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Sensed parameter Sensor category Test environment Exposure tim

Chloride ion Potentiometric (Ag/AgCI) Simulated concrete pore solution > 6 months
Chloride ion Potentiometric (Ag/AgCl) Concrete 12 months
Chloride ion Potentiometric (Ag/AgCI) Simulated concrete pore solution 24 months
pH Potentiometric (/rO,) Concrete 24 months
pH* Potentiometric (metallic oxide) Cement paste 12 months
Chloride ion* Potentiometric (Ag/AgCI) Cement paste 12 months
pH* Potentiometric (7i/1r0>) Concrete 7.5 months
Chloride ion* Potentiometric (Ag/AgClI) Concrete 7.5 months
pH Fiber optic (fluorescence polymer) Concrete 20 months
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Number of parameters

Carbonation depth
Carbonation depth
Carbonation depth
Carbonation depth
Carbonation depth
Carbonation depth
Permeability
Permeability
Permeability
Permeability
Permeability
Knowledge discovery”®
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Neural network

Neural network

Adaptive neuro-fuzzy inference system
Neural network

Decision tree

Multiple algorithms *
Neural network

Neural network

Support vector regression
Multiple algorithms*
Neural network

Bagged decision tree
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Field and lab
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A, = /(v — ty) (1)
" exp{E,/R[(1/(20 +273)) - (1/(T; + 273))]}

where v¢ is the equivalent instantaneous heat rate at the
equivalent age, T; is the average temperature of the interval
time (¢; —t;_;), t; is the final age of time step i, t;_; is the
initial age of time step i, E, is the activation energy, E, =
(33.5kj/mol) when T >20°C and E, = (33.5kj + 1.47 x
(20 — T)kj/mol) when T <20°C, R is the universal gas
constant, R = 8.3144]/mol/K, Lsp is the spray time in ad-
vance, (TAt;) is the average concrete temperature during the
time interval At;, and At; is the chronological time interval.
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Sensor type(s)/devices Sensor name

Temperature and humidity sensor DHTI11

Waterproof temperature sensor DS18B20

Anemometer (wind speed meter) Anemometer wind speed sensor w/analog voltage output
Microcontroller Arduino UNO Rev3

Water pump 5v DC mini water pump
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External power 1

Humidity and temperature sensor (air)

Water pump

W ’ l'o water sprayer

=

To computer £® RS
]

us oUW,
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Arduino UNO rev 3

Temperature sensor (concrete)

External power 2
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Materials Types

Concrete Ordinary Portland cement
Admixture Pulverized fuel ash
Aggregate 20 mm/10 mm

W/C ratio 0.45
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SDDBetween automatic curing

Fluctuation =

b

SD DBetween automatic curing
- SDDBetween automatic curing

(2)

47.6% — 38.5% = 9.1%,
(3)

46.6% — 31.6% = 15.0%,

15% —9.1%
9.1%

= 64.8%. (5)
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time above 40% dampness

(6)

Curing efficiency = total curing time

115

— = 95.8%, (7)
120

— = 25.0%. (8)
120
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0.423 - 0.266
0.266

x 100% = 59.0%. (9)
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Experimental flowchart
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Measure the water used for
[oT-based method and
manual-based method

(for 120 minutes)

v

Result discuss
{for 120 minutes)
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Experiment A
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Steps

B T - S R S e

Prepare 3 sets of horizontal fresh concrete (0.4m width x 0.3 m height x 0.1 m depth)
Cure 3 sets of concrete by air, IoT device, and hand, respectively
Measure and record initial concrete temperature and surface dampness
Observe and record the initial appearance of concrete surface
Observe and record the concrete surface bleed water every 10 minutes; at the same time, measure the temperature and surface
dampness until it reaches final set (225 minutes after placing)
Measure the surface dampness and temperature of 3 sets of samples as they just reach final set
Compare and discuss the results

B E v Ly BCHO, 6§ Qu

Steps

Starts once 3 sets of samples in Experiment A reach the final set (225 minutes after placing)

OGN U B WO B

Measure and record concrete temperature and surface dampness just after water added both manually and automatically
Measure the surface dampness and temperature of the 3 sets of concrete at 5 minute intervals
Record the readings
Repeat Step 3 until 24 sets of readings have been recorded (2 hours)
Measure the water used for loT-based curing and manual-based curing
Compare and discuss the results in Step 5 and Step 6
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ol
Surface temperature Surface dampness
Sample/time Air-based IoT-based Manual-based Air-based [oT-based Manual-based
curing ('C) curing (‘C) curing (‘C) curing (%) curing (%) curing (%)

0 minutes 20.1 21.6 24.8 42.6 425 41

10 minutes 199 20.6 247 40.2 453 50

20 minutes 19.8 20.6 24.8 41.3 45.6 50

30 minutes 19.9 20.6 245 41.0 43.6 50

40 minutes 19.8 199 245 39.3 46.6 459

50 minutes 19.7 20.0 245 19.8 41.1 45.0

60 minutes 19.3 19.3 245 19.8 419 41.5

70 minutes 19.3 19.3 243 19.9 41.7 414

80 minutes 193 19.5 245 11.3 419 37.6
90 minutes 19.6 19.6 243 10.2 4].1 38.5
100 minutes 194 19.5 242 10.7 414 371
110 minutes 194 194 24.6 11.6 43.0 355
120 minutes 19.3 194 247 113 394 353
130 minutes 19.3 19.6 245 11.3 41.1 332
140 minutes 194 19.5 25.0 114 440 35.5
150 minutes 19.9 20.0 250 117 43.6 33.8
160 minutes 199 19.8 253 11.3 418 33.3
170 minutes 19.8 19.9 253 11.4 45.0 32.7
180 minutes 19.5 19.6 255 11.2 41.3 334
190 minutes 20.0 19.6 25.0 11.6 441 32.6
200 minutes 19.5 19.5 255 115 420 33.8
210 minutes 19.4 194 247 10.6 44.6 33.6
220 minutes 19.6 193 25.1 11.1 45.0 329
225 minutes 20.0 20.0 24.6 11.7 35.5 33.7
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Surface temperature Surface dampness
Sample/time (1) Air-based (2) IoT-based (3) Manual-based (1) Air-based . . (3) Manual-based
curing ('C) curing (‘C) curing ('C) curing (%) (2) IoT-based curing (%) curing (%)
5 minutes 20.0 20.0 239 11.6 47.5 44.1
10 minutes 20.0 20.0 23.2 11.6 42.3 37.6
15 minutes 20.0 20.0 234 10.3 46.8 33.6
20 minutes 20.1 20.0 23.2 11.5 42.7 354
25 minutes 20.1 20.1 23.2 11.5 448 33.0
30 minutes 20.2 20.2 231 10.9 40.9 329
35 minutes 20.1 20.1 22.5 10.5 47.6 46.6
40 minutes 20.0 20.0 231 11.7 44.1 384
45 minutes 20.3 20.0 22.7 9.6 43.8 352
50 minutes 20.1 20.1 224 11.8 433 358
55 minutes 20.0 20.0 223 115 433 316
60 minutes 20.5 199 22.3 11.4 452 45.1
65 minutes 20.5 20.0 22.1 115 47.6 41.2
70 minutes 20.5 20.3 22.0 11.4 42.5 333
75 minutes 20.5 19.7 220 11.2 443 46.2
80 minutes 20.5 204 219 113 421 36.1
85 minutes 20.0 20.3 21.1 13.5 45.2 322
90 minutes 20.4 20.0 21.0 7.9 40.0 354
95 minutes 204 203 21.0 9.2 44.0 38.7
100 minutes 20.1 20.2 21.0 114 38.5 37.6
105 minutes 20.9 20.2 21.0 11.6 40.0 332
110 minutes 20.5 21.0 21.0 10.6 40.3 359
115 minutes 21.0 203 21.0 11.6 43.2 36.9
120 minutes 20.9 20.4 21.0 11.7 414 34.1
y wu'l

Manual-based method times

Manual-based method time at

W e b

w

05 minutes
35 minutes
57 minutes
72 minutes
93 minutes

Ca AiCh 94z 0 G20 § Wk ¢

Sample/water used Formula

2 lo1-based curin spraved time In seconds) x 100 L/hr/3600 s
loT-based curing ) (sprayed time in seconds) x 100 L/hr/

3 manual-based curing art xh=1000 (r=35cm and h=11cm)

(.266
0.423
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Surface dampness variation of samples
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