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Development of Integrated Wireless Sensor Network Device with Mold for
Measurement of Concrete Temperature
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Abstract

Temperature of fresh concrete can be effectively used to predict the strength of concrete being cured and make an
informed decision for stripping the molds. A hygrothermograph and thermo—couple sensors that require an extensive
wiring have been applied to measure a temperature of concrete at the early stage of the curing process on site. However,
these methods have limits to provide the temperature data in real time due to harsh working environment including
frequent cutting of wires. Therefore, this study is aiming at developing a device based on wireless sensor network to
measure the temperature of concrete being cured in formwork. The result showed that the wireless sensor with probe
type thermistor which is developed had the same temperature data compared to the existed wire type thermistor, and we
confirmed the temperature history of concrete in real time for 28 days throughout the gateway by wireless network that
collects the temperature data measured from specimens in laboratory. Also, the network device for transmission can be
easily separated from the probe sensor part and reused consistently. If the wireless sensor network device developed
uses in the field, the temperature management of concrete will be systematically conducted from at the early stage of the
curing, and especially be effective for cold weather concrete construction. In addition, it will contribute to the
establishment of advanced quality control system for concrete and productivity of supervisors on site will be increased in

the future
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Table 1 Properties of temperature sensor

Sensor type Properties

- Model name @ DSC—502F

Cabtlsp\;\hre - Sensor type : NTC 5kQ at 25C
Thermistor -Range : —20TC ~ 120C

+ Accuracy :© *1% at 25

* Model name : DPR—THI1-P6D—100L

- Sensor type : NTC b5kQ

Probe type +Range : =50C ~ 105C

Thermistor + Accuracy © £0.3TC at 25T

- Sheath © @6 X 100mm, SUS

- Cable : 2C X 0.5mm, sus—mesh shield tefron

Specimen test

Cable wire type Probe type

Photo 1 Measurement of temperature in mortar
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Temperature (°C)

Time (Minute)

Fig. 1 Temperature distribution each type and depth of sensor
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Fig. 2 Structure of wireless transmission device for temperature
measurement

Photo 2 Experimental product for temperature measurement and
transmission by wireless
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Fig. 3 Wireless sensor network system |
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3.2.1 AHAIE

Factors Levels Remarks
. +Low heat concrete is the
Concrete + Ordinary concrete L. .
one which includes 30% of
type « Low heat concrete

Blast—Furnace Slag power

Compressive .21 MPa, 27 MPa

« Strength used on site

2 Ao ARgE AE 49
Table 4042 2t}

strength
e o
Curing Ordinary @O_‘?QC) +Use constant Temperature
Temperature | Low (10£37) and Humidity Chamber = s
P - Water  (20%37) Y 3.2.2 ZAYE 8§
Curing period | 3, 7, 28 days HH@—_% o]} Eﬂ“]% joy‘xo]'oﬂ’q *Mﬁ
- . . get 2 sensors each specimen _5;7_5] 701'15 Oﬂ l-?_ %LE‘P:— Hﬂi}ﬂ f S 1 Eﬂ
+ Thermocouple (wire) — Thermocouple
Sensor type | * Thermistor + Thermistor @@S}ﬁq— 2 %E-“f 1

+ Probe type thermistor | — Thermistor+

Probe type thermistor

Table 3 Physical and chemical properties of cements
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- ) ) ) Compressive strength (MPa) Vitalization index (%) Component (%)
Cement Specific gravity Fineness igloss 3 p o p 2 o
type (g/cm®) cm’/g) (%) ‘
0 days days days days days days MeO 508
OPC 3.15 3,327 1.8 30.2 40.9 51.4 - - - 2.58 2.03
BFS 2.89 4,510 0.15 - - - 90 112 125 6.20 2.65
Table 4 Physical properties of aggregates
Type M Density (g/cm’) Absorption Unit weight Absolute volume Stability
P Surface dry Oven dry (%) (kg/ md) (%) (NazS04%)
Fine 2.81 2.59 2.56 1.16 1.569 54.5 3.9
Coarse 6.59 2.61 2.59 0.75 1.531 59.0 3.4
Table 5 Mixture proportions of concrete
o s Unit weight (kg/m’)
Conc. Design strength |y gy | sa (@)
(MPa) W C BFS S G SP AE
) 21 58.8 53.4 173 294 - 969 856 2.058 0.0588
Ordinary
27 49.4 50.0 170 344 - 891 901 2.58 0.0688
21 58.8 53.4 173 206 88 966 853 2.058 0.0588
Low Heat
27 49.4 50.0 170 241 103 887 898 2.58 0.0688
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Photo 2 Temperature sensors and measurement equipments
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Table 6 Test result of compressive strength

Design Curing . . Compressive
Concrete strength | Temperature Cm1r(1§ap)e riod strength
(MPa) (0 Y (MPa)
9.2
10 7 18.1
28 27.0
21
3 15.0
20 7 22.2
i 28 30.9
Ordinary
11.7
10 7 22.9
28 32.4
27
22.4
20 7 29.2
28 38.8
5.7
10 7 14.3
28 23.8
21
10.2
20 7 17.7
28 279
Low Heat
3 7.9
10 7 18.41
28 29.2
27
16.5
20 7 25.2
28 36.8
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