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Abstract

A concrete lining of a tunnel is spalled due to increasing internal air pressure when exposed to a prolonged
fire caused by a car accident. The spalled-off concrete pieces expose steels to high temperature, which
leads to their stress loss and eventually the collapse of a tunnel could be collapsed due to the deterioration
of concrete and steel. Therefore, a fireproofing material should be applied to protect concrete lining and
steel from high temperature. This paper selected a cementitious matrix with EVA polymer and a basalt
fiber as the fireproofing materials and evaluated their fire-resistant performance by the RABT-ZTV fire loading
tests using a liquefied petroleum gas(LPG). Their levels of depths are used as a test variable(20mm, 30mm
or 40mm), and the interior temperatures of concrete, steel, and the cementitious matrix are obtained from
embedded K-type thermocouples. Failure mechanism and thermal results of the interior concrete and

cementitious matrix are discussed in detail.

Key words: fireproofing material, tunnel concrete lining, concretes spalling, RABT-ZTV, cementitious matrix, basalt fiber

l.ME

agaes 2B AT get =58t 5
of ofe] 7} AR B Mzjo] W), WirEa
E BATNS ARRATUERR), EAETY

(NSM)5H], EPE dHSH] 5o] Aoz AL

541 QIth(Kim, 2015), £3] EBR 2 NSM H7-34¢]

S 7, A 59 BAAE AIFAIE ol8sto] &
ﬂal.E_ FHo| B2AA Algabgo] ZHAE W ofzt
93t BAATE Holal QIth(Kim, 2005), SHAIR

EBR %! NSM H7-5H-2 o ZA|Qf ZA 2| EZR] /o]
o A Aol e AR) <la) W F A7
of ute} Zae|ESl WA AReA o|EA]e] Ha
o] Af3FElo] B/} keIt Wk of et €z
Zro] &85 A Hof| A 2]-g-0] ofHTHTriantafillou &
Papanicolau, 2006; Ko, et, al, 2014), E3t 5-7]4|
A o FEA = = fEldo] L= Qlste] ey
5ol @ASHA Aot BAlE 7HAAL lthKo, er,
al, 2014; Lee, et al, 2018). EBR 2 NSM H7}-&H
O W HahdsS SHAl A2 &4 B vz Q)

* The 1st author: Ki Nam Hong, Tel, +82-43-261-2378, Fax, +82-43-261-2377, e—mail, hong@chungbuk ac kr
" Corresponding author: Yeong Mo Yeon, Tel, +82-43—-261-2378, Fax, +82—43—-261-2377, e—mail, yym235@chungbuk, ac kr



136 Crisisonomy Vol.15 No.l

SEY HY 3(19999), vl ]z ol 154

| aw 3HAf(20149) 5 A AlAl] B St
skt 22 501, ti-AIsHE 3HA(2003), A
oAt e Bk 3hA(20109), A& EAR
< HE s011Y) 5 =] EZE AR 7] AV ES
SR A 271k alolo), ol et
& QUalsle} FE50] 4] WA e, 53],
B 2 a7 E o] sl BUolMe) sy
W AJAEe) shapch IR Moy sp
A] 55 o]uf 1,000C7HA] U 257} 2o, o
st ot B ] Al 4
A EcHKim, et, al, 2009). ZAYE 1ZE
Aoz FARE A= AH|e
oz Heds2 SEslal ek, shAvk deH 37t
ofl4 1,000 Col e} 1o Lz FAE: F37]
E YH2: A50& Qlsto] oF 100 Colx] Za2E
0] o7t 715k, 180°C oo 2:ofAf A]
W=} sjstao 2 Agela glE io] FUsh] A
A oF 250~350C o] WiF-2kollA] ZgAle]Ao]
EFSMAE AR F oF 20%9] a0 718t FHrt
(Kang, 2002). 3A=Z ¢lgt 1128 ZI7|E Y+
gt B pePAES EeAA 229 E YWt
= AotAFItHKang, ef, al, 2014). ool wie} WHlE
SRtollA WAYsh= S disf E22E U 2= 2
2 59 ool Het AF 2s] AL 9l
CHKim, et, al, 2009; Kim, et, al, 2007; Park, et
al,, 2004; Ahn, 2007), 11-2-2] 3}Aje]| = F32|E
= W 227t S7kehA HEa FJ@J"“*Q H
ek, FEIAY 9 spEAPH flof whet o] e
Eof Fx= w2 ofofd 4= qlrf. oo wlzt el s
o] R E JI2E B7FEHQ) FRCM(Fiber Reinforced
Cementitious Matrix)-g®o] gt A7} =4 - 9
Aoz ZHbs| A=l Qth(Lee, et al, 2018;

L
nJS

o

Al

it

o,
oE
°—|~

i)

_4

flo o ogk
N 112
re

H

Babaeidarabad, et, al, 2014; Ombers, S., 2011),
Spat ohe] @7k FROM B7ge) Yeiaa
BAE fgoll et ko, FRCM 24312 Wigt
A5 4ol et A Raet ARt} njeb
=F.2 BFRP(Basalt Fiber Reinforced Polymer)&
o}gsjo] FROMEHIS M43 Aaetels ne| vl
o= BRI

[, Tthsrd 2z
ZazE g

A, Eelz=gd

£ =, B

HE AAs7] flete] 222E, 7

(Polypropylene, PP) Al 9] Al
Basalt 4157} AREE|Qlch 232 EL}
= GRHARl ATFAE FERE AR EE A
AYEAE 30.0MPa®] oA FA2EC} DI6,
D19 o]FHILE ALaIT)
2 Ao ARGE AHIEA WiER A Sefoldf
5, FEAAA, EH Z3HE ARt FAMS
4 Id=7E A 2 Ef2o|tH(Moon, ef,
al., 2018). EE‘J A5 9 RS Aofet
Zo]HF3EO & Basalt A8

wAsto] A2

= TR

o
=]
Tob
o o
>
=2
Im
=
m
Ju
|>
el
o
QO
n
<
T
Q
o
o

o
*é‘s—é EOJE}. E3 EFM Y AHIEA EZA
+ 1.3MPa9] H2Hd5-& Holil QItHMoon, et, al,
2018), AH HHER20) HiQFAAS (Table 1) L
B



Table 1. Mixture design of used cementitious matrix
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w/C Binder (%) Slump Shrinkage Reducing Agent | EVA polymer powder
(%) C FA (mm) (%) (%)
13.0 90 10 160 1.0 4.0

Table 2. Material properties of FRP fabric

Nomina thickness Ultimate tensile

Fabric

Ultimate tensile stress Modulus of elasticity

(mm?/mm) strain (MPa) (GPa)
BFRP fabric 0.522 0.023 274,85 11,84
2 ASo|A B E ARESE Basalt A]-3-(Figure
2= TEE BAR 7 Wol AMEE= B ARE
S S0 4 ok R, i e
W oEd 2o S8 APl Aol Agei
Basalt A6 600Ce] 1204 Carbon AlS

Figure 1. Coated concrete slab beam with polymer cementitious matrix

as fire protection
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Figure 2. BFRP fiber
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Table 4. Mechanical properties of used steel rebar

E Diameter Oyield Oult, Eult,
(GPa) (mm) (MPa) (MPa) (mm/mm)
200.0 9.53 480 570 171
200.0 12,5 487 600 18.2

P2 P/2

[Unit:mm] 5@300 l 5@300 D10 D13
| \ 1 \ N~
: <,|“ . ., | B 7 . |:4

I e e s R T

| 300? 1700 | 600

| 1700 %300\ | 450 |

Figure 3. Configuration of test setup
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Figure 4. K-type thermal-couples inside concrete slab beam
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(a) Vertical thermocouples (b) Enlarge of (a)

Figure 5. Thermocouples embedded inside concrete slab beam

(a) Form work (b) Placing of concrete

(c) Coated matrix on concrete (d) Curing specimens

Figure 6. Specimen preparations

Table 5. Test variables

Specimen ID Cementitious matrix thickness (mm)
S—20 20
S—-30 30

S—-40 40
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(a) LPG furnace

Figure 8. Specimen setup on the LPG furnace
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Table 6. Occurrence time of cementitious matrix spalling and exposed basalt fiber

Fracture type S—20 S—30 S—40
Cementitious matrix spalling (min) 5 4
Exposed basalt fiber grid (min) 8 6
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