anﬁ then investigating by opening the door to the cupboard, which
#llowed the mixture of pgases in the cupboard to mix with extra air

and cause the "flash fire". Ignition of clothing would be almost
ingastantaneous but there vould-be sufficient time before death for

the girl to struggle part of the way to her room whilgt still in air
which was fairly clean. The subsequent pattern of destruction is
supported by evidence discussed earlier, bearing in mind that volatile
gases would evolve quickly from the painted wooden surfaces in the
corridor (about 40 per cent of fhe wall area) a8 the flames ocame close

to the surfacea.

The authors have insufficient information at the present time of the
detatled contents of the cleaners' cupboard to allow any suggestions

to be made as to how a fire may have started thare.

The fact that the rear portion of the clea ners' cupboard was not seriously
burned is difficult to explain if this cupboard was indeed the source of

the fire. Another possibility is that the fire may have started in the

vold sbove the ceiling of C floor and broke through the fibreboard ceiling
suddenly when the deceased was beneath. Such a break through mey not have
been the immediate source of extensive flames but it c¢ould have been preceded
by & limited rise in pressure in the void which would have dislodged portionﬁ
‘'of the false ceiling so that they fell on the deceased. The upper surface
of the fibreboard,so dislodged, would become fully enflamed in a short time
if a portion of the fibrebosrd were burning when disledged. This could
then have apread fire to the rest of the corridor. However, if it is
assumed that the electrical system was in good order, it is difficult to

visualise a credible ignition source for a fire in the void.

B c b E F
1 0025+ . - 2230 0000 a
2 CR(B) 2200 - - a'
3 a 2230%» ¥ s 2200 0003
4 a 2230 2140 a a
5 2200 & Y 2245 0045
8 [} a Toilet(D) 'Y a !
7 a 2130 Tollet (D} a 2200
8 a 2200 . 0000 a 0055
] CR(B) 0000+ 0000 a’ 2345
10 0005 2330 - 0000 a
11 2215 2243 0045 0050 a
12 CR(B) a 0010 0030 2345
12a 2300 2245 2318 a A2300
14 (study) in corridor?é) a a ' -
15 a 0000 0057 2200- in corridor(i‘)t
16 - 2345 a [ a
17 0040 2300 2318 CR(E) 0030
18 - CR(B) a a a
* Figures represent the times at which residents retired to their beds {or roc
CR = common room (letter in brackets refers to the floor).
8 = absent from building at time of fire, "“=" = not occupled.
> o= E::s;tikis-?; ;:ﬂnot remember anything after "chatting with Tracy (C.18}
about 16 50 pé, - Hopton (C.18) states that Russell went to bed at
f =7::z:esgc.9) cannot remember anything. However, Thompson (C.15) states
o lave;;‘nurie and McNeil went te bed at about nidnight from the commonrc

7++-= Goodall (C.14)(deceased) told Hill {C.11) at 2245 that she wag going for a

::t:é Duncan (C.17) Fhinks that she saw her in the commoarcom (C level)
00 with her nightdress on. McBell (C.16) "recalls” seeing Goodall

521:: and from the toilet at 2315, This is the last time anyone saw her

t = Lawson (F.15) smelt "faint smoke in the area of the sittingroom” (F.level)

at 0035. She checked the kitchen then returned to her room, leaving the

:::r open. Aaout 10 minutes later she smelt smoke again, and on investig
; f:zoiﬁe saw "dark grey smoke floating sbout along the entire length of

She began to alert oth
the five alem ers on the corridor, then she heard
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“ at 00,57 am on 13 November.

Health & Safsty Executive
Scottlsh Field Consultant Group
Headowbank House

155 London Road

Edinburgh EH8 74U

REF: E/bca/1oh1{1981
: zy“luarch 1982

M Principal Inspector

Group 20/05

NURSES RESIDENTIAL HOME, VICTORIA HOSPITAL, KIRKCALDY
FATALITY AND INJURIES RESULTING FROM FIRE

1, = SECTION A - INTRODUCTION

The Nurses' Residential Home at Victoria Hospital, Kirkcaldy, is a separate,
six storey building within the hospital curtilage, adjacent to the main
hospital entrance in Hayfield Road. Mr J Anderson,.of this Field Consultant
Group, has provided you with a Civil Engineer's Report of the building
together with detailed drawinga of one floor and other matters, to which I
shall make reference, so I shall not }urther‘describe the building.

2. A fire occurred at the Residential Home during the night of Thursday
12 November and Friday 13 November 1981 and the Fire Brigade received a call

The result of this fire was that substantial
damage occurred on Floor C {(the second floor) in several bedrooms and the
central corrider. More damage, principally smoke, occurred on the Bast stair-
way and on floors above. Several nurses were seriously injured when being

forced to jump from windows on Floor.C dus to fire penetrating their bedrooms
and one nurae was trapped by the fire, in the corridor, and found by the Fire

Brigade after the {ire was put out. . That nurse qied in the fire.

3. Because of certain aspects of the fire, prinecipally the death of one

of the nurses, the necessity for other nurses to jump and thereby sustaining
serious injury before they could make safe escape or be rescued, the apparent
extremely rapid spread of the fire in-the main escape route on Floor C and the
indetermination of the source of the fire, tha Procurator Fiscal of Kirkcaldy
requested help and advice from the Health & Safety Executive in preparation for
the Fatal Accident Inquiry.
passed direct to the Field Consultant Group, but subsequent FCG operations and
advice weres channelled through Dr R Evans, HM Inapector of Factories of your

Due to internal circumstances, that requeat was

Induatry Group.

BT R

A prglimin;ry visit was made to the Hurses Home by Mr J Anderson,. Civil Engineering
Inspector of this FCG and foliowing his first visit, I made visite on Friday

20 November 1981 and Thursdsy 26 November 1981, the latter in company with Dr Evans.
1 also made a later visit, for c;arificﬁtion of c®rtain points, on March 8th 1981,
Following:my.first visit,.I requested Dr Gunn, of the Fire and Explosion Section to
visit ‘and to report to myself and’te you his views on the design of the building with

respect to means of escape and related matters, with reference to such building

‘standards as may have been applied in Kirkcaldy st the time of the construction and

at present, as requested by ‘the. Procurator Fiscal. You have that report. The

Home wne nlso visited on meveral occﬁéibna by Mr ¢ N Thomson and Mr R Laing, Electrics
Inspectors of this FCG.

b4, Dr Gunn, Mr Thomson, Dr Evans and myself attended a meeting with the Procurator
Fiscal, in his office in Kirkcaldy, on December 3rd 1981, when also present were

Mr R M Stewart, of the Strathclyde Police Forensic Laboratory, Mr P Hinkley of the
Fire Research Station, Boreham Wood and Dr Drysdale of the Fire Engineering
Department,” Edinburgh University, together with Chief Inspector Nellis and

Inspector Walker of the Kirkcaldy Polics- The Fire Service were not present. The
pu?pose‘of the meeting was to review the impressions at that time of the various

I later
?isited Mr Hinkley, at the Fire Research Station in Boreham Wood whilst in the London

area on February 17th 1982 to discuss possible conclusions on the cause, seat and

people involved and. to advise the Procurator Fiscal on future action,

progression of the fire.

S I am not clear as to the legal involvement of the Health & Safety Executive
in this building and incident and teke.guidance from you. This type of fire is
generally outvith the normal expertise of the Fire and Explosien Section of the
Field Consultancy Group. Cur normal duties involve fire in working places or due
to chemical safety factors, including flammable liquids, gases and solids (such as
plastic foams etc) and chemical reactions. Our experience includes considerations
of ignition due to such causes as electrical etec. However, we have tried to respond
to the request for asasistance in the following fields in particular, where it could

be that the Health & Safety Executive has some direct interest,

(a} (Seat of the fire

(bt} Cause, insofaras it could bs due to faulty design or maintenance

(c)  Meane of escape and warning (ie, why did the deceased become trapped
and why did a number of nurses have to jump).

It will be realised that the latter question, in these premises, is probably more
properly within the field of the local Fire Service.

2
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SECTTON B $EAT AND CAUSE OF FIRE

6. - From time to time, during the inveétigationa, attention has been focused
on 8 number of possible causes of the fire includinag a hair-drier in bedroom Ch,
a light fitting in the corridor of floor outside room C7, the telephone booth on

floer G and latterly the cleaners closet on floor C.°

7. - This _section of my renort attempta to re-exemine the possible locations of
the scat of the fifeAfrom evidence of damage, position of the deceased girl when
found by -the Fire Brigade, the behavioGr of girle on floor C during the fire and
knowledge to date of the results of work carried out on hehalf of the Procurator
Fisenl by the Fire Research Station, at Boreham Wood. Deduction of the location
of the seat of the fire may have‘pointed to & possible couse or coauses, indicating
any possible involvement by Health % Safety Executive.  In appendix A, I have

given ny impressions cf the drnige as noted at my early joiﬁt visit with Dr Evans

on Thursday 26th lovember and clarified at my visit on March 8th 1982. I have

also liad opportunity to study the report prepﬂr?d by the Fife Fire Brigade and state-

ments hy the recident nurses and ohservers, by courtesy of the Procurator Fiscal,

8._' " From the seriousness of damage it:appears fairly certain that the fire started
on_flbor z. The degree of damage points to the eastern end of the fleoor with
efparent progress townrds the west end and east end fire escapes, This assessment is
alse borne out by the progressive damage along the corridor to the bedroom.doors.
paintwork and corpet in particular. The corridor ceiling showed 3 places of apparent
intense heat attack, one opposite the recess housing the telephone booth, 2 second
between bedrooma C& and 17 and, werst of all, from a position opposite the door of
bedroom €7 to just beyond the further wall of bedroom C8. The intensity of these
damaged asreas has been given thorough consideration tut I think that all parties
consider that too much emphasis should not be placed directly on their positions,
particularly that adjacent to rooms €4 and C8 as the intense heat could well have been
caused or increased by ingress of sir from the recesses by the telephone and lounge
area and from broken or open windows. This consideration could also be applied to
the space oppesite bedroom C6 as the occupier of C17 opposite had opened her door,

clesed it and then been rescued through the window. As that bedroom door burned

through there would have been a strong draught of air into the burning fire intensifying

it in that position.

Q. Examinntfon of the staotements of the nurses in residence on the floor C on

13 Hovember may help to identify the seat of the firs.

arciia Jdill eoun

Dianne Russell

lins no recollection

Louisa Marine

Flames outside the door in the upper half

Brenda Christie

Saw the corrider full of

Agnes Elder

» Gaw the corridor full of

Christine Clueness

Saw flames all round the

Sharon Hill

Saw the corridor full of

two windows to the east

Suzanne Taylor

Saw the corridor full of

Frances Thomson

Saw a bright orange glow

Elizanbeth MeNeil

SAOUH L

Firot says black smoke -and then Ffire outside the door

Room C3 :
. L)

Room Ch

Room C

flame

Boom G8

flame particularly at high level

Room C10

door

Room C11

smoke{orange and yellow flames coming from

Roem C12A
smoke

Room_ €15

to her left in the ecorridor with thick black smoke

Room €16

Bright orange flames appnrently filled the corridor

4
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" Room €17

. Karina Duncan

" Corrider: full of flames pdsaibly coming from the east

Elizahetﬁ Hopton

. This girl had been on floor B and approached floor C by the west ataircase
when she saw the corridor full of smoke. She could see no flames or glow.

11, Pcssibiy the most useful stntementé in this respect are those of Hlivaheth
Hopton, Room €18, Frances Thomson, Room C15 and Karina Duncan, Room G17.  Whilst
in the iounge on floor B, Elizabeth ﬁopton haﬁ heard banging noises from the floor
above. ‘ When she went to floor C to investigate via the west stmircass she saw

a corridor full of smoke but not fire although she sﬁys she could not see beyond
If the fire had been burning in the straight corridor one might
have expected her to have seen some evidence unless the smoke was too dense at the
eastern end or the fire had not then fully taken held.
work car;ied out by the Fire Research Station, could well have been ceiling tiles
falling to the floor after béing loosenad from their holding tacks by the effect

at The evidence of Trances Thomaon and

the lounge area.

The '"bangs" according to

of heat drying out and shrinking the tiles,
Karina Duncan indieate the fire, particularly et a later stoge, probably being to
the east of bedroom C17. '

12. It will be useful here to consider the behaviour of the Cellotex ceiling tileg
as described to me during my visit to Boreham Wood on February 17th 1982, From that
discueanion it appears the tiles would have been difficult to ignite on the plain down-
ward-facing surface possibly due to the trentment provided as indicated in
correspondence with the Fire Service in 1959. The Fire Service had expressed
conslderable reservations about the efficiency of such treatment but from the tests
at Boreham Wood it does appear that the performance of the flat surface of the tile
under standard fire conditions had in fact been upgraded. This upgrading may not
have applied to the tile edges but they were close butted together against a wooden
joist and heat penetration betwesn the tiles at an sarly stage leading to increased
spread of fire along the upper unprotected surface would be delayed. I understand
that the tiles were not so easily burned as would be expected without draught being
applied. This same effect would not be, and T helieve was not, cbserved if the
tiles bacame detached by shrinkage from the fixing pins, under the effect of.heat,
and prevented a vertieal surface to a fire below. The deduction from this observation
and argument is that the ceiling would have required a fairly intense source of heat

If fire penetrated to the upper side of the tiles it

5

below to cause combustion,

‘the Tira. .

would sﬁréqd as far as the structural beams below which there would be some
stohping due to the wonden batten to which the tiles were fixed. In fact
this wooden batten may well have acted as a fire stop for a period until the

tiles themselves became detached. ' -

13, - Thie leads to a conziderationef the possible involvement of the light
fitting outside bedroom C7, which has at times been attributed the cause of

The report by Wr Thomson, HM Senior Electrical Inspector, with whom
T havd worked clésély, casts considerable doubt 6n the validity of attributing
the fire L6 thig courees The atotement of the resident nurscs referred to sbove;
would possibly place the light Titting in the wrong position in the corridor to
be in the seat of the fire. Thae understanding I hove from the Fire Research
Station of the renquirements fof ignition of the Cellotex ceiling tiles indicates
the need for a more intense source of heat than could be supplied by a fault in

this light fitling and I am inclined to disecard it as a possible source.

1%.‘ :- The pogition in which the deceased girl, Morag Ellen Goodall, should be
important evidence in determining the seat of the fire. The Inguiry will determine
the cause of death but I have hnd opportunity to study the Post Mortem report
prepared by Dr Rushton and Dr Robertsor of Dundee University ond the statements of

firempn Dice and Scotland and Station Officer Williamson who found the body. The

“degensed girl was lying in the north side of the corridor, face downwards with the

head nearest the west doer and said to be about 10 metres from the eastern stair-
cose and, I understand, roughly outside bedrooms C18 or C17, The cause of death,
according to the P.M. report was inhaled fire fumes. From the further description
of the body it would appear that the deceased was attempting to make a hurried exit
towards the fire door at the west end or her own room lo ¢4, possibly away from

the area of the telephone receas, bathrooms, etc, when she was overcome by the heat
ond smoke. liowever, one must bear in mind the possibility that in the intense

smoke she muy have become disorientated or even turned in falling.

15, Being led towards Lhe eustern end of the cor}idor as the seat of fire,

and [inding no obvious source, I made my further visit on March 8th, together with
Chief Inspector Hellies, partly to re-examine the cleaners closet, to which
attention had now been drawn and which had had less previous examination and the

bedroom door frames for a clese re-check as to the possibility of progression of

(&

16, The event had been postulated that the deceased girl had suspected fire at

fire from any bedroom into the corridor.

the eastern end of the corrider and gone to investigate, had opened the closet door,

thus acceunting for its being appirently opened during the fire, and had found a

{
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shelf a broken 2 litre capacity brown glass bottle on a high shelf together
with signs of heat.damaéé; blistering paint, damaged plaster and woodwork the
door was outward opening, consumed in the fire wish what remained indicating

its poultion to be almost fully opened.

17. The Police arranged further investigation into the possible contents of

.the cleaners closet and into the guestion as to whether the door should have been

opsn or closed, locked or unlocked for the benefit of myself and the Fire Reaearch
Station.. The contents of a aimiiar'bottle to the 2 litre bottle, rocovered from
an upper floor, and labelled by hand K.P.5 were examined in the HSE laboratory in
Edinburgh and found teo have & flaah point, if at all, well above £0° C. It appears
that the material was probably a floor clenaning detergent/wax water emulsion., Qf
the other reported contenta of the c¢loset, auch as pollshing waxea, cleaning ’
materials, dusters, ete there appeared to be no particular source of fire. On
March 8th, I discovered on the shelf beside the broken 2 litre bottle referred to
above, B folded paper bag cimilar in size to a domestic upright cleaner bag, charred
Leaning on ‘the bottle was a charred copy of rules for,
There

on the .upper surface only.
cleanerﬁ, inside a transparent plastic envelope, charred and partly melted.

- were tilso toilet rclla, alightly charred-on the shelf, & mop and other cbjects

We attempted to examine the floor
I understand that

aubjected to dome fire but of limited intensity.
of the telephone lobby for signs of local fire without success.
singe that date, a closer re-examination of that floor has been made by Divisional

Of ficer Ritchie of the Fire Brigade. le points out that thore was evidence of a
tubular wooden chair in'this recess and & waste paper basket, although neither would'
appear to be a source of intendge fire although the greataat domoge to floor tiles
appecrs to be roughly central to this recesa towards the window orea.

18. The adjacent balhrouma were agnin examined. TFrom the posilion of the

detactied bath-plug, shower-curtains, lack of evidence of clothing or shadew of clothing
on the wall, and low intensity of damgge, I think that these areas can be ruled out

ns seats of fire, The tollet area and third bathroom suffered little domage and can
similarly be excluded.

19. Of tlie bedroom doora that I re-examined, that leading to room G2 indicated

some possibility of fire spredd from room to corridor due to the gquality of charring on

both sides ol the frume, excluding the rebaled arem where the door would have

provided protection. Ti¢ door to room Ch was also similarly equally charred on both

sides and tle rebate was éompletely burned away. This room could possibly Le a more
lilkely cundidate than C2.. nlthoukh~this room was one of the most seriously damaged,
the 10bby is eveu more so and my opinion was that one could be more convinced that the
fire lad spread at least, from the‘lobgy into the bedroom. The door to bedrcom C7
was the mest heavily damaged and in fact this whole room is the most seriously damaged
‘in the-ﬁuildiub. The door-frame was very deeply charred on all sides from fleor to
ceiling and would possibly 1nd1cate the most likely cardidate for an instance of fire
passing from room to corridor. Dxaminatlon of all other bedroom doors gave clear
evidence of pregression ol fire, where it had occﬁrred. and from corridor to room.
21, It will be noted that Rooms C2, C4 and C7? were the only rooms occupied on -
that sida on this floor in that section of the corridor. A1l three cccupants reported
seeing fire in the corridor and all occupants had had to jump to the pavement and
Aufferud injury. The open windowa in these three rooms could aceount for the intensit)

of dmnnge to room and doors, once tho fire had finully broken through.

o 22. | During iy visit to Boreham Wood I wan able to see a video recording of fire

tents coarried out ot Lo Ledroom duora recovered the Ilome. One door had been hung
each way and exposed to a standard fire ie simulating a fire on the outside and a fire
on the inside ol a bedroom door. Hiefly my impression was that the doors behaved
equully and thut a fire could have first burned through the upper centre of the door
alter a perlod of approximately 7 minutes following a period of a 'photographic!
development on the unexposed side of the door of the pattern of the inner framework,
following Fairly rapid destruation of tha expoond aurfnoa, This was thon followsd by
quite rapid destruetion of the whole door with intenae flame surpging along what could
be onusiderod to be the cailing of the inner room,or corridor, depending which way the

fire progressed,

”3. If one now postulates a sequence of eventa based on fire starting in an
occupied room one is led to the following conclusicns, if the fire started in the
bedraom proper, the occupant would almost certainly have made escape via the corridor
and presumally raised alarm hefore a corridor was fully involved., Ho occupant of the
possible rooma involved made her eacape in such a way., If the fire started in a

bedroom lobby, the occupant's escape would have been cul off. DBefore her own door was

involved, leading to passape of the fire into the corridor she would have been faced

with no alternative but to have made her escape via the window. All occupants who made

escape in such a manner from floor C, before the arrival of the Fire Brigade, suffered

injury and had to be recovered from the pavement, In such an imagined event, the

following intervals could be estimated.

g
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five minuteé for the fire to develop in a lobby to high intensity,

ten minutes to burn through the door,
five minutes to attain high intensity in the corridor,
ifive minules to incapcitate the fire alarm (gee Section E),

thus it would be expected that such an occupant would have te have
' made escape by the w1ndow some 15-20 minutes before ‘the alarm was
raised. There is no evidence of such an esacape.
24, The first evidence of a girl meking escape by jumping appeared to be beltween
the arrival of menior nursing officer McGregor from the dinning hall and her re-exit
from tle burning nursea building., It is possible that the occupants of either C4 or
C7 were .the first to jump, Loth at the time of a congrepation of observers outside the
building during the intense stoge of the fire,
5. From a consideration of the aho&g,

béliel that the fire did not stort in a bedroom. I believe that the fire starled

I am led to a confirmation of the early

somewhere in the corridor in the area of the telephone recess or nearby, Some doubt

must remain regarding thé cleaner's closet, hecause of the open door and position of ,

ilie degeased girl. 'My expericnce does not enable te me to come to any more definite(?g)

conclusion as to a source.

SKCTION C BUTLNDING DESIGN

a6, In lis early request for advice from [I5E the Procurator Fiseal included a

request fur comment on wmpoctn of bullding demipgn relnling Lo &proad of fire and meana

i)

... corridor without paszing the burning room.

" fire replotonce of thess doora.

td, 1f not indand fully complying with the nppropriate ntondnrds
for fire stopping. The Fire Research Station tests appeared to

indicate th:t the first failure would have been the falling away

- of the ceiling tiles due to shrinking frgm the fixing pins,

presenting large vertical services which would severely increase

development of fire. R

.27.2 Fire Separation between Bedroom and Corridor

Sueh & huilding would nbrmully-be designed on the expectation that
any fire would gommence in o room 1eading off the corridor and thnt

_any corridor would be a "protected route’ and that doors would remain

.intnat long encugh for people to moke esanne vin a corridor. Two

emargency stoirs were provided, one at each end of the building, and
the design would assume that given a fire in any particular reem,
other encupants would make their way to the appropriate end of the
As indicated in Part B

.of my report, it does appear thant the fire in this instarice started

from nn intense source in the corridor arem itselfl, and the failure
of the bedroom doors under the intense heat from the corridor was
the muin céniributory factor in the injury of girls trapped in their

rooms floor C being unuble to aunit rescue by the Fire Service.

Dr Qunn indicated thnt there nppears to be no minieum stondard for
Toste ot the Fire lesenrch Station
indicnte, I uhdéerstand, n fire resistante of nbout 7 mindtes when
nubjeated to alondard firs noéditiunn. When firs reilatance is
speeified, 30 minutes is usually the lowest standard called for.

In that respect, Dr Gunn's interpretation of the 1971 Building
(Scotland} Regulations in respect of the corridor between rooms 12, 124

end 14 nnd the wealern fire eseape door is particularly rclevant. It

of eseape with a particulor request to wamiy room standards that may have been set to will be -remambered that the occupant of reoom 12A found it impossible to

similar buildings in the private field by any legislation, local or national, at the locate the nearest fire door becnruse of smoke. Senier Nursing Officer

time of the congtruction of the Murses lome or at present, McUregor doec say that because of smoke on floor D she woe uneble to find

the west Tire door nnd entered the kitehon by mistake.
7. Dr Gunn, Chemical Inspector of this FCG has presented you with a report on this

topic and T have little to add to his report which presents the following conclusions.
27.1 Ceiling Void ~ Fire Stopping

The construction of Lhe ceiling/floor membrane is such Lthat the

timber batten beneath the structural concrete beam comes very close

? o ' o 4 | 10
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The open loﬁnge and telephone nren leadinp directly off the main
corridor are not, as Dr Cunn in’'icates, excluded by legislation
though the furnichings of‘tho.loungo_in thece circumstnsnces might

. nive'éause for disquiet. Tie nepect nppears not to hnve pald ony

rart in the death or sustoined injuries.

(274 Floor, Compartmentation

lﬂe scparntion between floors, ﬂrehchcﬁ by the multitude of service
ducts is a matter, ol disquiet,.slthouch nghin this sppears to have
played no part in the denth or sustained injuries. } It.ig known that
fire travolled between floors via many of these tducts and theidr
éonstructinn wonld not sppeer to mect present standards.,  Morcover
Buruins mnterinl oppears to hnve fnllen down one of tho duats to

‘the lowor floors which moy have cnused [urther complications to the

"éuehpe of the oscupanto.

27.h,1 ° DBritish Stnndora CP %13 - 1973 Soction ‘4.2.1 vays "Where o

duct.conveys sorvicen to different fire ecompnrtoents of a
building, the nepbrution between the compirtments should be
preserved by the duct enclosure which in normul eircumatances
should have firce redistanco at leust equel to the standard
required for the structure of the fire compartment in which
the duct io oituated". ie, with cace of the ducto connecting
floors they ohould have fire reaslstance equal to tho floer/
oelling, which would, I believe ba 30 wminutes atondnrd, I
interpret thie clause ng indicating that the surfoce elosures
of tho vortical duet Lotueen bedroomo should have full 20

minutes fire reslistance,
27+.5 Ceiling Lining
l

The eedling 1ininu hns been the subjeet of wany teats ot the Fire Recoarch
Stotion of which 1 hnve been mnde avare. Hr Andorzson, Civil Enginecring
Inspector .of this FCG has obtained dotsils, sent to you, of the Celotex

ceiling tiles, pfobnbly of the type used in this building, supplied by the

"manufacturer, vhich showa them to be of Class 4 with respect to fire

ronistance. .

11
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" have nden corden of correnpondence botwern the [epional Nespital Ronrd

and Lhe Fire Service gatqd 1959, vhien the Fire Jervice exnreossed
ezidersble ﬁiuquieﬁ aboul the cecilins tiles rnd the Authority

indientod that the tiles wure tu b trested ;ith u {ire-retardent conting
qﬁm:d 'Albi R'. Tt iz my belief thot the use of protective conting to

up-grade the fire resiclonce rnti&:\nmld net Le rocognisced by the

stoprovriote legisislion, partly bacnuce only the outwurd face would be

rorted and nob -the Lutted edce ner the upper face.

12
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illed recovereq Irom thib OULALULIE -TARLMLL AERAyEL 2885 e . - - . - -
praportdsn hhnn would '} nxpeotﬂd of tha Cledn 4 rntings  The view;, ' would continue sounding until reset, alter the duration of the emrrgemey, or until
however, , that the tilea probably fniled by loosening from the fixing

‘ deeroyed by fire. ‘Mr Thomson has indicated that the wiring of the new sounders

pins by heat shrinking, followed by the tiles swinging down and : ", uas to recog nlseistandards and the failure of the alarm on floor € would appear to
presenting vertical faces pesisting rapid fire spread, indicates : ‘ have been due to its position close to the main meat of the fire and would have
their unsuitability as ceiling lining for a corridor intended 83 & e beéniexpoéted. The sounder was im a position in the escape route where it would
meens of escape and is in reality indicative of their probable effective i normally be expected that a fire would: be Yate to penetrate. In tﬁe peculiar

-+ - correct rating as Class 4. As Dr Gunn indicates, the 19?1 Buildlng o . . ¢ircumstonces of this fire, it appears to have started and rapidly developed in
{Scotland) Regﬁlaﬁiona-requre a Claas, 0 mater}al, with much higher o .. the corrido; itself..

resistance, for corridor linings in these circumstences. .
' b i .
’ : 33, It nppears to me that the queation at issue would be, after destruct1on of

28. ?hé summary is thatiihia h@;lding would probably neot meat current standards - i . the nuundur or wire on floor C, would it be expacted that nll sounders in thia-
in respoct of, ! ’ .> : ’ S ‘: building would become inoperative. It is anssumed that the fire, caused a short-
‘ - . . . : Ek‘, cireuit in the wire behind the counder and Mr Thomson confirmed that with the reduced

(a) the ceiling lining C ' - Gélﬂ) Hé voltage which would enscue after damage by fire to the jnsulation, the sounder would
(b} the unatopped seprvice duets with insuffieient fire resistance ) I . behave roughly ns reported.
{e)- .~ the design of the corridor outside rooms 12/124/13 ) o
{a}. the furnishimgs for en open lounge area opening dirsctly on : 3, British Standard 5839 part 1 of 1920, in Clause 9.7 says that, "The sounder

- to. the main corridor. 5 . . e circuits should be so arronged that a short- c1rcu1t or disconnection at a single

. - - . : meint’in the wiring does not result in the silencing of all scunders in the building'.
29. Section D Fire Alarm . . This British Standerd superneded firitioh Standard Code of Practice 1019 of 1972. I
- i? have found no such requiremont in RS CP1019 1972,

It who conmistontly reported by occupants of the building that the firs alarm gave

an inadaqiate eignal when first activated by, it is understood, Jacqueline Pearson, 35. The purpose of the clnuse would he to proteet ogoinst the while alarm system

occupant room B9 on floor B. The conebneus Appengs to hnve beenh that the alarm ' i-‘ being unknowingly out of nction during e non-fire situation, between tests. Bs ¢P109
sdunded for & period of from 15 seconds. to 2 minutea. Jaogueline Pearson hhad ' inys emphasio on regular testing.  However, it could be that with an alarm aystem
sctunted the nlarm oh instruction from Praccy (Elizabeth) Hopton who had disoovered . initnlled necording to elnune 91 of the new British Standardy destruction of the wiring(?)
the fire on floor C after nascending tho west stairemse from floor B in order to . on floor C might not have rendered inactive mounders on other floors.

investipate mpparent disturbances. Eligabeth Ilopton could see only smoke when

looking along corridor ¢ from the west fire door, . 26. Section E Genoral Fire Pregnutions

0, The hospital fire elerm system has been thoroughly investigated by Mr J N Thomsen, i; Aspests of genersl fire precautions in the building to which I wish to refer relate to

Senior Electrical Inspector of this Floeld Consultant Group, whose report you have. fE the condition of the fire doors und to the fire drills.

After rejection of a number of hypotheses he reached the conolusien that the fire

alarm had failed becsusa of the involvement of the sounder on floor € in the fire ' ; 37, Pire drills uppenr to hove been cnrried out from time to time., Some occupants

and probably the effect of fire on the wiring where it emerged from the space behind . have been involved in several unexpocted drills during night periods. lowever, the

the panel in the wall to which the sounder was mounted. : practice secms to have beon alunys to leave the building via the main eastern staircase
i 1 . : and the front deor. No one appears to have used lifts. hut there was apparently no

31. The sounders replaced bells,which had been behind the panels, in 1969 following - coneideration that at some time the eastern route could have been blecked nor did suy

discussion botween the hoapitsl authority and the fire brigade during an upgrading . - occupant appear to leave via the west exit, altholigh this route could have heen by far

exercise on the fire alarm system throughout the hospital. ‘ f her nearest oxit. -

13 ‘ : ‘ 1<
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There also appears to have been much lack of knowledge on how to open the emergoncy

fostenings for the fire doors.

8 1 note also the emphnsis on the oﬁcupanta gBthering warm clothing when

responding to o practice alarm. Thia may well be ndvisable during a practice at

niéht'and in cold weather but if thereis a possibility that the alarm were to have
been in earnest, valuable time could be lost in gathering ¢lothing ets. 1In fire

‘traiﬁing, this cennot be too atrongly emphasised.

39. Th;'eastern staircase, particuiérly-from the level of fleor C upwards, hed

) d
suffered considerable domage from heat and smoke. . The smioke demage had progresse

The fire sounder on floer F had suffercd
The fire door and frame

to the corridor in the upper floors..
substantial hent damage and was considerably distorted.

damage
at the eastern end of corridor C was alsc completely- burned away aolthnt the &

Such a doof would be expected to provide
Thtat would be a guide

to the staircase is not surprising.
20 minutes fire resistante under standord test condi tions. X
the firs in corridor C wna probably of an intenoity greater
; fire door could well have

to iEs”parrormanca but 3
than stendard fire conditions and a stondard 30. minute e
\uzned.fhrough 4in.less time under these conditions.  However, such a door shou
ML .

'stiil provide opportunity for higher fldors to be evacunted.

ﬁO On my vinit to the home on March 8th, I found that the lower member, the only
-

part remaining, of the eastern door of corridor O was still wedged in the fully
open pocition by the floor tiles. When I investigated the hingg it suddénly
reledsed; the door moved rapidly to the quarter open poaition and then gradually
fully closed. ‘ '

44, There had been reports of a 'bang" particularly by SeniorlNuraiﬁg Siatard .
MeGreger. That eould have boen caused by ropid ignition of a qunntitiio ::o u

of incomplote combustion frem the fenrt of the fire, vhera oxygen supp ee' ¥y
there have been insufficient for complete cqmbustion. If air were suddenly admi;:ed
by, eg n breaking or opening window, rapid combustion of the gaseous products would
oceur possibly giving an explosive effect. This could have suddenly thrown op:n
the eastern door in corridor €, sufficiently for jt then to be wedged against the
floor tiles rnised under the effect of the increasing temperaturae. On my viait on
March Bth I tried the effect of a sudden push on the corresponding door of flo?r B,
sti11 intact, and found that a sudden blow of sufficient strength could cause 1:t‘°
to fly wide open to the wall, from which position it returned teo the closed position.

Thus I do not consider it to be posaible to determine whether the door on fleor C

vas open or not.

-~

/8

Err i

e * Howover, on the upper floors there appoar:s to have been ovidence that

" doors were held open and there im constant reiteration in statements of
_residents that doors were often wedged opens  The purpose seems to have been
to enable felephones on alternate floors, including floor €, to be easily

heard from intermediate floora rather than to remove obstructions to the normal

entry and exit to and from the varigus floors during day to day purposes.

" %3, I am led to the conclusion that it must have been a sommon practice to
wedgé oﬁen fire doors and te leave them in that position thus defeating the
very pufpose of protécting the gtaircase from the imdedinte effééts of fire on -
any one floor and deluying the spread of rira‘gnd smoke to upper flaors. It
is smoke that introduees difficulties into evacuntioﬁ of ?uildings particularly

in the early stages of a fire when cccupants can become disorientated due to
Inck of visibility and choking effects.

Wk,  However, it seems unlikely that in this coese the Tire doors played any
part either in increasing the intensity or rapidity of spread of the fire

dévplpping on fleor C or in delaying: the escape of people from ‘upper floors.

"GENERAL CONCLUSIONS
45,

1 have not felt able to give an answer to the questions of where the fire

started on Flaor ¢ or what would have been the cause of the fire. The distribution

of fire damuge is, I believe, of such a nature ag to make answering those questiona

extremely difficult and possibly misleading.

he, There im strong indication that the deceased nurse Morag Goodall left

as the bedroom door waas left ajar, possidbly to investigate
If 8o she may have discovered the

her room in some hurry,

romething. geat of the fire and then have beepn

trapped by amoke and heat before she could make her escapa. Her poaition when

found ocutaide bedroom C1B might indicate that ahe was running from the fire in a
westward direction, but she may have turned in falling,

A bedroom as & seat of the
fire can probably be excluded and the other annexes,

such as the cleaners closet
off the telephone recess do not appear to provide sufficient pogitive evidence.
b7, The celling tilea probably contributed to the very rapid development of

the fire oncg they became involved by heat and were loosenad from their fixings

after an already severe fire. Thereby they are shown to have been unsuitable for

the lining of a means of escape route and any protective treatment given did not"
bring them to the appropriate standard of fire resistance.

/€
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** sounders should have continued operating.

‘48, ~  he cccupants of Floor C suffersd mevers injurles becsuse the fire
'éeparatisn of the beg;oom'door did not provide sufficient time for rescue to be
. effected once the maiﬁ-egcape route was severed. However, legiclation does
not appear to provide for any highet standard-than was installed. Design would
.normally anticipate that a fire would start in & room off the corridor and nqt

in the main means of escape.

.4g,.,  Fire spread to upper floors viam. the service ducts which did not appear
to be of the appiopriate-fire standard, although occupanta appear to have made
escapeé before the fire broke thréugh and it was unable to take hold before the -

fire service had the situvation under control, .

Sd. - There appeara to hav;'been some laxity in the control of fire doors
adjoining the eastern stair well, although these .doors do not sppear to have
influenced either the spread of fire or the difficulties of ‘escape from upper
floors.

5ir . 'The fire alarm appears to have failed at an early stage due to fire
_daméga at the aocunder at Floor C. This was.partly a result of the fire occurring
" vinere it should not have been expected. Current British Standardsappear to
require that in the event of fallure of the alarm on Floor €, the remainder of the
That British Standard dates back only
to 1980.

K MOs8 -

BM Senior Chemical Inspector
Field Consultancy Group
Health and Safety Executive
Edinburgh

29 March 1982
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APPERDIX 1

Redroom C1

REPORT ON DAMAGE AS OBSERVED OR VARIOUS VISITS TO THE NURSES HOME, KIRKCALDY

. N ]
There was fire damage to curtsins, the carpet was charred. In the lobby paint-

work on the walls was burned and peeling, a towel on the rail was scorched and

the;ﬁararohe door was charred particularly at the top. The door to the bedroom

was burned nway e::cludin.r_;; part of the cuter frame doun two sides and aléong the
iap,  The door {rame wan badly eherrod an the euteide and lsen serionsly ¢harred

on the inszide.
f

Beoiiroom C2

There
were cosmetie bottles on a corner shelf of which the plastic had melted. The

The damajte was similar to thot in bedroom €1 but of & more serious nature.

dreéhiné toble was severaly charred on the top. Placstic cosmetic containers had

meltea, an anti-perspirant aerosol had a melted valve and probably discharged the

. eontents. A second merosol hnd softened plastic but had probably not discharged.

There were charred books and paper in a corner by the window on the floor. In the
lobby, the mirrer was broken, the light above was broken and the plywood facing to

Lhe duct was ~ompletely burnt away. The frameworlt of the duct was badly burnt
The front of

the vardrobe wns burnt auny and ¢lothing on the shelves was partially burnt. The

but the fire had not penctrated through the duct into bedroom C1.

partition between the bedroom and lobby hod suffered some damage on the lobby side.
This partition woa C(noed on the lobby side with quarter inch plasterboard ond on
the bedroom side with thin tongued nnd grooved timber bonrding. The gap between
was hbout three inched. The main bedroom deor was completely burned away

which is

The deoor {rame iz badly charred equally on

excluding n very narrow remapining plece slong the top on the hinged side
extremely badly charred through.
both eides exeluding the rebnte where the door would fit and the door was evidently
elosed durlng the fire.
Moor level.

The domage was more severes at the hirher parts than at th

Radroom $3

The enrpet was charred on the surface, the curtsins were burned and the TIight shede

wag broken by heat. The bulb was intact but sooty. There uas smoke and heat

damage to paintwork of the ceiling ond upper wall nenr the door but little other
damage. In the lobby the mirror was cracked ond the glass chade of the light above

wunr arnchad. Thae prmelting of tha Jduot was burned auy at the top half and fire
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‘.were ramaing of a radlo on the small wooden shelf above,

" particularly on the wall adjacent te bedroom CS.

had ponefroted to tho adjncent hedroom Ch. lloles hnd burnt awhy in nlages in
the lower half, ° The wardrobe door woo charred, the upper cupboard and the
door wure bodly chnrroaxund a puitcese in the upper cupboard was burnt. The

. lobby showed signs of heat and flame damsnage aleng the upper portion. The door

rebote indicnted that the door had been closqd although the door had burned
auux‘excluding the odge timber supporting the locks which was lying on the fleor
ond the edge timber holding the Hinpes which was very hndly'chnrred right

. through. fGhe door frame wra very badly charred on the corridor side possibly

worue‘At.the bottom than the top.

Bedrpom Ch

1t in Lnduratdod that this 4o tho bodroom where the hairdryer wao found. Thin
bedrooii showed coneiderablo firo dnmege. The matiress was badly burned exposing
eprings, o tnble top wos miselng and the rest of the Tramevork waa badly chorred
apart from places whers thinga were obvicusly atnnding on it and cooling the surface.
The cornor chelves wore deoply charred. The panelling te the partition with the
loﬁbg was decply charred and burned through from ceiling to half way down. The
racess above the bed-hesd woo completely pprn?é awny.Some of the timber panelling

had shrunk &nd pulled out of the tongued and grooved joint. The hairdryer was
iying ﬁn the floof;'plugccd into the socket and the wall mwitch was on.  There

On the shelf of the recess
wera two ciroles one nbout 2" in dimmeter and the cther mbout 4" in diameter whers
heat shiolding hbd beeh provided. Little remained of the ensy chair apart from a
portion of the portion of the woodon frameworh and come of the metal springs. The.
¢arpet hppeared to he burned away 1h front of the dresuing Lable for o réough brea

of nbout 2' x 14, y
backing in contact with the floor scorched through. There wore charred papera and
bookse on the fleor and the lower shelf of the corner ghelf unit. The window ledge
The plastor hnd suffered hoat apalling,

The bed in Ch appoared to have

The runt of the onrpet wan subntnntinlly burnod lanving the felt

and fronme were badly charred through.
been under the window. In the lobby the wardrobe was apparently completely burned
awny although the doors were propped against a wall above the pile of charred
moterinl, The doors wera completely charred olmost from both sidea. The plaster-
board of the partition with the bedroom hod gone frem top nnd was badly spalled

in the lower half. The timbor panelling wns scorched ond charred at the top. The
framework of the receos entry showed bad charring from top to béttom, The plaster-
bonrd partition on the left hand nide of the door wns mimilarly affocted. The
mirror above the busin wne eracked end tho light fitting hed suffered heat damags.
The shnde had gone nnd the bulb had broken away. The wash-besin was broken. The
ponelling to the duct had burned from ceiling level to within 12" of the floor below

which it wos badly charred.

P r—

[P

- prifeipolly from smoko.

- The insulntion on the adjncent plpes hud burned away and the fire had penctrated

hhréugh the duct-to’ the adjacent room at the upper holf. The plosfer on the
inside of the outer wnll'éf the loblby had spalled avay and a very small portion
of the door fréme wna attuched on the hinged side about 3' from the floor. The
The facing of the door frame on the inside of the

lobby wéll had gone and the frame itself, wos completely chorred particularly at

reat had completely gone. ~

The rebate at the opening side had been burned away so that
On the outside
the frame was probably more doeply damaged at the upper levels than the lower.

the upper level.
it wan impoquiblo to tell whetlier the door had boen opon or clozed.

Bedroom CS

The curtaina wore burned but the rest of the damoge wos princiinlly from smoke apart

from the charred cnrpat. The bed wag under the window. The light shade was missing
and the ceiling wns charred and the paint peeling. 1In theilobby the wordrobe door
The material behind suffered

Somo garments on the coat hooks on the bedroom partition

wns scorched nnd ehe door wan off the runners.
principally smoke domngo.
wall éca:burnnﬁ to charred frogments. The plosterboard was cracked and scorched
and the paint pecled from the top half.  There wag-much less dnmage at the bottom ~
The frome wna charred around the top particularly at ceiling
level. The celling whz chnrred, the panint was peeling ond the wall to the corridor
the plogter won pocling to wome extent, The ttoor wio burnt through but the outer rim
of the frame won substontially intoct with the latch in the locked position. Tha
frame was charred and scorched on the upper haolf,the lower hulf hod ouffered smoke
damnge.  The outer frame on the gorrider side was bndly charred, very deeply,

porticularly on the upper level.

Bedroom C6

The damnge in thio room was similer to that in €5 but of n slipghtly worae nature.
The curtning were burned, the chrpet wuz chorred. There wos a box of matches on the
dressing talls, covered by o lolding down 11d. Three or four haod not ipnited.

The lobby of bedroom C6 wus similar to thot of €5 but the damage was slightly worse.
The waridrobe wne empty and nppears to hnve been empty at the time of the fire. A
nmall portion of the door frame ineluding the latch wos in position but the lateh vas
not locked. The stote of the frame wac similar to that of bedroom €5 and the damoge

on the outnoide was similnar to C5 but more severe at the top level.

Bedroom C7

This room appesred to be the moot severoly damnged by the fire. The only item of

furniture left in was one ensy chnir which itself had been substnntinlly undamaged.
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;femaindér had bee¢n removed.

The brass unlon on the radiator beneath the window had been subjected to such heat
VThe window 8ill was very deeply charred and the
The ceiling spalled down to tile level and the

that it had exponded anq.partéd.
window frome similarly chﬁrred.
light had burned from the ceiling and wns hanging by charred wire.
was dislodged from both walls, The partition to the lobby had completely burned
through apart from the wooden framework which was vefy deeply charred. What

It appeared that the

The pleater

remoined of the wardrobe frame wes very deeply charred.
There were in the floor of the wardrobe recess a

number or gramaphene records with charrod paper sleeves, The asmall pile of nine

10-penny piaoea 1ny on the charred remaine of one of the horivontal members of the
partition. The panelling to the duct to the adjacent room wos completely burned
away and most of the wooden framework for the panelling had charred almost completely

The door frame was very deeply charred from floor to ceiling.

through.

Bedroom €8

The window 8ill wes substantially undamaged although the curtains were burned away.
The bed wae beneath the 'window and the chair was badly burned, The dressing table
lid had been up’ and a small beook of matches on top of the dresaing table was charred
but had not fired. . The rest of the material on the dressing table was badly charred
and the plastic had melted. The light fitting had burned away but the metal part
was in situ. The wooden panelling to the lobby was surface charred at the top
half, The carpet was scorched but the pattern was visible when not covered wi&h
burnt debris. On remcvins a scorched blanket lying on the floor the protectedlwas
exposed as if the blanket had been flung onto the floor when the ootupant realised
the fire had started hut'befora it enterad her roow. In tha lobby the panelling to
the duct had completely burned away almeost to floor level and the frame was budly
The mirror was cracked, the plaster had spalled away from the wall and
was lying in the wash ba?in. The plasterboard on the adjacent partition hnd burned

away at the.top half although the lower half was substantially untouched. In the
The plasterboard on

charred.

recess entry the framework was badly charred in the upper half.
the sdjmcent partition had burned away at the top half mnd suffered considerable
The wardrobe had suffered severely. There was debris of

The frame of the doorway to the corridor was

damage at the lower half,
very deeply charred wood on the floor.
badly charred. The top hinge was in place on the frame in the closed position and

substantially immovable. The door had completely burned away. In the position ef
the rebate, although the frame was very deeply charred, the surface opposite the edge
of the door showed whiteness as of complete combustion. This also applied te the

part of the top and the hingo sidé.

Apart from the floor which carried some charred debris a sheet on the floor adjacent
to the dressing table andlthe easy choir protected the carpet and exposed undamaged
earpet, The rest of the carpet had principally suffered slight surface scorching
from the lohby inwards. There was very little other dnmage apart from smoke damage
and condensed water dribbling down the %all. Thé windows and curtains were intact.

Inlthe lobby there was little domage apart from some slight heat effect and peeling

paint but the door which was in position had burned through with a hole roughly

2' square. T%e remainder of the outer panel had almost completely burnt avay
exposing on the upper part of the door the charred honeycomb framework and on the
lower half of the door, uncharred honeyecomb fromewark. There was charred dust on
the ﬂoé_r which may have been cirried in later. The doorframe was very deeply
charred on the upper half at the outaide but lesa deeply charred towards floor level.
There wns blistered paint in the hinged rebate indic;ting that the door was

probably ¢losed throughout,

Bedrom 09

The curtaina had
A plant on the

Thé lampshade had broken ond broken glnss wea 1&ing on the bed,
been torn down but did not appear to have suffered fire damage.
window sill was ctill living and the light still worked. The ceiling had suffered
lleat had obviously been carried through the recess
Cn the wall there
In the lobby the paintwork hrd blimtered at ceiling level

ond there was soot depositicon.

soot deposition and smoke damage.
nt ceiling level only where the framework was burned and peeling.
vere undamaged posters.
The objects in the wardrobe were undomaged and the
vardrobe doora were only sliphtly charred. OF tho bedroom door wlilich appeared to
have been removed since the fire, the rebate on the hinged side was substantially
The remainder of the frame showed
I suspeet thet this door had

undamaged nlthough tho upper half was charred.
some ochirring including the rebute ond the upper half.
been tlosed and had just begun to burn through at the upper park,

Bedpoom €11

The window was unbroken, the walls were substuntially elean and there was debris on
the carpet. In the lobby'apart from some chorred debris on the flooxr there was no
other domege. There were signs of slight penetration of smoke across the top of the
door which was almest certainly closed. The outer ponel of the door was charred at
the top half end just begun tg burn through. The paint of the door frame was charred

and peeling but was otill in position.
Bedroom C12

The window was intact, the room wnu subgtentially und1mdned and clean apart from debr1s_
on the [loor probably Lrodden ingaed fau&komoka Above the door onto the frome
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. cbrridor side with the facing subatantinlly burned away.

Ihe outer panel o1 ne dodr wWasS Ouildvi LUGLLEW BAF S Wppss SETELs=e A

F st e

to the duct wns missing.

Bedroom C124 - - SR . : H

This bedroom‘has in similor econdition te bedroom C12 but with lessmorching on the
: . Toniag,
floor. -

Fedroom €1

The windew won intnnt And o nunher o%'e{rcles an tha window eill indiate heat
protection the rest being scorched. Similar remarks apply to the dressing table.
Th2 ceiling was scorched, tlepaint blistered and sooted. This room hes no lobby.
The carpet was dirty but undamaged, = suitcase on the floor by the dressing table
showed heat damage and clothes in the wardrobe were ‘undamaged but dirtied. Although
the bedroom door frame was only blictered and sooted, examination of the rebate which
was in identical condition with the adjaéent qudwork,‘indicated that the door wae
probably overn and allowed smoke to ente; the room. The paint was preling and hanging

off the horizontnl portion sbove.

Utility Kitchen

{ﬁe window frame wns sliphtly charred and the walle were sooted and the ceiling scoted \
and blistered.
the panel wan peeling away from the frame.

The door wno charred st the top left hand corner above the hinge end
The indication was that this door was wide :
open. The frnme was charred meross the top and 2' down eath side.

Bodroom C15

This bedroom hod & conventional lobby and the bed was beneath the window. The ceiling
paintwork was burned and peeling, the glass shnde was broken and the walls were scoted
&t the upper level. There was debris on the carpet and the panelling to the lobby
was slightly charred around the entry. In the lobby, the wardrobe doors were badly |
c¢harred in the upper half and the plaster pertition te the bedroom was falling away :
at the upper level. The panelling to the duct was burned through from ceiling level é
to about 23' below that and the paint waé peeliné. There ig an indication that

this panelling had burned through bedroom C16. The bedroom door had burned away

but the condition of the paint on the rebate on the latch side indicnted that it wag
probably closed. The paint in the rebate was blistered and soma of it had peeled.
The damngze was worse at the top than the bottom. The small portion of the remaining
part of the door frame attached to the hinges is in position charred and in the

closed position. Tho outer fr-me of the door was extremely bndly charred on the j

-showed heat domage.

This coincides with intense ceiling damige in the eorridor.

Bedroom C16

The bed maltress waa burned on the surfnce, the furniture had been disturbed. The
cyrtniﬁs wore burned. The ceiling .shoded consziderable dnmage and the light hed gone.
The paint on the upper half of the wnlls had blistered and peeled and the placter
The panelling to the lobby was chorred on.the upper half. The
small recess panel in the corner had burned through to the lobby:  There were melted
linir Brishes on the sGrfice of the dressing tabla: 'The corner shelves were charred ,
the bottles hnd suffered heat dnmage . fhe onrpet wow ohaprsd nnd Lhe polbéfi wap

no longgf visible. In the lobby the plasterboar& facing on the partition had almost
disappeared and the wooden panelling was beginning to burn through. In the wardrobe
much of the framework was 1ying on the floor ns charred wood. The panelling to the
duct had completely burned auny and the wash basin Qua broken. There was an
appearance of an intense fire in the wardrcbs but the dumage in the ceiling was very
marked as opposed to the almozst undamaged remainder of the lobby ceiling. On the
smali portion of the very brdly burned framework of the wardrobe s£t111 in rositien in
the wall the front was covered with the complstely burned white ash but the adjacent
p}hsteq‘wull on Lhe lobby side was only;surfacé cracked with the emulsion paint
preling auny. The tbp hinge of the outer door was fixed in the cleosed position, the
teor had completely burned away apari from the edge to which the locks were attached
which wns found on the floor. The deor had evidently been closed. The same
impression was pnined from Lhe rebole on the main frame on the lateh side but the
interior of that main frame was very badly charred. The fire was evidently burning
in this lobby whilst the door was elosed or after it had penetrated the main panelling.
The froamework to the ducting was very ;laeply chorred nni the cuter psrt of the door-

fromework on the corvidor side hnd subst/mtinlly burned away.
Redroom C17

This bedroom hnd ouffered extremely severe drmsge. The bedframe lying on the floor
beneath the window had almost complebely burned avay and the chair was in similer
‘eondtition. A omall coffee table in one corner snd the hi-fi set were almoat
complotely burnod. Similor remarks apply to’ the dressing table 2nd the corner

zhelving. The ceiling light fitling hod burned away. The vindow sill ledge was

badly charred apart from small sreas of heat protection. The window frame was
seriously clizyruod. The lloor power socket appeared not to have had a plug in and
was switched off. Bottles on top of the dressing table had disintegrated and
there waa bLroken glass lying there. The interior panel ko the lobby was charred

all over and the zmyull recess had hurned through as well as the panelling below the

recess. The reading lomp on the 1itlle wooden chelf hud suffered severe damnpge
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‘of the brick wall to the corridor.

" The dressing table was scoted on the surface,

rnd rspull.ed augy to some extent. In-the lobby the wordrobe had been almost
coﬁpletely burnedlawayland a similar effect was evident in the wardrobe arem to
that in bedroom C16.  The cbiliﬁg itself wns quite black as was the interior
The sliding doors to the wardrobe vere
ainat the wall and were bad]y eharred on the outside and distorted

The wash basin was broken and the light fitting above had substantially

The framework to the entrance of the bedroom

propped up ag
due to heat,
disappearod and the mirror was cracked.

" was chhrred particularly at high level, the panelling to the duct had burned right

through from eeiling level® for. about %t and below that waa badly chnrred and bending
The surrounding framowork wno charred particularly at ceiling

awny frnm tho frame.
The main bedroom door was evidently elosed.

level where it had burned away for &,
On the hinged side & small port1on of the lower part of the frame was in posltlon

and behind it the paint was only blistered. Similar remarks appl;ed ‘to the latch

side of the frame and elsewhere the fraome suffered. extreme damage.

Bedroom 18
The ¢eiling was blackened and blistered, windews were out, window frame was gooted.
The window 8ill was unharmed but the raldiator- was sooted. The bedding was

unﬁurned. the ehuir was unburned and the curtzins were scorched and charred. One
pertly fire damaged suitcase wns on Lhe bed probably removed from the wardrobe.

The panelling to the lobby was
blistered and a plastie bend curtain probably hanging in the bedroom entry had
There was charred debris on the carpet. In the
The celling had charred’
and bliastered and the wardrobe door surfnce was charred. The penelling to the

duct was charred and blistered at the upper level, the ceiling wua blistered and tha

melted and dropped to the [loor.
lobby the paint on the cbat-hook had charred and burned.

wnlls asocoted and charred at upper levela. The plaster panel facing the partition te

the bedroom was charred at upper levels, The outer portion of the door frame
remoined in position, the door itself had burned completely through. Inspection
of the paintwork in the rebate for the door indicated that it had probably been fully

elosed during the fire. - The main frame was badly charred from top to bottom.

Bathroom nearest Outer YWall

The door hnd burned through but the remains of the outer frame were still in position
nnd the main supported frame was serioursly charred. The window s8ill adjacent and
the window frame were thoroughly charred, the radisator had been subjected to heat.

-

Bathroom nearer the Main Corridor

The paint was hanging ffom the celling, the tilen were dislodged at upjper level above

‘but thereafter cnmplctelj'burned away.

the bath and had obviously been subjected to intense heat. The door was missing

but n seetion of the frame indiented that it wna probably closed in' the early stare
Between the two bithrooms there oppears
The windows wers

to be n duct to which small windows lead from cach bathroom.

hinged at the bottom and open at the top for about 6", the whole window measuring
nboug 8" square, The two windows ?vidsntly opened to a service duct with a pipe
running through [rom ceiling level. At the ceiling level of this duct there wes
n hhent_gf hardboard through which the pipes passed to the upper floors, the hard-
board did not appear to have suffered fire damage although it wag not firmly in

hoeition and hid sngged peraibly due £6 dnmpness.
Clesners éloset

This clenners ¢loset with a sink inside had suffered intense heat damage with
blistering paint, damaged plaster and woodwork. The door bpened outwards and
appeared.to be in the outward fully open position and almost completely burned away.
On the shelf above the sink was the top half of a broken two litre guart bottle.

A folaor_pnper bog similar in size to a domestic upright cleaner bag, charred on the
upper surfnce was lying on the shelf and leaning against the hottle vas a charred
copy “of rules for rlodners, inside a transparent plastic envelope, charred and partly

melted. Thera uere gllghtly charred toilet rolls on the shelf, a mop and other

" objects on the floor subjected to some fire but of limited intensity at low level.

An nerosol beside the sink had had the top burned out sand was emptied and discliarged.

Toilet Bathroom Area ndijncont to Lift Shaft

‘the door had been burned through but wéuld appenr to have been cloased at the time of
the fire. It wong fitted with self closing hinges and whot was left of the door was
still in the clesed position, the door had been subjected to heat and buckled, the
wooden frame surround wos badly charred. Inpide the area the paint was blistered end

reeling.

Fitchen prea off the Stairwvell

The door appoars to have been closed nt the time of the fire from an inspection of the
The hinges on the wooden part of the deor
The rebate on the

The rocm inside was

paint on the hinged side of the rebate.
were &ti1l in position but tho rest was completely burned avay.
latch pide wns deerly charred ns was the whole of the frame.
subjeeted to heating ond blistering of the paint snd the ceiling area. Just inside
the door there may have beon a amall linen bosket which had been burncd out. A

similnr one inside the door had been burned out and a third ene which was standing on
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the floor Inalde tha aoor appeared 10 be litlle more than waler talRgeds

The corridor {starting.at the east ond)

.The fire door had completely burned away snd all that remained was the outer

frome which was very deeply charred together with the fromework for the side
pnnéls. the uprer one of which would have been glass and the lower one probably
two sheets of plywood which had burned away. ‘Tha timber members are qharred

' élmoaf:cdmpletely.through. Cn the ceiling sbove the tiles had disappeared, the
* viooden Joiet was charred overall quite deeply excluding the upper levels. The

strusturnl olay tilos nbove were subatnntinlly undumaged, plaater on the wanlls
adjacent to bedrooms 1 and 2 had spalled away.

From the area by the tollets on the left hand side there were two planks lying on
top of the ceiling tile support members and were obviously in that position from
the evidence of the heat protection where they had lain on top of the Joists.
Outside bedroom door 2, the damage to the roof was such that the hollow clay tiles
had éphliéé"awny on the lower eurface exposing the hollow channels. The interior
of tﬁelhollow channels did not appear to he articularly discoloured by smoke.

It appeared that the whele of this section of ceiling tiles may have disappeared

' late on in the firey because the clay tiles in the opposite bedrcom 1, opposite the
. 1ift were not very discoloured by smokes Immediately over the fire hose there

werce two amall pieces of charred Cellotex ceiling tile still fixed to the wooden
frame. The timbers in this area were charred on the upper sufface as well. ©One

timbor Joist near to bedroom 2 was qulte seriously burned awsy on the top side.

The firok atructural beam was in the wnll between bedrooms 2 ond 3,lmmediately on
the eastern side of this beam the clay tiles were blackened but not broken. The
timber beneath tha beum was cut away to accept the beam and was charred in position.
The timbers on the enstern side of the beam ware charred but the upper surface
appenred to be unburned. The timbers running lengthwise aleng the corridor for a
distance of 2' between twe cross membors were simply surface charred. Passing
towards the door of bedroom 3 the charring became much more intense. There was a
light fitiing between the 1ift door and the toilet door on timbers attached to the
lengthwise member of the celling frame. ‘There was & second light fittiﬁg almoat

in line with the doors to the bathroom leading off the open recess. The clay tiles

opposite bedroom door 3 were blackened.

Opposite the telephone recess the clay tiles were badly broken away. This area was
the most seriously é@amaged so far. Some of the concrete had spalled away in the
lengthwiae section between the roof tiles exposing the steel reinforcing bars.

The 1engthw1se timber members of the ceiling tiles supporting structure had
completely burned through and the eross members were very badly charred. In
the telephone recess area’ the telephone on the wall had suffered fire damage
and the plaster had spalled from the wall as it had indeed in the corridor in
this area. The window was out, the window frame was very badly charred and
the radiators beneath had been aubject¥d to heat damnge. The ceiling tiles
were missing and the supporting timbers were charred but only apparently on

‘- the sides and underside. The ¢lay tiles were very block and showed of slgna

of heat-mitack and surtace spalling. The ceiling in this area rises sllghtly
by pénsiifly two dburses of tirlshk betwien the udrﬁidof snd the window in the
northern wall, ’

Lo . - .
Between 'the recess and the bedroom 18 there is a second supporting structural
conerete beam. The timbers beneath this beam were -in place but completely
charred through. The timbers beyond the beam vere charred on the sides and
lower surface only with the damage decreasing towards the western end. The clay
tiles were badly blackened with some hent spalling. The plaster on the walls
atijncent. to bedroom 5 had spalled nwuy, "light fitting No 3 wms between bedroon
doors 5 and 6. . Approaching bedroom & door, the ceiling had spalled awsy leaving
bhe hellow sections which were not partieularly blackened. The next structural
beam was between the walls of bedrooms 6 and 7. Clay tiles to either side of
this beam wers not disturbed.

Between bedroom doors ? and the structural beam betwecn bedrocoms 8 and 9 wag the
most serious damnge to the ceiling where the clay tilom were very badly broken
awoy exponing the reinforced etoncrete rod in the lengthwine conerete infill.
Substantial quantity of tho timbers oupporting the structure for the Cellotex tiles
h~d completely burned away. Opposite bedroom 8 the cross timbers were mostly
remaining but the lengthwise timbers had gone. I understand that it was in this
position that lipht fitting NnAh, the suspect light fitting, would have been
situated. Opposite the lounge area beyond the structural beam there wae
considornble combustion, the wooden framework reducing it in extent towards the
western end. The clay tilea were substantinlly undamfged in thio area. Opposite
bedroom door 9 the roof timbers again hppeured to be more heavily demaged.

From a peint roughly 12" beyond the struetural beam between bedrooms 9 and 10 the
Cellotex Liles were still in place. They had suffered burning and the paint was
preling. Beyond bedroom door 12 the ceiling wns little more than blackened. The
residue of the plactic fittings for the fire exit sign: opposite bedroom door 12
had melted and dropped awny.



29_5

In the lounge areca the room dividing unitv botweon the lounge arca and Liie CLiiLu50a

beihg open shelving had suffering charring, Chairs set along the front of this

shelving hud the upholntery alimont - completely burned owny and the framework was !

|
1 Dedroon D16 : . .
charred, Some of the foam was still present but charred and melted en the surface. 4

. There wns fire penctration at the duct of the base.
The reat of tho areva of the 1ounce had bewn prinoipally hent domnged at low level. : ere was fire penctration a e e it

The whéle of the ceiling tiles apart from one small nection on the western side nenr . -
(e, Pad 17
to the corridor had fallen away. The supporting timbers were- morely scorched. L edroon D . [
Ceiling tiles in this srea mensured approximately 2' x 3' and were larger than those |

. U There wau amoke penctreation at ceiling level nnd boge.
in the.corridor area. o el

Padzoom D35

T™e corrvidor floor .o . H .

. . . The duct 11i had n tely b od . ‘The in!eri ft du d
The corrider floor appeared to have been covored with vynil tiles covered with a e duct panelling had completely burned awny e interior of the duct ha

layer of cerpet which did not extend inte the telephone recess area. The carpet,
in the eastern half of the corridor had aubgtuntialiy burned away, - In the area i

been sﬁbjech to smoke and lire dhmage and the logping of the pipework was fire
damaged. =~ The fire had blistered the paint on the wall and ceiling sadjacent te

. the duct.
outoide tho bothroom toilet area the plastic tiles haed lifted. To the western side ? s
of bedroom door 7 and in tho doorwny of-the bedroom oppouite there woa o mound of )
Bedreom D3

mntcrxul on the floor which looked to be burnt clothing cte, together with debris
Trom ceiling tiloa. slivers of glass. I lnter understood that this wns probably

’ 1 panell 1 ' i juas
m1torla1 rcmoved from the bedrooms by the Fire Drignde. From this arca beyond @ duct pone %ng had completely burned through conouming a linen boskot Just
jnside the lobhy. There var fire end heat dnmage to the ceiling and walls.

thero hcg n to be veshins of carpel firat bndly charred snd then ultimately unburnt
aarpet.

! RBedroom T3

The _unper floor's
The panelling had been chnrred and hnd been removed, after the fire. There were

Pedroon D8 ' ) rigns that the lower end had burned through snd the framework weg charred.  The
_— zurtaing in this room were charred, posnibly where the fire cnme back in the open

The duet wos just beginning te burn through at the base with smoks penetration aot window from cutsido.

the top.
Bodroon B4
Bedroom D15

The prnel vne missing, the wood was scorched and there were signs of smoke damage

The ducting hnd burned through complately from the fleor to within 1' of the base oround the bose of the openine.

leaving a complete gop into bedroom D14 ond heat damoge in the lobby of bedroom D15 f
to ceiling ond walls.

Podroom E17

Bedroon D7 5 Mie duct penelling hnd been removed but the woodwork showed signs of scorching
e ] ! nnd smelie deposition. There was smoke dimape around the floor tileso etc.

Thero were signs of the fire beginning to hent up the inside of the panelling at

)
the foot of the duct and some smoke penetration. ' i
. o

| The panclling hed burned awny and oppeared to hwe been removed later.
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Tha wbo&qn fromevork woo hadlj charred from ceiling to floor level. A linen

banket ~djncent ‘to the duct was badly charred and burned through.

Bedronm F15 L ' -

The duct panelling had been burned through and the wooden framework was charred.

" The Eastern Sknirwell

The pleetic covering of the banisbeér wne soveroly dnmaged at level C, D up to E-
and airein with some damage at the top at level F, -
The fire door at level D hod ecracked glass with the panel still in place, end the

wooadwork was sooted and burned. Indications were that thia fire door was

probably closed. The fire pounder at level D was und&rﬁaged‘.

1he -fire. door at floor E was open when I saw it and when touched, it swung into the
The

closed position. Uhen pushed open it remained in the open position.

‘inlii.cations uvere that this door was open during the fire. The fire sounder at

flével_E had suffered damame from heat but there were no other signs of fire damage

in the locality.

The fire door at 1eve1| F had a cracked glass panel and the inside of the door was

sooted and the point bepinning to blister. The outside of the door was also

sooted, The walls of the torridor were smoke damn;‘ed and the fire sounder had

suffered congidernble heat damhge and the plastic wns severely distorted due to

heat. The indicntions aro thnt thia fire door wou probubly fuatened open during

the fire.
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Appendix 6. Report on Victoria Nurses' Home. .
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- BULLDING CONTROL DIVISION |
Scottish Development Department
New St Andrew’s House Edinburgh EH1 352 —

Telex 727301 ~ Telephone 031-556 8400 ext 5092

Your reference
Our reference BC/ 8/30

Date 1 September 1982

Dear‘Chief Executive
FIRE AT NURSES' ACME: VICTORIA HOSPITAL, KIRKCALDY

1. The purpose of this letter is to bring to the attention of local authorities
the findings of a fatal accident inquiry into a fire at the Nursest Home, Vicioria
Hospital, Fife, in November 1981.

2. In bis Determination of 25 May 1982, Sheriff Principal R R Taylor, while unable
to establish the originating cause of the fire, listed in his Summary of Principal
Findings reasonable precautions whereby death might have been avoided or the injurious
effecis of the spread of the fire on the occupants of the hostel might have been -
alleviated. .

3. A copy of the Sheriff Principalts Summary of the Principal Findings has been

sont by the Scottish Home and Health Department to the Secretaries of all the Scottish
Healih Boards. As local authorities may also wish to take account of the Sheriff
Principalts findings, a copy of the Summary is attached for your information. At

the request of Scottish Education Department, copies of this letter are also being
issued to Directors of Education and Social Work of Regional and Islands Councils.

4. It will be noted that the Sheriff Principal places considerable emphasis on the
use of combusiible ceiling linings having resulted in the fire spreading rapidly and
trapping the occupants of the Nurses! Home and on the chimney effect of vertical
pipe ducts which did not have fire resistant qualities. He also draws attention to
the lack of protection of the wiring of the fire alarm system.

Ce It is stressed that the defects in the Nurses' Home arose from a failure to
comply with the local byelaws in force when the building was erected (and, of course
with the building standards regulations which superseded them). = The building
standards regulations clearly prescribe the standards to be used in the llnlng of
escape corridors and also prescribe the standards for fire-damping, gervice ducts
and pipes.

6. Local authority buildings are, of course, required by statute to conform to the
building standards regulations and consequently one would not expect any defective
construction or materials in buildings within local authority ownership. However,
e this can only be established by means of a check, authorities may wish to consider
whether it would be appropriate for them %o undertaks a check of the buildings within
their estate, either specifically or in the course of routine maintenance.

Yours sincerely

W A 536

A R H BOTT



'SUMMARY ‘OF PRINCXPAL FINDINGS -

l.’\'i‘he fire otarted udmnwhero in tho corxridor botween Cl5 and the te'_.l.aphdne_
' prea or ?.‘Ln the -talephono aros, of C (necond) noor. It progroas'od along tho
corridor and cut orr moat of the occupanta ot that floor from eaoape by the

.fire exits at oithexr end of the corxidor.
2. The originating cause of the fire has not been established.

3. When alerted to the fire, all the occupantn or C corridoxr ratreated to

their rooms and olosed their doors, except the deceased.

4. It is inferred that the docoased probably came out of her room at tha went
end of the corridor, in oxder to escape from the fire, but fbrgut and passed

the wast fire exit which was next to her room, and made for the exit at the
east end, thus geing into fha_firo.

5+ The deceased, Morag Ellen Goodall, student nurse, Pathcondie Farm, Lethan,
Fife, who was residing in C14 Tho Nurses Heme, Viotoria Hospital, Xirkealdy,
died botwoeen & few mirmutos to 1.00 am and 1.00 em on 13 November 1981 in

Corridor C of the Nurges Home ocutside xroom C18, from inhalation of fire fumes,

6. Three occupants of rooms on the north pide of C floor wore reaoued at thoix

windowa by firemen ga fire invaded thair Irooms.

T+ At about the pame tims seven occupants of xooms on the south side of C figor
had no option but to Jump or drop from their windows, Llﬁg;\;;ghpant Jumped
unnecesgsarily. Al) who dropped or Jumped surferﬂd'auriqueIfracturee. Onae
occupant of a xoom on the south side of C floor was rescued by a fireman on
& loddex.
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woke passed through the open fim dooxr at the east end of floor C, up
sast stair, and through the open fire door of floor E, trapping three

pants, who wero rescued from outside by fircmen.

he fire alarm in the Murses Home sounded for about 10 to 20 seconds and

ceased on a1} floors, because of the effect of fire on the wires or

der on the fecond floor,

The principal cause of the fireréprending and resulting in occupants of
Home being trapped was the improper use of combustible ceiling linings

a corridor which was an essential part of the escape route {rom both oxits

the event of fire.

The use of such linings in that situation was contrary to the Puilding
-Laws of the Royal Burgh of Kirkcaldy, made in texrms of model byae-laws
\fted by the Scottish Department of Health. The Regional Hoapital Boaxrd
y not bound to comply with these Bye~Laws. In 1959, before the Rurses

o wos occupied, tho Firemastier warned the Chief Architect of the Regional

spital Board about: the dangers of sipilar materials and construction in tho

spital, end the Architoct was aware that the dangex apprehonded by the

remaster was aleo present in the Nuxses Home.

. Subsidiary causes of the spread of the fire and of smoks, were (1) the

ct. thet [ire doors at the east end of corridors C, E and P werc open at the

mo of the fire, and (ii) the chimney effect of vertical pipe ducts which

{d not have the fire resistant qualities required by the Building Bye-Laws

¢ the Royal Burgh of Kirkcaldy, made in texms of modol bye-laws drafted by

hoe Scottich Department of Hoalth, so that when fire penctrated through tho

‘1y—wood.panels covering them, fire und smoke was cafried to upper storeys.

he/ R : _ - N
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The dangers of similar ducts in the Hospital had been broﬁght to the notice

of the Chief Architect of the Regional Hospital Beard in 1959, and to officinl
of Fife Health Board in 1978 by fire officers. |

13. Causes of tho death in terms of the Fatal Accidents and Sudden Deaths

(Scotland) Act 1976, Section 6(1)}(b), included (i) the improper use of com=.
‘ % the coprided; . '

busbidble coiling liningsk‘and 11) the failure of the docoased to use, the

rira'eiit door which was immediately next to her room,

14. Reasonable procautions whereby the death might have been avoided (in termﬁ
of Section 6(1)(¢) of the Fatal Accidonts and Suddon Doatha Inquiry (Scotland)
Act 1976) were:

tn ik cepridep -.
(1) The use of ceiling liningsLﬁhich were cither (a) non-combustidble; or

(b) Class I as opecified in clause 7 of British Standard 476: 1953,
obtained without impregnation or surface treaiment of a combustible
material, as rxequired by 8 79 of the Building Bye-Laws of the Royal

Burgh of Xirkceldy at the time of construction of the Nurses Home.

(41) The use by the doccased of the fire exit doox immediately adjacent to-

her room when she becaﬁe alexrted to the fire,

(341) On the premfse that the precaution in (i) was not obsexved, {a) tha
uge of fire retardant paint on each occasion when the ceiling of the -
corridors was redecorated, (b) a fire alarm pystem set off by smoke.

dotectors in the corridora

15. Other reasonable precautions whereby the spreéd of the fire or the 1njdriq

effects of its spread on the occupnnts’mikht have been alloviated werer

, (i) Keaping tho fire doors closed at all timéa, and avoiding the iosuo-df:j

wooden wedges wheredby they might be kept opon.-
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(11) The provision of either fire resistant panels to enclose the vertical

pipe ducts, or dampors at each floor level, so as to secure that every
atoroy above the lowest -atorey should have‘a-firc ruaiatanéo of one
hour, as required by 8 38 of tho Building Dye-Laws of the Royal Durgh

of Kirkcaldy in force at the timo of construction of the Nurses Home.

(1i1) On the premise that the precaution of using linings which were non-
>

combustible or Class i BS‘476, was not observed, {a) tho protection
of the_wiring of the fire alarm systom in conduits throughout its
length and the provision of fire resistant sounders, (b) the provision
" of vehicular access to the gouth side of the buildihg ao thﬁt f;ro.

appliances could ba used to rescue persons f{rom outside the building.

16, The following did not cause or contribute to the death of the deceased,'

or contributo to the difficulties which those who were trapped experienced:

(1) The break-glass locks on the main doors on tho ground floor. Howover

the break-glass protection for these locks serves no useful purpose,
and might be a danger in different circumstancens

(11) The advice or imstruction given by Chief Nursing Of{ficer McGregor that

murses should put on some outdoor clotﬁing when ‘an alarm soﬁndad.
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Appendix 7. Other Work Arising from the Project

Publication of material included in this appendix before
submission of the thesis was done with the approval of the
Supervisor.
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¢ Following an in-depth study on developing a heuristic structure for escape potential during
fires in large buildings, A. J. HINKS of the Unit of Fire Safety, University of Edinburgh, has

prepared this article on the subject.

Predicting danger levels to
life — the deciding factors

IN any fire emergency involving people the
attainment of complete life safety is the
most important objective. It requires the
escape of the threatened population from a
degrading building environment by exiting
from the building, or by using refuge facilities.
Alternatively, cohtrol of the degrading en-
vironment can be achieved throughout the set
of spaces affected by the fire.

e effectiveness of attainment of the life
safety objective may be described in terms of
the escape potential of the threatened popula-
tion. The exact level of escape potential will
depend on the choice of the degree of injury
that can be tolerated and appropriate levels
of life safety still be attained. Thérefore the
level of safety to be attained is regarded as a
variable.

With this assumption for safety, the factors
that determine the level of escape potential
will vary with the plan form, type of construc-
tion and performance of the building; the spa-
tial distribution and .the ph‘ysiological and
psychological characteristics of the occupants;
and the expected fire scenario which includes
aspects of lg: location of the fire, fuel loading,
smoke release, smoke movement and smoke
control.

Escape path network

Moving the threatened population to safety
will depend on the design of the escape system
including the number, location and capacity of
the escape path network, and the continuing
ease with which the pathways can be used
throughout the duration of the fire event. In
addition the size and distribution of the
threatened population, together with the capa-
bility of those affected to escape, are impor-
tant factors.

This capability is influenced by a number of
components, including mobility and sensory
perception, and a level of prior knowledge of
the escape pathway through training. The
inter-relationships between the pepulation and

the building may be best handled by consider-
ing people in spaces and movement within and
between spaces. The scale of this considera-
tion is likely to vary with building type, as the
number of people in a space may be the whole
population (eg a stadium), @ group or groups
of {){ople (eg offices), or individuals.

e degradation of the environment within
a building will be contributed to by the fire
directly — if and when the fire spreads — and
by the products of combustion. These may be
hazardous by their toxicity, singly or in a
synergistic combination, and/or by impairing
the visibility of escape routes. Vanous as;
of the release of toxic gases and smokes, their
subsequent movement within and between
building spaces (as influenced by the effect of
smoke-control systems) are important factors
in the attainment of safety for the threatened
population.

A high level of safety is described by a high
escape potential and can be assumed only
when the time required for the threatened
population to reach an acceptable location and
standard of safety is less than, or equal to, the
time available as the environment in the build-
ing degrades progressively. These times may
be described as T(RE(g), which may be
defined as the time required from detection to
the escaping population reaching safety, and
T(AVAIL), which may be defined as the time
available between ignition and when the local
environment becomes untenable to the
threatened population. This may be repre-
sented by the following inequality:

T(REQ) < T{(AVAIL).

1t should be noted that this approach is simi-
lar to that considered by a number of other
workers (eg Sime(1)) and reflects an increas-
ing complexity of fire events, indicating a need
for a detailed model for T(REQ).

It is clear that there are a great number of
factors which are relevant to successful escape,
each having different degrees of influence for
all, or part, of the duration of the fire event, in

some, or all scenarios, but not necessarily for
all members of the threatened population. The
study of these factors, their interrelationships
and dependencies within the fire gvent system
is a worthwhile exercise, and part of the initial
work on this study is reported in this paper.

Overview of structure
Figure 1 shows the primary components that
directly determine T(REQ) and T(AVAIL).

They are: mode of escape and escape route
layout; and the release, movement, and con-
trol of smoke and spread of fire. Each primary
component will depend on secondary and ter-
tiary sub-components and also on other com-
ponents lower in the hierarchy. Using this
approach, a hierarchical structure of all com-
ponents of escape potential can be formed.

Two separate domains

Many of the components lower in the hier-
archy will not belong exclusively to a single
primary component; although the whole sys-
tem is formed into 1wo separate domains,
escape and environmental degradation, there
is a degree of cross-over giving rise to a com-

lex inter-active network that exists within the
ierarchical structure and in real fires.

For the evaluation of life safety, each prim-
ary component and its sub-components would
be considered as having a variable impact on
escape potential for different escape scenarios
and for different times in the duration of the
fire event. Accordingly, each will be assigned
notional values (which may be zero) to reflect
this variation. A “freeze-frame” approach can
be used; for each time segment, of the total
fire threat duration, changes in the relative -
importance of each variable for each
threatened population (total, group or indi-
vidual are assessed, and a pﬁed using the
logistics within the model and as many compo-
nents as are realistically significant.

There are obvicus problems in the practical
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implementation of such a theoretical model,
particularly as data of a reliable nature for use
in deciding the values for the contribution of a
component at a particular stage in the develop-
ing threat-safety situation are not available
generally (2, 3).

However, it may be noted that the model is
a heuristic concept to approach a systemic
understanding of fire safety. This broad
approach is a necessity if detailed research on
fragments of the whole subject are to be amal-
gamated.

The complexity and scale of such a
framework to depict the system are indicated
in Figure 1, whicgilluslrates the framework to
secondary level only (of the 13 or so levels
defined elsewhere).

Secondary components

Escape route design depends directly on the
secondary components ease of use and route
capacity. Smoke release is determined by the
rate of burning (rate of weight loss) and the
smoke release properties. of the burning
fuel(s); smoke movements depends on air pres-
sure which will be determined by four
mechanisms — ambient stack effect, fire stack
effect, wind induced pressure, and any
mechanically induced pressure; the secondary
factors affecting smoke control will vary with
the mode(s) chosen from containment, dily-
tion, and removal of smoke; however, they
may include the volume and ener y of the
smoke, the influence of internal ang external
eakage, spatial size and geometry, ambient
emperatute, and’ wind or mechanically
nduced pressure. Fire spread will depend on
he fuel and its distribution, the nature of the
urfaces with respect to fire spread, passive or
ictive fire stopping, and any fire suppression
ACtivity. .

There is potential for component inter-
ctions within and between domains, and
econdary factors will depend on input from
ertiary and lower level components.

Because of the scale of the framework only
ne component and its sub-components is
escribed, and that is the component of mode
f escape, indicated in Figure 2.

Aode of escape

fode of escape is an essentia) primary compo-
ent of escape potential. It describes the
ORI

technique(s) employed to safeguard the
threatened population. The threat may be the
fire itself or the products of combustion, or a
combination of effects. These products may be
hazardous because of their toxicity and/or
reduction of visibility, There are several
methods of escape that may be employed and
involve cither egress (phased or simultang¢ous)
or the use of a refuge facility within the build-

ing. It is possible in many buildings'that more .

than one mode will be employed in any fire
event. .

The adoption of one or other escape method
will be influenced by a number of factors. For
example: Design stage provisions — such as
refuge and protection-in-place facilities and
the provision of adequate route capacity —
come within the primary component of escape
route layout; however, they also have a signifi-
cant interaction with mode of escape.

The nature of the fire event will influence
the rate of degradation of the environment and

may be important aiso to the choice of mode of -

escape, forcing changes from the initial design
mtentions,

The initial choice of the mode of escape
depends directly upon the nature of the
threatened population. . -

Potential interaction

The components of mode of escape are illus-
trated in Figure 2, and the potential interac-
tion between components is indicated. Any of
the components or any set of components
determining perception of information may, or
may not, be influenced by any of the compo-
nents or any of the sets of components deter-
mining the existence of information about the
threat or solution. The impact and influence of
components  will depend on the escape
scenario and changes during the event. Values
can be assigned to components to reflect par-
ticular escape scenarios. Values and Telative
values for sets of components may be achieved
using set multiplication.

Factors in choosing the mode of escape
Within the range of possible influences on the
choice of mode of escape lie aspects of the fol-
lowing factors:
Building form (including spatial arrange-
ment, construction type, location, number
of floors); <2

Uccupancy type (hospital, factory, dwell-
ing);

Threatened  fraction of total  population
(individuals, groups, crowd),

Distribution of the threatened fraction of

population (around floors an within spaces).

A factor [ower in the list indicates an
increase in the likelihood of short-term varia-
tions and thus a reduction in predictability, As
the factors are related spatially and temporally
they can be described in terms of occupied
points within a three-dimensional spatial mat-
rix. This type of description could describe
easily changes in location of the threat and of
the threatened population with time. This
approach is similar to that adopted by Stahi {4)
for two-dimensional horizontal movement.

Interdependent

Building form and occupancy types, especi-
ally for new designs, are interdependent and
will affect the size and distribution of the
threatened fraction of the population. The
location of different groups within the popula-
tion may be dependent also on mobility. This
will be reflected as an interaction between
number and distribution of threatened popula-
tion and mobility. -

The capability of escapees to escape depends
on complex, and dynamic, combinations of the
communication, mobility and training factors.
This has been discussed in terms of the phases
of a fire event (1). :

Communication of information about a fire
— a vital pre-requisite to the action of com-
mencing escape — takes place in the recogni-
tion phase of escape. This is the time from
being alerted by a cue to knowing there is a
fire. A delay will occur between ignition and
detection, which may be of minimal or signifi-
cant duration. Information may take the form
of actual discovery of the fire by a threatened
population member (either by “stumbling”
across it, or by following up ambiguous cues).
It may be presented also as information from
another member of a group in a given space
when the status and credibility of the member
may be significant; or by means of either an
alarm or other information system.

Alarms do not give information about the
location, severity and relevance of the fire or
any other event serious enough to warrant use

Continued on page 24
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Danger levels. .
a V. Continued from page 22

of alarms, or suitable solutions to achieve
safety, nor do they ensure authenticity. Infor-
mation systems may give details of the actual
threat and solution, although the usefulness of
this information depends on at least the fol-
lowing factors: reeptibility, coded/open,
directionality, - clarity, logic, credibility,
accuracy, and coverage.

-~ Alarm and information systems depend on
location and reliability of the systems’ sensory
components for effectiveness. It is clear that
communication is vital and any deficiencies in
reception of information that could be
attributable to lack of coverage, faulty equip-
ment, perceplive deficiencies in the popula-
tign, or the lack of clarity or logic in the signal,
will have a significant influence on escape
potential.

’

“There is an interaction between communica-

tion and training. Coded or targetied informa-
tion is only of use to those who can perceive
and utilise it. Withholding information from
sections of the population, for whatever
reasons, may have implications for escape
potential. * - R

- Depending on the type, reliability and
extent of information imtially available, and
on the role of the person threatened, a period
of delay before action towards safety may
occur. .

ke Warning others

During the next stage of escape, coping
behaviour such as warning others and fire-
fighting may occur, This will depend on the
role of the threatened population member(s),
but a shift occurs in the relative importance of
communication, mobility and training. Any
such coping behaviour would require a degree
of moblity.

. The evacuation phase again depends on the
components of communication, mobility and
training.- Mobility is clearly important, but so
‘is training to gain a familiarity with all avail-
able routes; this is particularly important if
routes to be used normally are blocked tem-
porarily or permanently. Communication is
necessary for a continual appraisat of the situa-
tion’s development and to provide information
feedback.

Variations in the relative impertance of
communication , mobility and training factors,
and delay in response to changes to fire
scenario occur with individuals and groups (5).
Generally, group reactions will exhibit a
greater inertia, and escape potential may be
reduced, assuming that all other parts of the
escape system are og:ra:in optimally. These
vaniations would reflected in  values
assigned 10 the components in these various
situations.

Mobility during evacuation is a complex
area worthy of consideration in itself. It covers
the wide range of ambulancy (6) from mobile
to totally immobile. This will obviously affect
choice of mode-of-escape between the
extremes of rapid direct egress and “protect-
in-place™. .

Important factor

The design, number and location of escape
routes are significant interactive components,
as ambulant members of the population, cap-
able of self-starting, may find it impossible to
maintain the action of escape along complex
pathways. This is a factor that would become
more important as the severity of the threat
increases through the continual degradation of
the environment.

Escape route design is also inter-actively sig-
nificant with building layout (ie the location of
the systems with respect to the need for assis-
tance). The supply and re-supply of assistance
could well be atfected by excessive travel dis-
1ances, and the complexity of Enlhways. This
will reduce the number of the threatened frac-

tion of the poputation that can be assisted in
the time available., -

Throughout evacuation a constant updating
of information about the degradation of the
environment, remaining route options and the
activities of other fractions of the total popula-
tion may be important. As degradation of the
environment proceeds so the choice of routes
will diminish. The effect of reduced choice of
route will be different for each fraction of the
escaping population. For example, it would be
irrelevant for the fraction that have made safe
escape, or who are assured of safe escape
because of their location in the total geometry
of the building.

However, continuing degradation and
reduction in choice of route could change the
mode of escape necessary for other fractions of
the population that need to be evacuated. The
effectiveness of communicating current infor-
mation may influence the ability of the remain-
ing fraction of the population to re-adapt to
these changes. '

Discussion

The two most valuable objectives behind the
adoption of a systemic’modelling approach to
fire safety are: é? to arrive at a more thorough
understanding of the fire safety system; and
(b) to evaluate the inter-retationships of the
results of other research and investigatory
work.

During the initial stages in the assembly of
the heunistic framework it became clear that a
vast number of componential factors of vari-
able importance determine the life safety of
the system. The arrangement of these factors
into a hierarchical inter-active structure indi-
cates that the number of levels of dependency
in some areas (eg, escape route layout) is
considerable.

The definition and assessment of changes in
the relative values of components at a level in
the hierarchical structure will be important
also. These values are essential input as it
is necessary to ascertain if all components
at a particular level in the structure are of
equal importance to the assessment of escape
potential,

Investigated
Many components of the escape potential
madel have been researched or investigated

and the results range from quantitative sequela
of expenimental investigations, through obser-
vational studies to theoretical and conceptual
studies. Each of these approaches is likely to
use variables that are part of an interactive
hierarchical structure and, therefore, the
results should contribute to the assessment of
refative values of the components at some
level in the structure. ’

The implicit or explicit assumptions, or
proven dependencies and inter-relationships in
the studies of parts of the escape potential sys-
tem need examination and should form pan of
the total pattern of interactive crossovers in
the structure. It should be possible to overlay
the part-models that exist on to the developing
structure, provided that the input parameters
and output resulis can be identified closely
with components of the structure.

Attempts 10 overlay part-models of differ-
ent, but similar, sets of components upon the
escape potential network may generate some
problems. For example, the set of components
considered in evacuation studies, including
some studies using observational information
on occupant behaviour (1), some using a
mechanical approach to the cuarrying capacity
of exitways (3), and some using network fiow
systems (%), may not be compatible directly.
An analysis of the part-models will indicate
areas of overlap, in terms of components con-
sidered, thereby strengthening the data avail-
able for that set of components.

Areas in the structure and interactions and
crossovers not overlain may be indicators of
topics in which further research is required.
Individual models may deal with a vertical sec-
tion of components in the hierarchical struc-
ture — ie, penetrate the components in one
limb to a great depth — or may deal with an

St
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hornizontal section of components at one level
in the structure — ie, a part-model from
which positive crossovers can be identified.

Preliminary studies of relevant concepts and
componential relationships, such as those dis-
cussed for mode-of-escape, yield a concentra-
tion of information represented by the middle
to lower levels of the hicrarchy. There appears
10 be a need for research into the higher-level
relalionshigs. between components of primary
and secondary importance 1n the structure, to
consolidate understanding of component con-
tribution at the top end of the hierarchﬁr.

The use of the structure as a toel to highlight
these points, and to encourage their resolu-
tion, may test both individual models and con-
cepts of a systemic structure equally:
Conclusion "
Assessment of escape potential in buildings
requires a full complement of factors, and a
correct model to evaluate level of irnponance,
interactions and relative values, including
changes in relative values of components. This
is a distant goal but work in this direction may
be useful to pull together detailed research of
fragments of the system and allow a more com-
prehensive view of fire safety to be achieved.
A tool, such as this structure, for bringing frag-
ments together will be required, as will esti-
mates of values, and relative values; problems
of data collection, handling, and meaningful-
ness (3) must not be underestimated.

The use of a systemic approach will allow a
more thorough understanding of the safety
system to be attained, an amalgamation of
work done so far, and an identification of areas
where further research is needed.
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Greece offers reward
for arsonists’ arrest

REWARDS of up to 30 million drachmas
(£164,000) were offered recently by the
Greek Government for assistance leading to
the arrest of arsonists, who were thought to be
responsible for an 11-day series of forest fires.
e announcement said Prime Minister
Andreas Papandreou believed the fires were
part of a planned attempt to destabilise
Greece. He decided on the reward offer during
a meeting with defence chiefs on the problem,
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THE APPLICATION OF EXPERT SYSTEMS TO THE EVALUATION OF LIFE
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Summary

Fire Safety is a wide and inter-disciplinary field in which
experts are few, and knowledge is relatively ill co-ordinated.
There is a need for an expert in Fire Safety matters from the
conceptual stage of a building’'s life cycle. A shortage of
knowledge for the design or evaluation of a building may arise
either because the necessary expertise is unavailable or is ill-
defined. Developments in computerised Expert Systems may open up
an extensive area of expertise.

Expert Systems are a style of computer program derived for the
manipulation of relational knowledge to produce decision making
tools of a similar nature to an expert. For a number of reasons
this similarity to the expert is variable and limited.

A model has been developed based on a series of identified
relationships and their relative contributions to Life Safety.
This is considered to be a suitable application for an Expert
System.

Some initial thoughts are presented on the applicability of
Expert Systems to the evaluation of Life Safety in Fires, based
on a systems model developed by the author. Further research in
this area is planned. '

Keywords..Life Safety, Fires, Expert Systems,

Introduction

Fire Safety is an integral part of successful building design and

usage. It is inter-related to all other aspects of building
performance, however, it may not be evident in the normal daily
use of a building. See diagram 1. This may lead to it being
overlooked.

If the factors that constitute Fire Safety Performance are
identified, together with their inter-relationships with the
other aspects of Whole Building Performance, a model for the
contributory relationship of Fire Safety to Whole Building
Performance may be created. Integration becomes more feasible.

Such an exercise to identify and model the inter-related factors
determining Life Safety in Fires has been undertaken, and an

introduction to the concept is presented elsewhere (1). The
basis of the model is general, sco it may be applied to any
specific building-fire scenario. This is done by modelling the

building, its occupants, and the internal environment as a series
of sub-components of the Life Safety System, dynamically inter-
related.

SLS



Fire events may be broken down into a number of notional time
stages common to all occupants (2). See diagram 2. The
potential relationships between factors and their relative
contributions to Life Safety may vary throughout the event
stages. A model for the evaluation of Life Safety must reflect
this.

The Building Regulations have been criticised in the past on the
basis of overcomplexity and over-provision, resulting mostly from
the manner of development. The Building Regulations (1985)
reflect a move toward an improved, performance-orientated
approach. They contain the concept of equivalency, together with
encouragement to attain the required performance levels by a
flexible approach.

There is evidently much scope for flexibility in design. This,
and any changes to the design of proposed buildings, or use of
existing buildings will have implications for Fire Safety
(because of the inter-relationship with all other aspects of
building performance). It is important that this i1s recognised.
The continuing Fire Safety implications are recognised by the
designation of some building usages for compliance with minimum
Fire Safety Standards (Fire Precautions Act, 1971). Review of
the Fire Precautions Act suggests placing the onus for Fire
Safety on the owner/occupier (similar to the Health and Safety at
Work Act, 1974), and the possible extension of designation to all
building types. The adequacy of Fire Safety provisions for the
premises would be evaluated by the local Fire Brigade.

The concept of eguivalent safety may be interpreted as its
attainment in a particular instance by different means, or
between building types and usages (for example sports grounds and
hospitals).

In order that the Fire Safety aspects of design, or usage, of all
buildings in the UK ,and its review at each of the stages in the
building life cycle by the appropriate bodies (Architects,
Services Consultants, Building Control Officers or Approved
Inspectors, Owner/Occupiers, the Fire Brigade, and also
Insurance) may be achieved effectively and efficiently; all must
have access to a means of assessment that is both comprehensive
and consistent.

The model developed recently by the author (1) can be used to
analyse the relationships between, and the relative contributions
of, factors determining Life Safety. This involves the building,
its occupancy, and the internal environment throughout any fire
scenario. It is applicable to proposed or existing buildings; as
in reality the extent of assumptions varies. Implications of
changes in design or usage may also be modelled. The model forms
a base from which the comprehensive and consistent means of
assessment required by all those associated with Life Safety in
buildings may be developed.

A particular problem with the evaluation of Fire Safety is the
paucity of data. The development of the model was made using a
structured group technique; to verify the concepts behind the
model and provide a congruent set of values for the inter-
relationships and relative contributions of each factor to Life
Safety. The group consisted of eight members selected from the
interested professions such as Building Control, the Fire
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Brigade, and Academics including Fire Safety Engineers and an
Architect. The result is a systems model that consists of a set
of relational statements about the factors affecting Life Safety
in Pires; and a set of data concerning the inter-relationships
and relative contributions of these factors to Life Safety. The
model was developed to the tertiary level only, and involves
approximately one hundred and fifty inter-related factors.

Each sub-factor of the Life Safety System is clearly defined, and
described by its potential relationships with other factors in
the system at any notional time stage. Evaluation of
deficiencies convert these potential relative contributions to
actual contributions. Life Safety is evaluated on the basis of a
consistent manipulation technique developed by the group.
Diagram 3 illustrates typical relationships and relative
contributions to Life Safety for one factor. This approach,
replicated for each factor in the system produces a set of rules
and a consistent subjective knowledge base.

The Life Safety systems model allows the evaluation of any
scenario based on the judgement of factor performances. The
model provides a measure of safety which may be compared with
minimum acceptable levels. The performance of individual factors
of the system is recognised and the output will provide an
analysis of the factors failing to meet specified standards, the
criticality of these factors to Life Safety and any implications
this may have. In this way, consequences of design or change in
use can be evaluated using this information.

The complexity of the Fire Safety problem is enormous and the
model is consequently vast and its use laborious. See diagrams
4,5,6. This poses a restriction on its general application as
an evaluative tool that can be overcome only by simplification or
computerisation. The former would be a return to the
unsatisfactory approach to Fire Safety, and not in the spirit now
adopted for the Building Regulations and Fire Precautions Act.

Application Aspects

Expert Systems already exist or are being developed in a wide
range of disciplines. An Expert System has been defined as:
"...an intelligent computer program that uses knowledge and
inference procedures to solve problems that are difficult enough
to require human expertise for their solution. The knowledge
necessary to perform at such a level, plus the inference
procedures used can be thought of as a model of the expertise of
the best practitioners in the field." (3,4). See diagram 7.

A limited study of the applicability of aspects of the Building
Regulations to Expert System modelling was made at the Fire
Research Station (6). Such an approach may not be a true Expert
System, but more akin to a database. An attempt to apply Expert
Systems to Fire Safety has been made in the USA, and is
encouraging. This is an elementary model and so far applied to
models of lesser systemic representivity (7).

The Life Safety model and the nature of its structure makes it
suitable for the application of an Expert Systems approach. The
relationships and relative contributions required can be
abstracted (see diagram 3).
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There are number of aspects of the development of an Expert
System for Life Safety in Fires that require consideration:-

The tool must be relatively straightforward to use.

The tool must be able to handle data ranging from a relatively
hard nature (e.g.; fire test data) to a relatively soft nature
{e.g.; people behaviour). It should also be capable of
justifying decisions made, and presenting the input data and the
implications of the decision. These are features of Expert
Systems. Knowledge shortages in the Life Safety field will
require a combination of further research, distillation from
experts and knowledge rationalisation (1); there is also a well
recognised need for data in a wide range of fire related subject
areas.

If the Expert System is to be widely used it must be capable of
running on a micro-computer. There is evidence from a number of
sources (6) that the nature of the micro-computer is currently a
major restriction on the scale of Expert System that can be
accommodated. This is supported by a seminar held by the Open
University Systems Group and the RIBA, concluding that the
concepts involved in Fire Safety were suitable for Expert Systems
representation (8).

The developmental restriction posed by the handling capacity of a
single micro-computer, and the often restricted focal area
required for consideration by an evaluator, suggests that a
modular and hierarchical apprcach to the handling of the
information may be an appropriate approach. See diagram 8.

In this case the interactivity of the Life Safety System could be
administered by a managerial Expert System. This would co-
ordinate the information and inference rules developed to

represent the knowledge sub-sets. It will be the direct
interface with the user. This is the eguivalent of the expert
using a traditional library. The main strategic Expert System
will draw on any or all of the (expert) Sub-Systems for
information and data on the subject being considered. Use of
Sub-Systems in isolation would limit the systemic representivity.
There may be further extensions; - some Expert System shells

(e.g.; Savoir) can address databases and interface with other
programs. The implication of this for the Life Safety System is
broad because of the range of accepted (computerised) sub-systems
models (e.g.; Evacnet+, BFires, Aset, Harvard). See diagram 9.
Model assumptlons and lnput/output requirements will need
examination.

Comments

The development of the model described, and the philosophy behind
the Building Regulations and the Fire Precautions Act make an
Expert Systems application aimed at the .interested professions
timely. Research to develop the Expert System for the Evaluation
of Life Safety in Fires is scheduled to commence late 1987.

The growth in power and flexibility expected in the micro-
computer field in the near future should make the manipulation of
larger Expert Systems practicable, and is encouraging for the
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research and development exercise.
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A duplicate of diagram 3a with 5
relative values inserted. Escape Route Layout
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Factor: Obstructions.

Typical notional time stage 4: The time stage between commencing
escape from the threatened space
until achieving relative safety,
eg; a protected route or a refuge.

The values on this diagram are taken from structured group decisions.
They represent the potential relative contribution of the factors to
Life Safety during time stage 4.

The values on this diagram are for a Life Safety System involving
Smoke Control by Removal. The alternative techniques of Smoke
Control: Dilution or Containment, may produce different relative

values.
Scale: 0 - 4 : a low potential relative contribution.
g.s IOG.5 : a medium potential relative contribution.

a high potential relative contribution.
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