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Humidity Change Rate Analysis for Various Waterproofing Method
in Underground Structures During Winter Season

Ki-Won An', Yeon-Sil Lee?, Jung-Hoon Lee?, Je-Young Song4, Sang-Keun on’*

Abstract: This paper proposes the appropriate waterproofing methods for underground structures after applying different types of waterproofing
materials on the concrete test specimens and selecting the best results out of humidity testing in winter conditions. Results of the testing showed that
the underground structures absolutely require relevant waterproofing application based on the environmental conditions; when applied with interior
waterproofing, the results showed that the concrete maintained high level of humidity and reinforcing steel within the concrete layer corroded. However,
when applied with exterior waterproofing, it was shown that the waterproofing layer prevent direct contact with water and concrete, thereby protecting
the concrete structure and improving overall durability. It follows that during underground structure construction, exterior waterproofing methods
are have shown by an effective method for improving the durability as well as providing a comfortable interior environment for users.
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*Corresponding author: Ohsang@seoultech.ac.kr 2.1.1 - FEAA (Temperature-Humidity Sensor)
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Table 1 Temperature-Humidity Sensor Data Table 2 Date Logger Data
Item Data Item Data
Relative Humidity Range 0~100% RH DCV Measurement 0.004% / Year

Temperature Range 0~100°C, -20~80°C
<+£2% RH(10~99% RH)
<£1%RH
Norm. <10 Sec(Up to 90%)

0-1 VDC, 0-5 VDC, 0-10 VDC

Measurement at 23°C
Annual RH Stability Range
RH Reaction Time
Signal Output

Supply Voltage 14~35 VDC, 4.5~35 VDC, 14~26 VDC
Size Length : 80 mm, ¢ 12 mm
80.0mm (3.15")
18.5mm 11.0mm 12.5mm
(0.72") (0.43" (0.49"
— |
—/> =
= |
— ‘ _=
LM12x1
@ 12.0mm ( 0.47")

Fig. 1 Temperature-Humidity Sensor

vDC2| A8l A 2F H9hE Fle] Al =S 0~100% RH
7HR ZAo] 7hssi, Lx9o =M X 0-100°CL} 20~
80°C7HA] 5740] 715 F TR 5= AAE 283l
ANEE PRt & HF= A AYe o2 Table |1,
Fig. 13} 2t}

2.1.2 H|°]E] EA(Data Logger)
B AT A vlol8 & A AU E AR 717]1<] Al
28 t}-8- Table 2, Photo 13} 22T},

22 N 2= &F

2.2.1 27] 71FLE(4°0)

= BE7)E A7 A5 AREE 112 220143 11
474 712 dFo] AlRME= 29 220159 2 6 7]
I)7HA o1, A7) 713E R HAA B2 =5 9F -3.09°C(A
< 71F)olA F-8.5°C(ALE Y 7))otk A HEE 2}
o7} AIA T HA B2 =7t GSHA(E ME) o= EA)
sh= 21& gtk

olof & Aol A= 547 HA B2 =rt FshaS 1A
Al = A sk F AWK EThal Sasie] «AEgAL &
FAEAPE FEI T EA AT A HA 7SR =01 4CE
A7) 7R AASIAIL o] Al A-&3tth

Max. Scanning 250 channel / sec.

Photo 1 Specimen Assembly Complete

Table 3 Lowest Average Wintertime Temperature

2014 Year 2015 Year
Item Nov.  Dec. Jan. Feb.
7~31 1~31 1~31 1~6
Monthly
Average 4.13 -6.72 -480  -5.67
Temp.(°C)
Seoul Days 25 31 31 6
Average
Temp.(°C) 309
Monthly
Average -1.22 -12.13 -10.03 -12.23
Kangwondo __Lemp-(°C)
Chulwon Days 25 31 31 6
Average
Temp.(°C) -8:46
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Table 4 Relevant Guidelines for Specimen Assembly

Number of
Items Related Guideline references
made
_«11» T H H H
Mortar Specimen 1. Refer to KS F '4925 . 11” "Cement mortar mixed liquid waterproofing agent; 3
2. @100x30 mm dimensions
Table 5 Relevant Manuals and Materials for Waterproofing Methods
. Number of
Items Material Related Guidelines Thickness reference
() made
Untreated - - - 1
Interior Refer to KS F 4925-“11” TCement mortar mixed liquid
Aqueous Cement T=8 1
Waterproofing waterproofing agent;
. _«nR» I s
Exterior Urethane Membrane Refer to I.(S F 3211-“08” "Waterproofing membrane coating for T=3 |
Waterproofing construction
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(a) Acrylic Tank

(b) Hole on Acrylic Tank Upper
Part

Fig. 2 Assembly of Acrylic Tank
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Fig. 3 Acrylic Sealing Procedure



(b) Design for Interior Waterproofing Specimen
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(c) Design for Exterior Waterproofing Specimen

Fig. 4 Test Specimen Assembly Plan
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Photo 2 Testing in Chamber after Installation
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Fig. 5 Results of Humidity Change Measurement over 3 days
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Photo 3 Condensation forming on Untreated Testing Specimen
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Fig. 6 1* Day Humidity Measurement Results
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Table 6 Detailed Analysis of Initial Humidity Changes

Item Untreated Interior Exterior
Lowest Value 63.99 54.02 54.42
Lowest Humidity 62.90 52.56 51.78
" Highest Temp. 90.25 76.08 54.42
Day Total 89.88 76.03 51.78
(%) Amount Increased 3 o 22.00 .64
(Initial - Max)

Highest Increase 27.35 23.52 -2.64
Average Humidity 85.81 66.79 52.51
Lowest Value 89.86 76.03 51.78
Lowest Humidity 89.36 76.03 51.19
- Highest Temp. 89.91 77.50 51.83
Total 89.51 77.15 51.22

Doay Amount Increased
(%) (Iniial - Mino) -0.35 1.12 -0.56
Highest Increase 0.55 1.47 -0.65
Average Humidty 89.64 77.07 51.54
Lowest Value 89.41 77.20 51.22
Lowest Humidity 89.00 77.15 50.88
3 Highest Temp. 89.47 77.90 51.27
Total 89.00 77.89 50.98

Day ;
(%) A‘(‘;ﬁg llf‘;f[zlis)e 040 0.69 024
Highest Increase 0.47 0.75 -0.39
Average Humidity 89.20 77.55 51.09
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4.0

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0
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Second-Third day
average change rate

First-Second day
average change rate

Fig. 7 Initial Average Humidity Changes in Specimens for Untreated
Waterproofing Method
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Fig. 8 Initial Average Humidity Changes in Specimens for Interior
Waterproofing Method
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Fig. 9 Initial Average Humidity Changes in Specimens for Exterior
Waterproofing Method
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