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ABSTRACT

Purpose: In this study, PCM was used to give thermal performance to concrete and analyze its effect
on durability to prevent disasters that may occur in concrete when exposed to hot and cold environ-
ments. Method: After preparing concrete specimens containing 10, 30, and 50% of the two types of
PCMs compared to the cement volume, the pore volume, freeze melting resistance, and scaling resis-
tance were evaluated. Result: Regardless of the type, when PCM powder was mixed with concrete, the
amount of pores decreased, and when 10% and 30% were mixed, the freeze-melting resistance was
also improved. It was also confirmed that the higher the mixing amount, the better the scaling resistance.
Conclusion: When mixing powdered PCM into concrete, it is believed that durability can be improved
to a certain level by the filling effect, and additional various studies should be supported for actual
field application.
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(Shen et al., 2021; Cheng et al., 2013).
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Fig. 1. The entry and exit of heat during the phase change process Fig. 2. Structure of PCM Capsules
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Table 1. Physicochemical properties of PCM
A BAF  gusler 39 ZE Ad HE Bl
CH3-(CH2)12-CH3 198g/mol 4.5°C >210kJ/kg >97% oAk Paraffin 0.85 Melamine
CH3-(CH2)20-CH3 310g/mol 44°C >220kl/kg >95% oAk Paraffin 0.99 Melamine
A
Hjetol] ARG AHIE= = SARR] AlE2 AFERLOH, KS L 5201 45 THSh= Hs ZEHE AHE(Ordinary
Portland Cement; OPC)E Table 22} 2] CaO 70.0%, SiO, 15.6%, Fe,0; 4.4%S 45111 9.0 ™ HIE 3 17g/em’, HE
I.3,610cm*/g, Bt 478 7.87mnE 7HITE
Table 2. Physicochemical properties of OPC
Oxides (%)
Fe203 MgO Al203 Si02 SrO CaO K20 SO3
4.37 2.69 3.40 15.60 0.10 70.00 1.71 1.45
Specific gravity (g/em®) Fineness (cm%/g) Average diameter (ym)
7.17 3,610 7.87
=A
Hietol A8 THEAe} F-2 B4k BEA Holl A AT ALK 442 o853 Table 39t 22 B, S8, 2]
A9 Gmax)E 71T
Table 3. Physical properties of aggregates
Blicy 2.60
2z o
- TE 1.05
Ll 2.65
T =4 =TE 0.90
25

Z|H2]4* (Grax, mm)
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Table 4. PCM concrete mixing design

Mix design (kg/m’)
Sample name OPC PeM Water Gravel Sand
4.5°C 44°C

Control 343.14 - - 137.26 1087.75 840.68
4.5 10% 343.14 9.26 - 137.26 1087.75 812.35
4.5 30% 343.14 27.78 - 137.26 1087.75 755.71
4.5 50% 343.14 46.30 - 137.26 1087.75 699.06
44 10% 343.14 - 10.78 137.26 1087.75 812.35
44 30% 343.14 - 32.35 137.26 1087.75 755.71
44 50% 343.14 - 53.92 137.26 1087.75 699.06

PCM 2| E Q] =S B o] flal ~2UA ™ (Mercury intrusion porosimetry; MIP)= 2-8-5131tt ZH2|E=
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91907 PABS AR, O1F -18°C ~4°C2] LEHRE Teycle= 51 F 300cycle 59T 5AE5] Aol 2 #8519

KOSDI

393



Journal of the Society of Disaster Information | Vol. 20, No. 2, June 2024

S ujl 100cyclenttt FES Al-E S75I3it) T A= 54 4HI1E 5ol H EAYE 8T (Hy)E
of thdsto] ARt P A= BHEHEANA%), ny= 28NS 2-85H] ob2 A9 12t 385 (Hz), n = i
cycle®l|~19] 12} 39355 SJu|eict

P, = (n—zj % 100 @
Ty

2A1L9E A A

PCM A E°] otz 8 ke AHlollA F2sslol ot 2= ES] B =E
(Scaling Resistance of Concrete Surfaces Exposed to Deicing Chemicals)ol] 2]3F A7 U HIAES 1Yot} Al@A|
= Fig 37 B0 23222 BHI 791 24A17H591 714 S sl 28 QHE L AAIsHet e
AN@A 0] B2 Fig. 43+ 2tk AlZFE Al T 4% 5%0] CaCl2 -84 500ml 1 2L 2ol 7k5dt
A of] 7125 F -15°Co A 18A17F, 23°Cof| A 8AI7HS: Teycle 2 51 & 50cycle 5 o 1] 10cycle BHt-&

r& a2
_ Bl

[e]
E=
M-S WA T3 10cycle, 20cycle, S0cycleo]] A[AAH|S] FAE S5t H2|wle 232 E | of= S5kt

o=

&
Fig. 3. Mold for scaling test Fig. 4. Scaling test specimen
FEER gt
oaag
o110

O'—|

°]RtPCM ZHEEL] F=-8 574 B7HE Table 59| BT OPC2FPCM 23 EE= OF 15-10%2
B2 7= 2 S8 4= 1AL, PCMEES E907E 29 E Q] 49 OPC ZAR Ef Hol e 355 %k%ﬂl]—t—
2 Ul OPC 325 tie] 71 e 335 A4S UEPH uighe 4.5 10%2 14.1%%.00 7P 2 325 42
EPH Wil 4.5 50%2 10.1%2] 5=8-S LR
PCMS E3I3H Hligoll ] EUE0] 10%014 30%2 $71 1] 71 52 328 245 el E3E0] 30%014]
50%2 Z71st w2 2ol S LehfiA] 9hs A0 2 SRIE|QIth PCM 9] A 2 of mhE F2-Extol = F.4] I9kA]Tt
10%S ARt vidoAs st L5 4.5°C PCMO] B ¥ 335 18 7= 2o 2 Vet

394

KOSDI



Hoyeol Kim and Il Young Jang | A Study on the Durability of PCM Mixed Concrete for the Reduction of Cold and Hot Damage

(Meshgin et al., 2013; Thiele et al., 2015).

Table 5. Pollution measurement results

Porosity (%)
OPC 4.5 10% 4.5 30% 4.5 50% 44 10% 44 30% 44 50%
15.5 14.1 11.1 10.1 13.9 11.5 10.3
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Fig. 5. Relative dynamic elasticity coefficient measurement results
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Fig. 6. Scaling test results
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