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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document is an example of the application of ISO 24679-1, prepared in the format of ISO 24679-1. It
includes only those subclauses of ISO 24679-1 that describe the steps of the methodology for assessing
the performance of structures in fire. It preserves the numbering of subclauses in ISO 24679-1 and so
omits numbered subclauses for which there is no text or information relevant to this example.

This example is intended to illustrate the implementation of the steps of the fire resistance assessment,
as defined in ISO 24679-1. Only steps that are considered to be relevant to this example are well-detailed
if tThis document. The technical contents are based on the performance based verification methods for
fire resistance in the Building Standards Law of Japan, but were slightly modified for simpljcity and
pmpatibility with [SO 24679-1.

(o)
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Fire safety engineering — Performance of structures in

fire —

Part 4:

1l Scope

fifteen-storey steel framed building following the methodology given in ISO 24679-1. This d|
dpscribes the adopted process which follows the same step by step procédiire as that prd
I§0 24679-1. The annexes of this document present the detailed assessment results obtaine
njost severe fire scenarios on the basis of the outcome of this specific fire safety engineering p
far the building.

The fire safety engineering applied in this example to the office building with respect t
r¢sistance considers specific design fire scenarios as well<as the corresponding fire deve]
I takes into account fully-developed compartment firesi In realistic situations, activatio
siippression systems and/or intervention of fire brigade are expected, but their beneficial ef]
npt taken into account. It should be noted that these.sgvere fire scenarios have been selecte
re¢sistance purposes.

ormulae. Since the building of the example isdocated in a seismic region, principal structural
ate rigidly connected to each other. Load redistribution from heated elements to cold suri
elements exists, but it's not taken into account in the design calculations. By this approach,
cpnservative, while the process of safety checking is greatly simplified and clear. As a resul
cglculations were carried out by explicit algebraic formulae.

Normative references

2
The following documénts are referred to in the text in such a way that some or all of theit
C
u

hdated references)the latest edition of the referenced document (including any amendments]
1§0 13943, Firé safety — Vocabulary

[§0 23932, Fire safety engineering — General principles

E i i _ . ilding

This document provides a fire engineering application relative to the fire resistance assesstpent of a

ocument
vided in
d for the
rocedure

its fire
lopment.
h of fire
fects are
1 for fire

Global structural behaviour is not explicitly ¢onsidered, but implicitly included in the callculation
f

blements
founding
Hesign is
t, all the

content

nstitutes requirements of this document. For dated references, only the edition cited applies. For

applies.

© IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=2a06d9d63b3c4c0b135d5246338ff2d4

ISO/TR 24679-4:2017(E)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13943 and ISO 23932 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

3.1
design heat release of a room
amount ¢f heat to be released in a room including movable fire load, fixed fire load and heat transferrgd
from adjpcent rooms

Note 1 tolentry: It is expressed in M]J.

3.2
equival¢nt fire duration time
duration| of heating by a standard fire as specified in ISO 834-1 that gives equiyalent thermal effect qn
structurpl elements with a real fire

Note 1 tofentry: It is expressed in min.

3.3
fixed fu¢l load density
heat of combustion of materials fixed to room, such as interior finish materials, equipment and so oh,
per unit floor area of fire room

Note 1 tofentry: It is expressed in MJ/m?2.

34
heat penetration factor
ratio of Heat penetrated from adjacent rooms to the room in consideration

Note 1 tofentry: It is dimensionless.

3.5
movable fuel load density
heat of combustion of movabléyroom contents such as furniture, commodities and so on per unit flogr
area of fire room

Note 1 tofentry: It is expressed in MJ/m2.

3.6
total heat release’of a room
amount ¢f heatpossible to be released in a room including movable and fixed fire load

Note 1 tolentty: It is r-\yprpccpd in MJ

4 Symbols

For the purposes of this document, the following symbols are used.

Ay room floor area (m2)
A surface area of interior lining material (m2)
fa heat penetration factor

2 © IS0 2017 - All rights reserved
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fy nominal yield strength of steel at normal temperature (MPa)
permanent load
K kinematic load

q movable fire load density (M]/m2)

Qr heat of combustion of interior lining materials per unit area (M]/m2)

QO design heatrelease of aroom (M])

live or variable load

t time (min)
th approved fire resistance time of a construction element (min)
tf fire duration time (min)

tdq equivalent fire duration as replaced with a fire as specified in. [SO'834-1 (min)

B limiting temperature for overall buckling (°C)

Tger limiting temperature for bending failure of a beam (2C)
T}r critical temperature of steel element (°C)

Tpp limiting temperature for excessive deformation (°C)

Tyt  limiting temperature for joint failure (°€)

T limiting temperature for local buckling (°C)

Ty max maximum steel temperature unider design fire action (°C)
TF fire temperature in a room (K)

Tp initial temperature (K)

a fire temperatufe)rise coefficient (K/min1/6)

5 Design strategy for fire safety of structures

s¢paratedtinto multiple compartments by floors and walls to accommodate tenant office fung

The built €nvironment of this example is a medium-rise office building. Due to its use, the byilding is

tions. As
ent. As a

the conibustible contents are distributed densely, fire is likely to spread over whole compartn]
r¢sult, a fully-developed compartment fire is expected in each room of the building.

The structural elements are composed of steel and are protected against fire. To prevent failure of the
structural elements and joints, the thickness of fire protection had been defined in order to limit their
temperatures below their critical temperatures during the fully-developed fire in each compartment.

6 Quantification of the performance of structures in fire

6.1 General

The various steps of the design process considered in the conducted fire safety engineering study are

detailed in 6.2 to 6.9.

© IS0 2017 - All rights reserved
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6.2 Step 1: Scope of the project for fire safety of structures

6.2.1 Built environment characteristics

The built environment is a steel framed 15-storey office building. The gross floor area is 8 236 m2 and
the building height is 68,5 m. See Annex A for building drawings. According to the regulations, the
building must be constructed by fire-resistive constructions. In the prescriptive code,[10] columns must
be three hours fire-rated construction on the first floor, two hours on the second to eleventh floors
and one hour on the floors above. The building is separated horizontally by compartment floors at all

levels. Vg
resistan

The floo
denotes
separate]
rooms b
corridor

The building structure is a rigid moment-resistant steel frame. Specificatign, of members such :

columns
against f]

— Spar
— Spar
— Spad

The appliied load of design on the floors is taken as follows:

— live

—  self-

In this document, only the results of construction elements in office rooms number: 201, 202, 15(

and 1507

The exte
floors arj
normal V

wrical chofirc coaol oo orotec alagzotosec oo d wxzica clhaofr oon oo Ao d by oo o oo d €0
ITLICAI OITdAdITO OoULIT do OotdIl o, CILVALUTLI O dITUu SLI VILU OSllIdIt dI'v osoulliuvuilivutu U)’ vIiIIC 1IUUIl T AdaltLuUu 11

re walls.

" plan is shown in Figure 1. The office area is split into two rooms, XX01 and XX02. Symbol X
Floor number. For example, 1502 denotes room number 2 on floor 15. The two office'fooms a1
d by an EI60 wall as determined by ISO 834-8. In addition, the office area is divided into tw
y a non-fire-rated wall made of regular gypsum board. The doors between office rooms ar
are fire-rated E60 to prevent fire spread between office area and corridor.

beams and floor slabs are listed in Annex A. The columns, beams @nd girders are protectg
ire by a 25 mm sprayed rock wool cementitious mixture.

of primary beams: 13,6 m;
of secondary beams: 6,4 m;

ing of columns: 6,4 m in direction of primary beams dnd'13,6 m in direction of secondary beam

oad: 2,9 kN/m2 (based on building code requirement);

veight of floor: 3,65 kN/m?2.

P are demonstrated.

rnal walls are fire-rated for"more than one hour. However, windows are not fire-resistant. TH
e composite constructions-of concrete slabs and steel beams. The composite slabs are made
veight concrete and profiled steel sheets with reinforcing bars.

4
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Key
1| fire-rated partition walh(EI60)
2| non-fire-rated partition wall

3| fire door (E60)

NOTE All thievexterior walls are fire-rated (EI160).

Figure 1 — Typical floor plan

6.2.2 Fuel load

As the building is used as office space, a significant amount of combustibles is expected. The design fuel
load of a room, @y, is calculated as the sum of the following components.

1) Movable fuel load based on the use of the room, 4, q.

The movable fire load density for an office area is 560 MJ/m2 based on the building code.[10] The results
are shown in Table 1.

2) Fixed fuel load based on the type of interior finish materials, 2Ar Q.

© IS0 2017 - All rights reserved 5
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The heat of combustion of interior finish materials are accounted as fixed fire loads. The details of
calculation are shown in B.5.2. The results are summarized in Table 1.

3) Heat penetrated from adjacent rooms, Xf; (Ar q1 + 2Arf Qr).

As the walls between the office areas XX01 and the office areas XX02 are not fire-rated, there is a risk
for fire to spread between the rooms. A part of combustion heat in an adjacent room may affect the
structural elements in the other room. To account for this “mutual heating” effect, it was assumed that
15 % of heat of combustion (design rule in Japan) may penetrate to adjacent rooms separated by non-
fire-rated walls. The calculated results are shown in Table 2.

Table 1 — Fuel load of rooms XX01 and XX02 (XX = 2nd and 15th floors)

l;gz‘éa:;igiel Floor area Movable fuel |Fixed fuel load|_ Total fuel
Floors || Room No. Usage y 2 load 4y qi XAf Q¢ foad of room
I Ar (m?) (M) (M) (M)
(M]/m?2)
201,
office 560 87,5 49 000 7649 56 649
1501
2to 15 202,
office 560 275 154 000 22 397 176 397
1502
corridor | pathway 32 125 4000 13722 17 722

Table]2 — Design heat release of a room considering heatpenetration from adjacent rooms

Floor Room | Adiacent rooms Total fuel load of Heactoréigigitlon Penetrated heat | Design fuel
J adjacent rooms (M]) £0 (M]) load (M])
AE
201 202,1502 176 397 0,15 26 460
83108
1501 Corridor 17 722 0,0 0,0
2to 15
202 201,1501 56649 0,15 8497
184 894
1502 Corridor 17 722 0,0 0,0
6.2.3 Mechanical actions

The mec¢hanical actions in fige situation are determined in accordance with the building code.
Permangnt and movable vettical loads are considered, while no horizontal actions are considered sug¢h
as seismjc and wind actiéns: As a result, the load combination is[10];

1,0G 1,0Q ¢}
where G[is sum-of all the permanent loads, i.e. self-weight of the building and @ for the variable loads

represerftingthe contents of the building. No snow load was considered in this document as the building
is locatedlin‘non-snow region

As the building is located in seismic region, the following load combination is applied for seismic
resistance design:

1,0G +1,0Q + 1,0K (2)

where Kis the (horizontal) kinetic action. Common for buildings in Japan, the cross-sectional dimensions
are governed by seismic design. As a result, the load ratios of structural elements are relatively small
during normal use such as in the case of non-seismic and non-windy conditions. Details are described
in Step 3.

6 © IS0 2017 - All rights reserved
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6.3 Step 2: Identify objectives, functional requirements and performance criteria for

fire safety of structures

As the building is used by multiple occupants, the building must not collapse during egress, firefighting

and rescue. In addition, as the building is located in an urban area, the building must not
during the whole process of fire and subsequent cooling period to prevent fire spread to urb

collapse
an scale.

As a result, stability during whole process of fire is necessary.[10] To fulfil this objective, the functional
requirement is to have no failure of the building construction elements during the whole process of fire,
including the cooling phase. Consequently, the following performance criteria, in terms of stability of

thestructure are considered on an element hy element basis

—+ The temperature of the steel columns does not exceed the minimum of the critical temperJ
overall buckling, local buckling, excessive deformation and joint failures.

—+ The temperature of the steel beams and girders does not exceed the limit fortbénding fa
joint failure. Shear failure does not precede the bending failure.

I addition, the following performance criteria are considered in terms_of'fire containment.

— Fire compartment walls and floor constructions do not transmit excessive heat that m
combustibles in opposite side (insulation criterion).

—+ Fire compartment walls and floor constructions do not genetrate flame and /or hot gases th
fire spread beyond them (integrity criterion).

614 Step 3: Trial design plan for fire safety of structures

Preliminary designs, at room temperature, were carried out to determine the dimensior]

s¢ismic actions as described by Formula (2).

The floor and beam plan is shown in Figure 2. The frame consists of simple 2 x 4 bays. The tri
of principal construction elementsis listed in Table 3. On the second floor, all the elements §
of relatively thick large cross-sectioned steel sections in order to withstand the large seismig
Fpr the fire combination, large\vertical loads are applied to second floor columns. On the 15th
elements are made of relatively thin and small sections but the applied loads in the fire combin
also small compared with-the second floor elements. Further details are shown in Annex A.

plumns and girdersZare made of SN 490[11] steel with a yield strength of 325 MPa. Secondar
e made of a SS-400[12] steel with a yield strength of 235 MPa. Columns are made of a box-s
Ube. Beams afid\girders are made of H-sectioned elements. To prevent excessive temperature
ements aré insulated with a sprayed rock wool cementitious material of a thickness of 25 mn

=B Ne

The floox slab is made of composite structure of profiled steel plate and concrete. The thid
cpncrete varies from 80 mm to 155 mm. The diameter of the reinforcing bars is 13 mm. The

tures for

lure and

— Floor construction does not exceed the limit for mechanical failures, typically bending failure.

Ay ignite

At causes

s of the

structural members. As the building is locatéd in a seismic region, the members are designed against

bl design
re made
actions.
floor, the
ation are

y beams
ectioned
rise, the
.

kness of
concrete

ver of reinforcing bars from the bottom side of the slab is 20 mm. Reinforcing wire mesh w

()

th 6 mm

diameter and spaced 100 mm, is located at 30 mm from the top side of the slab. The compressive

strength of concrete is 21 MPa.

© IS0 2017 - All rights reserved
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Key
a  Columns, girders and beams are not insulated.

b All other columns, girders and beams are insulated by 25 maithick sprayed rock wool.

Figure 2 — Floor‘and beam plan

Table 3 — Summary of structural members

Floor levels 2nd floor 15th floor
C1 box-600 x 40 box-600 x 22
Column (four sides exposed)
SN 490 sfeel, f; = 325 MPa Cc2 box-600 x 45 box-600 x 22
C3 box-500 x 36 box-500 x 19
G1 H-900 x 350 x 16 x 25 [H-700 x 300 x 14 x 2p
Primary|beam (three sidesexposed) i i
SN 490, f} = 325 MPa G2 H-900 x 300 x 16 x 25 |H-700 x 250 x 14 x 2P
G3 H-900 x 300 x 16 x 25 |H-700 x 250 x 14 x 2P
Secondafy beam (three sides exposed), b1l H-350 x 175 x 7 x 11
$5400, fy{= 235 MPa b2 H-450 x 200 x 9 x 14
) Steel decking 1,2 mm
Compos] o c]ah’ concrete cfrnngfh- 21 MPa
Concrete thickness |[minimum 80 mm, maximum 155 mm

NOTE See Annex A for details.

6.5 Step 4: Design fire scenarios and design fires

6.5.1 Design fire scenarios

It is assumed that each room can be an origin of fire. A compartment fire is assumed to grow and decay
until the burnout of the combustible materials in the rooms under investigation. No effect of active
suppression, such as sprinkler and/or manual intervention, is considered. Only one compartment fire is
considered at a time, but the fire may spread to adjacent rooms via non-fire-rated partition walls.

8 © IS0 2017 - All rights reserved
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All unprotected openings are assumed to be broken and accounted for the ventilation calc

ulations.

Protected openings, such as fire-rated doors, are assumed to be closed and not accounted for in the

ventilation calculations.

A nominal localized fire with a constant heat release rate of 3 MW for 20 min, is considered in
to the fully-developed compartment fire. However, calculations for the localized fire are not

addition
included

in this document because the heat impact of a fully-developed fire is more severe than that of localized

fires in this case.

A nominal exterior fire is assumed to occur in the neighbour of the building. The standard fire

t¢mperature as specitied 1n 150 654-1 for 60 min 1s assumed as the nominal fire for exterior,hg

5.2 Design fires (thermal actions)

6
Al fully-developed compartment fire was considered. It is assumed that all the combustibles

irves are calculated using Formula (3), an algebraic equation assuming ayniform tempera
fire room:

T.=at"°+T,, (0<t<t,)

here the fire temperature rise coefficient @ (K/min1/6) and fine duration tf (min) are calc

ptails are provided in Annex C. The results are shown in Figure 4. As the window areas are fa
nd fuel and air ratio is close to stoichiometric, fire butns severely but the duration is short,
gmperatures are considerably higher than the standdi¢dfire temperature as specified in ISO 8
quivalent fire duration time was calculated to be 59,9 min in both fires for rooms XX01 and|
shown in Table 4.

= =

100

90 XX02
=== T

80
70

60

Y 50
40

30

20

10

0

e e e el e e e

0 10 20 30 40 50 60 70
X

Key

ating.

burn at

a|constant rate. The heat release rates of office rooms are shown in Figure 3The time-temferature
C

ure in a

(3)

hlated in

ccordance with the room geometry, window opening size-ahd burning rate of the fuel. Calculation

rly large
The fire
84-1. The
XX02 as

Y| “heat release rate (MW)

X  time (min)

Figure 3 — Heat release rates of office rooms, XX01 and XX02
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Tabl¢ 4 — Calculation results of fire room temperatares and equivalent fire duration time
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(min)

pom temperature (°C)

ralent to a fire as specified in ISO 834-1 (59,9 min)

Figure 4 — Fire room temperatures of office reoms, XX01 and XX02

Fire temperature rise . . . Equivalent fire
L. Firesduration time . ;
Room coefficient a t¢ (min) duration time
(K/min1/6) f teq (min)
XX01 715 30,9 59,9
XX02 658 35,0 59,9

NOTE The equivalent fire duration ‘of both fires happened to coincide in this specific example. In
general, the value is expected to ¢harige from room to room.

6.6 Step 5: Thermal response of the structure

6.6.1 $teel columns and'‘beams

The aboye thermal actions are applied to the corresponding structural members to calculate thej
temperafures as functions of time. Heat transfer analyses were carried out by algebraic calculatiq
over time€ to the calculated temperature rise in the steel beams and columns. The formu
takes inflo agcotnt the section factors of the steel members and the applied insulation. The calculatiq
details afe“described in Annex D. The calculation results of column temperatures are shown in Figure

formulag

=]

ir

and Table=5—Puetothedifferences i thickmess, the mmaximmumr temperature s higher i 15t floor
compared with the 2nd floor. The maximum beam temperatures are shown in Figure 6 and Table 6.

10
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Iy e
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.23 S P
/// —=-1
100 < T
0
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X
Key
Y| maximum steel temperature (°C)

X| heating duration (min)

Figure 5 — Maximum temperature of steel girders and columns as functions of heating
duration

Table 5 — Maximum temperature of steel columns, Ts max

Room No. Column Maximum temperature (°C)
1501 C1,C2 194
1502 C1,€2 194
€1 98
201
Cc2 85
C1 98
202
C2 85
600 —z>
500
— (G1/1501
400 ———G3/1501
-----b1/201, 1501
Y 300 ----G1/1502
----G3/1502
200 -----b1/202, 1502
—=--G3/20T
100 G1/202
G3/202
0 | |

0 10 20 30 40 50 60 70 80 90
X

Key
Y maximum steel temperature (°C)
X  heating duration (min)

Figure 6 — Maximum temperature of steel girders and beams as functions of heating duration
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Table 6 — Maximum temperature of steel beams, Ts qx

6.6.2

In cases
compare

6.7 St

6.7.1 ¢

Room No. Beam Maximum temperature (°C)
G1 310
1502, 1502 G3 339
bl 514
G1 298
201, 202 G3 306
‘Ul SL‘I‘

Dther construction elements

of floors and walls, no explicit calculations were made, but the equivalent fire duration was
d with the approved fire resistance time of the elements. The results are shown in6.8.

bp 6: Mechanical response of the structure

bteel columns

The critjcal temperature of the steel columns is calculated by considering overall buckling, locpal
buckling} excessive thermal deformation and joint failure.[3] The critieal temperature of a steel colunin
is then dptermined as the minimum of the calculated critical températures, as shown in Formula (4):
T, = min{TB T Top 'TJT} €
Details df calculation are shown in Annex E. Calculated-critical temperatures are shown in Table [7.
For mosf cases, critical temperature is determined by limiting temperature for joint failure. In sonje
cases, cijitical temperature is determined by locali'buckling. The limiting temperature for excessiye
deformatlion was not applied to this study as the‘building is not large.
Table 7 — Critical temperature of steel columns
Limiting temperatures (°C) for Critical
Room Position | Symbol | ogerall buckling, | Local buckling, Joint failure, temperature, Tc
Tg TLB Tyt (9
X5-Y1 C1 694 692 550
X4-Y1 G1 687 684 550
1501 550
X5-Y2 C2 690 687 550
X4-Y2 C2 679 673 550
X4=Y1 C1 687 684 550
X8-Y1 C1 687 684 550
X2-Y1 C1 687 684 550
X1-Y1 C1 694 692 550
1502 550
X4-Y2 C2 679 673 550
X3-Y2 C2 679 673 550
X2-Y2 Cc2 679 673 550
X1-Y2 Cc2 690 687 550
X5-Y1 C1 656 646 550
X4-Y1 C1 607 592 550
201 550
X5-Y2 C2 634 621 550
X4-Y2 Cc2 557 542 542

12
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Table 7 (continued)
Limiting temperatures (°C) for Critical
Room Position | Symbol | Qverall buckling, | Local buckling, Joint failure, temperature, Tcr

Ts TLB Tyt (Q
X4-Y1 C1 607 592 550
X3-Y1 C1 607 592 550
X2-Y1 C1 607 592 550
X1-Y1 Cc1 656 646 550

202 500

X4-Y2 C2 557 542 542
X3-Y2 C2 557 542 542
X2-Y2 C2 557 542 542
X1-Y2 C2 634 621 530

7.2 Steel beams

pformation and joint failure.[3] The critical temperature of a steel beam is determined as the n

6
The critical temperature of steel beams is calculated by considering>bending, excessive
d
of the calculated critical temperatures, as shown in Formula (5):

T, =min {TBcr Top T]T }

Dletails of calculation are shown in Annex E. The calculated critical temperatures are shown i

(@)

[itical temperature for excessive deformation was1ot applied to this study since the structur
Fthe building are not extremely long.

]

Table 8 — Critical temperature of steel beam

thermal
nhinimum

(5)

| Table 8.

Fpr most cases, critical temperature is governed by“the limiting temperature for joint failure. The

al beams

Room Position | Symbol - Lir.niting “emperatures .(OC) f.or Critical terr:}perature,
Bending failure, Tgcr (°C) Joint failure, T}t (°C) Ter (°Q)
X4 G1 623 550
X5 Gl 633 550
1501 Y1 G3 690 550 550
Y2 G3 693 550
— b1 587 550
X1 G1 612 550
X2 G1 623 550
1508 X3 G1 623 =50 550
Y1 G3 690 550
Y2 G3 693 550
bl bl 587 550
X4 G1 663 550
X5 G1 662 550
201 Y1 G3 694 550 550
Y2 G3 697 550
— bl 616 550

© IS0 2017 - All rights reserved
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Table 8 (continued)
. Limiting temperatures (°C) for Critical temperature,
Room Position | Symbol - - - - o
Bending failure, Tgcr (°C) Joint failure, T}t (°C) Ter (°C)
X1 G1 654 550
X2 G1 663 550
X3 G1 663 550
202 550
Y1 G3 694 550
bl bl 616 550

6.8 Step 7: Assessment against the fire safety objectives

For the sfteel elements, the maximum temperatures in Tables 5 and 6 are checked if theg-are lower thg
the criti

Formula

fal temperatures in Tables 7 and 8. In this document, all the elements meet’the criteria. Se
(6):
Ts,max < Ter (6

In case of floors and walls, approved fire resistance time, tp, is comparedywith equivalent fire duratio
teq, as shown in Formula (7):

In this d

ta (

bcument, the equivalent fire duration is 60 min.both in XX01 and XX02 rooms. Thus, the w3

and floors are one-hour fire-rated as per ISO 834, or longer.

6.9 Step 8: Documentation of the design for fire safety of structures

This dodqument is prepared for the implementation of ISO 24679-1. Therefore, the procedure of tk
documernt has been followed.

a)

b)
‘)

d)

f)

14

Inte

rested and affected partiestinclude the owner of the building, tenants of office area an

neighbouring bodies.

Scople of the project: The built environment is a 15-storey office building made of steel frame.

Objdctives, functional xeéquirements and performance criteria for fire safety of structures wel
defined according<€o)the occupancy of the building, the properties of the structure, as well as t}

exis

ing requirements of national codes and standards. The following are the main objectives.

[he building does not collapse during egress, firefighting and rescue. In addition, as the buildir
s located in urban area, the building does not collapse during the whole process of fire and th

1

11

d

subsequent cooling period to prevent fire spread to urban scale.

The functional requirement is to have no failure of the building construction elements during

the whole process of fire, including their cooling phases.

Trial design plan for fire safety of structures: The building frame is made of steel elements insulated
by sprayed rock wool cementitious material.

Design fire scenarios and design fires: In this document, fully-developed fire in each compartment
was considered. The thermal impact of other fires such as localized fires are covered by fully-
developed fires.

Assessment methods: Algebraic formulae were used for fire behaviour, thermal response of
insulated steel elements and critical temperatures of structural elements. The formulae were
developed for general design of non-industrial buildings, thus applicable to this building.
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g) Datasources: The sources for the data that were used in the assessment of this building were taken
from ISO and/or corresponding national standards, fire tests, or widely recognized literature

resources.

h) Evaluation of the results of the assessment: The calculation results satisfied the limitation of

maximum temperatures and/or fire resistance time as discussed in 6.8.

i) Summary and conclusions: According to the performance verification method for fire resistance,
this document building satisfies the objective of fire resistance and functional requirements.

6110 Factors and influences to be considered in the quantification process

10.1 Thermal properties

il Annex D.

6{10.2 Mechanical strength of steel material

|

g¢mperatures[10].

10.3 Uncertainty of material properties

6

The scatter of thermal property is fairly small in c&Se of this material. See Reference.[6] The
yleld strength of the steel material is set at the [ower bound of the existing data by subtract
times of standard deviation from mean values;at'each temperature[10].

7| Guidance on use of engineering methods

his clause is not relevant in this €xample.

—3

kisting fire test data on the thermal response of steel members. The thermalrésistance factc

6

The effective values of the thermal properties of the insulation material were set|to' the mear
e

determined by fitting the formula to the fire test data. The details of the calculation formula aj

he effective yield strength of the steel material was set by a callection of data of tensile test

value of
r, R, was
‘e shown

s at high

effective
ng three
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Annex A
(informative)

Building and framing design

A1 Te

For the g

A.2 Normative references

The nory

A.3 Buyilding facade

Building
panel. W
spandrel

rms and definitions used in this annex

urposes of this annex, the terms and definitions given in the main text apply.

hative references in the main text apply.

facades are shown in Figures A.1 and A.2. Exterior walls areymade of lightweight concrete
[indows are made of ordinary float glass. Details on vertictal section around window ard
are shown in Figure A.3.

16
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Figure A.1 — South facade
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Figure A.2 — North facade
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1| blind box steel plate, t =1,6

2| aluminium sash

3| steelplate, t=1,6

4| plaster board

5| sprayed rock wool cementitious insulation, 25 mm
6| office

Figure A.3 — Details of vertical section around window

A.4 Construction of wall and floor assemblies

A.41 Partition wall between office area and corridor

The construction of the wall assembly is shown in Figure A.4. Double layers of fire resistant gypsum
wall boards are equipped to both sides of studs. The construction is rated to 60 min of integrity and
insulation as determined by ISO 834-8.
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LS5 . 4S5

L L

100
148

Key
1 typeK gypsum board: 12 mm x 2
2 stud{C-3.2 x 100 x 50 x 20

Figure A.4 — Construction of partition wall (60 min of integrity and insulation)

A.4.2 Partition wall between two office rooms

The congtruction of the wall assembly is shown in Figure A.5. A single layer of regular gypsum wdll
board islequipped to both sides of studs. The construction may have aninherent level of fire resistange
but it is ot fire-rated.

. 910 .
455 | 455
| ~
—1
ol <
o N
BRI A
* \
™~
2 1

Key
1 regular gypsum board: 12 mm
2 stud{C-3.2 x 100 x 50 x 20

Figure A.5 — Construction of non-fire-rated partition wall

A.4.3 HExterior wall

The congtruction of the exterior wall assembly is shown in Figure A.6. A precast lightweight concrete
panel is iiseth The thickness is 180 mm. As the thickness is more than 100 mm, the wall is deemed to he
fire resiqtant for more than two hours of integrity and insulation.
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Key

precast lightweight concrete panel

Figure A.6 — Construction of exterior wall (with more than 120 min of integrity,and insulation)

4.4 Floor slab

The construction of the floor slab assembly is shown in Figure A.7. The slab is made of c
cpnstruction of normal weight concrete and profiled steel plate. To assure bending capacity
fire, reinforcing bars of 13 mm diameter are located at 20 mm distardeefrom the bottom of the
thickness of the concrete slab is 80 mm to 155 mm. The slab is a 60-min fire-rated constructio

30

7slso
155

Key
1| concrete, F. =21 MPa
2| wire mesh, ¢ 6, @100
3| reinforcing bar, ¢ 13
4| steel plate, 1,2 mn

A.5-Building Frame

Figure‘A:7 — Construction of floor (60 min of load bearing, integrity and insulation)

bmposite
during a
slab. The
n.

A.5.1 Framing Elevation

The framing elevation is shown in Figures A.8 and A.9.

© IS0 2017 - All rights reserved
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Figure A.8 — Framing elevation at plane Y1
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Figure A.9 — Framing elevation at plane Y2

A.5.2 List of sections

The list of columns, girders and beams are shown in Tables A.1, A.2 and A.3. As shown in Table A.1,
all the columns are box sectioned. The outer side of column remains the same at all stories but the
plate thickness is increased at lower stories in order to support the increased static loads as well as to
withstand seismic actions. As shown in Table A.2, all the girders are H-sectioned. The width and height
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of the girders are increased at lower floors. For beams, sectional shape remains the same throughout all

the floors as shown in Table A.3.

Table A.1 — List of column sections

Floors C1 C2 Cc3
R
15 box-600 x 22 box-600 x 22 box-500 x 19
14
13
12
11 box-600 x 25 box-600 x 28 box-500 x 22
10
9
8 box-600 x 32 box-600 x 36 box-500 x25
7
6
5 box-600 x 36 box-600 x 40 box-500 x 32
4
3
2 box-600 x 40 box-600\x 45 box-500 x 36
1
Notation: box-(outer diameter) x (thickness of steel plate).
Table A.2 — List ofigirder sections
Floors G1 G2 G3
R H- H- H-
15 700 x 300" 14 700 x 250 x 14 700 x 250 x 14
14 x25 x 22 x 22
13 H- H- H-
12 700 x 300 x 14 700 x 250 x 14 700 x 250 x 14
11 x 25 x 22 x 22
10 H- H- H-
9 700 x 300 x 14 700 x 250 x 14 700 x 250 x 14
3 x 25 x 25 x 25
7 H- H- H-
6 700 x 350 x 14 700 x 300 x 14 700 x 300 x 14
5 x 25 x 25 x 25
4 H- H- H-
3 900 x 350 x 16 900 x 300 x 16 900 x 300 x 16
2 x 25 x 25 x 25
Notation: H-(width) x (height) x (web thickness) x (flange thickness).

24

© ISO 2017 - All rights reserved



https://standardsiso.com/api/?name=2a06d9d63b3c4c0b135d5246338ff2d4

ISO/TR 24679-4:2017(E)

Table A.3 — List of beam sections

Floors bl b2
2toR H-350 x 175 x 7 x 11 H-450 x 200 x 9 x 14
Notation: H-(width) x (height) x (web thickness) x (flange thickness).
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Annex B
(informative)

Fuel and structural load

B.1 Tdrms and definitions used in this annex

For the gurposes of this annex, the terms and definitions given in the main text apply.

B.2 Normative references

The nortpative references in the main text apply.

B.3 Syjmbols used in this annex

At stirface area of combustible wall lining (m?2)

Ar flpor area of a room (m?2)

As cross-sectional area of steel (mm?2)

At tifibutary area (m?2)

fa heat penetration factor

F npminal strength of steel at normal temperature (N/mm?2)

akial load ratio of column

P akial load on column (N)

q njovable fuel load density, (M]/m2)

Qs heat of combustion gfwall lining material per unit area (M]/m?2)
Qrm hegatrelease frofn movable room contents (M])

Qrf  heatrelease from fixed room contents (M])

Qr design'heat release of a room (M])

w floorload per unit area (N/m2)

w1 load applied directly to a girder from floor (N/m)

w2 load applied to a girder from floor by way of beams (N/m)

B.4 Fuel load

B.4.1 General

The fuel load of a room is calculated as the sum of the heat to be released from combustible contents
(movable fuel load) and from fixed combustible contents (fixed fuel load). In addition to the
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aforementioned contents, the heat penetrated from adjacent rooms is considered where there is the

possibility of fire spread between the room of fire origin and adjacent rooms[14].

The design heat release of room i is calculated using Formula (B.1):

Qr,i = Qrm,i +Qrf,i + zf;i,j (Qrm,j + Qrf,j) (Bl)
j
where
Qrm, 1S tire movabte fuettoadimroonTT;
Qrti s the fixed fuel load in room /.
The last term represents the heat released at adjacent rooms j, but penetrated into room i.
The movable fuel load is calculated by using characteristic values for movable ‘fuel load d¢nsity as
Fprmula (B.2):

Qrm,i = q l,iAr,i (BZ)
The fixed fire load accounts for combustible wall, ceiling and floor lining materials and so on, as shown
it Formula (B.3):

Q= ZAf,ka,k (B.3)

k
where the summation by subscript k corresponds with-all the combustibles in room i.
Alfire in a room may spread to adjacent rooms due to the presence of non-fire-rated walls.|{In those
cases, construction elements will be exposed to‘additional heating due to the additional burning taking
place in adjacent rooms. The last term of Formula (B.1) is provided to take this effect into|account.
The heat penetration factor, f;, is determihed in accordance with the fire resistance of walls and door
agsemblies empirically.
B.4.2 Calculation results
The fixed fuel load is calgulated based on specification of surface lining materials. The repults are
shown in Tables B.1 and B.2:The calculation of total heat release and design heat release are described
in 6.2.2.
Table B.1 — Fixed fuel load of rooms 201 and 1501
Position Material Area, Heat of combustion per Heat release,
Af(m2) | unitarea, Qf (M]/m?) Qrf (M])
Finish/Paint 8,0 64
Wall W 8,0
Base/GB 9,6 76,8
l"lnlsfl/l"alnt 3g,U yAs{Y)
Wall E 35,0
base/GB 9,6 336
Finish/Paint 8,0 20
Wall S 2,5
Base/GB 9,6 24
Finish/Paint 8,0 120
Wall N 15,0
Base/GB 19,2 288
Floor Carpet 875 64,0 5600
Ceiling  |RW board ' 9,6 840
Heat release from fixed combustibles, ZAfQf = 7 649
© IS0 2017 - All rights reserved 27


https://standardsiso.com/api/?name=2a06d9d63b3c4c0b135d5246338ff2d4

ISO/TR 24679-4:2017(E)

Table B.2 — Fixed fuel load of rooms 202 and 1502

B.5

Position Material Area, Heat of combustion per Heat release
Af (m2) unit area, Qf (M]/m?) Qrf (M])
Finish/Paint 8,0 280
Wall W 35,0
Base/GB 9,6 336
Finish/paint 8,0 64
Wall E 8,0
Base/GB 9,6 76,8
Finish/Paint 380 80
Wall S - 10,0
Base/GB 9,6 96
Finish/Paint 8,0 360
Wall N 45,0
Base/GB 19,2 864
Floor Carpet 978 64 17 600
Ceiling RW board 9,6 2 640
Heat release from fixed combustibles, ZA¢Qr = 22,397

Structural load

B.5.1 General

The strulctural load was calculated as the sum of movable load én floor and fixed load. The density

the struqtural load was determined by the building code[13].

B.5.2 Axial loads on columns

The stryctural design was carried out to determine the cross-sectional shape of the structur

members. The final design is summarized in Tablés*B.3 and B.4. Steel grade is SN 490 as determine
3136[11] with nominal design strength G325 N/mmZ2. Due to the high seismic load, large cro
are needed. As a result, the axial load ratio of columns is small, particularly for the columns

by JIS G
sections

on 15th floor.

Table B.3 — Axial load.ratio of columns at normal temperature, 2nd floor

h1
d
S

Tributary Floor load per Nominal Cross- Axial_load
Positjon Symbol area, At unit area, w strength, F Secuor;ljl ared, p=rE;’t/lZ;F
(m2) (N/m2) (N/mm?2) () 0
X1-y1 €l 21,9 0,108
X2-Y1 C1 43,8 0,216
X3-Y1 C1 43,8 89 600 0,216
X4-Y1 C1 43,8 0,216
X5-11 Cc1 219 0,108
143 960 325

X1-Y2 C2 35,5 0,158
X2-Y2 C2 71,1 0,315
X3-Y2 C2 71,1 99900 0,315
X4-Y2 C2 71,1 0,315
X5-Y2 C2 35,5 0,158
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Table B.4 — Axial load ratio of columns at normal temperature, 15th floor

Tributary Floor load per Nominal Cross section- Ax;:iil(c))ad

Position Symbol area, At unit area, w strength, F al area, 4s _ P/A, F
(m?) (N/m2) (N/mm2) (mm?) 7T
X1-Y1 C1 21,9 0,016 4
X2-Y1l C1 43,8 0,032 8
X3-Y1 C1 43,8 0,032 8
X4-Y1 Cl 45,0 0,032 8
X5-Y1 C1 21,9 0,916 4

12 388 325 50 864

X1-Y2 C2 35,5 0,026 6
X2-Y2 C2 71,1 0,053 3
X3-Y2 C2 71,1 0,053 3
X4-Y2 C2 71,1 0,053 3
X5-Y2 Cc2 35,5 0,026 6

= o

.5.3 Structural load on girders and beams

he calculation results of structural load on girders and beams are shown in Table B.5 and B.6]|

Table B.5 — Structural load on girders@nd beams on second floor

Load Load
Lea¥ber i Lgalcl perh gpplleld a!)pl_le(;i to
- 4| Load unit floor ributary |unit .engt lreFt y 4 girder
osition an 0a Item area area of girder |to a girder | from floor
symbol type orbeam |from floor, | by way of
w1 b¢ams, wy
(N/m2) (m2) (N/m) (N/m) (N/m)
_ Girders and beam5 — — 2832
Fixed Exterior walls — — 12 300
X1 | G1 |load — 20909 7 346
Floor and\partition walls 3897 11.56 3313
Movable load 2900 ’ 2 465
Fixed |Gindersand beams — — 2832
X4 | G1 |load <{Floor and partition walls 3897 2319 6 625 14 387 14 692
Movable load 2900 ' 4930
_ Girders and beams — — 2832
Fixed Exterior walls — — 13 816
X5 | «61” |load — 22 425 7 346
Floor and partition walls 3897 1156 3313
Movable load 2900 ’ 2 465
. Girders and beams — — 2619
Fixed Exterior walls — — 11 855
Y1 | G3 |load — 18 468 —
Floor and partition walls 3897 799 2290
Movable load 2900 ’ 1704
Fixed |Girdersand beams — — 2619
Y2 G3 |load Floor and partition walls 3897 1593 4579 10 605 —
Movable load 2900 ' 3408
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Table B.5 (continued)

Load Load
Load per applied | applied to
. jr?ii%l%irr Tributary |unitlength| directly a girder
Positionand | Load Item area area of girder | to agirder | from floor
symbol type orbeam |from floor, | by way of
w1 beams, wy
(N/m2) (m2) (N/m) (N/m) (N/m)
Fixed |Girders and beams — — 686
— b1 |load Floor and partition walls 3897 1598 4579 8672 —
Movable load 2900 ' 3408
w1 floof load directly applied to a girder.
wy floof load applied to girder through beams.
Table B.6 — Structural load on girders and beams on 15th floor
Load Load
Load.per applied | applied tq
. Llllr?ia'lcdfl%f)rr Tributary |unitlength| directly a girder
Positipn Load Item area area ofgirder |toa girder | from floof
and symbol | type orbeam |from floor, | by way o
w1 beams, wp
(N/m2) (m2) (N/m) (N/m) (N/m)
_ Girders and beams — — 2214
Fixed Exterior walls — — 11421
X1 G1 |load — 21521 9815
Floor and partition walls 6378 1156 5421
Movable load 2900 ' 2 465
Fixed |Girdersand beams — — 2214
X4 | 1 |load  |Floorand partition walls{- 6 378 2312 10 842 17 985 19 629
Movable load 2900 ' 4930
_ Girders and beams — — 2214
Fixed Exterior walls — — 12 829
X5 G1 |load -— 22928 9815
Floor and partition walls 6378 1156 5421
Movable load 2900 ' 2 465
_ Girders and beams — — 1894
Fixed Exterior walls — — 11009
Y1 3 |load — 18 353 —
Floor and partition walls 6378 799 3747
Mavable load 2900 ' 1704
Fixed |Girdersand beams — — 1894
Y2 530 |load Floor and partition walls 6 378 7 494 12 795 —
15,98
Movable load 2900 3408
Fixed |Girdersand beams — — 686
— | b1 |load  |Floorand partition walls | 6378 1598 7 494 11587 —
Movable load 2900 ' 3408

wi floor load directly applied to a girder.

wy floorload applied to girder through beams.
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Annex C
(informative)

Fire temperatures

.1 Terms and definitions used in this annex

0

br the purposes of this annex, the terms and definitions given in the main text apply in additi
¢llowing:

c =,

1.1

prning type index

=2

fijaction of incoming air to compartment over fuel surface area
1.2

pening factor

!

—e

dex to mass flow rate of air incoming through an opening

(.2 Normative references

—

he normative references in the main text apply.

(.3 Symbols used in this annex

on to the

Al wall area (m2)
Af surface.area of interior lining material (m2)
AFuel surface area of fuel (m2)
Abp epening area (m2)
A,H,, opening factor (m>/2)

burning type ind 1/2
onp\/FW DA urning type index (m1/2)
Al area of floor (m2)
Aw wall surface area (m?)
Hop height of opening (m)
Hy average ceiling height of room (m)
qb heat release rate (MW)
q movable fuel load density (M]/m2)
Qr design heat release of a room (M])
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a

\kpc

C.4 Cdlculation procedure of room fire temperature

C4.1

The fire temperature is calculated on room by room basis using a closed form.formula for compartmel
fire temleratures[M].

C4.2

The heaf release rate or the amount of heat released in a room per unit time, q, (MW), is calculatg

using Fofmula (C.1)[15]:

1,64, (x<0,081)
g, = 0,134, A (0,081€7<0,1) (c.
[2,5x exp(~11x)+0,048] (0.1<y)

The pardmeter x(m1/2) is the burning type index representing oxygen availability per unit surface arg
of combuystible surface, as shown in Formula{C.2):
X =1

where, 4op (m2) and Hop (M)-are the area and the height of an opening, respectively, and Ay (m
and Hy (1p) are the floor areaand the average height of fire room, respectively.

The fuel surface areaAs,e] (M2), is calculated using Formula (C.3)[4]:

A

where thé~oxygen consumption coefficient,¢, represents relative oxygen consumption rate of

fuel

fire duration time (min)
fire temperature (K)
initial temperature (K)
burning type index (m1/2)

oxygen consumption index

fire temperature rise coetficient (K/minl/o)

thermal inertia (kW s1/2/m2 K)

General

eat release rate and fire duration time

hax ZAOP\/H_OP Ar\/H7r (C‘

A "704

fuel fuel

=0,26 ¢ 0A + 0 A, (C.

)

)

Nt

d

a

)

a

finishing material to wood in burning.

The duration of a fire, tf (min), is determined by Formula (C.4), assuming constant burning rate:

te

32

Q,

- (C4)

~ 60q,
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The fire room temperature curve is calculated by using Formula (C.5):

T,()=at*+T, (0<t<t,)

(C.5)

where the fire temperature rise coefficient, a(K/minl/6), expresses the severity of the fire and
calculated by using Formula (C.6)[3]:

0 =1280 Dy (C.6)
\/ZAVV \/kpC \/ZAop \/ Hop
where 4y, (m2) and \/kpc (kW-s1/2/m2:K) are the surface area and the thermal imertia of eadh part of
ehclosure walls, floor and ceiling of the room.
(G.5 Calculation results room fire temperature
Cl5.1 Surface area of fuel
The calculation results of the surface area of fuel are shown i Tables C.1 and C.2.
Table C.1 — Surface area of fuel in room 201 and 1501
M . Oxygen Surface area of interior Effective
" . aterial . .. .
Position Material classification censumption lining material, surfafe area,
coefficient, ¢ Af (m?2) ¢ Af (m2)
Wall W Paint Combustible 1 8 8
Wall E Paint Combustible 1 35 B5
Wall S Paint Combustible 1 2,5 P,5
Wall N Paint Combustible 1 15 15
Hloor Carpet Combustible 1 87,5 gq7,5
(eiling EOCk wool Non-combustible 0,1 87,5 4,75
oard
(¢ x Af) = 196,75
Afuel = 0,26 x q11/3 x Ap + 2(¢p x Af) = 344,3
Table C.2 — Surface area of fuel in room 202 and 1502
. Oxygen Surface area of interior Effe¢ctive
L . Material . . .
Position Material classification consumption lining material, surfafe area,
coefficient, ¢ Af (m2) ¢ Af (m2)
Wall W Paint Caombustible 1 35 h5
Wall E Paint Combustible 1 5 8
Wall S Paint Combustible 1 10 10
Wall N Paint Combustible 1 45 45
Floor Carpet Combustible 1 275 275
Ceiling Rock wool Non-combustible 0,1 275 27,5
board
(¢ x Af) = 400,5
Afyel = 0,26 x q11/3 x Ap + Z(¢p x Af) = 989,8
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C.5.2 Opening factor

The calculation results of the opening factor are shown in Tables C.3 and C.4.

C.5.3
The calc

Table C.5 — Heat release rate and fire duration time of rooms 201, 1501, 202 and 1502

Table C.3 — Opening factor of rooms 201 and 1501

Opening area Opening height Opening factor
Opening posi-
tion Aop (m?) Hop (m) Aop Hop (m5/2)

Opening W 15,96 1,9 22,0
Opening S 7,98 1,9 11,0
Fire door 2,64 2,2 0,0
> Ay [Hop = 33,0
A\JH, /70= 24
fop =max{ Y. Ay, \[Ho,  A\JH, /70}= 33,0

Table C.4 — Opening factor of rooms 202 and\1502

) ) Opening area Opening height Opening factor
Opening posi-

tion Aop (m2) Hop (m) Ay, \Hy, (md/2)
Opening E 15,96 19 22,0
Opening S 23,94 1,9 33,0
Fire door 792 2,2 0,0
> Ay [Hop = 55,0
AJH. /70= 7,6
fop =max{> Ay, [Hyy A JH, /70}= 55,0

Heat release rate and fire duration time

1lation results ofthe heat release rate are shown in Table C.5.

RSom (m1/2) Design heatrelease of | Heatrelease | Fire duration time,
X the room, Q; (M]) rate, qgp (MW) tr (min)
201.1501 0.096 83,108 448 309
202,1502 0,056 184,894 88,0 35,0

C.5.4 Fire temperature rise coefficient

The calculation results of the fire temperature rise coefficients are shown in Tables C.6 and C.7.
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Table C.6 — Fire temperature rise coefficient of rooms 201 and 1501

Wall Thermal inertia Thermal response
Part Material Aa (rig';a \/k_ Wl/2/mZK conductance
¢ pe (KWsH/Z/m2K) | 4 frpe (kwst/2/K)
Wall W Concrete 9,3 1,75 16,3
Wall E Gypsum board 35 0,35 12,4
Wall S Concrete 2,94 1,75 51
Wall N Gypsum board 15 04 6,0
Hire door Steel 2,64 1,08 2,9
Rloor Concrete 87,5 1,75 153,1
(eiling Concrete 87,5 1,75 153,1
Y aJkpc = 349
Fire temperature rise coefficient: a = 715
Table C.7 — Fire temperature rise coefficient of rooms 202 and 1502
. . Thermal responfse
Thermal inertia
Part Material Vglalérig;a \/k_ SVsl/2 fmZK conductance
¢ PEARWSIZ/m2K) | g frpe (kws}z/K)
Wall W Gypsum board 35 0,35 12,4
Wall E Concrete 9,3 1,75 16,3
Wall S Concrete 11,7 1,75 20,5
Wall N Gypsum board 45 0,4 18,0
Hire door Steel 792 1,08 8,6
Rloor Concrete 275 1,75 481,3
(eiling Concrete 275 1,75 481,3
Y Akpe = 1038
Fire temperature rise coefficient: a = 658
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Annex D
(informative)

Maximum temperature of insulated steel elements

D.1 Tdrms and definitions used in this annex

For the gurposes of this annex, the terms and definitions given in the main text apply in additionto the
following.

D

D.1.1
section factor

heated perimeter of element divided by cross-sectional area

D.2 Normative references

The nortpative references in the main text apply.

D.3 Symbols used in this annex

Aj cross sectional area of insulation material (m?2)
As cross sectional area of steel element (m2)

Aw t¢mperature rise delay time coefficieat{min/m2)

C hpat capacity ratio, pici/pscs

Cj specific heat of insulation material (J/kg-K)

Cs specific heat of steel (J/kg-K)

h steel element temperature rise coefficient (min-1)
Hg heated perimeter of steel element (m)

Hj hpated peximeter of insulation material (m)

Ko bhsic temperature rise rate (m/min)

R thermal resistance coefficient (m-1)

teq equivalent fire duration as replaced with a fire as specified in ISO 834-1 (min)

tpost time to maximum steel temperature since the stop of heating

tp thickness of insulation
tw time delayed by evaporation of water in the insulating material (min)
to time to start temperature rise (min)

36 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=2a06d9d63b3c4c0b135d5246338ff2d4

ISO/TR 24679-4:2017(E)

Tf fire temperature (K)

Ts temperature of steel elements
Ts max maximum temperature of steel
To initial temperature (K)

[0) perimeter ratio, H;/H;

a fire temperature rise coetficient (K/minl/o)
p density of steel (kg/m3)

p density of insulation material (kg/m3)

D.4 Calculation procedure of maximum steel temperature

]

4.1 General

—

he steel temperature rise was calculated by an experimental correlation derived from stan

O =

ncept of equivalent fire exposure.

D.4.2 Temperature rise of steel element under astandard heating curve as specif
1$0 834-1

—3

he temperature rise of a steel element over time insulated by sprayed rock wool can be ¢
sing Formula (D.1) and Formula (D.2)[3]:

T, =(T, - T,){1—exp[ -h(t—t,, —t, )]} + T,

=

(H, /H)K,(H, [/ A)
(HMR][ g;]
H. /A 2H /A

to isthe time-to start temperature rise (min);

h=

where

tw is thetime delayed by evaporation of water in the insulating material (min).

dard fire

¢sistance tests conducted in accordance with ISO 834-1. The correlation was extended by ysing the

ied in

hlculated

(D.1)

(D.2)
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The maximum temperature will be archived shortly after (equivalent) heating duration, teq in

Formula (D.3):

Ty = (T =Ty {1 = exp| =h(t,, +E,0 —t, —t,) [} +T, (D.3)

where tpost is the time to maximum steel temperature since the stop of heating. Assuming that tpost is
fairly close to tp, the maximum steel temperature is approximated by using Formula (D.4):

S,ma

Ty =(L=T, {1 —expl=h(t_—t J]}+T, (D.4)

In case of a fire as specified in ISO 834-1, the temperature can be approximated by using Formula [D.5)):
T, =B45log (8t +1)+T, =460t"/° +T, (D.5)

By combjning Formulae (D.4) and (D.5), the final form would be Formula (D.6):

T, | =460t {1-exp| -h(t,, -t ) }+T, (D.6)

The pargmeters for steel elements insulated by sprayed rock wool are shewn in Table D.1.

Table P.1 — Parameters for temperature calculations of steél elements insulated by sprayed
rock wool

Delay time coeffi- | Basic temperature | Thermal resistance | Heat capacity rati

Inpulation type cient, aw rise coefficient, Ko coefficient, R C
(min/m2) (m/min.) (m-1) ()
Box-sect ongd column heat- 19 600 0:001 16 390 0,081
ed from 4ll sides
H-sectioped beam heated 26 000 0,000 67 235 0,081

from three sides

D.4.3 HKquivalent fire duration and maximum steel temperature

For fire§ described by Tr = atl/€+Ty, the equivalent fire duration can be approximated by using
Formula|(D.7)[3l:

o 3/2
wd3) “p

Putting Formula {D)7) into Formula (D.6), the maximum steel temperature under thermal action can he

calculatgd using Formula (D.8):

/2 "|1/6 \B/2

[ & [ (& 1]
Ts‘maX=460UmJ th 11—exp{—hLmJ (tf—tw)JT+T0; D.8)

D.5 Calculation results of maximum steel temperature

D.5.1 Columns

The calculated parameters for maximum steel temperatures of columns are shown in Tables D.2
and D.3.
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