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Cost Analysis for Fire Protection on Structural Members
of Residential Steel Building using Fire Engineering Design
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ABSTRACT

In general, fire resistance is determined through the building' uses and stories. But recently a fire
engineering design that is done by the calculation of design fires from the fire cell and an evaluation
of stabilities for structural behavior at fire condition have applied to almost of countries as a major
alternative against a prescriptive fire design. To adopt and utilize the fire engineering design into
Korea, at first, we evaluated structural stability of 21st stories steel residential building at fire condi-
tion through fire engineering design and secondly the fire protection cost was analyzed with fire engi-
neering design method and the prescriptive one, respectively. No fire protection materials for
satisfaction of building law at structural members such as columns and beams were needed and about
90 % of fire protection cost was saved.

Key words : Fire engineering design, Prescriptive method, Fire protection, Fire compartment
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Table 1. Summary of Residential Steel Apartment
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Figure 1. Drawings of residential steel apartment.
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Table 3. Opening Condition of Residential Steel Apartment
B2 | E [ mel | wigeln #EsA

TR | m | (m) E°l(m)
() 3.0 1.8 0.5
Q) 058 | 1.4 0.7
Z(3) 0.9 0.45 0.945
(1) 3.6 2.1 0

FQ)x2 | 21 23 0
£03) 1.48 | 23 0

Table 4. Coefficient of Ventilation
sl o] wigE Ay | E7IEFHA) | AVAr
100 27 0.27
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Table 5. Properties for Heat Transfer
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Tim: curves for e and for steel member

Project name RIST Steel Research

Project no. 48610 Designer MJF

Input data for Eurocode model (as modified by CC; R4-83)

Enclosure id Interior apartment
enclosure floor area (m?) 4, 1000
enclosure height (m) 265
total enclosure surface area: walls, ceiling, floor and openings (m?) A, 306.0
ventilation condition 1 2
total area of vertical openings (m?) A, 27 0
weighted mean height of vertical openings (m)  h 209 2
fire load energy density related to the floor area A, (MU/IM®) Q.4 400
fire load energy density related to the total surface area A, (MJ/M®) Gy 131
AA 0270 0.000
thermal characteristic b 1160
calculation time step (minutes) 05
time at which ceiling insulation fails (minutes) 20
time at which vent. condition 2 occurs (minutes) ' 0
Output data Opening factor OF 0128 0.128
r 1047
1 1.355
max temp rise in heating phase ©g max (°C) 960

980 at 7.5 minutes
541 at 18.5 minutes

max temp in enclosure (°C)
max temp of steel section (°C)

Input data for steel time-temperature response

9.5mm gypsum plaster
insulation thickness (mm) 95

initial steel temp  (°C) 20
emissivity ¢ 056
steel section exposure configuration profile surface area less one flange
mark no. mip section factor (m*ftonne)  SF 2638
H-200X200X6X9 (m") HplA 211
catalogue # 1 insulation type

Time-temperature curve
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Figure 2. Design fire curve.
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Table 6. Maximum Temperatures of Steel Sections

AL IR AL HLe
A 73
SEATHE) | HARE(C) EEAZHE) 3 25 (°C)
H-200 x 200 x 6 x 9 18.5 541 H-300 x 300 x 20 x 25 30.5 408
H-200 x 200 x 8 x 12 22 492 H-300 x 300 x 20 x 30 34.5 394
H-200 x 200 x 12 x 12 23 475 H-300 x 300 x 20 x 35 36 381
H-200 x 204 x 12 x 12 23 475 H-300 x 300 x 20 x 35 36 381
H-200 x 200 x 12 x 20 26.5 423 H-300 x 300 x 30 x 35 36 369
H-200 x 200 x 15 x 25 335 396 H-300 x 300 x 30 x 40 36 356
H-294 x 302 x 12 x 12 21.5 501 H-310 x 305 x 15 x 15 23.5 469
H-300 x 300 x 10 x 10 19.5 533 H-310 x 305 x 15 x 20 25.5 441
H-300 x 300 x 10 x 15 22.5 486 H-310 x 310 x 20 x 20 26 429
H-300 x 305 x 15 x 15 23.5 469 H-300 x 300 x 20 x 35 38.25 381
H-300 x 300 x 10 x 20 24.5 454 H-300 x 300 x 30 x 35 40.5 371
Table 7. Evaluation for Structural Stabilities of Columns
sk FH3ILL2E(°C) 2= (°C) TR A H] 57
0.57 501 509 OK(HEA vk A% H-294 x 302 x 12 x 12
0.42 533 613 OK(HEA vk A% H-300 x 300 x 10 x 10
0.56 486 518 OK H-300 x 300 x 10 x 15
0.53 469 537 OK H-300 x 305 x 15 x 15
0.48 454 577 OK H-300 x 300 x 10 x 20
0.55 408 522 OK H-300 x 300 x 20 x 25
0.55 394 527 OK H-300 x 300 x 20 x 30
0.50 381 563 OK H-300 x 300 x 20 x 35
0.57 356 509 OK H-300 x 300 x 30 x 40
0.53 469 536 OK H-310 x 305 x 15 x 15
0.55 441 522 OK H-310 x 305 x 15 x 20
0.58 429 504 OK H-310 x 310 x 20 x 20
0.56 371 517 OK H-300 x 300 x 30 x 35

Table 8. Evaluation for Structural Stabilities of Beams

Sl HILE(°C) SHA2E(°C) TR A H] 3L
0.32 541 686 OK H-200 x 200 x 6 x 9
0.54 492 531 OK H-200 x 200 x 8 x 12
0.37 475 650 OK H-200 x 200 x 12 x 12
0.51 475 554 OK H-200 x 204 x 12 x 12
0.37 423 650 OK H-200 x 200 x 12 x 20
0.53 396 536 OK H-200 x 200 x 15 x 25

St A LSS =R A4 AlZE, 2010
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Table 9. Cost for Fire Protection of Beam (Won/mmM?)

A%5E W9 sAsks, A 24 92 et 3= g9 |z || =a (v
o FaAE A543 ST dax opgkEe] Wsky obl ke | 0394 | 500 | 197.00
s} faq:ﬂ 7%-"}, 7]3;—2119} E]_;—;;HZ: 9.5;nm AMIRE e | QA% i 6535
ul7k o 5]-31] o7‘:—§_7 o2 U= 21
_}“_ Tl ol 7t 87h ]91_} AT ol 0.00093 | 93,715 | 87.154
> due obAesl dishem Al we ek 7AZ ol | 000053 | 81,297 | 43.087
H]-§-2] HlaiEAg 9]ate] AFgFH 14133}“74101] o1& W = = — ' : :
=
Sy g EAo] A2 ot azsg oo | TEQW| Q1 000039 | 85320 | 33274
2 7229 o3 YIS &5 9 =20 wat HEO|H o] 0.00080 | 67,909 | 54.327
TEEH, 12F o] WH=9 71%&% ‘;-; R R 421.377
Table 10. Cost for Concrete Construction (M?)
j=5 == o}
Fu | un | Aze3 = =
A 54| =] el A FH] fH] il
HZT} Hr 0.0279 30,143 - - 840.9
HZ7} Hr 0.0279 20,033 558.9
HZIYEF °] 0.049 100,639 4,931.3
HEO|H o] 0.024 67,909 1,629.8
7] - - 1501 1,501
2 A 840.9 7,120 1,501
3 A 9,461.9
Table 11. Cost for Formwork Construction M?)
1:,_}.7 X))
4 w9l e i ‘”
Az ) A 28] )
e M? 0.7931 9,775.6 - 7,753 -
717 M 0.02926 313,009 - 9,158.6 -
A kg 0.29 1,090 - 316.1 -
= kg 0.2 900 - 180 -
ule) ) 1 0.19 1,000 - 190 -
A= ol 0.22 - 101,873 - 22,412
RHEO|H o] 0.12 - 67,909 - 8,149
A A 17,597.7 30,561
il 48,158.7

J. of Korean Institute of Fire Sci. & Eng., Vol. 24, No. 1, 2010
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Table 12. Total Cost for Fire Protection of Beam

3 & o 9 = A(H) H| 3
AlgH] 4 /mmM? 421
H2 5 mm 40 3A7L
¥ Z M?/Ton 20
AN Ton 560
H) & 188,608,000

A AN 7= 2H2t Table 9~113 7t} 10

HEZ ofglEQ] SRC 7]5HA 288 ZaZE
o} AxHe F %2 247 318.07M°, 3,186M?°]t},

AFFE YakdAel 9%k SRC7IEHA L] FAME
AFF] AZWE3 ZAZE g8 Eo FozH
156,443,165 0] A8 F|AT} Eg 712 F57F 560Ton,
FAA o BA 9] FHA 11,200M%¢] HEA ] W
3}u] 0] 8-& 188,608,000 0.2 AAE ) tH(Table 12).

384 shdAle oA Fuisla o] 7hEsithal
Wyt AuRne A8 75EAe] FAM] A9k
Table 139 A)A|F4At).

AEH AuRE WAL 715 BHE 300 x 3002
2 7pgsiglen, AauRse] FHALS 21948 M2 L
213l FAME 35,709,6009 2 AAE ST dnkH o=
dA wAz YaluEE /EAE Aane B
B vpgA gl Qg FAFAPE R oz "as)
A "ot weiA AaEEe] o3 ysluE H]g-2 A
FHET 7P & oy, Manse ok A
AFE U3l & vlgo g At a8k sk A

Table 13. Cost for Gypsum Wallboard Construction (Won/m?)

497

Table 14. Comparisons between Two Types of Fire Design
Methods

& = AFFA HshdA
H 188,608,000
E BENEN N 156,443,165
37 345,051,165
W 0
sk Al @) 7= 35,709,600
3} 7 35,709,600
W 188,608,000
AN (Q) 7% 120,733,565
g Al 309,341,565(90%4 7))

o o3k 5}u]Eu]-83} SRC 2 ¢HHA WA o3k
3ANZE Bl Aes BEATE 215 2EXE of
SE | Wsluly FAM] A= the Table 149} 2t

sl En)g-o] B4, FusluEe) wE A ¥
AR e oF 39 guinlky] FFEOZ el o,
o] FAL A7 W3 T F5S % vislyE u)g
o] oF 90%0l| sigE Tt wetr] AFE] A Al
wel 722 BIUAS 93 e WalgEae A
At AFEe] A BAE PFS HsiA T Wigt
A9 S A=yt 243 ety BekE .

4.4

£ =

AZEY A NB4H 7164 N2 BEsk] A

o=

3 & T+ 2 o+ ¢ T o 7} = 4 v
ZS A - A=, 9.5 M2 1.05 1,975 2,073.75 3 7
ey 67/40/0.8t M 1.1 1,260 1,386
ECES == 67/40/0.8t M 27 1,470 3,969
= (0.5T) M 0.2 700 140
JE| %47} NK-27 EA 252 756
AR AT 4213 EA 2 7.2 14.4
AIREATH 3.5x31.8 EA 10 8.6 86
AIRE TH 3.5x38.1 EA 20 9.4 188
ZOE Fules KG 243 440 1069.2
AzEZ Wz ) 0.06 101,873 6,112.38
HEOR SIS 3| 0.007 67,909 475.363
3 A 16,270.093
I LS =EF] A24H A Z, 20109
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