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Analysis of Material Performance According to the Cooling
Method of Fire Damaged Concrete

Z o Hu

Kang, Hyun®, and Kweon, Oh Sang™*

Abstract

In this study, material performance was analyzed depending on the cooling method of concrete damaged by fire. Various non-destructive
and destructive tests were conducted for material performance analysis. Further, the influence of cooling methods was assessed
according to each test. As a result of the evaluation, it was confirmed that the residual performance of the concrete was significantly
different according to the cooling method (air cooling and water cooling), and the performance difference according to the cooling
method was also observed depending on the exposure temperature. Through this study, it was possible to understand the impact
of water used in firefighting on fire-damaged RC structures, and it is deemed necessary to further study various concrete mixing
models.

Key words : Fire Damage, Concrete, Cooling, Non-destructive Test, Material Performance

2 X
o] Aol = AT E U2 FARES W7yl met @Al s 245t stk ARd S stk
ohFd vk Y 2 AL @ st on, 7t By gl we WA G4 S WUleigth B,
BH(EE B )l weh 2B FdEA Tl A gEA UERer, seeEet YAy 0E dsAke]
3 HAEE A FAP 5 ATk o] ATE Fut FAIY Al AFEHE &3kt FAEY F RCTEE VA=
RS Wt £ Aden, FF U T AP B F4HA A77 Bag sow dodn
A0 : AT, FE, Y2, v, AR

1. N 2 al., 2016, 2017, 2020; Kang, 2018). kA SpAjEd €

FIYE FZEA= HEEA] AQAIZQ] Mg S 5ale
ZFA el vlste] A og o dAEEy LY

35 SRS sk, AU BPNeLe vhdselo) Sk
2 250 glo] Qo sk rEEA JAHT e AS Thek SlTelE Qe AFB A 235s) Sleted
FAE T2 DEFEY A PHTE 5 A1F] ASShe U] 251500 UF B3 S| Tjekg she
B FH o) we AR TEEN AGET ek Tt Zlo] Faskh ZavEs I, m, AWE S| S

ohet AgA721=e] A7 2 o234 A+l olshd s g7} Bl 93k 43 Hydration)2}-8-S S3ko] A=
of =54 ZAYEE M= 250 uet A= 2 A TZAR Ao 2HA At o9} 22 ZITEof A}
st go] WA= o] Ao HAAHR! g @S o1& Zo] a-20] A3 HH EARXE oA ZIYEE
= UATHPurkiss, 2007; Dwaikat and Kodur, 2010; Kang et e=zk80] dhE]o] LRAS0] T4 AsHE 4 Ytk o)}

g3, AL RV ed T AR AT A AU AT A(E-mail: kanghty@kict.re.kr)
Member, Ph.D., Research Specialist, Fire Research Institute, KICT

A A2}, A8 Y, FHehAL AL A TY SFAAAT A A AT (Tel: +82-31-369-0546, Fax: +82-31-369-0540, E-mail: oskweon@kict.re kr)
Corresponding Author, Member, Ph.D., Senior Researcher, Fire Research Institute, KICT

- 167 -



o] 120 sl grE FATEo|| S 3HE AT
ArSRbeS LoTA Hoj IR A=) Fo] WAYATHLI
et al., 2020).

s o] Aol A7), FF Soll o Skt
22 E3AE AT ko] shAdRolA 2t Al
ASEE AB5] ostel gelXE BaeE AR
=42 stefsla shr. o8 9isle] Anka o Ao
A dE) AR T Qe IR AEE UTME 843 513

A B3l A8AS BA4S A ST

2. 232E MEII1EAIRE H Mzds A=

2.1 232E MIZI7IEAA

o] AFME sHAlFElE Y2 2B EY W2l
2 QS TENS 918t 2T E ASTEAES A
Al g3 3 g Y o R 27 Wzt AIEAE
oo = vjay AlE 9 AN FS AT AEA
ARE 3 L 370 B Ao, ZTEE AETH
AP Table 13 20] 47FA 9] HAUSHAEE 2=
FZIYE ZTAAES Ao Z 67FA(AHL, 200, 300, 500,
700, 800 C)2] Ex7/1E2=5 A3l ATt 2+
=F 259 ZAYE ANFA Y s AAUSAES
71Eo & 3708 7rd Rl wix|ste] 71EAIE-S AL
o, 71EAE T D4 =R &9t} Uil Fig
13} o] F587+s she A4 2800 )l ==+
AE LE A} gaEs @A YeERQI) ol 11
of =2H W FIEE 7584 A7le A 22
ZE e} o5 2xto|7t A WAL FA|
W - 25-2] WE xlo|7} veRbs ol A WAE ol
o} 1 A3y WzhPAE F 72710 AAAS Abele] 2F
< FI o, FIAIREA S 739 Wzt IAollA EAE
FAlEG o= 1t 63719 AIFARE ASAFTAIES A
Ad = A}k AR 7HEAE Al 7HFEEEE 5 TminS =
Ao, 7dEe] YR Hi2 57t S37FE2 50
T2 3 F2ARE B2k 71 AEAREE Fal TRt
FYANGAE Fig. 28] 7Hgolg343 o] 7HEEs &
72U GAAIRE B3t Wo] MY EE ST
Ok Figs. 2(a) 2 2(b)2] AEAE 2534 Ao o025
o2 Qs 2EZAHo] 2o FRE o] W7zt ARFEe]
25018 IRT} FEETE FYAIRAE Fig 39 7HEo]
oA ERIT 7 IRo] H3E25 500 C olske] Al
Aol 7 718EE & FRAA Wzke AAER o, 3
25700 T ool AgAe] 75 7Id =] g7 Wt
o3t &5 WAE| flste] 7HEE R 2571 F 500
Coll =gt o) 71925 /st AlFAE 7= A4
WYzhe AAISIATE Figs. 2 2 3014 A& 4 9159]
R3] Ao A B35 Ko} A4 7tER29] 257}

168 St=EX|Es|=F2!, HM20& 35 20204 6

Wl 249 AL 3 T 5 ek ol Y Ade)
=4ol) we} AESE L2254 SIx9h AW A S0
AT FHAR - D] SR} golstel e
o= st

Table 1. Mixture Proportions of Concrete

Design Strength | Water | Cement Sand Coarse
(MPa) (kg/m®) | (kgm®) | (kg/m’) | (kg/m?)

24 170 335 870 956

30 169 392 825 952

50 171 580 695 920

55 146 632 681 922

Fig. 1. Specimens Failure Under Water Cooling
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Fig. 2. Air Cooling Specimens Temperature Historic Curves
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Fig. 3. Water Cooling Specimens Temperature Historic Curves

SIR&A =

[



(a) Ultrasonic pulse velocity test
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(b) Impact-type strength test

(c) UTM test

Material Performance Test of Fire Damaged Concretes
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Fig. 5. Ultrasonic Pulse Velocity Test Results of Fire Damaged Concretes
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Fig. 7. Residual Strength of Fire Damaged Concretes

- UTM: Destructive test results
- CTS: Non-Destructive test results

Fig. 6. Fire Damaged Specimens (Target temperature:
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Table 2. Compressive Strength Estimation Models Using
Ultrasonic Pulse Velocity

No. Proposer Equation of strength (MPa)
1 AlJ (1983) 21.5V,-62

2 Atici (2011) 0.0316e'>"?

3 | Del Rio et al. (2004) |exp[(-5.4+0.8)+(1.85+0.18)V,]
4 | Han and Kim (1999) 60.977V,-234.2

5 Lim (2007) 18.7V,-61.3551

6 Khan (2012) (0.5208V,)’

7 Kim et al. (2002) 50.163V,-178.2

8 Kim et al. (2016) 56.974V,-206

9 Yoon et al. (1999) 32.565V,-113.5

10 Lee et al. (2015) 0.06¢%2013vp

11 Akashi (1988) 10.2V,-11.7

12 [Mohammed et al. (2011) 0.7586e"8VP

13 Qasrawi (2000)

36.72V,-129.077

14 | Trtnik et al. (2009)

0.0854¢'2882Vp

15 Won et al. (2000)

537.96V,;-2000

V,: Ultrasonic pulse velocity (km/s)
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Fig. 8. Residual Strength of Fire Damaged Concretes Using Ultrasonic Pulse Velocity

- UTM: Destructive test results
- Ultra: Estimated results of strength using the Ultrasonic
pulse velocities
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- Akashi: Results by Akashi, T. (1988) equation
- AlJ: Results by AIJ (1983) equation
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