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Han, Min-Cheol This study presents a novel approach for evaluating fire-induced damage depth in concrete. The
Tel : 82-43-229-8484 methodology leverages the principle that exposure to high temperatures causes internal expansion
E-mail : twhan@cju.ac.kr within concrete, leading to increased voids and microcracks in the damaged zones. This heightened

porosity results in greater absorption rates compared to undamaged areas. By immersing fire-
damaged concrete samples in water and subsequently monitoring the drying process, the depth of

Received : March 29, 2024 damage can be assessed. Differences in drying rates and color variations between damaged and
Revised :May 7,2024 undamaged areas serve as visual indicators for determining the extent of the damage. Experimental
Accepted: May 12, 2024 results from this water immersion method revealed damage depths of 38.7mm and 37.5mm for two

different concrete mixtures. These measurements notably surpass the damage depths estimated using
traditional phenolphthalein-based methods. This discrepancy suggests that utilizing the absorption
rate principle, which is directly linked to the physical changes caused by thermal expansion, offers a
more accurate and sensitive assessment of fire damage depth compared to methods relying solely on
the presence of Portlandite for colorimetric indication.
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Drying after Water Immersion Method

Carbonation

» Cracks due to
Texture expansion

- Ca(OH),

A A S Table 17} 2, HIZAFE}.O &2 Table 29} 2T} WA, 2 Aol AFRH ZF 2| E Q] F4L2 40MPa,
60MPa = 173 22 E 2 A Sl5tgrt. sk @2 918t Mock-up 74 A12H2 750x750x1,200mm 2171] 715744
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Table 1. Experimental plan

Factors Variables
Experiment Ready-mixed concrete specifications 2 - 40MPa + 60MPa
v: riables Test specimen(mm) | * Column : 750x750x1,200
High temperatare exposure time(hr) -3
- SEM observations with depth
- Compressive strength from surface
a 7p28 daye) € (0~20mm, 20~40mm,
Test items Hardened concrete 6 > o4 40~60mm, 60~80mm,
80~100mm)
- Heating temp - Immersion-Drying Method
- Carbonation - Absorption ratio
Table 2. Mix proportions of concrete
Weight mixing(kg/m’
Ready-mixed concrete W/B S/a cight mixing(kg/m ) Aggregate
1 1 0, 0,
specifications (%) (%) W OPC FA BS 25mm S %) ADI1
40MPa 32.6 48.8 164 353 75 75 874 240 575 4.02
60MPa 23.3 46.0 160 481 103 103 837 205 492 5.50
2.2 N 8=
2 AF) AR R AES= SAFS] HFEZEHE AHIES AMSSIGIT AaAie Femdot RS Eelsto] A
ST, T AL 25mm e HOEAL ARSI, AHIE 9 2409] £214 A2 Tabe 3,49} 2t

I-H

3 g2 SRR FAS BS= =UlihE ARSI, ofeh EoAlE AdE AEATAl B30 Ee7EA

Festgon] 2 EobE o] Bel Ad 9 SFPAE-L Table 5, 63 ek,

il
S~

Table 3. Physical properties of cement

. . Setting time(min) Compressive strength(MPa)
3 2
Density(g/em’) Blaine(cm?/g) Initial set Finale set 3day Tday 28day
3.15 3,800 210 300 32.7 44.4 56.6

Table 4. Physical properties of aggregates

Type Density(g/cm’) Absorption ratio(%o) Fineness modulus Passing ratio of 0.08mm sieve(%)

CcG” 2.67 0.7 6.89 0.1

cs? 2.62 1.0 2.92 3.2

NS 2.55 1.2 2.90 2.3

a) CG : Coarse gravel
b) CS : Crushed sand
¢) NS : Natural sand
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Table 5. Physical properties of mineral admixtures

Type Density(g/cm’) Blaine(cm?/g) Loss on ignition(%)
FA 2.23 3,431 29
BS 291 4,350 1.4

Table 6. Physical properties of chemical admixtures

Type Appearance Main ingredient Color Density(g/cm’)
Air entraining and superplasticizer Liquid phase Polycarboxylate Dark brown 1.06

2.3 Al
A3} 2 Eo|A Y] AT 3D, 7Y W 28 AHol A KS F 240500 2]A Gt =451t T35 Mock-up£-A4] A
Z= Figure 29] Aol wheh A2 5FL AL, e -2 Figure 3(a)2F 0] 713 501, 1509 715978 + KS F 2257-19]
7 ot ehA S Foll al2ofl 3AITE eEAIA SHAf 43S WA sl
SRS ZI3¥sH= 59 Mock-up A2l THOo g2 RE 7} Zlo|dH 2 o|2ls =43t S| 41:_/& 7lo] =3
of <l

Table 737 Zro] Mock-upF-A 0] 4TS ZHZE A & A5 1ol @ 50mm T oA =5 A Foto] =gl
43} Z1o], SEMO| oIgt bl BA, B Ao A Aot =5 AT S4-8-2 S5t SEMe]| oJ3h n] Atz Bx
S YA FA AFAE =450 YIS EE B 0 2 HE 20mm, 20~40mm, 40~60mm, 60~80mm, 80~100mmZi©]

g JJd ol rlo

]

)

- SFAH Mock-up Al @A ZHE @ 50mm ZoJA =5 AHF] o]—Cq ZeZ20f| 244 7H =0 %]
% S HE 402 TS HL, BH ol §10] TolRe] T E gizsle] 4902 &
St 11 o1F 20°C =210 ol A A& ARIE g ste] @Rt 1 7-9] S Zfolof| mhE AVFAE S9te

ir

(a) Thermocouple installation (b) Test specimen manufacturing process

Figure 2. Thermocouple installation and manufacturing process

(a) Elevated temperature heating(3hr) (b) Core extraction (c) Immersion-Drying Method

Figure 3. Experimental process
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Table 7. Core extraction process for test specimens

Type Side (a) Left (b) Front (c) Right (d) Back

40MPa

60MPa
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Figure 4. Compressive strength of  Figure 5. Surface temperature of test Figure 6. Temperature of profile of test
concrete specimens specimens at varying depths from the
surface
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Figure 7. Average carbonation depth compared to concrete specifications

Table 8. Carbonation depth measurement of fired test specimens

Type (a) Left (b) Front (d) Back

40MPa

60MPa
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(d)

40~60 mm

(e) 60~80mm

(f) 80~100mm
Figure 8. SEM images of fine structure at varying depths for 40MPa concrete(magnification: 10,000x)
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Figure 9. SEM images of fine structure at varying depths for 60MPa concrete(magnification: 10,000x)
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Figure 10. Immersion-drying method damage depth average Figure 11. Average absorption ratio of damaged and non-
damaged parts compared to concrete specifications

Table 9. Fire damage depth measurement using the drying after water immersion method

40MPa Elapsed time(min) 60MPa Elapsed time(min)
0 50 80 110 80 110
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Table 10. Comparison data of damage depth measurements

Damage depth(mm)
Type
40MPa 60MPa
Phenolphthalein measurement results 215 225
Drying after water immersion method 38.7 37.5
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