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Study on the Practical Application of a Height Measurement Method using Non-contact Sensor
for Lining Concrete Placement
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Study on the Practical Application of a Height Measurement Method using Non-contact
Sensor for Lining Concrete Placement
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ABSTRACT Ensuring the quality of concrete structures requires understanding the placement
height. Various sensors have been developed for lining concrete placement, but most of them
detect by contacting the concrete. Therefore, the authors developed a measurement method
that involves attaching sensors to the exterior of the formwork to ascertain the concrete
placement height inside the formwork without direct contact with the concrete. This study
concerns experiments using FRP formwork for tunnel lining, which is used in actual lining
concrete placement. As a result of the experiments, it was found that the placement height will
be determined even with FRP formwork for tunnel lining concrete, indicating its applicability

to actual tunnel lining concrete placement.

Keywords :

fhamm s, ML, FEAR, B, FRP, TEH

Placement Height, Non-Contact, Capacitance, Relative Permittivity, FRE Placement

1. FLCHIZ

a7 ) — MEEYONE E RS D 7201
F AT ER D ERIEKFECARD L a7 —
N & Y58 40~50cm LLFOFE S T HiA

F, FEEDEAT D & & b, FrEOF H ik H H
PN TR DB A FIRR T D MERH DV, FFIHE
Tay 7V — bR TITEAES I BiAte
VR B Y | GERFTIAZIRIL A HHR T 5 72911
Wha7atr PAVNOEED HDMERNLIEXR
PR Z Y TR0 AR T 208N H ST,
F o RERED GEENTZHETIC DWW TIE E R
NREEC D bbholz, TOXKE LT, =
Y7 V) — FOTiAL @ S &R T Dkkx ek v
=B I TNDENR, ZiFa 27 U —hZ

BEREEAL TRMTH 2 —Th Y | FTRREIC
ot —%ty ML BRI EHR TR EE
THOVERD T,

ZZT, BftMADOa Y7 Y — FOIIARE
EFHT 2 A & LT A e v — &
B, 227 U — MCE R, BN
Dy Y — FOF AR S RS 2 5 iEE

- >

¥ L7, 22Tk, BL=ar 27— MIRICH
W% FRP il MBI b o U8R, BURSHE E
B & O L 7o R AR o — R 2
W RREFEBROFERIC OV THIET 5,

2. BfTHE
2.1 AIERE

RN BT K 2 IR s S E T IE O WE
J PR 2 B 1 (a) HIEMEIS AHEX B 1 (b) I E A
FREAE RAWTER T 5, e R Th 2 g%
DZERNT W N2 AT B A Fo U e — X O FRIRTE
WA A2 P B &2 FHINd 5 & | F R ERIRRE
BABELTCarTrHO LR BERE
DAL D, KRES AT AL, ZOEBRNICZER
LV HFBELRORVHERYE kK7 Ly va
a7 Y — R NE) BAD EERRENRLS 720
BARBENHEMNT 2 LW FEEZANTWD

Z LTV BN =27 U — M FRIE
END L, FHEE S AT 5 & &b ICERAER
DOEFEBREOML AL THMT 5 Z & THE
Ay ) —bhOESERETE 5, WHIBRICS

*EARITIERT  APEHIF TR

MARMO—IHIL, B 7 FE AL LERSE

80 [EMEYRFifiaiE 22 (CS9-67, 2025.08) THEHE T 5.

_23_



g
GEEBEMH) |

BiEGk EE
1(a) BIEBEERRR

B2l

g
GEEEHMH)

BB
U—Fig
H10) RS L REE
1 AERE

WL, FRNCHFEREL 27V —bDES &
ORRERTHEEMEEZ RO TR L, 72ds, FEREh
At o —2 B0 T 2B IFEE R Th 5205,
BMENENZE EFHFEREO LR EITNSL< D
O THRIFE S IMEIZ LV HIRE LD,

FHEE E D> H OB A~D ATNEH 1, FTED
B OMIE M AZRIE 5 Tdo v | BRI O
VE—F A LNHAENEL TCERY T VX
VAEBEHL KRR E AN THEREOMEEZF
T5, EOMEICEVITHRa 7 ) — hOFEmS LA
NERD D,

XC=1/2ufC) « - - (1)

XCHEEY T 7 F A S ZEREED R,

C B B
H=axC
HATHR=ar 7V —roms, affi=fE,
CHEARE
2.2 oY— (BRI OBE
U —OMEAFTE1IIRT, B —IidY
— MDA S L7 —Xt OHIR TH b | B s+
PEBICERE L TR %0 BT — 3t Sk E o
FIREA —E L 70D X O HEkR L CTARET 5, 20—
Xt DFRANFHI T 2 TN ER O FF A R D1k
Ev b EFEszlET L, 7y vaay

HARHT AR HINUFEIT®R 5 115 2026

7 ) — hOFFEFRIL 80 1T, ZERDLFAE
RK1EOVREWED HHRADERINR T Ly v a
a7 — MIE#RISND & RO BEMH OF
BARNPINT 2, BEARIIITR =27 U —Fh
DITAZAE SIZHBI L THN L fEA RO 2
BRI T 2 Z LIC kD mEDREEIT I,

o9 — (BEBK)

BH |

3. EBRAE
3.1 FRP £ FLBBHERKE

RO ELZE 2, BE 212587, #BRIKIT
Wrim 400mmx400mm, & & 2,700mm T, &
Y — 2Bl E S DO 1 H A FRP AMEL L
77o FRP B I E & 902.5mm O D % 5 S 5[
2 3 DMl S AliE & L7z, FRP BFE LD
HAEEE, KBS FRP & MVAIBORE & 7]
B UEHEFEBR L, B2 —i% FRP B0 5
SHMIZHRO AT MERHED - & Y — P
E Bl CHERE L T,

400mm

Y-
¥ FRPE! #
(t=6mm)
902 0 e
mim
E:
_
it 1B
(t=12mm)
905
i
2 BPEME

_24_



EHE?2 #B&- e UNHBE
32 avH—rERELTERAH
a7V —hroRGERTICRT EHT 52
Y7 U— b EAIFET a7V —hEBEL, A
7 7 15ecm, HUBEM R IKTE 4 0mm, =it A
v BREAEH LG E AWz, BRIk ~D
a7 Y — hOFHAZIEE & 2,5600mm £TE L,

EEBICE D TFHRAL L (BE 3), #HIITE
AR Y 7 b =7 2 W (BEY),
FHHEE B XA E B 100kHz O 5% v
l NE 1) | 6 AR Y NN J '3 7l =R
Jix oA B A M3 5, FEBRTIE, 100mm
T EREEFI LT,

®1 EAER
BAR kg/m
tAUH K WEHO | MEMQ | BEHO | HEMO SRR
256 154 510 2176 746 320 2.56
KAz b 60. 0% MEME 43.3%

FHE3 39— MTAHKR

HARHT AR HINUFEIT®R 5 115 2026

BTRISE

4. ERER

ks & L EAROBRER 3 127, K&
Darr7)—rofREIVEARTLITO0T
HERBITFZEHFIL T EFT D2 L3005,
kB2 FEEL L 72 A oMk H i & 900mm 3T
LB UEHAERB L 1,750~1,850mm Ui,
T Y —BEERIC IR o TN D728 BERED
EFIIBERIER LTV e, S EIOEBR TITFERED
FIRk 2 0E U, B (A o WA . 18 E A o
R OBLE 72 & AT S 1288, T B OEFEBFH
E~EEE ST 2N & ZR LT,

300
EY | 250
'Ig200

RE
}%ﬁmo
& 50

0

0 50

100
TS S (om

150 200 250 300

M3 EERER

5. £&O

AgetCHoNTMAE L TICRT,

(1) BrLay sV —rzHELEREDa Y
U— 2T, Tkm S ERFERRENIZ
EEHIT D 2 & AR LT,

(2) B2 FILORKEERRE  PERICOWTIEE
DR & 72 D08, R ORI
EHHY 7 P COMHBAIRO TRIZED
TiAZ @ E 3 EfERICEHIIcCE 5 0 &
b,

PARIZ RV BAFE L2 ESIRDS b o RV T

_25_



27 U — ~® FRP #lt v hLb~ili Al fe7e =
&My o Teo ARG 15 % F28185 CIE H
Ui A AT & & biT, L0 ERNRNES
B D OB,
(&% k]
DEASESE  ar s ) — MERREE
Uit T#1pp120-124,2023
DWRFERIED  FFEAEIC X DI a s
U — MTIAZ @ SWEF LD, tATFS A
EREH 79 BEHFER IR Z,CS9-08

_26_

EAD TR AR HANFEETSHR 115 2026



	d3f6426d896e2591d6374a5cc26e1888cc8e87205bd01eb068f8c769cbe4cffa.pdf
	d1174fbe2b8c13045c404c14182b7a9de1e842f3ae96485fa4ac9e28da68db8d.pdf
	450e59d8191a8913e5666275bc634494f538df842f18cb1fb45e8371d2a8fef9.pdf


