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The Long-term Durability Evaluation of PC Box for Near-surface
Transit System manufactured by Microwave Heat curing

Tae-Hoon Koh", Han-Ju Yoo'
'New Transportation Systems Research Center, Korea Railroad Research Institute
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Abstract This study examined the long-term durability of PC boxes, which was manufactured by low-carbon
eco-friendly concrete using an alternative binder to cement and alternative fine aggregate to sand and microwave heat
curing system to reduce the construction cost of a near-surface transit system. Based on the test results, the initial
compressive strength of microwave heat cured concrete was higher than that of the steam cured concrete, but those
were similar in the long-term age. In addition, there was no significant difference between the two curing conditions
in the chemical resistance and the freeze-thawing resistance, and the chloride ion penetration level of the concrete
cured by two methods was very low. Therefore, low-carbon eco-friendly concrete and microwave heat curing
technology are expected to contribute to the economic construction of a near-surface transit system, and reduce carbon
dioxide emissions and environmental impact.
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Fig. 2. PC BOX Form for Microwave Heat Curing
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Table 2. Curing Cycles and Temperatures for tested
Steam Curing and Microwave Heat Curing

Max.
Temp.
©
65

Heating &
Treatment
(hrs)

Preset
(hrs)

Cooling

Types (hrs)

Microwave Heat
Curing
Steam Curing
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Table 3. Chloride ion penetration based on charge passed

Total passed charge (coulombs) Chloride ion penetrability
>4,000 High
2,000~4,000 Monderate
1,000 ~2,000 Low
100~1,000 Very low
<100 Negligible
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Table 4. Result of compressive strength
Types Compressive Strength (MPa)

P 1day 7days |1 month|3 months{6 months
Microwave 231 | 595 | 602 | 636 | 644
Heat Curing

Steam 21 | 524 | s64 | 625 | 651
Curing
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Fig. 3. Compressive strength
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Table 5. Result of tensile strength

Types Tensile Strength (MPa)
1 month 3 months 6 months

Mi“"c":;ngﬂeat an 534 551

Steam Curing 4.51 4.88 4.96

4.71

451

Tensile Strength (MPa)

imonth 3manths
B Microwave heat curing M Steam curing

6months

Fig. 4. Tensile strength
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Table 6. Compressive strength rate of change

Table 8. Relative dynamic modulus of elasticity

Compressive Rate of
Types Strength change
(MPa) (%)
_ Before 60.2 100.0
immersion
1 month 10%
Na,SO; 59.5 -1.2
5% HCI 48.1 -20.1
. _ Before 63.6 100.0
Microwa immersion
ve Heat 3 months 10%
Curing NaySOy4 613 3.6
5% HCI 52.2 -17.9
_ Before 64.4 100.0
1mmersion
6 months 10%
NaySOs 61.3 -4.8
5% HCI 53.4 -17.1
_ Before 56.4 100.0
1mmersion
1 month 10%
Na;SO; 55.5 -1.6
5% HCI 48.1 -14.9
_ Before 62.5 100.0
Steam immersion
X 3 months 10%
Curing Na,SOs 59.7 -4.48
5% HCI 534 -14.6
_ Before 65.1 100.0
immersion
6 months 10%
Na:SOs 59.8 -8.1
5% HCI 52.5 -19.4

Table 7. Weight rate of change

Weight rate of change(%)
Types Microwave Steam
Heat Curing Curing
Before immersion 1000 100.0
1 month 10% Na,SO4 +0.09 +0.16
5% HCI -3.23 -3.26
3 Before immersion 100.0 100.0
th 10% Na,SO4 +0.05 +0.10
montas 5% HCI 3.36 3.34
6 Before immersion 100 100.0
th 10% Na,SO4 +0.08 +0.08
montns 5% HCI 341 353
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Terms Microwave Heat Curing Steam Curing

1 month 89.3% 89.1%

3 months 90.2% 89.9%

6 months 91.7% 92.0%
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Fig. 5. Resistance of freezing and thawing
(a) Microwave heat curing (b) Steam curing

180 210 240 270 300

Relative dynamic modulus of elasticity (%)

Table
Aot Aol w
YET} 3% A% &
N R e7fEolA e T

2~

(e} = (e}
Zw 58 FFE

Hlod ok
220

ox

al
Hog
=2

=
]

)

Table 9. Chloride ion penetration resistance

Chloride ion penetration resistance
Types (coulomb)
1 month 3 months | 6 months
Microwave Heat Curing 361 217 214
Steam Curing 399 189 171
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