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Performance-Based Structural Fire Design of Modular Buildings
with 3-Hour Fire Resistance Using Robot S/'W
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Abstract - As the domestic modular market grows, the demand for high-rise modular building is increasing, but the growth has
been marginal. The biggest problem with high-rise modular is the fireproofing standard which is currently based on the specifi-
cation of fireproofing materials to meet the 3 hours of its performance in buildings over 13 floors and the efficiency is lower
than RC buildings. In overseas, performance-based structural fire design is used to apply fireproofing materials appropriately
leading to good efficiency. In this research, performance-based structural fire design of modular buildings using Robot S/W
based on Eurocode 3 was conducted and its efficiency was compared with specification-based design.
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Fig. 1. Process of performance-based structural fire design Temperature (°C)

Fig. 2. Temperature-strength curve in fire
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Table 2. Strength reduction factor for steel at elevated tem-
perature[(’]
Steel . Reduction factor
Reduction factor . .
temperature for vield strength for thin walled section
(°C) y g (Class 4)
20 1.000 1.000
200 1.000 0.890
400 1.000 0.650
600 0.470 0.300
800 0.110 0.070
1,200 0.000 0.000

2.5 Hish & 4=

24494 S Al AT Higt HAREE AHE
=, st &2 Fsfof 3ot HA st & A5
Rl l‘%xﬂﬂ S Al kgl mhE EATE 5
3 AFATE AEsHoF At o] %, Table 3914 &4
SHASAY ‘TH, AFA et A 01516}"4 4 Al
A9 2=& AT = AUnt. AJAS M= it
o2 4 @®)FZ

o et

1 Do

M A i 1 (8)
=y d, 1+@/2

o714, &: |5} W) 2o] AE Aol Hlg,
A W =2 9] B EA4(W/mK),
dy: 13} T2 A (m),
A, 5] 2015 R} SR A (mm),
v: 9] Zolgk 2ol 25 (m¥/m).

sk =2t %ZHQ =7 2
ot s g8 f2A9 AFASE 2 5 o, 4t
T Table 394 J—Z@XHJ}@OH Ao FHTEAS F2
Qo] £ A7loAlQ] £ o= o] wE AL

JAE &E3t] 4 8)y= 530

om-[r

i«
9_15
>4
i)
£

152 7072018 =g A5 A3 2 (Ed A1842) 20239 69

A= J7IH vishdA

SHA| Al =23 v & P whE RA Y] F4AS
AV FAS DA E30A] |H] 9l EO] Fol=
AFESE = Q1o Table 49} o] © X9 HE AT
L e,

Table 3. Temperature of protected steel in °C, exposed to the
ISO 834 fire curve with different massivity factor!'”

.. 3
Time Massivity factor (W/m’K)

(min)

100 | 200 | 300 | 400 | 600 | 800 | 1000|1500

0 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20
30 54 | 84 | 113 | 140 | 188 | 232 | 271 | 354
60 94 | 156 | 211 | 261 | 345 | 414 | 472 | 578
90 134 | 225 | 302 | 367 | 472 | 552 | 612 | 712
120 173 | 289 | 383 | 459 | 573 | 654 | 709 | 767
150 | 211 | 349 | 455 | 537 | 654 | 723 | 746 | 876
180 | 248 | 404 | 519 | 603 | 714 | 751 | 821 | 967

Table 4. Section factor (4,/V) for protected steel members
with hollow encasement™

Section
Sketch Description factor
AV
Encasement
T 2b+h)

h s steel | Hollow encasement “steel cross
1 of uniform thickness steel cross
- section area
¢, FHb—ik-a

Concrete
T Hollow encasement h+b

h —Steel | of uniform thickness, “steel oross
4 exposed to fire sitstiorclr;)::a
;1‘2_ b | ¢, on three sides

Encasement

“The clearance dimension ¢; and ¢, should not exceed /4.
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Fig. 4. Structure plan and unit module

Table 5. Material properties for unit module

Member Standard Steel grade
Column 0-200x200%12
Floor beam C-250%100%9/9 SM355
Ceiling beam C-150x100%9/9
Brace 0-100x50%x6
Joist 0-100x50x4 SM275
Sub column 0-100x100x6
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Table 6. Maximum required strength for each floor of column

Demand
Floor Compression M, M,
(kN) (kKN-m) (kKN-m)
IF 1,712.34 17.26 21.32
9F 954.21 14.15 15.70
18F 91.32 0.29 1.24

Table 7. Maximum required strength for each floor of beam

Demand
Member Floor M, Shear
(kN-m) (kN-m)
1F 55.23 32.33
Floor 9F 51.18 30.72
beam
18F 48.17 28.32
1F 11.97 8.68
Ceiling 9F 12.67 10.87
beam
18F 11.97 8.68
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Table 9. Calculation result of fireproof coating thickness

Design method
Member | Specification- Performance-based design
based
design 1F -6F | 7F - 15F | 16F - 18F
Column
50 mm 15 mm
Floor
beam”
Ceiling E
beam”
57 mm 30 mm

"The uncovered side is the joint of the module.
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