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INTRODUCTION

Accompanied by the economic and technological development rapidly, more and more
big buildings appeared in any where. They response different functions, in the city
center as large number of people poured in, the residential building with higher layers
(36-40 recently), the shopping center with capacitance of 50 thousand people are
needed; In city side the factory is growing bigger and bigger, to satisfy the need of high
quality and high quantity.

At the same time, because those large building with big volume, and response of many
functions, the division of fire zone and design of fire protection system is quite
important, this paper is to discuss the fire prevention of the automotive production in

different countries.

As we see that China is a country with very fast improve in development, as the fast of
its developed, there are lots of problems following with it, not only in the educational
level, but also in building design, safety care and so on. From 2008 to 2018, a total of
1757099 fire accident occurred. The annual direct economic loss of fires reached 1.208
billion RMB (0.15billion Euro), and in average 2,088 people lost their lives in the fire
every year. According to statistics, the main cause of fires is electrical fires and burning
of thermal material let fire can’t be stopped easier. The fire caused by this cause
accounts for almost half of the total number of fires. As an example in 2016 the dead
peole in fire accident, the fincial cost in it and fire reason are writed below, as shown

in the picture we can find that:
1 in the fire accident the most dead are appear in the residential building.

2 with the fincial loose part, the residential building is the top one, but the plant loose
is also quiet special, with less number of fire accidents but high fincial cost, and high

death percentage.

3 the reason for causing the accident is meaningful, most reason is from electronic, the
over used of electronic products, old wires, old mechine is becoming the murder facility
in killing lives. In plant design it has big connection with alarm system which can warn
of the accident, and stop it in time. Then the plant production fire cause is the second
of total accidents, which means there needed more fundamental operation with machine,

welled design in facility set,
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Introduction

Chairman Zhang's
flatpack skyscrapers

A Chinese entrepreneur who took just 19 days to build a 57-storey tower says he has triggered a
construction revolution. And his dreams soar far, far higher.

FIGURE 1
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In the other side the Chinese structure is famous of its impossible build speed, creative
building technology, and relatively high percentage of good quality like buildings
bridges, high rail trains... So dose there is a balance with high quality building and high
quality inner design, to react the accident.

Recently the Chinese government has paid lots of attention to the environment care, so
most of the fire resistance material used in the production, the architecture, and other
places are forbidden. Which cause lots of fire accident in this two years. Then because
of the fire resistance standard we use is just copy the America, Europe, and British
one with thirty to fifty years ago, as time passed, every codes changed except the
Chinese one, also as the growth of the plant, the asked functionality of the structure,
those standard just with data in not really suitable with the inner design needs in huge

plant area.

But the simple standard is also helped people to finish the Architecture drawing in a
short, the easy picture also helped to build up the structure in a quiet short time, then in
plant construction the higher the speed is the much money it saved, that also helpful for
a marketing sizing and the other following profiles.

Finally, as the globalization developing process, more and more super factory are
needed, the obviously the Automotive Engineering. So that dose there is also a balance
with Chinese speed and British design? What dose Chinese and British can learn from
each other, its quiet interesting that through the analyzation and comparison in the
standards, it may find some useful advice with the plant fire safety design, also it may
find some way to simplified the British standards, and some significant design point for
building up the huge plant in an effective, and low cost way.

Therefore, in this paper the aim is to define a well detailed learning with the standards
between the to example countries, try to find a better fire safety system in Automotive
engineering plant construction. Considered with high effective utilization, simple built,
low cost, and the most considered is better fire safety.

In a word, as summarized of lots of structure design standard with the two countries,
and learning some code book of architecture materials I find there are lots of interesting
difference needs to be talking about, such as the alarm joining with air condition system;
the internal/ external thermal material used; the fire resistance time with in China is
most twice of the British one, why dose they have this huge difference; there still many
details to be shown then, so that depending on analyze some of the impressive fire
accidents more and more potential safety hazard will appear below. Through those
kinds of information collection and summarizing of the data, the tragedy, it would find

some tips to improve the fire safety system in Automotive Engineering.



CHAPTER] FIRST OF ALL IS TO DEFINE THE “FIRE RESISTANCE RATE"

There are 4 levels of the building

Fire resistance

Fire endurance of level

firewall
main wall, staircase, elevator shaft
no bearing wall, escape route wall

room wall

pillar with multi layer
pilar with single layer
girder
floorslab
roof bearing
escape stair

suspended celling

FIGURE 2

Fire endurance of Building
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noncombustioles 0.5

noncombustiles 1.0

leveld

noncombustibles 4.0
noncombustibles 4.1
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noncombustibles 44
noncombustibles 4.5
noncombustibles 46
noncombustibles 4.7
combustibles
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in china
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1.1 THE MULTI STORIED AND HIGH RISE INDUSTRY BUILDING with fire

resistance level 2 which with the stock average weight over 200 kg/m”"2,

it's room pillar and floor slab should accord to the fire resistance level 1 but

if they have automatic fire extinguishing equipment, the level could still be

level 2 11



1.2 WHEN SUSPENDED CELLING IS NONCOMBUSTIBLE INDUSTRY building and
so that with it's no bearing wall, the fire resistance time could be 2.5hour,
when it is limited combustible the time could be 0.5 hour

1.3 The floor slab with fire resistance level 2, if the resistance time is hard to
achieve 1 hour, then it could flop to 0.5h. The roof with fire resistance level2,
which allow people to stand, the resistance time should higher then 1h.

1.4 If the roof with fire resistance level 2 have difficult to achieve the 0.5h of
the resistance time, it also can be solved by build up it with the uncoated
metal materials.

1.5 The room inside the building should build with noncombustible materials,
but if the building with fire resistance level 1 or level2, it could use
something combustible in their surface.

1.6 The indoor trim of those building below, should use noncombustible or
limited combustible materials. 1 high quality hotels 2computer rooms 3 play,
video room.



CHAPTER 2 THE PLANT

2.1 FIRE RISK CLASSIFICATION DURING MANUFACTURE.

2.1.1 the form of fire risk classification

Type

Fire risk classfication

lirmitation

liquid which Flashpoint lower than 28 C*

the gas with lower explosive limit lass than 10%

Substances that spontaneously decompase or oxidize in the air at room temperature
which can cause rapid spontaneous combustion or explosion
4  The substance that can generate flammable gas and cause combustion or explosion
under the effect of water vapor in the air or ropm temperature air
5 the strong oxidants which easy to burn or explode under acid, heat, impact, friction,
and catalysis such as organic matter or sulfur,
6 Substances that can cause combustion or explosion when they are struck, rubbed, or
contacted with cxidants or arganic matter,

7 The operating temperature in a closed device is not less than the spontanegus ignition
point of the substance itself

a3 M

liquid with flashpoint from 28C° to 60C°
the gas with lower explosive limit not less than 10%
the oxidants but not from fype A
the inflammable solid but not form type A
flnating dust, fibers, and (flash point of not less than 60°C) liquid droplets able to form
an explosive mixture with air,
the gas easy to burn and react

N B 8 a2

inflarmmable solid

b
1 liquid with flashpoint no less than G60C
2
1

Processes incombustibles and aways produces intense radiant heat, sparks, or flames
at high temperatures or in molten states
Z  Usegas, liquid and solid as fuel.or producing other production with the gas, liquid

TABLE 4

combustion
3 use or producing the limited combustible substance under room temperature
1 use or producing the noncombustible substance under room temperature

Ps: In the production process, if the amount of flammable and flammable substances

used or generated is not enough to pose an explosion or fire risk,

The actual fire hazard category can be determined




2.1.1 In the case of fire hazard production in any of the fire prevention zones within
the same plant or plant, the production fire hazard category within the plant or
fire zone shall be determined in accordance with the greater risk of fire; use or
flammability may occur during production. When the amount of combustibles
is small enough to constitute an explosion or fire hazard, it can be determined
according to the actual situation; when one of the following conditions is met,
it can be determined according to the part where the risk of fire is small.

2.1.2  The fire risk of stocks should be based on factors such as the properties of the
stocks and the quantity of combustibles in the stocks, it also can separate to 5
(A B C D E) levels with the form below "*!.

Fire risk

level of the Fire risk properties of the stock

strocks

1 liguid which Flashpoint lower than 28 C°
the gas with lower explosive limit less than 10%

3 Substances that spontanecusly decompose or oxidize in the air at room temperature

which can cause rapid spontaneous combustion or explosion
4 The substance that can generate flammable gas and cause combustion or explosion
under the effect of water vapor in the air or room temperature air

5 the strong oxidants which easy to burn or explode under acid, heat, impact, friction,
and catalysis such as organic matter or sulfur,

& Substances that can cause combustion or explosion when they are struck, rubbed, or

contacted with oxidants or organic matter.

liquid with flashpaint from Z8C® to B0C*
the gas with lower explosive limit not less than 10%
the oxidants but not from type A
the inflammable solid but not form type A
floating dust, fibers, and (flash point of not less than 60°C) liquid droplets able to form
an explosive mixture with air,

6 Contact with air at room termmperature can be slowly cuadized, and the product will burn
spontaneously due to accumulated heat

L0 I T I S ]

liquid with flashpoint no less than 60C°
inflammable solid

hard combustibles

T [E I

non combustibles

TABLE 5

2.1.3 When storing fire hazards in any of the fire compartments of the same
warehouse or warehouse, the fire hazard of the warehouse or fire compartment
shall be determined according to the item with the highest fire risk.

2.1.4 The fire risk of storing warehouse which belongs to level 4 and 5 When the
weight of the flammable package is greater than 1/4 of the weight of the article
itself or the flammable package volume is greater than 1/2 of the volume of the

article itself, it shall be determined in accordance with level C.

10




LAYERS, AREA AND LAYOUT OF PLANT AND WAREHOUSE

215

TABLE 6

2.1.6

The maximum allowable building area and layers of the plant and warehouse
should be limited by the fire risk levels. As the form showing below.

The number of layers of the plant and the maximum allowable area for each fire zone
mudmum allowable building area of each fire

- fire maximum zone (m®)
IS Undergrau

ype resistance  allowable S Ia [ e hulgah rise nd or semi-
= undergrou
plant plant pant  nd huilding
4000 3000 — —
3000 2000 — —
na limit 5000 4000 2000 —
6 4000 3000 1500 —
no limit no limit 6000 3000
no limit BOOO 4000 2000
2 3000 2000 —
no limit no limit no limit 4000
| 4000 2000 —
1 1000 — —
no limit no limit no limit 6000
3 5000 0 —
1 1500

level layers

single

1
-
1
2
1
2
3

o =
= e R £ L B

ps: a, Fire partitions should be separated by a firewall. In addition to the Class
A and Class II fire-resistant factory buildings outside the Class A building, when
the building area of the fire compartment is larger than that specified in this
table and the firewall is difficult to install, it may be separated by a fire shutter
or a fire screen.

b In addition to the Mafang factory, the maximum allowable floor area
of each fireproof zone can be increased by 0.5 times in accordance with the
provisions of this table, but in the multi-story fire-fighting multi-storey textile
workshop and the secondary fire-resistant single and multi-layer textile
workshops, The fireproof partition wall of the raw cotton opening, the flower
cleaning workshop and other parts of the factory shall be separated by a
fireproof partition wall with a fire endurance of not less than 2.50h. When doors,
windows, and openings are to be opened, Class A fire doors and windows shall
be installed.

¢ For a single and multi-layer papermaking production joint factory of
Class I or Class II fire-resistance, the maximum allowable floor area of each fire
prevention zone may be increased by 1.5 times according to the provisions of

this table. In the first and second class fire-resistant wet papermaking joint
11



workshops, when an automatic fire extinguishing system is installed in the dryer

hood of a paper machine and the effective fire extinguishing facilities are

protected during construction, the maximum allowable floor area of each fire

zone can be determined according to the process requirements.

d The operating platform and maintenance platform in the factory shall not

be included in the construction area of the fire prevention zone when the number

of users is less than 10 persons.

layers and area of the warehousa
¥
Fire the upper limitad area of the warehouse mA?2
resistance the
ofthe | mudmum
Fire risk type of the e | T
] il f
nele Varenouse | number o - underground or
AN layars , high rise stage -
<Y+ | single stage warehouse | multi stage warehouse - ¥ semiundergroun
allowed . warehouse ] -
gac fire zona pac fire 20ne gac fire fire zane
class warehouse warehause warchouse |  zone
A 3, 4 1 1 180 B0 = — — = —
1. 2.5 12 1 750 250 = = = = —
i 12 ) 2000 500 ] n = = —
134 ., , c
] ) ] 500 250 —_ — — — —
. 12 ] 2800 00 1500 500 = = —
£y Dy n mm nn
3 ] 00 300 = — — = —
1 12 ] 4000 1000 2800 700 = = 150
- 3 ] 1200 400 — = = = =
L¥]
) 12 Lnlir R000 1500 4800 1200 4000 1000 a0
£ " " - -\ - T ”
] ] 2100 T00 1200 400 = = =
12 Lnlir A 3000 FAi 1500 4800 1200 500
D 3 1 000 1000 1500 500 = = =
4 i 2100 00 — = = = =
12 unlim Fx) EX R 2000 6000 1500 1000
[ 3 ] 000 1000 2100 700 - - -
i 1 2100 00 - - - —_ —
TABLE 7

2.1.7 Except as the form upside, the number of layers and area of warehouses shall

comply with the table below .

ps: a, The fire zone in the warehouse must be separated by fire walls. The fire zone

between the fire partitions in the warehouses of categories A and

should

not have doors, windows, or openings; and the maximum allowable space for

12



underground or semi-underground warehouses (including underground or semi-

basement). The area should not exceed the maximum allowable floor space of the

corresponding category of above-ground warehouses.

2.1.10

2.1.11

2.1.12

b, The coal ranks of the first and second class refractory grades shall have a
maximum allowable floor area of 12,000m”?2 for each fire zone.

C, Independently constructed ammonium nitrate warehouses, calcium carbide
warehouses, polyethylene and other polymer product warehouses, urea
warehouses, coal distribution warehouses, and paper mills' independent product
warehouses. When the fire resistance rating of a building is not less than two,
the maximum allowable per warehouse is The floor space and the maximum
allowable floor area for each fire zone can be increased by 1.0 times as specified
in this table
When an automatic fire extinguishing system is installed in a plant, the
maximum allowable floor area of each fire prevention zone may be increased
by 1.0 times according to the provisions. When the automatic fire extinguishing
system is installed in the ground floor of the D and E class buildings, the
maximum allowable floor area of each fire zone is not limited. When an
automatic fire extinguishing system is partially installed in a plant, the increase
in the area of the fire prevention zone is calculated based on 1.0 times the local
area.

When an automatic fire extinguishing system is installed in a warehouse, the
maximum allowable area of each warehouse and the maximum allowable floor
area of each fire prevention zone may be increased by 1.0 times according to
the provisions expect the fire zone of the cold storage.

Class A and B production sites (warehouses) should not be located at
underground or semi-underground.

Staff quarters are strictly prohibited within the factory building. Offices,
restrooms, etc. shall not be installed in Class A or Class B plants. When it is
necessary to affix adjacent to this plant, the fire resistance rating shall not be
lower than Class 2 and the explosion-proof wall with a fire endurance of not
less than 3.00h shall be used to separate the building from the plant. , And set
up an independent safety exit. When offices and restrooms are installed in a
Class C building, fireproof partition walls with a fire-resistance limit of 2.50
hours and floors not less than 1.00 hours shall be separated from other parts,
and at least one independent safety exit shall be provided. If a partitioned wall
needs to open interconnected doors, Class B fire doors shall be used.

When the intermediate warehouse is build up in the plant building, the
following regulations shall be achieved: 1) Class A and B intermediate

13



2.1.13

2.1.14

2.1.15

2.1.16

2.1.17

warehouses should be arranged by external walls, and their reserves should not
exceed the requirement of 1 day and night. 2) Class A, B, and C
intermediate warehouses shall be separated from other parts by firewalls and
with a fire resistance no less than 1.50h. 3) The D and E intermediate
warehouses shall be separated by firewalls with a fire resistance no less than
2.00h and 1.00h floors which separated from other parts.

The Class C liquid intermediate storage tank in the plant should be set up in a
separate room, and its capacity should not exceed Sm3. In the room where the
intermediate storage tank is installed, use the firewall with a fire-resisting limit
of no less than 3.00h and the 1.50-h floor to separated from other parts, and the
room shall use a Class A fire door.

Transformer and distribution electronic stations should not be installed in A or
B plants or adjacent to them, and should not be installed in hazardous areas of
explosive gas and dust environment. For transformers and substations dedicated
to Class A and Class B buildings of 10 kV and below, when using firewalls
without doors, windows, and openings, they can be attached side by side and
should comply with current national standards. When Class B power plants
need to open windows on the firewall, Class A fire windows should be used.
Staff quarters are strictly prohibited in warehouses.  Offices, lounges, etc. are
strictly prohibited within the class A and B warehouses and also should not be
attached. When offices and restrooms are set up in the C and D warehouses,
firewall with a fire-resistance limit of 2.50h and 1.00h floors shall be used to
separate them from other parts, and an independent safety exit shall be provided.
When a partitioned door needs to have interconnected doors, Class B fire doors
shall be used.

Fire protection design of logistics buildings: 1) When the construction function
is mainly based on sorting, processing, etc., it shall be determined in accordance
with the provisions relevant, and the storage part shall be determined according
to the intermediate warehouse. 2) When the main function is warehousing
or the building is difficult to distinguish the function, it should be determined
according to the provisions of the relevant, but when the operating area such as
sorting is completely separated from the storage area by a firewall, the fire
protection requirements of the operating area and storage area can be
Respectively according to the provisions. Among them, when the sorting and
other operating areas are completely separated from the storage area and meet
the following conditions, except for the automated controlled C warehouse, the
maximum allowable building area of the fire zone and the storage zone can be
increased by a factor of 3.0 as specified one.

Class A and B plants (warehouses) should not set up railway lines.
14



2.1.18 the form shown the relationship of spacing and other reference.

TABLE 8

Fire prevention racing between plant and between B C, D and E warehousas (m)

A plant Bplant (warshouse) C.DE plant (warehouse)
name single,mult single  multi high rise single,mult high rise
12 12 3 12 12 3 4 12
plamt layer class
CLASS
ACLASS singlemultif 12 12 12 14 13 12 14 16 13
BCLASS | 12 12 10 12 13 10 12 14 13
single, mult
: 3 14 12 14 15 12 14 16 15
high rise 12 13 13 15 13 13 15 17 13
C CLASS 12 12 10 12 13 10 12 14 13
single,mult 3 14 12 14 15 12 14 16 15
4 16 14 16 17 14 16 18 17
high rise 12 13 13 15 13 13 15 17 13
) CLASS 12 12 10 12 13 10 12 14 13
single,mult 3 14 12 14 15 12 14 16 15
4 16 14 16 17 14 16 18 17
high rise 12 13 13 15 13 13 15 17 13
ta =5
Outdoor | o 1 15 2 12
charge and amountof | =10
O ol >10, % 2 5 %
gatiution| %" | 70| 6 ‘ ‘ ‘ 15 2 % 15
: transformer| =50
station o0
{t) 50 il 25 0 il

2.1.19 ps: a) The fire separation distance of Class B plant and main public buildings

should not be less than 50m; it should not be less than 30m with fire or spark.
The fire separation distances between single and multi layer class-E plant and
class E warehouses can be reduced by 2m in accordance with the provisions of
this table. The living quarters separately provided for the services of the C, D,
and E plants shall be determined according to the civil buildings, and the fire
separate distance between the plant and its own factory shall not be less than
6m. When they must be arranged adjacent to each other, they shall comply with
the requirements of the table. b) The higher wall adjacent to the two
buildings is a firewall, or the firewalls with external one to any two neighboring
with the same height, and when the fire resistance limit of the roof is not less
than 1.00h, The distance of fires separation is not limited, but the distance
between Class A plants should not be less than 4m. Two adjacent plants of C,
D and E class, its should use non-combustible walls. When there are no exposed
flammable eaves, the sum of the area of the doors, windows and openings on
each external wall is not greater than the area of 5% ofthe external walls, and
when doors, windows, and openings are not symmetrically set, the fire

separation can be reduced by 25% according to the provisions of this table.

15



2.1.20

2.1.21

Class A and B plants (warehouses) should not be adjacent to other buildings
outside the provisions of Article of this form. C) Two first-
and second-class fire-resistant buildings, when the adjacent lower wall is a
firewall and the roof of the lower factory is without sunroof, the fire-resistance
limit of the roof is not less than 1.00h, or the adjacent high-side external wall
When a door, window or other opening is provided with Class A fire doors,
windows or fire separation screens or fire screens are installed in accordance
with the provisions of the table the fire separation distance between Class A and
Class B workshops shall not be less than 6m; The fire separation between C, D,
and E buildings should not be less than 4m.
d) The main transformer in the power plant, its amount of oil can be determined
by a single station. e) The plant
with fire-resistant grade is lower than the fourth-class, its fire-resistant rating
can be determined in four levels. F) when adjacent
two C,D,E plant together, it should follow the table 1,2 limitations.

The fire separation distance between Class A workshops and important public
buildings shall not be less than 50m, and the fire separation distance from open
flames or places emitting sparks shall not be less than 30m.

The fire separation distance between Class A factory buildings emitting
flammable gas and flammable vapor and railways, roads, etc. shall not be less
than that specified in Table 3 but the fire separation distance may not be affected
by Table 3 when there are safety measures in the railway loading and unloading
lines belonging to the factory buildings. 3 Fire resistance distance

between Class A buildings which emitting flammable gas and flammable vapors,

and railways, roads, etc. (m)

name Outside rail way Inside rail way Outside road

Inside road

main

secon

dary

A class 30 20 15 10

2.1.22

The fire separate distance between high-rise plant buildings and Class A, B,
and C liquid storage tanks, combustible and combustion-supporting gas storage
tanks, LPG storage tanks, and combustible material yards (except coal and coke
off site) shall comply with Chapter 4 of this specification. Provisions, and

should not be less than 13m.
16




2.1.23

2.1.24

2.1.25

2.1.26

2.1.27

2.1.28

When the fire-resistant grades of C, D and E buildings and civil buildings are
both Class I and Class II, the fire separate spacing between C, D and E buildings
and civil buildings may be appropriately reduced, but the following regulations
should met: a) When the higher
external wall is a firewall with no doors, windows, or openings, or a wall with
a height of 15m or less below the adjacent lower building roof is a firewall
without doors, windows, or openings, the fire spacing can be not limited.
b) The adjacent lower wall is a firewall, and there is no skylight on the roof, the
fire-resistance limit of the roof is not less than 1.00h, or the wall on the adjacent
high side is a firewall, and fire prevention measures are taken at the opening of
the wall. The fire-proof distance can be appropriate. Reduce but not less than
4m.

The fire-resistance distance between the outer wall of the equipment attached
to the outside of the plant and the external wall of the adjacent factory outdoor
equipment or the external wall of the adjacent plant shall not be less than the
provisions of Article 2.2.1 of this code. Outdoor equipment made of non-
combustible materials can be determined according to Class I or Class I fire
rated buildings.

The fire-proof distance between adjacent wings in the same U-shaped or
Yamagata workshop should not be less than the provisions of Article 2.2.1 of
this Code, but when the floor space of the plant is smaller than each fireproof
partition specified in Article 2.1.1 of this Code. The maximum allowable
building area, the fire spacing can be 6m.

exception of high-rise buildings and Class A plants, all other plants which the
sum of the area is less than the maximum allowable floor area of fire prevention
partitions specified in Article 2.1.1 of this Code, but the maximum allowable
for the fire partitions If the construction area is not limited, it shall be arranged
in groups when it should not exceed 10000 m2. When the plant building height
is not more than 7m, the fire-resist distance between the workshops in the group
shall not be less than 4m; when the building construction height is greater than
7m, the fire-breaking distance between the workshops in the group shall not be
less than 6m.

First-grade autobus stations, first-grade auto liquefied petroleum gas refueling
stations, and first-grade auto gas refueling and gas stations should not be located
in urban built-up areas.

Classification of auto refueling stations, refueling stations and refueling and
refueling stations, vehicle refueling stations, refueling stations and refueling and
refueling stations, and refueling (gas) machines, storage tanks, etc. The fire

separation distance between buildings, railways, and roads, and the fire
17



2.1.29

2.1.30

separation distance between buildings or facilities within a station shall comply
with the provisions of the current national standard, "Design and Construction
of Auto refueling Stations" GB 50156.

For outdoor buck substations with a power system voltage of 35kV-500kV and
an outdoor transformer station with a transformer capacity of not less than
10MV"A and an industrial plant with a total transformer oil capacity of more
than 5t, the fireproof distance from other buildings shall not be less than this
The provisions of Articles 2.2.1 and 2.3.1 are regulated.

The spacing between the fences in the plant area and the buildings in the plant
area should not be less than 5m. The spacing between the buildings on both
sides of the fence shall meet the fireproof spacing requirements of the

corresponding buildings.

FIRE SEPARATION DISTANCE OF WAREHOUSE

2.1.31

2.1.32

The fire separation distances between Class A warehouses and other buildings,
open flames or sparking sites, railways, roads, etc. shall not be less than the

requirements of Table below.

Except as otherwise provided in this Code, the fireproof distances between
Class B, C, D and E warehouses and civil buildings shall not be less than the
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requirements of Table below.
Class B.CDF warehouse's fire separate distance (m)
B class warenouse [ lass warehouss [1F class warehouss
name smgla mulh [yer b singla multi |ayer nignrse]  smgle, mult laver | high nse
s
cass L cased foass D cass 12 class 3 classd |oass L eass D cass 3 cassd | oass 17
nalemult cass 12 10 12 13 10 12 14 13 10 12| 14 13
warenouse | 'fm;w' e [l u s ]l ]ulw] 5
BCOE Classd 14 16 17 14 16 18 7 14 16| 18 17
fignnse | cassl? | 13 | 15 ] 13 13 510 13 BBl 13
TABLE 9
2.1.33 ps: a) The fireproof spacing between single and multi-storey class E
warehouses can be reduced by 2m according to this table.

B) When the adjacent exterior walls of the two warehouses are all firewalls, the

fire separation distance can be reduced, but Class C should not be less than 6m;

D and E should not be less than 4m. When the exterior walls of two warehouses

adjacent to each other are firewalls, and the total floor space is not greater than

the maximum allowable floor area of a warehouse in Article 3.3.2 of this code,

the fire separation distance is not limited.

C) The fire prevention distance

between Class B warehouses with Class B items other than Class B and the civil

buildings shall not be less than 25m, and the fire separation distance with

important public buildings shall not be less than 50m. The fireproof distance

with railways, roads, etc. shall not be less than that in Table. Fireproof distances

between Class A warehouses and railways, roads, etc.

2.1.34 When the fire resistance ratings of D and E warehouses and civil buildings are

both Grade 1 and Grade 2, the fire separation distance between warehouses and

civil buildings may be appropriately reduced, but the following regulations shall
a) When the higher

external wall is a firewall with no doors, windows, or openings, or a wall with

be met:

a height of 15m or less below the adjacent lower building roof is a firewall

without doors, windows, or openings, the fire spacing can be not limited ;

b) The adjacent lower wall is a firewall, and there is no sunroof or hole on the

roof, the fire-resistance limit of the roof is not less than 1.00h, or the adjacent

high wall is the firewall, and fire prevention measures are taken at the opening

of the wall. Can be reduced appropriately, but it should not be less than 4m.

2.1.35 The space between the wall in the reservoir area and the building in the reservoir

area should not be less than 5m. The spacing between the buildings on both
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sides of the wall should meet the fireproof spacing requirements of the

corresponding buildings.

2.2 ANTI-EXPLOSION OF PLANT AND WAREHOUSE

2.2.1

222

223

224

225

2.2.6

Class A and B plants with explosion hazards should be set up independently and
should be open or semi-open. The load-bearing structure should adopt
reinforced concrete or steel frame and truss structure.

The pressure relief facilities shall be installed in the explosion-hazardous areas
where there is a danger of explosion.

Pressure relief facilities should use lightweight roofing panels, lightweight
walls, and doors and windows that are susceptible to pressure relief. Materials
such as safety glass that do not produce sharp debris during explosion should
be used. Pressure relief facilities should be set up to avoid people-intensive
places and major traffic routes, and should be located close to the risk of
explosion. The weight roof panels and walls as pressure relief facilities should
not exceed 60 kg/m2.

The pressure relief area of the plant should be calculated according to the
following formula, but when the aspect ratio of the plant is greater than 3, the
building should be divided into multiple calculation sections with an aspect

ratio of not more than 3, and the public section in each calculation section

must not be used as pressure relief area A-

. 2y .
pressure relief area (m~) ;

¥V - plant volume (m?) ;

C - pressure relief ratio, (m?*/m?)

For a Class A factory that emits combustible gas and combustible vapor that is
lighter than air, lightweight roofing panels should be used as the pressure relief
area. The ceiling should be as flat and free of dead ends, and the space above
the plant should be well ventilated.

Group A plants that emit combustible gases and combustible vapors that are
heavier than air and Class B plants that have dust and fiber explosion hazards
should meet the following requirements: a) Grounds

that do not spark should be used. When using insulating material as a whole
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2.2.7

2.2.8

229

2.2.10

2.2.11

2.2.12

2.2.13

2.2.14

2.2.15

surface layer, anti-static measures should be taken. B) Plants that emit
combustible dust and fiber should have a smooth, smooth surface and be easily
cleaned. C) It is not advisable to
install trenches in the workshop. When it is necessary to set the trenches, the
cover plates shall be tight. The trench shall take effective measures to prevent
the accumulation of flammable gas, flammable vapor and dust, and fibers in the
trench, and shall be sealed with the fireproof material at the connection with the
adjacent factory building.

Parts of Classes A and B that are at risk of explosion should be placed near the
pressure relief facility at the outer wall of a single-layer factory building or the
pressure relief facility at the top floor of a multi-layer factory building.

The total control room of Class A and Class B plants with explosion hazards
should be set independently

The sub-control rooms of Class A and Class B factories with explosion hazards
should be set up independently. When adjacent to exterior wall installations,
fire-resisting partition walls with a fire-resistance limit of 3.00h or more should
be separated from other parts.

explosion-hazard areas with stairwells, outdoor stairs or places of
communication protective measures such as douche doors shall be provided.
The partition wall of the door hopper shall be a fireproof partition wall with a
fire-resistance limit of not less than 2.00h. The door shall be Class A fire doors
and shall be set in a staggered position with the stairway.

The use and production of Class A, B, and C liquid plants, the pipe, ditch should
not be connected with the adjacent plant's pipe, ditch, grease trap facilities
should be set up.

Class A, B, and C liquid warehouses should be provided with facilities to
prevent the liquid from flowing. Storehouses that will burn and explode in case
of wetness shall take measures to prevent water from impregnating

For silos with dust explosion hazard, the top cover plate should be equipped
with necessary pressure relief facilities.

The pressure relief area of the food silo working tower and the upper corridor
shall be determined according to the provisions of Article 2.4.4 of this Code.
Other food storage facilities that are at risk of dust explosions should take anti-
explosion measure.

In areas where there is a risk of explosion within a warehouse or warehouse
where there is a risk of explosion, explosion-proof measures and pressure relief

facilities should be provided in accordance with the provisions of this section.

2.3 SAFE EVACUATION OF THE PLANT
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2.3.1

232

The safety exits of the factory buildings should be distributed. The horizontal
distance between the nearest edges of two adjacent safety exits shall not be less
than 5m for each floor of each fire partition or one fire partition.

The number of safety exits shall be determined and not less than 2 per fire floor
of a plant or every floor in a fire partition; one safety exit may be set when the
following conditions are met: a) Class A workshops, each floor

area not exceeding 100m”2, and no more than 5 workers at the same time.

TABLE 10

class

multi
laver
plant

semi underground or
underground

high rise
plant

single

LEVEL \
plant

T

40 30

limit | no limi
[LLH] 75
4 G0

233

234

B) Class B workshops, with a floor area of no more than 150m”2 per floor, and
no more than 10 people at the same time. C) Category C buildings,
floor space per floor not more than 250m”2, and no more than 20 people at the
same time. D) D, E class factory buildings, each floor area is not
more than 400m”2, and the number of workers at the same time does not exceed
E) Underground

or semi-underground buildings (including underground or semi-basement) shall

30 people.

have a floor area of no more than 50m2 per floor and shall have no more than
15 people at the same time.

In underground or semi-underground buildings (including underground or semi-
basement), when there are multiple fire prevention partitions adjacent to each
other and separated by a fire wall, each fire prevention partition may use Class
A fire doors on the firewall leading to adjacent fire partitions as the first Second,
safety exits, but each fire prevention zone must have at least one independent
safety exit through the outside.

The total net width of the evacuation stairs, walkways, and doors in the plant
shall be determined according to the number of evacuees based on the minimum

evacuation width per 100 persons not less than the requirements in Table 3.7.5.
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However, the minimum net width of evacuation stairs should not be less than
1.10m, the minimum net width of evacuation walkways should not be less than
1.40m, and the minimum net width of doors should not be less than 0.90m.
When the number of evacuations on each floor is not equal, the total net width
of the evacuation stairs shall be calculated in layers, and the total net width of
the lower stairs shall be calculated based on the number of evacuees with at

most one evacuation at or above this level.

Number of layers 1~2 3 >4

Minimum width of net

evacuate (m/person)

60 80 100

235

The stairs for evacuation of high-rise factory buildings and Class A, B, and C
multi-layer factory buildings shall be closed stairwells or outdoor stairs; smoke-
resistant stairwells or outdoor stairs shall be used for buildings with a building

height of more than 32m and a population of more than 10 persons on any floor.

2.4 SAFE EVACUATION OF THE WAREHOUSE

24.1

242

244

245

Warehouse safety exits should be distributed. The horizontal distance between
the nearest edges of two adjacent safety exits shall not be less than 5m for each
floor of each fireproof partition or one fireproof partition.

The safety exit of each warehouse shall not be less than 2, and when the area of
a warehouse is not more than 300m”2, a safety exit may be set. There should be
no less than two exits from each fire partition in the warehouse leading to
evacuation walkways, stairs, or outdoors. When the building area of the fire
partition is not more than 100 m2, one exit may be set. Doors leading to
evacuation walkways or stairs shall be class B fire doors.

243 The safety exits of underground or semi-underground
warehouses (including underground or semi-basement) should not be less than
2; when the construction area is not more than 100m2, 1 safety exit can be set.
Underground or semi-underground warehouses (including underground or
semi-basement) When there are multiple fire prevention partitions adjacent to
each other and separated by a fire wall, each fire partition can use the Class A
fire door to the adjacent fire partition as the second Safety exits, but each fire
zone must have at least one safe exit that leads directly to the outside.

When the outdoor metal ladders of warehouses and silos meet the requirements
of Article 2.2.5 of this Code, they can be used as evacuation stairs, but the fire-

resistance limit of the outdoor stairways of the silo shall not be less than 0.25h.
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2.4.6 Evacuation stairs in high-rise warehouses should use closed stairwells

2.4.7 In addition to the Class I and Class II fire-resistant multi-layer class E
warehouses, the lifting facilities for vertical transport items in other warehouses
should be installed outside the warehouse. When it is required to be installed in
the warehouse, the fire-resistance limit on the borehole wall should not be lower
than 2.00h inside the wellbore. Doors on the entrance to the warehouse of indoor
and outdoor lifting facilities shall use Class B fire doors or fire shutters in

accordance with the provisions of the table.

2.5 CHINESE STANDARD FOR EXTERNAL THERMAL LAYERS

In china it has three ways for thermal layers its internal, external, and
sandwich thermal layer, the external thermal layer is well used because it
well thermal resistance, thermal keep ability, structure keep, and well work
condition.

Problems: because of the air protection problem, most of the polymers are
not allowed to use, right in the market, the most used thermal material is
XPS, EPS and PU. But those is combustible material, it means they have
very dangerous in the fire protection, also as the special component in side
the material, when it get burned, the smoke is a poison. After china begin

with the environment friendly materials the fire accident is linearly rise up.

Thermal Properties of different materig

Thermal properties  Maxm temperature (C) Chemistry properties - Environment standard  Thermal conducthity Aw(mek)  Fire prevension fevel Encurance(YEAR)

SIP (polurethane) ~ Bes B0 Iogenic Fiendly 0008 Al il
PUPOLYURETHANE  Bottr 1 0rganc Polltant 0022-00%6 Bl 215

Prenolic adehyde Good 180 organc pollutant 0016-003% Bl

XP5 polystrne Better than norml il arganic pollant 010330045 B 25

EFS xtruced Normal 680 organc polltant <008 B2 2)
Corton-giass Worse than normal ol inoganic pollutant 0033-0042 A

Rock woal Bad il inoganic polutant 00 A

Inogani insuiaton mortar - Bad B organc polutant 008 Bl

(lags bead Bad Bl inoganic polutant 01035-0054 A |
TABLE 11

there are the thermal properties of different materials, STP sheet is well
generalized by the Chinese government since 2016, as they begin to concern the
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environment influence of the industry and architecture. Controlling the pollution from
abused material. But because STP in China is a new material, it can’t be fully used, also
as the forbidden of the other material, it caused lots of fire accidents. Also because in
Chinese as the form shown before, it just limit the distance between and fire resistance
of the different as the detailed design part it’s a empty area, so for further learning the
external cladding material, its necessary to concern more of the British standards and

the Europe one, all in all, this technology is used in those countries over fifty years.
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CHAPTER 3 ABS STANDARD IN PLANT

AIMS OF THE STANDRAD

When there is a fire, ensure satisfactory means of;
Requirement B1 a. sounding an alarm
b. escape for people.

Requirement B2 Inhibit the spread of fire over internal linings of buildings.
The building must be built such that in the event of a fire:
a. the premature collapse of the building is avoided
b. sufficient fire separation is provided within buildings and
Requirement B3  between adjoining buildings
¢. automatic fire suppression is provided where necessary
d. the restriction of unseen spread of fire and smoke in
concealed spaces.
a. the potential for fire to spread over external walls and roofs
Requirement B4  b. the spread of fire from one building to another.
a. satisfactory access for the fire service and its appliances
b. facilities in buildings to help firefighters save the lives of
Requirement B5  people in and around buildings.

TABLE 12

The building regulations about those fire safety requirements should be followed when
design the plant, and those arranged standards will be described below, this chapter is
just a conclusion of the ADB handbook, which provide a guidance of the British fire

26




protection

Title

Residential (dwellings)

Residential (other)

Office

TABLE 13

Shop and commercial

Assembly and recreation

Industrial

Storage and other non-
residential

TABLE 14

Classification of Buildings

Purpose for which the building or compartment of a building is intended to be used
Group

Flat. 1(a)

Dwellinghouse that contains a habitable storey with a floor level a minimum of 45m(or not) above ground level - 1(0)/ord(c)+)
Hospital, home, school or other similar establishment, where people sleep on the premises. The building may be

gither of the following. + Living accommodation for, oraccommodation for thet

reatment, care or maintenance of, ither. - people suffering from disabilities due to illness or old age 20a)
or other physical or mental incapacity

-people lower age 5 a place lawful detenson

Hotel, boarding house, residential college, hall of residence, hostel or any other residential purpose not described %)
above.

Offices or premises used for any of the following and their control:

* administration

sclericalwork(includingwriting,bookkeeping sortingpapersfiling, typing, duplicating, machine calculating, drawing

and the editorial preparation of matter for publication, police and fire and rescue service work) 3

*handlingmoney(includingbankingandbuildingsocietywork)

» communications(includingpostal telegraphandradio communications)
» radio,television,film audioorvideorecording

» performance(premisesnotopentothepublic).

Shops or premises used for either of the following.

«Aretailtradeorbusiness(includingsellingfoadordrinktothe public for immediate consumption, retail by auction,
self-selection and over-the-counter wholesale trading, the business of lending books or periodicals for gain, the
business of a barber or hairdresser, and the rental of storage space to the public). 4
* Premisestowhichthepublicareinvitedeither:

~to deliver or collect goods in connection with their hire, repair or other treatment

- (except in the case of repair of motor vehicles) where the public themselves may carry out such repairs or other
treatments.

Place of assembly, entertainment or recreation, including any of the following:
*hingohalls,broadcasting,recordingandfilmstudiosopentothe public, casinos, dance halls

sentertainment conference exhibitionandleisurecentres 5
+ funfairsandamusementarcades

* museumsandartgalleries,non-residentialclubs theatres,cinemas, concert halls

Factories and other premises used for any of the following:
smanufacturing,altering,repairing,cleaning washing breakingup, adapting or pracessing any article
* generatingpower

+ slaughteringlivestock.

Either of the following:
«place(otherthandescribedunder?(b))forthestorageordepositof goods or materials 7(a)
* anybuildingnotwithinpurposegroups1tos.

Car parks designed to admit and accommodate only cars, motorcycles and passenger or light goods vehicles that ()
weigh a maximum of 2500kg gross

code.

27



3.1 ALARM SYSTEM AND FIRE DETECTION SYSTEMS

All buildings should have arrangements for detecting fire and raising the alarm. In
most buildings, fires are detected by people, either by sight or smell, and therefore
often nothing more is needed. In this document, the term ‘fire detection system’
describes any type of automatic sensor network and associated control and
indicating equipment. Sensors may be sensitive to smoke, heat, gaseous combustion
products or radiation. Normally the control and indicating equipment operates a
fire alarm system, and it may perform other signaling or control functions as well.

Automatic sprinkler systems can also be used to operate a fire alarm system

A large house of no more than 3 stores (including basement stores) may be fitted
with an automatic fire detection and alarm system of Grade B type LD3 as described
in BS 5839-6 instead of an L2 system. (L2 — systems installed only in defined parts
of the protected building)

3.2 DESIGN HORIZONTAL AND VERTICAL ESCAPE ROUTE

When the fire accident happened, the first thing is finding the correct escape route,

in the building point the escape position should be considered in all where of the whole

building. So that the escape route design include route numbers and exit position are

quiet important.

Maximum travel distance
where travel is possible in

Purpose group Use of the premises or part of the premises One direction  More than one
only (m) direction (m)
2(a) Institutional 9 18
2(b) Other residential:
a. in bedrooms 9 18
b. in bedroom corridors 9 35
c. elsewhere 18 35
Office 18 45
“ Shop and commercial 18 1 45
Assembly and recreation:
a. buildings primarily for disabled people 9 18
b. areas with seating in rows 15 32
c. elsewhere ) 18 45
6 Industrial ™ Normal hazaru 25 45
- Higher hazard 12 25
7 Storage and other non-residential Normal hazard 25 45
Higher hazard 12 25
2-7 Place of special fire hazard 1* Qv 187
2-7 Plant room or rooftop plant
a, distance within the room p 9 35
b. escape route not in open air [overall 18 45

travel distance)

TABLE 15
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3.2.1 Number of occupants and exits

The building design should be based on a number of occupants. If the number is not

known, use the appropriate floor space factors (Appendix D).

Table gives the minimum number of escape routes and exits from a room or story for
different numbers of occupants. This number is likely to be increased by the need to

observe travel distances and other practical considerations.

Minimum number of escape routes and exits from a room, tier or storey
Maximum number of people  Minimum number of escape routes/exits

60 1
600 2
over 600 3

TABLE 16
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3.2.2 the minimum with to escape

‘“ Widths of escape routes and exits

Maximum number of people Minimum width (mm)
60 750
110 850
220 1050
More than 220 5 per person
TABLE 17

A when talk about vertical escape route, first is stair, the width, position and high of the
stair define the escape time for saving life. As the difference of amount of people in the

plant the design of stair is quiet different.

4" Sphere unable to

pass through
/
4-3/8” Sphere 1 r
unable to pass —p)
through
-
Max. AT . i
Min. Min.
s 1
Min.
e
Balconies, Decks
and all exterior
walking surfaces
which are 80" or
> 30" greater above the
surface below shall
be protected with a
5" Sphere unable to pass through 427 high guardrail
7-314" ——» 5
FIGURE 3 / we can see the
r . , _ is needed in the
structure.
Minimum widths of escape stairs
Situation of stair Max people Minimum stair width (mm)
1a. In an institutional building (unless
the stair will only be used by staff) 150 1000
1b. In an assembly building and serving
an area used for assembly purposes 220 1100
1c. In any other building and serving an
area with an occupancy of more than50 over 220 over 1100
2. Any stair not described above
y 50 800
TABLE 19
1000mm 1100mm 1200mm ﬂor" m 400mm 1500mm 1600mm  1700mm  1800mm
1 150 220 240 26C 280 300 320 340 360
TABLE 18
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3.3 FIRE RESISTANCE FOR LOADBEARING

3.3.1 As a minimum, elements of structure should have the fire resistance given in the

following.

a. Provisions to ensure that where one element of structure supports or stable another
element of structure, the supporting element has no less fire resistance than the other

element.

b. Measures so that elements common to more than one building or compartment are

constructed to the standard of the greater of the relevant provisions.

c. Special provisions about fire resistance of elements of structure in single storey

buildings.

d. Concessions in respect of fire resistance of elements of structure in basements where

one or more sides of the basement are open at ground level.

Exclusions from the provisions for elements of structure

3.3.2 The following are excluded from the definition of ‘element of structure’.
a. A structure that supports only a roof, unless either of the following applies.

i. The roof performs the function of a floor, such as for parking vehicles, or as a means

of escape.

ii. The structure is essential for the stability of an external wall that needs to be fire

resisting.
b. The lowest floor of the building.
c. A platform floor.

d. A loading gallery, fly gallery, stage grid, lighting bridge or any gallery provided for

similar purposes or for maintenance and repair.
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3.4 PROVISION OF COMPARTMENT BETWEEN STRUCTURE

3.4.1compartment wall: the wall between two structures. Buildings are separated by
the compartment wall and compartment parts. Which can achieve the purpose of rise

fire resistance, protect the loaded shaft, and cut off fire expansion.
3.4.2 to start up effective compartment it is considered in two ways

a. Fire resistance should be continuous at the join between elements forming a

compartment.

b. Any openings between two compartments should not reduce the fire resistance.

Purpose group of building or part Height of floor of top Floor area of any one storey in the building or
storey above ground level any one storey in a compartment (m?)
(m) In multi-storey buildings In single storey

buildings

Industrial

Without sprinkler system Not more than 18 7000 No limit
More than 18 2000® N/A

With sprinkler system Not more than 18 14,000 No limit
More than 18 4000" N/A
Height of floor of tog: Maximum Maximurm Maximum
stcrey above groundlevel  compartment floor area height
(m) volume (m’) (m?) (m)

Multi-storey  Single-storey buildings

buildings
Storage'” and other non-residential:
a. Car park for light vehicles No limit No limit No limit No limit
b. Any other building or part:
Without sprinkler system Not more than 18 20,000 20,000 8
More than 18 4000% N/A N/A
With sprinkler syste. n’ Not more than 18 40,000 No limit No limit
“ore than 18 80007

TABLE 20
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a. ANY BUILDING OR COMPARTMENT

\ Roof covering over this distance to be designated B, (t4) rated on deck of material
of limited combustibility. Roof covering and deck could be compaosite structure, e.g,
profiled steel cladding.

1500mm 1500mm

Double-skinned insulated roof sheeting should incorporate a band of material of
limited combustibility at least 300mm wide centred over the wall.

If roof support members pass through the wall, fire protection to these members
for a distance of 1500mm on either side of the wall may be needed to delay
distortion at the junction (see note to paragraph 74).

wall Resilient fire-stopping to be carried up to underside of roof covering. e.g. roof tiles,

FIGURE 4

3.5 PROTECTION OF OPENINGS AND FIRE-STOPPING

the fire separate elements are well needed in fire propagation defense, every joint
imperfect opening should be sealed, and the fire stopping also can help to reduce the

smoke separate.
3.5.1 opening pipes and the air condition system

a Where a proprietary sealing system is not used, fire-stop around the pipe, keeping the
opening as small as possible. The nominal internal diameter of the pipe should not
exceed the relevant dimension (Lead, Aluminums alloy, Fiber-cement, Upvc is 110mm,
other material are 40mm).

Structure
Mat less than Not less than
1000mm 1000mm
) )
I 1 — MNOTES:
£ |l I T T 1. Make the opening in the structure as small
. ) ) ' . as possible and provide fire-stoppin
Pipe specification (b) Sleeve (lur plpe] be'?we en pipe a:d structure. PRINg
f: izelﬂﬁc;a:;:;{a] 1. See table 9] for materials specification.
) De 3. The sleeve should be class Al
with pipe

FIGURE 5

b The air condition system, when the fire happened, we need a workable smoke
detector system, then it should be clear that where the smoke appearing, and the air

condition system can generate the smoke, stop it splits every where, then it can stop the
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fire, recycle the air, save the life.

P
stairway

’\ I + Ductwe

Protected
Rodiii labby j Room
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EErVing area & =
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FIGURE 6

3.6 SPRINKLER SYSTEMS AND FIRE SUPPRESSION

A Where required, sprinkler systems should be provided throughout the building or
separated part, unless acting as a compensatory feature to address a specific risk. They
should be designed and installed in accordance with either of the following.

For non-residential buildings, or residential buildings outside the scope of BS 9251,

either of the following.

1. The requirements of BS 5306-2, including the relevant hazard classification together

with the additional requirements for life safety.

ii. The requirements of BS EN 12845, including the relevant hazard classification

together with the special requirements for life safety systems.

Any sprinkler system installed to satisfy the requirements of Part B of the Building
Regulations should be regarded as a life safety system. However, there may be some
circumstances in which a life safety requirement specified in BS 5306-2 or BS EN

12845 is inappropriate or unnecessary.

Further guidance can also be found in the BAFSA’s Sprinklers for Safety: Use and

Benefits of Incorporating Sprinklers in Buildings and Structures.

34



For non-residential sprinkler systems designed and installed to BS EN 12845, water
supplies should consist with Two single water supplies complying with clause 9.6.1,
independent of each other.

* The capacity of each tank should be at least half the specified minimum water volume

of a single full capacity tank, appropriate to the hazard.

* One tank should be at least equivalent to half the specified water volume of a single
full capacity tank, and the other shall not be less than the minimum volume of a reduced

capacity tank appropriate to the hazard.

The total capacity of the water supply in iii, including any inflow for a reduced capacity
tank, should be at least that of a single full holding capacity tank that complies with
table 9, as appropriate to the hazard and pipework design.
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3.7 EXTERNAL FIRE SPREAD

3.7.1 requirement:

(1) The external walls of the building shall adequately resist the spread of fire over the
walls and from one building to another, having regard to the height, use and position of
the building.

(2) The roof of the building shall adequately resist the spread of fire over the roof and
from one building to another, having regard to the use and position of the building.

3.7.2 intension:
® Resisting fire spread over external walls

The external envelope of a building should not contribute to undue fire spread from one
part of a building to another part. This intention can be met by constructing external

walls so that both of the following are satisfied.

a. The risk of ignition by an external source to the outside surface of the building and
spread of fire over the outside surface is restricted.

b. The materials used to construct external walls and how they are assembled do not

contribute to the rate of fire spread up the outside of the building.
The extent to which this is necessary depends on the height of the building.
® Resist fire over building to building:

The external envelope of a building should not provide a medium for undue fire spread
to adjacent buildings or be readily ignited by fires in adjacent buildings. This intention
can be met by constructing external walls so that all of the following are satisfied.

a. The risk of ignition by an external source of the outside surface of the building is
restricted.

b. The amount of thermal radiation that falls on a neighboring building from window
openings and other unprotected areas in the building on fire is not enough to start a fire
in the other building.

c. Flame spread over the roof and/or fire penetration from external sources through the

roof is restricted.

The extent to which this is necessary depends on the use of the building and its position

in relation to adjacent buildings and therefore the site boundary.
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Site bounda Motional boundary

Building B

Compliance with the provisions
for space separation in respect
of building A

Compliance with the provisions
for space separation in respect
of building B

The notional boundary should be set in the area between the two buildings using the following rules.

1. The notional boundary is assumed to exist in the space between the buildings and is positioned so that one of the buildings would
comply with the provisions for space separation having regard to the amount of its unprotected area. In practice, if one of the
buildings is existing, the position of the boundary will be set by the space separation factors for that building.

1. The siting of the new building, or the second building if both are new, can then be checked to see that it also complies, using the
notional boundary as the relevant boundary for the second building.

FIGURE 7

as the area is over 1000m”2 the combustible area is then shown below:

Area of fire resisting
wall with combustible
material=ax b

Area of wall counted

I—- - —I—— as unprotected area
-J =05axb

Area of fire resisting
wall without
combustible surface

FIGURE 8
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3.8 INTERNAL FIRE SPREAD (STRUCTURE)

Requirement

The building shall be designed and constructed so that, in the
event of fire, its stability will be maintained for a reasonable
period.

A wall common to two or more buildings shall be designed and
constructed so that it adequately resists the spread of fire
between those buildings. For the purposes of this sub-paragraph
a house in a terrace and a semi-detached house are each to be
treated as a separate building.

Where reasonably necessary to inhibit the spread of fire within the
building, measures shall be taken, to an extent appropriate to the
size and intended use of the building, comprising either or both
of the following:

(a) sub-division of the building with fire-resisting
construction(b)installation of suitable automatic fire suppression
systems.

The building shall be designed and constructed so that the
unseen spread of fire and smoke within concealed spaces in its
structure and fabric is inhibited

FIGURE 9
INTENSION
In the Secretary of State’s view, requirement B3 is met by achieving all of the following.

a. For defined periods, loadbearing elements of structure withstand the effects of fire

without loss of stability.
b. Compart mentation of buildings by fire resisting construction elements.

c. Protection of openings in fire-separating elements to maintain continuity of the fire

separation.
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3.9 Celling:

For the purposes of this requirement, a ceiling includes all of the following.

Glazed surfaces.

Any part of a wall at 70 degrees or less to the horizontal.

The underside of a mezzanine or gallery

The underside of a roof exposed to the room below.

For the purposes of this requirement, a ceiling does not include any of the following.
Trap doors and their frames.

The frames of windows or roof lights and frames in which glazing is fitted.
Architraves, cover molds, picture rails, exposed beams and similar narrow members.
Fire resisting ceilings

The need for cavity barriers in concealed floor or roof spaces can be reduced by

installing a fire resisting ceiling below the cavity.

Roof lights should meet the following classifications, according to material. No
guidance for European fire test performance is currently available, because there is no

generally accepted test and classification procedure.

Non-plastic roof lights should meet the relevant classification.

3.10 RESISTING FIRE SPREAD OVER ROOF COVERINGS

a. Separation distance is the minimum distance from the roof, or part of the roof, to
the relevant boundary. In addition, roof covering products (and/or materials)
defined in Commission Decision 2000/553/ EC of 6 September 2000,
implementing Council Directive 89/106/EEC, can be considered to fulfil all of
the requirements for the performance characteristic ‘external fire performance’
without the need for testing, provided that any national provisions on the
design and execution of works are fulfilled, and can be used without
restriction.
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b. The performance of roof lights is specified in a similar way to the performance of

roof coverings. Plastic roof lights may also be used.

c. Plastic rooflights , The method of classifying thermoplastic materials is given in
Appendix B. Other than for the purposes of diagram, polycarbonate or uPVC
rooflights achieving a minimum of class C-s3, d2 rating can be regarded as

having an BROOF(t4) classification.

d. Unwired glass in rooflights: When used in roof lights, unwired glass a minimum of

4mm thick can be regarded as having a Broop(®™) classification.

e. Thatch and wood shingles :If the performance of thatch or wood shingles cannot be

established, they should be regarded as having an EROOF(t4) classification in

table
Rooflight*
3. 1 1 max, area 5m?
|
3m** minimum * Or group of rooflights amounting to no more than 5m?
between any ** Class D-53, d2 rooflights to rooms in industrial and other
two rooflights non-residential purpose groups may be spaced 1800mm
in any direction apart provided the rooflights are evenly distributed and
do not exceed 20% of the area of the room
—_—
Rooflight*
max. area 5m?
FIGURE 10
EXTERNAL LAYERS

Recently, many fire accidents in city bring the thermal material in internal and
external layers to the public sight. As the tragedy in Grenfell Tower, the Beijing
Television Cultural Center fire, the winter cherry shopping mall fire in Kemerovo...

The cause of those accidents are quiet different, but the reason which let the
accident out of control, is the thermal material in wall. Although there are lots of strict
limitation in the amount, type, properties of those material, however it still had the

response of those people passed away in the accidents.
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When we talk about external layer, we consider the external wall insulation system, the
EWIS, which is mean property of the thermal keeping, also for instance the more

information are in the table.

expanded polystyrene, mineral wool, polyurethane foam or phenolic
cladding material = foam, topped off with a reinforced cement based, mineral or synthetic
fimish and plaster

) ) dependent on whatever type is required in order to create a partition
thermal insulation ' ith 4 heat transmission factor of U=0.25-0.3 W/m2K but it stil
depended, on the stanard. Besides the loadbeamn, liner should be
considered for them no changeable thermal resistance
As the signed paper of environment friendly keeping, External wall
insulation is a great and confirmed way to reduce energy usage needed
to heat up the building. Installing it is a part of and eco home or carbon
neutral home idea,

Carbon Emissions

need to be met such as the external wall insulation product reaching a
particular u-value in order to make the building sufficiently thermally
insulated and therefore be used for a environment care
The application of External Wall Insulation can help to deal with rain
penetration problemns through solid walls by blocking wind -driven rain.
However, it can also make the problem worse if poor detailing {e.g.
around eaves) allows water to pass behind the external wall insulation
where it can become trapped. A high standard of design and installation
should therefare be insisted upon. The dangers of not adequately
dezigning and specifying these systems is dealt with in a research paper
written by Joe Malone and published in the CIOB8's Construction,
Reszearch and Innovation Journal

Praduct Require

Campness

TABLE 21
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CHAPTER 4 MEAN DIFFERENCE BETWEEN THE CHINESE AND UK
STANDARD

There are several difference in china and UK, generously because of the different logic
in plant protection design, Chinese people more focus on the exactly data, the amount
of people, the precise size of each single area, but the English one they care more about

functioning of the plant and put more space to the plant designer.

4.1 THE BASE OF THE TWO SYSTEM, THE FIRE RESISTANCE IS QUIET DIFFERENT.

Minimum periods of fire resistance {minutes)

Depth {m) of the lowest Height (m) of top floor above ground, in a
Purpose group of building basement building or separated part of a building
mare than
more than 10 up to 10 upto5 uptol8 upto 30 30
Industrial:

—without sprinkler system 120 90 60 80 120 no
—with sprinkler system 90 60 30 60 80 120
Storage and other non-

residential:

a. any building or part not

described elsewhere:

—without sprinkler system 120 90 60 a0 120 no
—with sprinkler system 90 60 0 60 90 120

It can be clearly find that the component fire resistance of UK standard is commonly
half lower to the Chinese one. Even as the lowest fire level 1, the Chinese codes with
the resistance in WALL, FLOOR, ROOF, STAIR are 1.5 hour, but UK are 30 to 60
mints, further in the highest resistance always used for plants which have multi layers,
crowded people and with dangerous products, like cotton, fire work, paper, etc.... that’s
the level 3 in China limitation, and its 4 to 4.7 hours 8 times of the British one. With
this huge difference the problem appeared, its quiet confused that why the fire
resistance in UK are so low, dose they have enough function to protect the fire accident?

As after some generating of the code book, design book, it shown that, there are many
reason cause the lost in fire, but less of them is connected with the lower thermal
resistance. As the British one they have many advices on the logical design side instead

of just adding fire resistance numbers, separate levels, they put more attention to the
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people safety. How can let people escape easier, how to reduce the escape rote, how to

let the water system cover every where. Then we can saw that in table.

Part o bualding

Flaar
Raal

Exteraal wall
1 avver 1000 i
2 bt 1 D00rmm
3 decacded by
BECAPER FLbe

compartment wall

Promected shalt
1 any glacing

2 any no
e pans

Enclosure
1 protested
S aarwgy

2 iy shah

Firefighiing shalts
1 Eorgincticon
il Separates
firefigghting shall
freer riest of
building

Firix reisting
eangIruclion
Cavity barrips
Cehing

Duacd

Casing

Fluie wall

Specific provigons af the test for firg resistance af elements af Siruciure

Laacisaring
Integnly
capacity[min) L

Insulatan

&l &l &l
wilh eclernal wall ower
tFam 1000, % with no an
mitian, then the olher
s 15 30
1] a0 1]
a0 an an
a0 an an
120 120 120
&l ol 1]
an 15
an an
a0 Mo prowsian
A0 No provision
an 15

hinirrum prowsions wihen 1esied 1o
the relevant European Standand
REl 30
RE 30

RE 30

REI &0

REI 3

REl 30

REIZD
REI &}

REI 3
REI 15
El 30
El 30
El 30
El 15

TABLE 22

43



A " -.‘1

B

PLAN
FIGURE 11
Mo fire resistance
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FIGURE 12

In UK if its first layer retail steel frame plant, then there no need to design the fire
prevention system. But in China as the previous every warehouse need to be designed
well. So that if processing Chinese standard needs to do the fire retardant coating in
every single frame, it means it will cost more budget and more time finishing the

coating also there has more following treatment of the coating is still considerable.
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4.2 THE DIFFERENCE IN STAIR

As the standard in UK if the width of stair is over 30 inches more or less its 1m, it
needed to set two side handrail, but in china only the stair width can allow 3 people in
line, the two side handrail is then needed, and the space per people in stair is 0.55m, the
total wide need in China to set two side stair then is 0.55%3=1.65m, so in this point the
China code has more profile in economy reason. Further more, as both of the standard
not mentioned is the connection with height and angle of stair, in general two parts stair
with rest layer is easier to climb then one, and lower of each single step is easier to

walk. So in the design it can use more narrow connected stairs instead of one wider one.

20mm
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S
N s Rikr profile
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FIGURE 13

And also as the picture shows below in British code books even about the width of stair
end connected with the rest layer, same with hand rail, the type and fire resistance of

hand rail in no limited but it’s height, length beam number should be considered, in
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general the higher of the whole stair, the connection higher of it’s height, and bigger is
the area, wider of is the hand rail. that’s kind of design stand more of the people feel
and more convenient of the user, so it makes the escape route much easier to use which
means it will be easier to save life not only in the fire accident, but also in any other
possible conditions, that what this paper’s aim, finding secrets inside the fire system,

finding better way to define the fire system.
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4.3 FIRE ALARM SYSTEM(FAS)

4.3.1 The Fire Alarm System (FAS) has its own network structure and cabling system
to enable independent operation, operation and management of the system under all
circumstances. With the development of computer technology and network technology,
the fire alarm system has the ability to network with the Building Management System
(BAS), and provides building automation systems, integrated security management

systems, broadcasting systems, and wired/wireless communication systems in the event

of a fire. There also have another physical way to (K:K) KKE&.oooo

4.3.2 The type of Chinese used alarm system

As Chinese start the fire system is in a quiet late time, the training programs for the
related people, the system to use, the sensor choose, also the standard with those
systems still have large space to improve. The government is also put much money on
it cause it’s the key point to protect people and save the money. There are three normal

type fire alarm system about smoke detection, temperature detection, light detection.
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FIGURE 14
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a The smoke detection alarm system

When an object burns, a large amount of particles is scattered and suspended in the air.
And when the object burns, it will be accompanied by irritating gases. Therefore, there

are usually carbon monoxide sensors and dust sensors in the smoke sensor.

A dust sensor is usually a photoelectric sensor that measures the concentration of smoke
through a beam of light and a sensor of light. Normally, the beam is off the sensor, and
when the smoke enters the sensing chamber, the smoke particles scatter some of the
beam light onto the sensor. As the concentration of smoke gradually increases, more
lights are scattered onto the sensor. When the beam reaching the sensor reaches a certain
level, a current is generated, which can cause the relay to operate and the buzzer to
alarm. The carbon monoxide sensor is the principle of potential electrolysis. When
carbon monoxide diffuses into the sensor, the output of the sensor idea produces a
current output, which is supplied to the sampling circuit in the alarm to convert the
chemical energy into electrical energy. When the concentration becomes larger, the
current becomes larger, and then the amplifying circuit is driven to drive the buzzer to

alarm.

FIGURE 15 FIGURE 16

This system is most used all over the word, in American and Europe over 90 percent of

the factories use the smoke alarm system, but it has some limitation inside the system.
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In most accident, the electronic parts cause the mean reason, and also cause lots of cost.
And in some time the smoke detector can’t react it immediately, then because the
security people always ignore the warning mark as they thought it’s the wrong warning.

When a factory installs a smoke alarm, over 70% of the warning is not considered, its
almost concern with the cigarettes smoke, the electronic problem with the sensor, aging
of wire connected to the alarm and so on... in the other side, because in the assembly,
or doing some welding jobs plants, there always have small particles mixed with air,
cause the alarm ringing, it’s same with ware house, when it stored something like flavor,
sand or mixed dust, it will cause warning too. Just because the unnecessary warning
when the fire real comes, it always be ignored, and thus the plant has relatively high
roof the alarm sensor is putted too high to react the dangerous in time, that makes the
people dismissed the good timing to protect the facilities even their life. Its quiet
common but can’t get well improved. Some of the plant even choose the oldest way,
they just remove the alarm system, and use the worker to decided if there is a fire
dangerous and when some where getting burned, the worker holding fire extinguisher
to stop it. It could work, but it makes no sense in the ware house, you can not permit

that there is always someone in the warehouse, to see if the auto ignition happens.

FIGURE 17

Right now there are a way to solve this problem, a HongKong company announce that
they increate a new system only for plants and warehouse they throw the smoke sensor,
instead they choose temperature sensor, the temperature is small and cheap it can be
settled every where, on wall on shaft is both ok, and it connect with an ECU to trans
those signal data to a central CCTV, we can set the limited temperature, in each area
we want and also it can see the picture inside the warehouse, so when something will
getting self ignition, before the flame occurs the temperature around them will raised,
then this unusual temperature rise could be known by the sensor, then the ECU turn the

49



camera automatically to the unsafe area and send warning message to let people find
out what’s wrong with it, if there really have something burning up, and find some way

to solve it but not just inject water in there.

Also the camera is easy to set, for a large plant or ware house over 1000mm”?2 just 8

cameras is needed to cover all the area.

1 computer

2 wire

3,7 network exchanger
4 fiber

5 CONNECTION

6 PoE

8 camera

FIGURE 18

It is a really good and safety way because, not any fire condition is suited for water,
obviously in plant and ware house, some of the chemical stock can’t mixed with water,
others as many fire accident is caused by leakage of electronic wires if just put water
there, it may cause explosion or electric shock, that not the result we want, it may cause
more then just self burning. In other side the reality cheap price is a really competitive

part.
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FIGURE 19

b Temperature sensor

The temperature sensor is we usually use to monitor the temperature of a certain area
of the room. Once the temperature of the area reaches the set threshold, the circuit of
the temperature sensor will drive the buzzer alarm and the corresponding indicator.

Shining.

¢ Flame detector

The flame detector is used to detect the radiant energy of the flame (the illuminance
of the flame) and the frequency of the flicker of the flame. And it can identify the
radiation beam in the event of fire from the natural light and artificial light existing in
the surrounding environment. Currently used to identify infrared flames and
ultraviolet flames.
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FIGURE 20

4.3.3 Gas fire extinguishing system, foam fire extinguishing system should be
controlled by special gas fire extinguishing controller and foam fire extinguishing

controller

In China only C class plant or the total plan area over 1500m”2 the alarm system is

really needed, on the others its not necessary. But in UK no matter what building is,

it has to followed with an alarm system. In plant they have a more strict limit, it has to

a completely electronic control system which can cover every where, not just manual
alarm as seen in some building. This different is quiet important, it can save people in
the very useful and timely way. Also I think That’s the mean reason the Chinese plant
has lower grade in plant safety part compare with the development countries. And may

be if we could change this part, it will save a lot of life.
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4.4 BUILDING SAFETY TRAINING TO PEOPLE

4.4.1 In the Chinese there no clearly limitation to the employment that how they do
their jobs in a safety place, expect some special place such as cotton warehouse, or
somewhere placed explosion facilities, the manager send the hand book to the charge
worker, the others will without any trained. In UK all people in the plant should attend
the fire safety training before they go to work. And the handbook of the fire protection
in everywhere is written in details, included the maps, function, escape way of each
place. Also about the use of stair, any structure with stair should consider the right way
to use the stair. For example, in the design of out side wall, it should be considered the
lock of the stair frame. And during the inside stair design it should consider if the
change of light on the roof will influence the right use of stair. Which will partially
make sure the safety escape during the fire accident. The British standard is not just a

standard with numbers its have more advice with design styles.

4.4.2 In this picture it shows
the awareness of workers

and the boss response.
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Class C Fire: Remova ctri ty,Sand.
»# Class D Fire: Depend on Metal.
# Class K Fire: Removal of electricity, Co, cylinder, Sand

Fire Extinguisher Types
Extingulsher | Type of Fire

nnnnnn

FIGURE 22

* Aim at the base of the fire.
If you aim at the flames (which is frequently the temptation), the extinguishing

the handle

“* Sweep from side to side.
Start using the extinguisher from a safe distance away, then move forward.
Until the fire is completely extinguished.

side to side

FIGURE 24

4.43 The trained with

Fire Extinguisher

Over 70% of people not
know about the fire
extinguisher, most wield
used is the Dry powder
fire extinguisher, but it
still has limitations with
cooking oil and fats, in
temperature lower then -
23°C, also as the powder
can stop the fire directly it
easy to re burn and make
the environment get wore
clear, then its hard to
clean. The carbon dioxide
one is well used but it
worse to deal with the

wood.

Also about how to use the
fire extinguisher is really

need to care.
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4.5 EXTERNAL LAYER

As mentioned in the previous, there are many dangerous project need to be concern in
thermal material, type, thickness of the plant. When the big accident happens, the
problem can be shown every where, it’s about the whole system. The thermal material

in external problem is just more obviously between them.
4.5.1 Fundamentals of the thermal layer

As it well known, the wall has different types, mainly there are two kinds the wood one

and the steel one. Recently the most popular frame installed for plant is the steel frame.

Market Share for Structural Frames in Muti Storey Buildings

9% Based on Floor Area
§ §
)
l

0%
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e Stee| == |nsitu Concrete - Precast Concrete == Load-bearing Masonry == Timber

TABLE 23

a. For determine the thermal layer firstly it should be clear the fire resistance of the wall.
Fire resistance of the steel:

As the steel is non
Effect of temperature on steel strength ) )
combustion material, the

fire resistance analyze is

1.0

2 \ about its strength. As
£ 08 . .

) \ shown in figure, the higher
7 06 \ of temperature, the lower is
2 K the loaded is can afford,
g 04 : \

s ; AN which means if the
g 02 : \ temperature of the whole

0.0 . wall is over 600°C, the
0 200 400 600 800 1000 1200 1400

TABLE 24 steel inside the loaded wall
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will bended which cause the whole loaded wall loss their functions. In the same time

the thermal layer will have a positive approve to that phenomenon, thus the reason why

after the big fire, there always with words “it caused by external layer”.

b. Thermal conduction of the wall:

Fix:| ng

Finishiné Render

FIGURE 25

Internal Plaster

Existing render

As the external installation
structure here, as
environment  care  the
insulation material is STP.
With  different

resistance in different layers

thermal

the total energy loose by heat

Adhesive
‘ exchange will be reduced a
" lot. As the equation shown
BaseRender that the higher of the
material thermal resistance
the more energy it can be
saved, it necessary because it

can keep the facilities inside

the building work in a more normal condition. In the equation, because the wall is

made up with multi layer the calculation of thermal conduction and temperature

Q = vpc, AT
where

« Qs heat flux (W/m?),

« pis density (kg/m3),

= ¢, is heat capacity at constant pressure (J/kg-K),
s AT is the change in temperature (K),

« v is velocity (m/s).

Outside Inside

= X (Thickness)

TABLE 25

difference has been shown with multi

I - - layers.
k[ ox Jx=L ha[rm (t) TX=L(t)]

tmax _tmin : 2‘7:7 ?1' tn\ax _rm'm
Iw(i‘.’)= 2 sin ?—5 T"'tmin

g, = h(T,(O~T,,)
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4.5.2 Main difference in external layer between Chinese and British standards, and the

solution of the fire risk.

As known of the two standards in the previous, its easy to find that, in China it do not
have the large scale test, which is now popular in Europe and the development countries.
After this kind of test, it can be easy to learn how the fire transferred and developed. So
that after those test its provide a much more convenient environment to improve the
modeling and design tasks. Others, the Chinese government has put more concern of
the environment protection, and has not enough experience of using new external
insulation material which cause a raised up of fire risks. As the shown of the resistance
table, it’s clearly to find that the material use in both countries is the same, more over
the Chinese one even have higher limitation data of the fire resistance level, but the risk
is still high. Some of the expert said it because the lower fire resistance of environment
friendly external layer material, the STP, the higher percentage of the material used
cause higher risk. But it’s not quit correct, because, in British the external insulation
material is more than Chinese one, some of the the material is even with well

combustion property, such as wood, wool, EPS stc...

So that, what is key point of the use of material? Why the risk is high by using this?
The reason is dependence with multi conditions. Mainly is less of experience, this
material in China just used about few yeas the construction company isn’t familiar with
this material, but in others it has been installed over twenty years, so there are lots of
design tricks the Chinese haven’t found, also the government published the limitation
only describe the resistance level, not mention design description and not consider large
scale test, for cost reduction it is easier to find there are not so considered design in

external wall, that will cause the growth of fire risks.

7 | Adesign to improve the external layer

Pop Pep [ "][?”\l "' installation:

7
I’
Z;Dtm Epch \ /

§ Normally there are three kinds of fire

Pop

The fire barrier

barrier. Which is the useful fire defense

way 1) round corner of the barrier

=

’ 2) single layer of the window

FIGURE 26 3) single layer of the multi layer
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The figure shows that when the combustion happens, the inter material melting and the
fire can be separated into the wall which can stop the fire penetration.

s Thermel insuletion layer (wall)
) ::_’:—— Reinforced layer with mech ‘\‘

t = | ——— Final layer of mortor f 1Y

- i l \I

Thermal insulation leyer
(the edge of the opening)

’ Mixing with Heet flow

g Phase 2
= - Thermal insulation layer melting
Phase 1 - Hollowing
Thermal effect on & fagade from the bottom and front side into the ETCS cystem. - Accumulation of meited materiel on the external well

- Accumulation of meited insuletion layer along the upper edge

e g e e —

Thermal inzulation layer (wall) if
Final placter loyer t i

“Air pressure” 3 &

Phase 3 Phase 4
- Oi:ur:-mdmmpns:ln streszes behind the outer plaster layer - C:mphh disintegration of o Separstion of flaming
(due to hot air and pyrolytic gases) the ETICS cystem ot the edge droplets of melted material
- Release of pyrolytic gaces through plaster of the openi
- Bumout of organic plaster - Penetretion of flame behind the plaster
~B-ndmgmdu-d.mgo‘hmhyorofphm -Bummdﬂnsmmlhoiugdoandnmlsid.s
- Dizintegration of the ETICS system slong the edge of the opening - Fleming droplet: falling
under the weight of the dizsolved substance
- Occurence of flaming droplets
FIGURE 27
OS0! &) 0. ¢ .
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., || [ the fire barrier
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can be fined below, it’s obviously that the second test has much better fire resistance

than the previous one.

4

TS 1

In a word, for solving the problem of the high fire risk caused by external thermal layer.
The design of fire barrier is quiet useful; it can control the fire separation in an effective
way. However, it can’t be considered as fire as the non combustion insulation materials,
the fire barrier only can partially stop the fire, it not only can separate the fire and

control the fire growth.
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4.6 THE TASK ANALYZES

The following pictures comes from Case and New Holland Industry, which is designed
by Italy company, build up in China, it follows the both standards and almost have no
change of the previous design. The plant is used for product combine, off road vehicle,
it mixed with all functions together, it has two layers first for production the shell,
assembly support cover, and assembly the whole combine, also it has stuff rest room,
ware house, PV office are also settled there. Second is the office for PS, PD and buyer,

also it has three meeting room for people to talk about plan and jobs.

The reason why chooses this plant, is because it both related with Chinese, European,
American standards, it quiet international. Then the function of the plant is much
enough, it can be large machine assembly plant, the ware house for electronic parts, the
sheet metal production company, the office, and because it is build in north of China

the low temperature is also quiet suitable for external thermal layer analyze.

Water splitter smoke detector air system

4.6.1 As figure water splitter is settled every Sm, smoke detector is settled every 10m,
the air system settled every 8m, as talked before, the smoke detector should as close as

the air condition system, it can rise the sensitivity of the smoke detection and increase
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the safety level. But for saving cost, this setting method is also acceptable. Water splitter
has larger distances in the meddle area, it may cause some area between them can’t be
covered.

This picture shows that the smoke detector with large distance with air system, which

may reduce its sensitivity, rise dangerous

FIGURE 29
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4.6.2 Escape route and stairs

The second floor have 27 engineers, there are two stairs in both side of the floor, it can
allow two people go through in a time. As the area and number of people, both lower
than the limitation, the single side stair, the width with 1.1m and height of each step

with 1.3m is acceptable.

Emergency Evacuation Map
RRukEppesm

R S 1 T Ak 4
Your position
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On the wall of first floor is hanged a picture which clearly sign the escape route with

red arrows.

FIGURE 31

as enter to the company because its in winter, 2 of 3 main escape route is locked, there
are only two hallway doors opened to connect the inner and outside, which can cause
crowded of people during escape, its quiet dangerous to do so, and also the door of
hallway should be more wider for escape. Alarm for fire is easy to find, every floor has
three physical alarm to help people report the fire accident, in case the detection doesn’t

work.

alarm ring

FIGURE 32
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4.5.3 The plant and fire extinguisher

FIGURE 33

inside the plant it has clear picture to tell worker be aware of the related dangerous,

include ware suit, protect ear, ware gloves, use no conduction shoes.
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FIGURE 35

FIGURE 34

the fire extinguisher is putted every where, inside the plant there are eight pairs of the
fire pipe and fire extinguisher together. Inside the pipe box the facility are clean and

new, ready to be used any time.
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at the same time, the fire extinguisher box is okay, it shows to people how to use the
extinguisher in a correct way, but all the extinguisher is the dry powder one, as |
mention before, people has less learn of the type of fire, and type of fire extinguisher,
the dry powder extinguisher can’t stop the fire, it only can reduce the oxide around fire,
an it hard to clean up after the fire finished, and it has no effective work in electronic
parts. So the extinguisher here should use Carbon dioxide one. It is no hard to find there
in no smoke detector in the plant, it because the height of the plant is around 6m, and
there enough wall to install the smoke detector, and of course the plant connects with
warehouse, but in side warehouse, there don’t have any facility to stop fire, it quiet
dangerous if the warehouse have fire risk but without fire extinguisher, may be try to

install the temperature camera system is better.

In conclusion, the design of the fire system in the plant is good, it have well defined
escape route, enough alarm system, clearly signature of risk area, clearly use of fire
extinguisher. But it still has some pros the worker didn’t follow the necessary suit, the
escape door is lock, the detector has more distance with air system, the plant have lower
fire safe level, and the choose of extinguisher is not so correct... it maybe small but
during the fire accident, it may cause big loose, so no matter what country it is, it should

be aware of fire risks.
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SUMMARY

The aim for this paper is try to understand the relationship between fire safety and the
other follows limitations, systems, training materials, wall types stand with different

countries and different cultures.

From them, it is clear that, no matter what country is, people doesn’t pay enough
attention on the fire safety and the follows related with it. In China, the government
start to care the fire things in recent years, they published lots of limitations, refresh the
standards, update the fire level, separate the construction with functionality, but its just
work on paper, not quiet useful for real. For example, in external layer, the standard
book only tell people to use STP sheet but there no word to describe how to use it, how
much is and where is should be putted. So for the architecture worker they have no idea

with it, the wrong use of the sheet causes many fire accidents in that reason.

In the other side the leakage of manage the fire prevention system is another unsafety
reason. That’s a problem even in British also Europe, all the company, public
organization have the fire drill but less people will truly learn how to escape in the right
way, how to read the escape map on the wall, then recognize which door is fire stop
door and where it is. As well in the plant, not enough training to worker cause lots of
injury. The training of right way to use fire extinguisher should be added, the
classification of fire and the related type of extinguisher should teach to every work
member clearly. The work suit, gloves, shoes, welding glass used in the plant should
prepared in enough amount and easy to get. Escape map, escape route should be well
designed and easy to saw on the wall.

After those small details, the general design, type of frames and their materials can be
concerned. Because the big scale test is just start from Germany (modeling the
construction and burning it with test fire), it can’t find quiet suitable data matching the
material of frames and structure design, so the data write on the previous side is just
general data, the standard is not so precious, that’s why in fire resistance part the
Chinese standard are triple higher then the British. It should use all land of China, which
it should included the coldest place of China, where the wall is get larger, as that reason

with the total standard, there always follow a small description for different places.

In a word the purpose of this research is try to find some improve parts in the fire
prevention system we used now, because the higher quality of the whole fire prevention
system to use the more safety environment the member can work with and the less loss
in the accident. In the end, not only the government, the company but also the employee,
the normal people should get more trained with the fire accident, cost reduction can’t

become a knife for killing.
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