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ABSTRACT

Since curing temperature significantly affects the strength development of concrete,
monitoring of concrete temperature during curing has been widely studied as a useful means
for quality control.
concrete temperature; however, measurement using wired sensors is often impractical due
to the burden of wiring work.

To address this issue, a curing monitoring system has been developed using a
temperature-sensing RFID tag to measure the temperature history of concrete through
short range wireless communication without wiring.

In this study the system was applied to concrete slabs, and temperature measurements
obtained immediately after casting were compared with those measured by wired sensors.

Wired sensors such as thermocouples are commonly used to measure

The results showed that the temperature-sensing RFID tags provide temperature
measurement accuracy equivalent to that of wired sensors. Furthermore, the system was
also applied to the determination of the optimal timing of early-entry sawing in concrete
pavement construction. The maturity calculated from the measured temperature history
accurately captured the temperature evolution required for maturity evaluation and
These findings indicate
that the proposed system has strong potential to improve construction efficiency and
enhance quality control, especially in paving works requiring strict timing management

under practical field conditions without increasing installation complexity.

enabled rational decision-making for early-entry sawing timing.

Temperature sensor, RFID tag, Curing management, Maturity,
Concrete pavement, Farly-entry sawing
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Table 1 Overview of the Temperature Sensor

RFID Tag
CRESR T DBE)
Frequency Band UHF
Dimensions W100 X H60 x T4.7
mm
Temperature Range -40~+85 °C
Data Logging 4,800 points
Capacity (50 Days at 15-
Minute Intervals)

Antenna /
—
Thermistor - I
Thin-film
Battery
‘ 100mm : !

Fig.1 Schematic of the Temperature Sensor
RFID Tag
(REAS 7 DEXE)

Fig.2 Mounting of the Temperature Tag
GRES JTH/EDHKT)

W & 8R[ECHE D AT D720 D8EEM A2 A LT
Wh. IBEX 71X, ar s ) — FOFARENS,
Fefflia o _Esglc Ao 2ALE IChE 0 AT TRER T 5

(Fig.2).

AU AT AR A Fig. 3127, BEX S
TV =74 % LT AR L dlE S, —
EMRCIREZBENE (mX02) T4, HEIX
HEICTAEVICERSN, V—FT7A4XIZLDHH
DIFICE O THAT 7V NICEREGEESND. B L
ToIREE 7 & RS FRAE & 7 2 FESRIEE £ 72134 2hb i
ERERMHL, MEHEZIT) ZENTED.

[Application]
<Temperature and Estimated
Strength Calculation
Graph Visualization of Data

[Temperature tag]
-Automatic Temperature Logging
*Wireless Date Acquisition

Reader-Writer
(RW)

Fig.3 System Configuration
(KRR T LOWIRER)

2 BRESJDORBMEE

2.2.1 ERRRBRICZK DBIEREDRIT

R4 7 OWPNRAEE 2 MEET 25720, [EiRfE 2 H
W SBPREE A FE R L7~ WMEEOE % Table 2 1
7. Fig. 4 [T ERBVEERE/ENICZZZATDOT
RIEGERT B L ONRE X 77 (10 ) Zex@E L, HIEM
Rz 60 b LCENZENIRENEZITo7-. BREE
IBEEIL, ~15~55°C DO &IPHN THEIBAE N & F- KR <,
10°CA 2D 8 e CREAM L 7=. & > Y ORI EMI

Airflow Hole

Setting Area
(Temperature tags)
ex
-

Cable Hole

‘Frgm

Airflow Hole

r

b

Fig.4 Setting of Indoor Performance Test
(Y REDHTF)
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Table 2 Overview of Indoor Performance Test
(ERZREDHE)

Chamber -15, -5, 5, 15, 25, 35, 45,
Temperature | 55 “C(8 Levels)
Measurement | 50 min

Duration at each temperature
Measurement

interval
Measurement
Conditions

60 s

Placed in a Chamber

- Thermocouple

(Type T, Class 1)
-Temperature Tags 10 pcs
-0.1 °C

(Thermocouple)

:0.25 °C

(Temperature Tag)

Targets

Resolution

N OBRETIRFE N E LTz & A7 5 iR EIR 23
i%&%%ﬁﬁﬁmﬁ%ﬁzfmm@Mmﬁ%¥ﬁ
L7ZEZ A, FEEICRITA2EESEIBEY 7D
HEMERE 2 bhig U7z,

B & 7 & BGER OBRIEIRE DOBfR%E Fig. b 1TR
9. -15~55C O XM BV TIRE Z 7 L 20GExF O
EEDFETRZKO0.TCICE EE o,

60 _
T R?=0.9998 ,»
<50 R
& A7 Y=X
S 40 7

2 ~

2 30 .

= &

g 20 .

- ¥ 4

s 10 i
e

5 ? g * D 6 | |
-1 1 o S

g |

-20

-20 -10 0 10 20 30 40 50 60

Temperature of Thermocouple [°C]

Fig.5 Relationship Between Thermocouple and
Temperature Tags

(REXEEES T ORTEREDERKR)

2.2.2 29— FORERE

2.2.2.1 {RIIE

AMFETIL, BEZ L S5ar 7 U — MRED
BERSE ZMGE L7z, REBROMEA Table 3 127
I IREEX 271, W3500 X D5000 X H250 mm D =X > 7
U— FOHFLEICHERES 20mm & 725 K 9 (THIER
L7z, FED=d, 77210 T REES 25
X7 ORIREICINbE THREBEL, R—F% 775 —
Ao —ZAWCHIE Lz, JEMEIESEE o3&
Hiz 16 kEE L, IREX 7onX o 7B8LO0T
— X —0DA X —VRIE &2 FRNCBRLG LTz |
T, ary7V—brEELE B, ary7U—Fh
X W/C=42.9 %D&EE a7 U — M E AW, %%
T, Mﬁ24ﬁﬁifﬁﬁ%%f@y—b%$%
1To7z. PEE, R CEAXIR 17. 8C) B L U%
Eﬁ(q:igﬂmngC) ;%ﬁiﬁbf_

BNVERTRB L ONRE ¥ 71T, TS L TR
TIETF =2 ZBE L TWA T8, BV Ok

MRl U, X 7 OWNIEHREF 2 B 7 08
e T2 2 & C, R—FRICB T 2RELHETE L
7.

Table 3 Overview of In Concrete Performance Test
(29 )— P TORIEDHE)

Dimensions W3500xD5000xH250 mm
Sensor Spot CenFer of Plate
(Burial depth : 20 mm)
Megsurement 15 min
interval
- Thermocouple
Targets (Type T, Class 1)
- Temperature Tags 10 pcs
Measurement 24 hours after concrete
Term casting.
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2.2.2.2 BEHER

Fig.6 5L Flg 112, WMERBRERT. REX
7@@”(111%11%;'{—1 X %Lﬁ_{mgg graryzl)—hr
DML Lozl & LTz, BRI L OAHI L big,
FIRRE —EWIRIK IO L0 227 U — MRER
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MMEEME T L7z, (mggﬁ@{EUE{mrkiﬂ%iTk
DIREZDOBER%L Fig. 8 1T~ d. JEDHIMIC
720, REX 7 LB OIRE O TR 1 Cﬂi
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40
© 35
e 30

tur

a
=]
o

- — =Thermocouple
—— Temperature Tag
== Ambient Temperature

Measurement Temper
—_— — a3
o g o g o

1
[42]

0 6 12 18 24
Time after concrete casting [h]

Fig.6 Measurement Temperature (Normal Condition)
CRRFER (Z#H))

40
£ 3 - = =Thermocoup le
g 30 —— Temperature Tag
® 25 -- - Ambient Temperature
é 20 ==
~ 15 = ===
§ 10 |- s -
g 5 aF . y !
g 0 ERit, .;‘-- SR S —
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Time after concrete casting [h]

Fig.7 Measurement Temperature (Cold Condition)
CAlimfs® (ZH))
40

R?=0. 9961

4 Cold Condition
o Normal Condition

Temperature of Temperature
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Temperature of Thermocouples [°C]
Fig.8 Relationship Between Thermocouple and
Temperature Tags
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Driving Lane |

Passing Lane

—_— P o S

e av— —— L —
(#8 | | #7 | [#6(Formed) || #5 || #4 | |#3(Formed)

Sawing Joint
-------- Formed Joint (Excluded)

¥ Northbound Route

Fig.9 Construction Site Overview and Joint Cutting Locations
(GRIFHE & B bIHIGIE)

0~5CRETH o7, JAHIL, EHEHROFTIAL K
TS m/s, EITEHMROFALFE TR 3m/s THHo 7=,
FAA OB B IZHIH B HOIHI 21T > 7205, #im 3
AR O U7, MR OB T2, HH H

(RKEH), MEEHHMOOIHE], BHMOFTEEIT-T-.

3.2.2 FBEEEDETE & BihtIHI D bR
BEEEM (C-h) FXWIckvEELE.

M= Z(Ti — (-10))At ey

ZZTC, TAXIREX ZIZFiER S IIRE (C), At
X1 2RIOT —% L OWPERZ D% (h) THD. [—
10 W ZIRETICX T 2REOMIEIA T, #Hhar s
U — b ORBERAMOFM Ve X, BEIREO {
HT—ROICHNOND . FHEORMITREZ /% @iLast Layer casting
BAEEDOARMNTET LI-Z & L=, BHib) 3 z
HI DB DWW T, PG 25 400~450°C « h
ZUHIE OB 22 L LT, ZOHFHDATH T H#i)
HI 24TV, BRI O RIEE & B #iGIEl o R T 0F
HE VEEMED IR 21T o 7.

L (ZEar ly-entry sawing )

3.3 #F R Fig.10 Construction Procedure
3.3.1 nERBRE (lETT38)

Fig. 11 1T BBERR-H#8 123 1F D 4TiAH D A1 H
Al £ CoRIRZE N, 27 U — MEEZ(L &

BRI DRI O R AR, AT Y — T T o
MR K (ﬁ%ﬁkﬁ%‘?—lfﬁ DTZ 7 HREI T 6\&% Dimensions[mm]
75‘%)]%% H f@@]ﬁ” %?TO 7= Hj—f%”—(g?) 5. F 7LC, 777 Type Width Depth
PR LT CROBIE S 7 BB AL FE T Transverse Joint(Initial) 6 70
FRAZMSE T LICH, S FHEIRIE T, = Transverse Joint(Final) 10 70

U — hiEE L = z N N
7 U — MEEEBIMUR L0 & HEBT 2 2 £ ab7) Longitudinal Joint(Final) 10 40

2.
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——Concrete Temperature - - - Ambient Temperature ——Maturity

25 500
EE 20 A L 400 - . ; ; K : £ wcaa .
et | 566 3 Joint Chipping(Passing-#1, 331 °C-h)
5 N it o
S e -, #41 H200 z
5 ' ! 5
- 5 -\_1'_]-“.‘,_\.1.‘_-‘h_,,--_“.‘.' 100 E

0 0

0 6 12 18 24

Time after concrete casting [h]

Fig.11 Measurement Temperature and

Difficult to Cut Oriving-#1 607 °C-h)

Maturity(Passing-#8)
(RERBRE BBEIR-#8) Fig.12 Typical Appearance After Early-entry sawing
(B YHEIZ D5 ERD )
3.3.2 BERERE L BHhUIHIBEROBEK DOFRFE TR 72 B g2 & 28 ThILE, K

Table 5 IZHIHINIE Z & Ol THEHE %, Fig. 1212 HHEIHIFRFOEIZ L VERETE D0, ARITHS
WM E HBIHIRE D B #AMBL O & 7= 3. BIHIRS S, DICREL 25 EEBBREZDNZY, B OFR

B A4F (Good) | 1ITMZ T THHAR T H Y (Joint K, KRIFESHHILR T OMEAR & 72 5 R
Chipping) |, "> L HH K IF & Y (Slight joint b5, THHUIEINKREE) X, ARTIERNHEDODIKR
Chipping) |, [ H#EIHI2 A EE (Difficult to Cut) | ROFREERE S B @ L= 0L BIc# T L TR
D 4 BT, BAROTR N N BUG TR L7=. [H v, BHHOHIOEEMEME T LEZ L 2EBKT 5.
KiFd Y1, D LRBKRITH Y ITOINIRA E< JBH#5 & AEITHT XU O TR U T,
HHIOIEIERIC > CRHICARITINAELT-Z L & AR REZ B K E BN TW WD, ET-#T DR
BT 5. KR, RTES (O EfEOXRITORW 7288 R Th > 72 DITxt LiB#-#5 TIZUIHlIo
FrOES) 25 10mm L EOXRTNELNTHBET AAIVTHRBREL, D LOAMKITEARONE. =

THHR T H D |, 10mm KFEORITBEGNTZGE FUTEITHEROITIAZ B O NENGS <, KFED
T P LE#RITSHY ) & L7z, —IZ, AKX BENIzZ 6Nt Tar 7 U — hoOm{LAEEA

Table 5 Operation time, Age, Maturity and Early-entry sawing Result
(EXE5RE, Mis, BEERES S UBMUEIFER)

T tati A Maturit
Lane Number rar?sporf:\lon ge f\uny Result
Time[min] [h] [’C-h]
o 64 121 831 Joint Chipping
B 68 .. 186 . 450 .. Good
. #4 35 17.8 425 Joint Chipping
PassSing - oo oo
B 4 191 452 . Slight Joint Chipping
S L A 20 202 8 Good .
#8 53 19.9 449 Slight Joint Chipping
R 36 23 607 Difficult to Cut
A 52 . 216 557 Difficultto Cut________
- #4 46 20.4 522 Good
DIiVING  cmmmmmmmm o mm s oo o oo ooooooooooossooooooooooe-
s 4 202 512 . Good
#7 27 19.2 477 Good

#8 31 18.5 467 Slight Joint Chipping
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Pl EEx oD, £7-, Fig. 12 TR LB
#2 LBE-H8 ICBA L TIX, W HYOITER T, 13X
UREBEIRE Co B #UIHI 21T - 7228, YIEIREOR i
31 EFIL BB 2 > TN, FRRICHTRR L7 1848
IXFRNCFTRR L7 B-#2 LV beaicar 7 )
— MEEMESHER L, FUERREIZETHSET
ICREWHZ2E L2720 THD. M T, B4 »
FoBHE-#2 X MmN EWICHED ST, B-H2
DRI RThH - - DIkt LIBE-48 (2B
TIEHETORTIBRAONT. 20X oz, [FREH,
SIBDBFRRBREDORMETOR T ThHH-TH, e S
DM, HDHVTBREDOREEREICK->TE#MD
Lz ) — MO OREIZIZENEL, Bz
IIH & B HIEIHRE O — ey e fBiE & LTl D 2
EIFEEL V.

IhEWsE z, Fig. 1312, Table b 7 b EFIRE
E BHUIEIRE R 2SR L TR Lz, BEEEE L
HIBTHIEE R ORI IX AR Z2E M 23780 B, FEREIR
FEDS 450°C - h KOG IZOIHIREE N B2 &2
LRIV E B, 550°C « h LA EOBA XU

HIRENZ LA KV EEMEMET Lz L HE ST,

R B M A2 450~550°C + h THIEIT A &, AKX
TRV OEERDIRTLEZ LT, Kb Bt
W EHOYIHI 21T 5 Z E N TE T,

Maturity [°C-h]
200 250 300 350 400 450 500 550 600 650 700

Pass-#1 Joint Chipping

Pass—#2 Goodé

Pass-t4 Joint Cinipping i

Pass-#5 Slight Joint Ghippin:g

Pass-#7 G;od f

Pass—#8 Slight Joint Chipping
Drive-#1 : é)iﬁ"lcult to Cut
Dr i ve—#2 | Difficult to Cut
Drive-#4 Good :
Drive-#5 iiood
Dr ive-#7 Good :
Dr ive—#8 Slight dfpint Chipping

Early «— —' Late
Fig.13 Relationship Between Maturity and
Early-entry sawing Result
(BERE L BHUIAEIKER)

PLEX Y, FEEEE L B HUIEE R OMICIZH
TREM RS BT, ARWFRIZI T AR IR,
TR EICERE LTRE Y 76RO D TH D.
—F, a7 V) — MNRANORER, WESRM
DOME, #FAE~y NOFEERE, BEREHGOREL
20, WIEMMBEIC L VIRENELR S, B HUIEIRE]
OHE LW H BEIZK L, SRR 7RI E OMRRE
BEBITOVENDD. Fi=, BHHYIENZ @7 5E
BRI, BLoORSERESCa 7 ) — MLA 7R
E kxR I BELEZ T H BN 51k,
H #BIHIRE R DWW CREBEIRE THIE T D B OfE 1
Exmbblewlc, FEBGTORINI LT —% D
PLFREH ) UNT DFEREEIT> TS BERH D
EEZD.

3.3.3 EEA VDRELHE

A, WEX 7%, a7 ) — MUk ~DR 8%
/N & D T RO N RE O 31 THEH]
L7z. Fig. 1412, R 7t OFTIAZ > Bt H Hh
U E TOFMEOEAN CEmMX) 23, REX
TV EEAEM 2 L CHBURFRICAE D A1, TR L &
7 F N BRI A A L7z, DR, JREE 2 IR
BINOEGIBRET D LN TE 2. 2O, iR
M%7 DR HF Y (4. Tom) O MIE 24 Tz

Metal Form Temperature Tag
E _____

= 4. Tmm
[Casting] [Removal ]
New i 1
Concrete Ji !
—'I L 10mm —'l L 10mm

[Next Casting] [Longitudinal Joint]

Fig.14 Setting of Temperature Tag for Metal Form
CRERTDREFES L VHERE)
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(Fig. 15) 23, it B HEIHIHE 10mm D300 F T -

7272, HiEB HOGIENT X > CTMERIZE A HI Y B
bz (Fig.16). L7=23-> T, A FiETIRE X
TERETHZLICEIDar s ) — MEEONER
FOHBRIBIZ RIET BT NS WEEZ HILD.

Fig.15 ag Maks hen Removal of Metal
Form (Passing-#8)
(BREBFDRES T (B#-#8))

Before Cutting

fter Cutting
o EER

i kA

Fig.16 Removal of Tag Marks by Joint Cutting
(Passing-#8)
CREZ VBOUAEIZLSHEIYVERY (GB#-#8))
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FPAA B O s~ 7. — 5, M
FERRE®REIIEHT 227 V) — MEA 72
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X 7o, X7 ORI E HGIEIE O LU
ThHY, HEAHMEIEIHICX Y Z ZBNCh kT
2 MERIXHI Y B Tz,

ARRBTOFER, BEX 7AW BEEHY AT
LExary ) — MiETHEICERNT2ZET, 22
DB EHR SN S FERIRE & i 7o B HiBIEIEZE 0
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