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Fig. 2.3  Fine moiré fringe with new line grating pattern
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Fig. 2.5 A moiré fringe with characters
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Fig. 2.6 Characters arranged in a scale
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LHIERO)D K D ITAIAE 0, ITk L A0 72 BENL-5E, Zh SR,

LA = w AG
Ym = on

(2.10)
&%, Eq.(22), (23), (210)&Y, ZAL Ax TR LRV KRDDH LB TES.
=P
Ax = ——A0 (2.11)
BERMEME L 29 5E, OF%H e 1F, BEq Q1DEY, WATHRIET LN TE S,
_P
£=510 (2.12)
Moire Fringe iz,
-

i

(1) __
; (I

(i) >
(ii1) _(b) 6= 6,+A0

.....

Fig. 2.8 Phase of a moiré fringe
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2.6 VY HRMRET/ N RDERMLE

2.6.1 VI AARIETNNA RODEREE

O BAHAET S A A DIMBLE Fig. 2.9 12, EAMEE % Fig. 2.10 12”7, Fig. 2.6-(a) DR /34 —
VINVER ST 7 vy h 7 L— N, Fig. 2.6-(b)DRE N H — IS ERR S T L— F D 2 K DJE
S 1lmm OHT AT L— FDBRERISN, W=y a8y X &k LR oEEY v 7T
=y MELTWS. OFTHAHUET A ZA0R S, 18, JESIE, £A£1 120mm, 17mm, 5.2mm
THY, OFTHaRDDEITIEREL 72 2R A MEERE L 13105 mm TH 5. £72, OFHAHHET A
A AL 3 FEFEOMTHERL TS, EBE, OTHEZRWIRTEHT 5 Z D TE5 100 pe fEO H
BEAROTFRTH Y, PEUE, BB L 50T AFHHOTDOREMRET L Th 5D, TEIL,

G ALERR DR DY) Y P S KA LD T OB TH 5.

Fig. 2.9 Appearance of strain visualization device

Marker
Front plate

(glass)

Rear plate
(glass)

1+ Adhesion

%

Adhesion ¢

Fixing ring '
(steel) <

N

Fig. 2.10 Basic structure of strain visualization device
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2.6.2 HF/NI—DEH
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LElE L, ERE M 1T 2815 THD. BT —VDERIZT + b~ AX v 7 HiZ#EAT 52 &
T, TEOBEBIIE O/ — Dy F p BEIO dp ZFEEITHNSRETE L LT

20, BORLEE I EITOEIERREGS Z LB LTS

2.6.3 ASRTL— FDHEH

OTHAHUET S A A& FEREEYICHEA T 27-0121%, 7L— MY, BARRE FIZBWTRHIM
itz 2 2METRTZR L2, HY), LVRET, IVEa X ORI ZATLETL— RO
MR E L72[33]-[36]. LA L, Fig.2.11 OFR Y AT /DT L— k& HWizOFHAE LT A
ADIRBERERBROFERIRT & 512, BEIC K > TRERENENT D Z LR80T, 2

WY AT UNEHEERL TWLHbDLEZ b, £ T, et ERZzER, UTOREEL DL

400

—-Humidity 20 %RH

350 4| ——Humidity 40 %RH-1
—-Humidity 40 %RH-2
|| —~Humidity 50 %RH

——-Humidity 60 %RH-1
| —o-Humidity 60 %RH-2
—-Humidity 60 %RH-3

W
[
(=]

N
W
(=]

150

Apparent strain  (pe)
[\
S
(e

100

0 10 20 30 40 50
Temperature (°C)

Fig.2.11 Temperature characteristics of strain visualization device
using polyester plate
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O b 7 ABNERATHZ L L L.
[FEE b T 7 A DR ]
- M, WL UM, TR D
KA 1
- MHEEREMEI AL D
- BTSRRI RARAD 3BT, REESINTTES

cEHWH T RAERWETE S

Fig. 2.12 [ZH 7 A7 L— b DMK A /RrT. 7ur b7 L— MIBEAORERET 7 A, VT 7L
— MIBADORRET T A2 L. 7o L —bBIXOU 77— FOKF 7 — 03,
T L— heEAEDEEICNAIE 22 HIC, Z7ab~v A7 TEKLTWS., AROEE, F#Ed 25
ZETRBOIREMA TS, £, 7 v AERFORWESIIH T Aa—T 4 TIZL %
—rERELTWND. 61T, 207 L— MEO#EEIERS ORI R T 5720, £ L—
FOTTZAA=T 4 TOEIT vRA—=T 4 7L TWD. B, KITTATL—hBIT

h= TG A Y a2 LI OREE Y 7 TR S LD O T R AIEUET S A1, g
TEHERRBRIZ I T HAREREL T 10 4RAH S DAL fiiteett, a1 7 VBRI W THRERE T 19 4

IS UL E OIS BEER R S LTV 5 [38] .

Pattern (Brack) Glass Plate (clear)
\ t=1.0mm
Front plate \

> Fluorine coating (Clear)

Rear plate

Glass coating (Clear) Glass Plate (white)
t=1.0mm

Fig. 2.12 Details of glass plates
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Bt o, JREE - FIEIC RS EBUYE L2 OF BalUbT A AOEARMARRE R LT, £ 7 Vi, #
FRE = INER SN 2DER O T A EHRGDEDL ZEICE > TAELSED. KM,
OT Az RSUET 27 UiE, BE@RAEHAOET UK, BERAEEORE R Lo 0SNG
i, 0T Bzt 280 0F 7 VilE, JERFRE 731 f5& Lz, £z, B0
Ui, RN 281 (5L 720 KO\ F— 2R L, @REEREMFNEZARICLE. O
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3.1 &%

U FEEEYICEA T 2GS EICRRCHEE R 5 DX, IREORETHS. Fig.3.1 -1 L9
12, HARBREL FICdH D FEEWIL, 20 °C ~ +40 COKIRIZE B SN DH[39]. AEEEIH 23 i Hi >
b OEFHENE 2T 2 881%, EHMIREIZ 60 CiE<ICETLHE b & 5H[40]. o b NRE OB
2L, BONFHIMEIRRERELZATMEE Y, TOFEE TIIEMOZFET 2T 5 2
EBRTERV. bbAHA, FANZE Y ORERELEEL CTlE, bl & bITRER % T
WEWZERE - SR IUE, IRERELRETHZENTE DN, TOHna XA MREINL, 7— % 48
DOFRGEZD. OTHAGULT A AN, BEORELZZ T VA CIREMER O Thh
X, FEHEEY OMEFFEEA~OmEHMER M BT 5.

HEEEANCRRE L2 O T Bt X, SAADIC L D20 FHRLSMOREZRRH D &, s
M EOTHFHAE o ORERGEEOBEWVICE Y BT OOTAHBAEL D, s, REICLD

AEL LTERND. BOREMENOTHEHIME P &0, REAI LV AT L BT oD

80

-O-Highest temperature in Kumagaya, Saitama

-O-Lowest temperature in Asahikawa, Hokkaido

Temperature (°C)

1 2 3 4 5 6 7 8 9 10 11 12
Month (2020)

Fig. 3.1 Environmental temperature to which a structure is exposed
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PTRERMNI LR YOI 2T, OPRF =I5 IR 2 L, OF R =D 5B Ak IR
B L7256, HESIVEIRERAICHW T, RENT OO ZA3+1.8 pe/°CLIN D b D78 A Cil EEAHE
=P LI TV A, R B CIREMER O3 57— 2 O BT O OF BAER Z Fig. 3.2 12
AT B O E 20~40 °CRIIEEL pe/PCUAN E 72 o> TS [41]. B CIREMIE S 720345t
BT L, BT, REZICXVBETLIRBTOOTHEX Y 2L, SICEDAL
HOTHOREMNTHIENTE D,

140

120 —
100 o

-100
-120
-140

Thermally-induced apparent strain output (pe)

Temperature (°C)

Fig. 3.2 Typical characteristic curve of thermally-induced
apparent strain with strain gauges [24]

250
= 4.00x
150 ,//g =

100 ///
“ /
50 m//»

-100

Apparent strain (pg)

20 -10 0 10 20 30 40 50 60
Temperature (°C)

Fig. 3.3 Temperature characteristics of strain visualization device
with basic structure
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IO XD A CIREMERE R L, R CR LI EAE L FFOOT et bT S A 2D
IREERMEIL Fig. 3.3 @@V T, RENTOOTHIT1°CYU =0 K4 7pe BAELTEBY, HOREMES
TV, Z22T, RETIE, OTHAHULT A ZADNREDRELZZ T 720 B CIREME O
EEEORFRERET D, £z, ZOMEZOTHAHT S0 RZEE L, REFMERRICLY

BRRES 5.

3.2 HEREWHEBELTDRE

Fig. 3.4 [T X 912, OTHRAHYLT A 2ADOIEAREE IR EMERE AT EEZE 2 5.
IREZAG At % 20) DAEETM G o BMERT 256, WETMORS 1, OBE ALE, 5o
LR IOENELIREEL At I L DR EOE{EOTNL 12D . WEIERHM OISR E E, #Y

EfRE A pr &35 E Eq.B.D)ERD.
g
Al = Ly + Br L At (3.1)

ZDORFOIREMEROR S [ OEAE AL1E, REMERORIZRSREE L35 L Eq(B.2)E

2%,
Al = By 1 At (3.2)
Front plate
Fixed to structural member
Back plate
— U\ Y _a,
Temperature compensating plate E .:
Thermal expansion coefficient k2 ! A A 4L
I =

Structural member

Fig. 3.4 Proposed self-temperature compensated
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a7 L— FOBENEITHEM ORSOBIVE AL ERCTHY, Nv 77— sDENL
BITEEMEROESOBNE AL LR U THLND, 7ar v L—hE Ry 7 FL— sOE%

TN Ax X, k725,

Ax = AL, — Al (3.3)
Eq(.1), (32), (3.3)L 1,
g
Ax = L+ By Ly A= L At (3.4)
E720, Ly=1, pi=hp T D&,
Ax=12 3.5
x—mE ()

LD LTeido T, HEM SIRERMER DR S B IOBRIZEREZHFE LI T2 Licky, 7
YRT L= ey 7T L— FOMENE Ax X, {EHT 580 1Tk o TORAEL, IREZEL

AT X DAHRZERLITFEAE L u.

3.3 BREREMEEVTHAHLET AR
EFER > B SR M 2 2 Ui B ORI 09 2 T L T A RO Fig. 3.5 12,

Wit % Fig. 3.6 (9. IEMESIL, WEHRE R8Oz 7 U — MREDORIEERM &R U

120

T Rear plate (white glass) Temperature compensating plate

unit : mm

Fig. 3.5 Appearance of self-temperature compensated
strain visualization device
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Marker
Front plate

Temperature
compensating plate

~~ Rear plate

Adhesion ':’

Adhesion

Fixing ring \ .
& | o

Fig. 3.6 Structure of self-temperature compensated
strain visualization device

IZARAREL 11.7 pe/PCOBL T L — kb (t=1.6mm) & L, £ IIESETH OOTHBmHEFEE LR CE X
L7 AVETEZ 17 mmx120 mm, EX 6.8mm TH Y, FEAFEET 105mm THDH., O Hn]
LT A RCERR S D STEOET URORERRIE, 2.6 S Cik X7 AR E B L. 7ok,

PO FEAERNIL, BEEY 7 LRRICH =y TV ERA vy FEH L TN D.

3.4 EERERER
3.4.1 EBRIK

~HE 50 mmx150 mm (t=1.6 mm) O (SPCC : #RAFZIEFRE 11.7 pe/°C) ZilBriR L LCHEA L
7. REBADOY o YELER % Fig. 3.7 12, &P OREIRN Z Fig. 3.8 1277, SROFREIZOT A
AU ET A R & B A o B R EMEROT A —Y (F—Y R L=90 mm) Zi&E L, HEifk
WHRIOT R =V 2E LT, REIC K 28RO MTOREOFELHR L. 72k, SROEE

ZRHT 2720, BRI BAEXHE R i E L7z,
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Strain visualization device

Thermocouple
£ /s |
I — Al =
50mm
Strain gauge \ Steel plate (t=1.6mm)
- 150mm -
Test piece (surface) Test piece (back)

Fig. 3.7 Sensor arrangement

Fig. 3.8 Installation of sensors

USB2.0
camera

Fig. 3.9 Thermostatic chamber Fig. 3.10 Installation of test piece and USB camera

in the thermostatic chamber

_26_



3.4.2 FERAE

FRAECHEH L7z ESPEC f-# IR EI 2R (ARS-1100-] ) % Fig.3.9 |Z/r9. [E{RIE{EES (ARS-
1100-J ) OfEARIZ, REEFIPHIE-65~180 C, IREZLHIFIZ 03 C, IRIBEFPH 10~95 C/10~
98 %rh, TRELENEIZE2.5 %rh TH 5. Fig 3.10 (T T K 912, ZOERERIENIC, EEZ
WZE-> CHHBICMHHETE 5 X 912 Fig. 3.8 ORBRIAZRE L, WBAE BT 5720
VAR 200 T EIFED USB2.0 7 A7 (VC-4302) #akiE Liz. F7z, HIEMANE —EDOH L X
T 25729, LED 74 b &&E L.

USB2.0 7 A 7 % EIREImERAMHICERE LIz Y 7V & A AEGAEREEE ISt 95 & & big, OF
B i7— VB L OBER OBEFHRE RN DT — 2 o —Ic8Eki L7e. 7 — 2 Iy A7 LK
% Fig. 3.11 |27

AREBRE, PIMIEZFI L7Z20h, -20°C~70°CE T 10°CE v F ClREZZ{b S8, RERADIRE

NE DR EMEIE LTZBEOOT HAHUET A ZAB KOO RS — VO 7ek LTz,

____________________________________

USB cable In the thermostatic chamber

/Z/'/ .‘ Distance: 0.5 m
>

USB2.0 camera

o ) ) Test piece
Real-time image processing device

_______________

’
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1
1
1
1
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1
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1
1
1
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1
1
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Data Logger Scanning Box = Y=---mmomommmmmommmmmoooooo-oooooooof

Fig. 3.11 Data recording system
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Fig. 3.12 Relationship between temperature and apparent strain of test piece
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USB camera \.

Submicron feedback stage

o Stage controller
Real-time image

processing device

Fig. 4.1 Automatic verification device

Strain visualization device

Submicron feedback stage

Fig. 4.2 Strain visualization device set on a submicron feedback stage
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Fig. 4.3 Strain visualization device set on a submicron feedback stage
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Fig. 4.4 Changes in strain value and measurement accuracy of the visualized part
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Fig. 4.8 Strain calculation application
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Fig. 4.9 Relationship between loading and strain
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ETVANT AT THRET 255G, ERPOFEGETRE T S 2 LIFEETIERY. 2072, O
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Fig. 5.1 Shooting image with a digital camera on site
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X Front plate

Rear plate

=| Axp

Moiré Fringe

Fig. 5.2 Difference in the amount of moiré fringes
movement depending on the shooting angle

Line grating 2

Fig. 5.3 Difference in overlapping linear
grids due to parallax
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Fig. 5.4  Structure of strain visualization device
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DICAEZGRNAHEE L Lz, £/, yEhE 0 ICREAEEZE 2 5551%, Fig 5.6- @IZRd &
T, x EhE 0 TR A 2 DA Fig. 5.6- OISR T X 912, Bl#EET L— MZO$THAHRLT
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5.3.2 HERAE
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Digital camera /

=

Attachment -

(a) around y axis (b) around x axis

Fig. 5.6 Installation direction of strain visualization device
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(a) Shooting angle around y axis and strain calculation accuracy
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(b) Shooting angle around x axis and strain calculation accuracy

Fig. 5.7 The relationship between the shooting angle and strain measurement accuracy
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B6E HITERZZITHEMDOVT HEHA

6.1 #E&ER

RHHKRI G & 72 Dt A 7 T OREEAM L, S & LT TR, imiFEM e LTHIAL
EHESNTND. DD, WETMOOT HZFHIT 22X, iFERE2XT 253 L
THRELISFHHITE 20ERH Y, WMITEB LT 2EHMITKT 2 0T Bt T S 2D
PEZER L TR BERH D, Fig. 6.1 (IIRT XIS, EROOT AT —0E, EHMERmICAED 17
D720, EMICHTEN LTS b, HMREIZERET 50T HZIEMICEHT S5 L8 T
5. —HT, OFTHABULT A R EMICRE L CEHIT 256, O BORIALE AN &
N ORENTALEIC /R D72, HMAMIT R 22 TR, HMERrICEAET L2032 REGE
fliLTLES. 22T, RETIE, OTHAHUELT A 22 WP B %25 0T 55 O OT ZEHANIZ

W 256 OMIETEEZRL, BERERICBWTEOZSEEMGETS 2.

Strain Gauge Strain Visualization device

/'/ ,Eg—lgl-\

Detection position

Tension

Strain visualization device
measurement

( _______________________________________ Neutral axis

Strain gauge measurement

Compression

Fig. 6.1 Difference between strain gauge and
strain visualization device measurements
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6.2 BHITERZZ(THEMOEHRIGIEDRE

M FER 232 25600 B2l TRy, SMAhiTER A% 256, EoR
FEDRENFEA LD Oh, REMRHEEHM Th 5 SS400 O H FE8i4A FI RO TH D . FHESEME
% Fig. 6.2, Table 6.1, Table 6.2 |27, EEERIL, Kb U 7ARARLE (EX[=50m) - %
B & L, FONIS D DNREAET D GREE S 2 FHALE & L7z, Fig. 6.2 (R $ K 912, FHANZES
OB AU T S A A ZfRET D SRUE L, FM EE SR M OFFARIE Y 0 140 N/mm? 3%
T D L EDOOTHAGLT NA ARBEEFTOMEL KD, ML, ERGEMETHMBRER L
BEd, RMEENE D 0 mm, 105 mm OALE (OF A aHLT A ADMEE Y » 7H) 8B L00

FTHAGULT A ZADFRDT=DIS,% Eq. (6.1) THH L[44], 2O 3 HE@LMHOMEL L.

ZIT, P RSCHRHIE, E IZEM OB | OWIE 2 RE—A 2 b, x (3D B
ERETORBETHD.
5 _ PP 1 3x+x3 6.1
* T 3E] 20 213 D

Fig. 6.3 (245 WA XD H 8 o> fi i FIE & FHALE O RO BIR 27~ 3. Fig. 6.3 T 5 £ 912,

H IO i FHIPEA R & < 722 LEHIINZE O fRITNE 2 5.

/ ><
525 1 525

1
Measurement
position

Fig. 6.2 Calculation condition
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Table 6.1 Calculation condition

Structure Cantilever wing beam

Length of girder / 5m

Loading condition Tip load P that generates long-term allowable stress 140 N/mm?

at the measurement position

H-steel (SS400)
H100, H150, H200, H250, H300, H350, H400

Structured member

Table 6.2 Cross-sectional specifications of H- steel

Elastic modulus Section of modulus Cross-sectional secondary moment
Member
E(N/mm?) Z(cm?) I(cm*)
H100 200000 75.6 378
H150 200000 216 1620
H200 200000 472 4720
H250 200000 880 10700
H300 200000 1350 20200
H350 200000 2280 39800
H400 200000 3330 66600
16
L /| H100
14
el H150|
o [
2 10
X X ¢ [ 1200
g 6 b JH300 | ——h
= ‘/ — H350 |
: 4
S 4 H250 /'
2 [Ha00
0

0 20 40 60 80 100 120 140
Bending rigidity EI (GN/m?2)

Fig. 6.3 Relationship between flexural rigidity
and curvature on the measurement point
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6.3 FHIERE

WP A 2T 28 O OT HEHNCI N T, OFTHAGULT A A& T 256 OfE Gk
IZOWTERD. OFTHAHULT /A AL REEAITRRE L7256 0, #k o Tz & O3 B ik
TN ZADOT BRI E ORISR % Fig. 6.4 127”7 Fig. 6.1 TR L7z X 212, BT ER 25T 554
DOTHORE SIIHLHIN O OREEC IG5, Lo T, OFT AAULT A 2 OFHHMEI,
O Bt B 2N SR 221 L 0 b SZfis b OEEES N T a2 RE<HAh S s, OF A
AHUET S AN 2 WM EHOOT AT D70, OF AT S A I EIZHaz
2D OFEBEOHER (LR, fMEREE VD) 2R/ U THIET 20ENH L. MIERER 13, 4
DN E R E TOm S &y, HHERENDOTHAHLT A ZADOOTHBHEE TOEI &

h&3 %L, Eq(62)TRDDHZENTED.

R= (6.2)

ik, FEEHMICET OISR B EE N2 HEICE, 2O EROIZZICHIEREEFEL %
VBERD %, DT ARAGULT N4 2 & EESRMICER 3 2 856 0, il 55 £ % co ke
HIEREOBIR % Fig. 6.5 1T/R T, A7l & EM R F < OREEES 200 mm M Lic7x 5 &, #iERR

BIZIzEl1 &5,

Strain visualization device

Detection

_position . £ [ ¢ ______
* <

Neutral

axis_ S

Structural members

Fig. 6.4 Member neutral axis and detection position of
strain visualization device
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Fig. 6.5 Relationship between the height from the neutral axis
to the edge of the member and the correction coefficient

6.4 HITEMRZZITHEMDVT HEHRIEER

6.4.1 ZEBRFTE
B O EARIL D Z M2 FEBRIZ X > TRGEET 5. FERTIE, #2130 5 I 2BE L, &M &
AWGIIZTPED /NS, 18 50mm, JEE 6.0mm O 7 hox— (FB) Z#iBRiA L35, BBk
Z R FEFHEIRIC 450 mm R0 H L, REES 5 100 mm ONZE E2 O T HatffcE & 35, FEBRoO
i, ABAENHIC 04 mm §0 4 mm £ TREIEMZ 52, OFTHEHINEOIMBL LT 507
BB LOCOTHABULT NA ZADW N &5 2 L L35, FERITENLD, 7, ZO5M4CHaimit
ZATo . FRREHIRIT 2 OT HEHAIGLEO T, 6.2 HiTili /= Fik TRz, £/, FHEE
KEDFRNLED OT X, HRHEIENZ 5 25 12 OB el 8 2 R &, Jobnfa B8 & s o E )
53R E DFHUNE O T E— 2 v b WA SR L OSBRI TR 2 & Tk iz, OF A AL
T3 AN, FIEFRER = 3/(3 + 4.3) = 0.41) Dk & 7 UCHIN L7=. FB OWiish st % Table
312, FHAMFHHRE Fig. 6.6 IO, FATMEHER LY, P2l b M K & CoERER
FB T, #MEFMEICHEAET 20T HEOTHAGULT A 2D NI, RERERNELDLZ L

DTIND.

_49_



Table 6.3 Cross-section specifications of FB

Cross-sectional area A 300 mm?
Elastic modulus E 200000 N/mm?
Section of modulus Z 300 mm?

Cross-sectional secondary moment [ 900 mm*

Curvature (X103 /m)

-80 -60 -40 -20 0 20 40 60 80

500
400
300
200
100

Strain (pe)

-100
-200
-300
-400
-500

-o-Theoretical value

-o-Estimated value of strain visualization device without the compensation

Fig. 6.6 Calculation result

6.4.2 EREE
Fig. 6.7 |ZFEBREEONEZR"T. 7=, Fig 6.8 I[CEBREEOFEMAZ Y. FB O[EEHA S 100
mm (&2 FHE & L, OF BT S AB L=V K 90mm OOT A7 — T & akiE Lz
(Fig.6.8-(a)). D FB %, EHHLEZ450mm & 7225 KO ICEREEICEY L. OF A
T34 ZOFHAHIZ 200 I D USB2.0 7 A 7 &% E L, HEDOT-bAEZFHHIL, TOHOT
HFHALE D R A2 KD 57201, 0T HAIHLT A ZOMWEE Y > 7 OE R X OE o fk,
FB JE8it 0 4 AT % — = o AL O @GR L — P AN A Bl L7z (Fig. 6.8-(b) . mAEE L —V4&

{7 EFDAKEZ Table 6.4 123,
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Forced displacement

USB camera

Fig. 6.7 Appearance of experimental device

Flat bar I
50x460%t6.0 i Strain visualization device

Strain gauge
Unit : mm I

Strain measurement point

(a) Installation of strain visualization device and
strain gauge on the side of a flat bar

USB camera
,

100

Strain measurement point

450

|A
-

Y

A
Y

- : Compression strain side

+ : Tensile strain side N S
52.5 152.5
/

\/ ’

Laser displacement sensor

Unit : mm

(b) Arrangement of measuring instruments (plane figure)

Fig. 6.8 Details of experimental device
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Table 6.4 Specifications of laser displacement

Range 100 mm

Light source Red semiconductor laser

Wavelength : 655 nm

Non-linearity +0.05 % of F.S. (F.S.=+£100 mm)

Repeat accuracy 2 pm

Sampling cycle 20, 50, 100, 200, 500, 1,000 ps

6.4.3 EBRAE

FBE, FHUMCEIZEROT A, SIBEOTARRAET 28T M, 77 v b= %% 0.4 mm
T ot4 mm F CHHIENEZ 5 2, FHIMCEICHTER AR ES S, FHE, ez 0.4 mm
WCEM L7z, OFHAULT A ZOF AT USB2.0 7 A7 TEMEL, #Rg LizT X /VEENG Y
TH A NEGFENTEE A O CTOT R AR L2, 30 7 L— A5 OO T RE SR O FEEE O
T HAGULT A ZADOFHRFER & Ui, OFT AT —V B X OERE L —FEMEHE, EnEnsgHo
BEER T L7z, BREEE L— P EAME TRl S 47z, SHIAZE S K OB HIALE +52.5 mm D&
(OFTHAMEAT SA ADWEE Y > 7)) O 3 MOEMFHHFERE S L2, 203 mEEs Mol

R DT,

6.4.4 EERHER

FHANZE DR & T OB % Fig. 6.9-@IT/R L, FRMRFIHER LT 5. EROME, FH
ALED IR &L OF R OBMRIT, FRTRFIRER & RO RGOz, WIS, 0T BT A X
DTN LT, MiERER = 0.41% 5 UM B O R % Fig. 6.9-0)IIRT. 0T AT —T LHHE
L= OT R AT A AOFHAME 2 el 2 &, RE7513£10 ue OFPACTH Y, mFIIIEFICEL
—ELTCW5. FEREMHM OB & LT 72 HIBMIZAELT 5 220D 3.5%107% ~ 14x107 /m O
IZBWWT, AT e R CThotz. TNHOFERMERD, MEAZEMATHZ LT, OFAAH

ET A 293, WFER A S M OOT HFHINCE TE 5 2 LA REES Tz,
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(a) Strain visualization device (SVD) without the compensation
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(b) Strain visualization device (SVD) with the compensation

Fig. 6.9 Relationship between curvature and strain
at the measurement position
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SNTZBUE T FHTTHERL S LD, 28551, K60 FENRB L, MENTEIN TV OIBETHS. Fig

1 IZHMBLA, Fig. 7.2 [ITHERE O &~ HER 2~

1.2.2 O HAIRIET /N ADFRE

Fig. 73 IR T X 912, REMEZ G4 KB LN GTHrodhd b Lz, REENEL, HrFime L, 16
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Direction of travel

Fig. 7.1 Appearance of RCT girder bridge

(a) Plan view

Fig. 7.2 Schematic structural dimensions
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STYLUS TG-3 Tough
(OLYMPUS)

Fig. 7.3 Installation of strain visualization devices

BT IAICERIE L=, T, HlRMIC, REGEFTICHE L TOTA—VaRkiE Lz, ik,
OFHT—=0F, a7 )= bOFVIDE2IT-O0, BRAHICHRE Lz

O B AT A A OREFIEIL, U FO@EY ThD.

(1) OFTHRAULT A ADOBRBEREFT 2~V M F—BIZ X OEL, 7% ~ % CHEEERT

i 5 (Fig.7.4).

20mm X 30mm

<+—>
I O Strain visualization device

7
'

20mm X 30mm

Fig. 7.4 Polishing the installation position
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(2) HAOERMHEEIZ, Bfl=~ (Mountingpieces) v 5. ZDELE, 2 0DENRHD H %
Fizd % (Fig.7.5). 7e8, FHOBAHAERL, OFHAHLT /SA 2 O R EEHE L 23 105 mm
ERDIDIHYELIZIGRTH S,

(3) Wl = ~ITHAER A 7237
Lt 2~ o 2 SOWFEICHREEEA HESE: 7o 7077 EXTRA €Y —IR) Zi#E&72237 (Fig.

7.6) .

(4) BFEE - V& LI2OF Bl bT S AREEFNCBUS 7~ 2R ET 5 (Fig. 7.7) .

Hftma=23t v b SNTCBAHE R ZBEN I LS T, 1 OREMES 2 TRV 43 (Fig. 7.8) .

Mounting pieces

Dedicated mounting jig

Fig. 7.5 Setting mounting pieces

Instant adhesive

Fig. 7.6  Cross section of mounting pieces

Dedicated mounting jig

Mounting pieces

Fig. 7.7 Fixing of mounting pieces
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Fig. 7.8 Completed fixing of mounting pieces

Fixing ring

Instant adhesive Instant adhesive

Fig. 7.9  Applying instant adhesive to strain visualization devices

Fine-tune so that the numbers
around 0 become darker

R 4-‘-'-@:#’::’_‘7 2% m—'l.-'m-h ’

Fig. 7.10 Installation completion of strain visualization device

(5) OTHAPULT A A DR E

QU HABULT A ZOFF S RRENS, BEHBEER (77777 EXTRA U —K) %

WIEIZEBS (Fig.7.9) . ZOB, BREBAERIOBMENZ W E, B 2~ I2HE L7ZBRITH RS

v RHIAECEE A E > TLE I DTHEET S.

R SR = TH S R RDIAAT, 1 RERS 2, 0P a gt

A AEEETDH. ZOE, OFTIHAULT A ADEEE Yy Gk BB @0 Ok big< 72

5 LI L CEET S (Fig. 7.10) .
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1.2.3 &HAIAE

Fig. 7.3 \ORTOT B AIHULT A AR ENEE EOEIZ, 100 kN 33 LTV 200 kN ##faf L 7= FEo
OFHEFHA L7z, #ATE, 100 kN o7 V— 7oy 7 & LEEE 2 #E2#ainEict
v b B2 ETITo. FHINE, —#%7RT U2 AF (STYLUS TG-3 : OLYMPUS) % H\ /-,
B 2 B CIRA- BB A R ICAT X AR | MHIUT T REE TOTALZFHAITX 523, 8
GCHRLEBETGTHTEDICT VINIATEZFROL TR T 2B 25 L, FRAL
VORI EDONBRIRI AR ELDAMRHER S L. KIS TV E NI AT 2FFH TR LT
72th, NAM720D I A& ERRET 572010 S MO Lz, SR, SR 15om, R4 4
1920 px X 1080 px, MM 7 mm, 77 v 2L L L, HEICLDZOTAREREL TE LT
INEL T D72, T R DRSS A EEANE10° LN, FEHEIEL A 5 10 O A FEA+30°LIN & 72 D K 9 (T

HELRE Lz, OTHREET 7V r—ya 20T, E LT U2 VEB D O xR

L, ‘FEEE KD

1.2.4 FHAIRER

A G4 OFHARE R A Fig. 7.11-()i2, R G7 OFHAKE R % Fig. 7.11-b)cZFhZEiurd. £z,
PR ORI ICRE SN OT BT — Y OFHIFERZ T 2. OFTHAULT A AL OF BT —
CLEDFET, WH G4 TESpe, HMGT T8~15pe OFPHE 2D, FEFEHE S £20pe 2L T D
FERDF BT,

RIT, gy b A CHAI - T2 O HOFHUFE R 2 Table 7.1 (RT. OF AT — P OFH
FERICH LT, Biat50n « ORRZEOFRPANTHHEITETEBY, BERE =250 ue Zime L.

PLEOFHHAFERN S, OFT AT A A2 Lo T, OO0 HA% HH TR T L LD
2, OFTHABULT NS R — BT XN AT TRET H720 CREICOTAEZRETE

LR TE, FEMED O OT HEHUA~OOT B AU T /S A O A3 ERE S 417z,
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Measurement strain  (ug)

Measurement strain  (pg)
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150 X Difference from stlrain gauge
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(a) G4 measurement result

\o:g: 150

120
S
§D 90

60

§ 30 3 3
£ 0w
5]
&30
3
= -60
e
% -90 11 e Strain visualization device
A _120 H © Strain gauge

150 x Difference from strain gauge

0 100 200
Loading (kN)

(b) G7 measurement result

Fig. 7.11 Measurement results and difference from strain gauge
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1.3 a9 )—rE (PC) DEHFEAER~DEA
1.3.1 3y )—MMEOHE

a7 ) — MEE, BRERNICENDPC (FLARLVA a7 J—h) fED THIETH
L. 3RMARANT v a Uy FRAOBRT, BEOKESIE30~40 m ThDH. 1975 FImINTS
THITHERR S5, 2514, F46ENRE L, 740 VEMBIGIC X 5 OO TH7 O RE 675 1H)

(CEHRE LTS, Fig 712 ITHEROSMEL %, Table 7.2 ICXGHGER DO L E T .

1.3.2 VI AHARIELT /NI ADHRE

Fig. 7.13 ICBLEX 2R, BRIEME L Al-P1 B KO P1-P2 B OSHH g & L, Al-P1 £
TIXG3HTE G4 HTIZ, PI-P2 R TIX GLHTE Gatr e L7, BRIERANY, &EMH & L, Bl
MICERIE LTz, bW T, I, SRERITICHE L COTAry—T 2 %E Lz, Fig.7.14 1

OF R BUET S A 2 ORREIRDLZ R

(a) Bridge deck (b) Bottom surface of bridge

Fig. 7.12  Appearance of the bridge

Table 7.2 Specifications of the bridge

Bridge length 102.230 m

Girder length 30.750 +40.750 + 30.550 m

Span length 30.050 +39.950 + 29.850 m

Effective width Vehicle road: 6.750 m, walk way: 1.500 m
Total width 9.250 m

Superstructure Post-tensioned PC simple

construction system T-girder bridge (5 girders)

Year of construction 1975
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(b= - @) @0 Gl
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A @) 0 G2
R [ Yo) o] G3
R @0 ®0 G4
I @) o] G5
o= (R

@ Strain visualization device O Strain gauge

Fig. 7.13  Arrangement of measuring devices

Fig. 7.14 Installation of the strain visualization device

OFT R T S A ZOFREFIAIE, LLTFO#@Y Tho.
(1) #I—71— hOft

Vil BBz EE, ¥ —7 L— Nl ommE &2 BT O MENIZ XA 4 KD P THE
ET D, ok, FI—7L—ME, OFHAHET S ZORRREERE L 23 105 mm & 722 &5
CRUWEL= 7L — b ThD.
(2) =27 U— FRE DL

OF R BUET A AREEFS TR TRWGS, a7 U — bREE 7 7 A 7 —F Tl
9%, ar 7 ) — bREMNFETRONGS, OFT BT A RTEAR )R AT, R
DFR L 72 5.
(3) A =T I —Jifi TALEDOALE H L

(1) OBAHHAZREMEICES, 7o —LiE (4 @) 20EH LT 5.
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Fig. 7.15 Fixing the mounting legs with all anchors

(4) HILL

F—NT I — R TALE 4 T~ ~— RU LV THIAL(¢ 8.5 mm) L, ROWNEHEERT 5.
(5) A—nNT I —DEE

BT Z @B REECHIFL L =R — VT v h—% AL, A—NAT v h—OEEE N~
— Tl A, =T U h—%EHET 5.
(6) HUAHII D[ E

F—=NT I —=DFy N AT THEDIAL, BUTEHAZREMEICEET 5 (Fig. 7.15) .
(7) OFTHAEUET SA ZAOEY (115

X7 L= FEEELTWDOIRVERED, XI—TL— 20 L, OFT AT A
20T 5.
(8) O A At T /S A 2 DFEE

OFTHAGUET A ADTrr N L— R VT 7 L— hO+FRER > TN D 2 & &R
L, AHLES D 0 b FREND LHICT7ur b7 L— k& U T F L— DRz T
BN DRV EMOIAL, OTHATULT N, Z &2 FEET D,
(9) HY 15 ORead

[ ESE THRITOT B ABUET S ARBE TR LC, MlEESRE<AH LY, B

HiE L 72 BRISRBR DN TSR B 2 WIEEIE, O E ORI 22 EDR 72V iR L CTRHE T 5.
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1.3.3 EHRIAZE

N, — e T Y2 v AZ (STYLUS TG-3 : OLYMPUS) % v /o. 13 U oI Bk e T
W OWiG A, WA HUT 7 — AR S Ule. g SR, B2 BEBERY 15 om, f#ERE 1920
px X 1440 px, it dmm, 77 v 2L L Lz IO OTHAEHT 7V r—ra it k- T,
R LI-EBN OO THERH L, EHEERDEZ. ok, OFAF—VoORHN, HFHOHESRT

1T-o7=.

1.3.4 BEAZE

Fig. 7.16 (ZHlAakBR o B mi {77 — X &7 3. FHANCFHE L7 200 KND X > 7 kT > 7 Z Hifar far
BwE L, EORRICHATT 27—, TORRICEMT 27 —RAB XL E T BEOM 72l 2
WT D —RAEZNENOEMTER L. od, ¥ 7 N7 v 271X, FEBOSMHIIZET D%

PR SHAT SN D LI LTz, Fig 71712 X 7 b T v 7 OFEMPRILZ R T

CASE1 Center of span CASE4 Center of span
Outbound line Outbound line
Inbound line Inbound line
CASE2 Center of span CASES
Outbound line Outbound line
Inbound line Inbound line
CASE3 Center of span CASE6
5 Outbound line Outbound line
Inbound line Inbound line

Fig. 7.16 Loading cases
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ER ®7 104

1 dump truck 2 dump trucks

Fig. 7.17 Loading by dump truck

1.3.5 #HfraBRiER

2T, OFTHAGUET AL AL OT AT =T O 3¢ E Lz A1-P1 RO G3 #1 - G4 7,
P1-P2 D G1 H7 + G4 Hi D OF ZHEHE IOV ToRd™. Table 7.3 (2B RRBRI D O Z0 30 7 5 R
TR

CASE4 35 L OF CASES (23317 5 P1-P2 £8fH] G1 M1iE, fhodtit & bl LT 4 pe~26 pe & BAEVT A
WINS L Ipolz. E7z, CASES O GLHTTIE, OTHAHULT A ZADED, OFHT—T D 1/3 LA
ToOEERLE. 2, Gl HTOBRERANIASEIZZR > TE Y, B EICHMT S TN eI e
OFTHBNNEL ol BEZBND. ZHICK L, OFTHRAHFUET S AL, KT £20 e DOffsE
WAET D AN ® 5728, CASE4 1 LN CASES @ Gl MW TIE, O A afbT A 2DE
BB OEFEMEIXIRV E B 2 Hivh. CASE4 38 K ONCASES @ Gl Hi&BRITIE, OF AAHLT /3o A
EOTHT—=VIIMRFEBEOERPELNTEY, OTHAGIET A AL OT R =V ORI
KTI18 pe Tholz. ZOFRERIE, OFTHAPULT SA 2D BIEREEL20 pe ZH/ETHHDTHY,
OT BT A 2 D FREEY) ~OBHPEN FZRES L7z, 7235, BAEDT HD 20 pe FREE E TOME
B OF B AU T A 2 2 558 1 XFHIEOEEE MRV 20D, BHICH - > T

MENLETDHS.
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Table 7.3 Results of strain measurements in loading test

Strain Visualization Device (pe)

Strain Gauge ( ps)

CASE Al-P1 P1-P2 Al-P1 P1-pP2

G3 G4 Gl G4 G3 G4 Gl G4
CASE1 24 53 - - 30 52 - -
CASE2 27 43 - - 37 25 - -
CASE3 52 63 - - 66 77 - -
CASE4 - - 3 21 - - 4 27
CASES - - 8 20 - - 26 18
CASE6 - - 20 42 - - 33 45
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1.4 EEFEHEOHFAHABRNDER
1.4.1 FEEREIE

B X 30 m OXBRRIE DM SR ICE T, OF AT N4 2 %A LT, XERRIEMIE
D OF Bkl % EHE L 72[45]. ReSC B TE, BEEERIC Y 72 2 S35 OR5E O FEM - S i 5 1
DWCTOHMIFFE LI 2, HoERZ2 7 —RICOWTERML, 7 — R 1 3o co#HiER

B, 7 — A2 3BIEOBIE T TS 2B TS 2.

1.4.2 EHRIBHFDRE

Fig. 7.18 \CEHAINZE Z7r 9. FRADG G, a7 micont Uil (5IRO-3° 284 o BREEm
Ee L7z, FHER o R%EEINE Fig. 7.19 ([CR3@ Y <, B oL 7 v 7 Vv &mic O3 Anfift 7
NAZBFBL, O THlORE LI HEHONAROTAY - 2B Lz $72, OF ARG
TANA R E ST 5729 D USB2.0 1 A 7 % T HAMUL T S A4 R0 H Y 750 mm B 72 (78 1< i
L7, &k, KO TAHRTS -2 i3, R 0TAS - VKA TR F o Bl§SEca—T4 v
LCMiPkiEE L L20FT AT —vThh, BINTOOTAERIFICEL T3,

Fig. 7.20 ICEHAIZR O R%EIRIL %, Fig. 7.21 12 USB2.0 /1 X 7 O E IR % /R

Measurement

Loading direction
& Point 2

Measurement
Point 1

Fig. 7.19 Leg shape and Sensor arrangement

Fig. 7.18 Measurement position
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E oy ’ o it
Strain visualization device |[Wm /4 Strain visualization device

Measurement Point 1 Measurement Point 2

Fig. 7.20 Installation of strain visualization device and strain gauge

Measurement Point 1 Measurement Point 2

Fig. 7.21 Installation of USB camera

1

1

1

1
Wireless

1 1 1
1 1 |
1 1 1
| i !
i Wireless E i i )
i faccess pomnt E } access point PC for ;mag;Analysis ! USB camera Strain visualization
' 1~#2 ' N B N
E E_,{:/*Z: E, - : #1~#2 device #1~#2
1 1 . 1 |
i PC for monitoring Eereless: E
! 1
| i LAN ' Data Logger =
1 I .
L e e e e e | 1 )
Monitoring Room Temporary House Stra;fi;uge

Fig. 7.22 System block diagram
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Fig. 7.23  PC for monitoring in the monitoring room

Table 7.4 Measurement results (Maximum values)

Casel Case2
(ne) : . . ~
Point 1 Point 2 Average Point 1 Point 2 Average
Strain Visualization Device 166 182 174 298 340 319
Strain Gauge 161 192 176 275 344 310
Difference 5 -10 2 23 -4 9

1.4.3 FHRIAE

Fig. 722 IC¥ A7 L7 my 7% RT. @bt i 3ZE a0 e nTE vy, MTh
AL T A 2 DERIEAE R 5 X VO R — Y oitlliE%, P LEinzes=%) v 7 r—Ld
DR CHERCTE =2 ) VU AT LAEMEEL 72 (Fig. 7.23). &l — 23, 0FHA[
UL T N4 21X USB 7 A 7200 JTHIFR)T, DT AT —VIIEHOT -2 7—CcZxhZngHllL,

T FRLR 2 O BROEMEICIE T 2 £ THElfEAICEHEI L 72,

1.4.4 FHAIRER

FHHEIAS R % Table 7.4, Fig. 7.24, Fig. 72510 T, OFARALULT A 2 & OF AT — Y O%EE
T DENIC XY M OWIRIRE S R 2720, OFAAPULT YA ZDFHHT — & % Wi A L Al E
LT, OFRTF—=VEeERB L bk, OFTAT—Y DT —Z2DOREIL, #BfEARICE2DDTH 3.

Table 74 IC X % &, UFAAPULT N4 R EPIKBEOT AT — Y DRAMEDZEIZ-10 pe ~23 pe &
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%Y, FHEYOOFT HEHINTON L Th, OFHAHFULT A 20 HEREE 220 p e & I1ZITWE L 72,
¥ 72, Fig.7.24, Fig.7.25 ORI T, OFTHALEULY — P oFHElT — & 1%, Bk OFTHT
—VOFHAT — 2 LI L T t20pe DETHRB L. UMEoZ bhb, OFAAHET 4 X
DEMEY~OBHAEEBEFCE 2 L E2 5. 2T, SR O FAFHII~D@AM b R T2 L

PTET.
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Fig.7.24 Measurement results (Casel)

_73_



Pointl

+: Tensile - : Compression

500

— Strain Visualization Device

o Strain Gauge |-

400

300

Strain (ue)

200

100

0
2018/9/26 12:14

+ : Tensile

2018/9/26 12:28

2018/9/26 12:43

2018/9/26 12:57 2018/9/26 13:12 2018/9/26 13:26

Point2

- : Compression

2018/9/26 13:40

2018/9/26 13:55

500

—— Strain Visualization Device o

Strain Gauge

IS
1=
(=)

w
(=3
S

Strain (ue)

583
(=3
S

—_
(=3
S

ADT0,

0
2018/9/26 12:14

+ : Tensile

2018/9/26 12:28

2018/9/26 12:43 2018/9/26 12:57  2018/9/26 13:12  2018/9/26 13:26

Average

- : Compression

2018/9/26 13:40

2018/9/26 13:55

500

—— Strain Visualization Device °

Strain Gauge

B
[=3
S

)
[=3
S

Strain (pe)

[
f=3
S

[=3
S

0
2018/9/26 12:14

2018/9/26 12:28

2018/9/26 12:43 2018/9/26 12:57  2018/9/26 13:12  2018/9/26 13:26

Fig.7.25 Measurement results (Case2)
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1.5 FETEFHABR~NDER
71.5.1 #=E

FHEYI O 0§ RIINECEEZE AL IC L > THEL 2720, EWNHRAER A 244D RHPT
AL 20T AZEMICHE T 2 2L I TE RV, 20720, RRPE=X Y v 7ICEA L 728551
3, FCEROHEE BTS¢ TELZOFAY —ERMERZ BT T OficAkL 2
DFHROREMECIHET 22 dFEALNE. £ 2T, WMMEOETICX VAL 2HHVF LD

~ O FH P & Bl L 72 [46].

1.5.2 HBEES S UERK

FEATH 57 R BREEE % Fig. 7.26 12, KRMOTZIR & EITHIPE % Fig. 7.27 (<R3, ETEITRBREIT S
ABRAIE, KX 206m, 1H2.8m, JEX 220 mm CEMFMICT LA ML AEZEALZIKIR 2 A% iR
380 mm DHEEZ /AL C RCHEE TG L 2R E 45m ORIREH 25 m) oK CcH 5. Bk, K
Ji 12l <72 500 mm X200 mm @ 7wy 7 O XY £1.5 m OHFiFH % FEE 7.2 km (2400 [El/h) T
Pl x BT TR TIT Y. ETME, 350 kN TH 2. OFRAELT 4 2%, KR T cEm;
M 1 7 FT (S A), EFFARIC2 77 Gl B,C) FE L7, 72, OFAAELT N4 2k

BLC, OFAT—VERELL.

Fig.7.26 Driving fatigue testing machine
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Fig.7.27 Specimen and sensor arrangement (underside of slab)

Strain visualization device

Fig. 7.28 Installation of measurement equipment

1.5.3 EHAIBEBRDERE LFHRIAE

0T A OFHINIE % Fig. 7.27 1<, HUERR OFXEIRILZ Fig. 7.28 1R T. OF AA[f{LT N4 =
DEXIET 5L, 72 HIOFNE Y & L7z, Bl ol 1< ZHHRE 200 TR D USB2.0 7 £ 7 %]
L, 7ZL—LL— %S A, BiX5Hz HMNCIX1SHz & L7z, BELAERE Y T2 4 LI

HGAIE L COT AL 7.
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1.5.4 HEEIZKBZVTHDEE
Fig. 729 ICHIA A B X WHDS CICB T 2MMEIC X 2 0 FADEEERT. 22T, OTFADIL

HiL, OFARAGULT A R OF BT -V OO o, THlO v — 7 i3 Bn—38d 2 L5 03

AAPUL T ANA 2D DT HEZEMHENC A T 4 FE & T3, Hlls A Tld Fig. 7.27 OHHEI2 5%/
PR A3 U 2ol X CAEl T VIR SHIR T, Ml C ClRAEMOIT VIR LR CERNRR NG, O

F RO T N4 2 DOfEE b, EHIE R 0T AR DFAEICITIBRET 2 28, BRER R O F A ofEiuT s L
TEHETENTWAAHENERD 2. 72771, & e Fovr—27HEIZIZIE—K L TH Y, mAEDEITIC

L VAT 2B O3 B OFHI~ DB EAEAE X N7z,
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Fig.7.29 Strain response due to running wheel load
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1.6 #T b RIILOHFEE~DHERER
1.6.1 HE

Fig. 7.30 [Z” T HURESN O MU T b o RV OMEFRFE R Z B & LT, RBRIZ, OF Bt 7T 31
AR L CHBHEROFMZ b RO OTRGFE2ELa 7 ) — MIREL, EMrICEHE
fToTWad. FHUZBBL TS, Hr i) E2ERKHRLE S L LTS, SHITHE, EFEEDOME

FrEBE~OWHEEH & LORT.

1.6.2 EHAIZOKIE

T bR EOWNE (1 W) OBT2 7 Y — MIEWT, M7 IcOd 2 i N
A AZREL, TOEBIIBRAGE LTOTHar (ERFEAE 100mm) Z3E L. O3 2l
BT 3 20, BAHEZ O TREL, £ORBEFIEZRIEIORT@Y & Lz, OFhatoRESik
b, OFTHAEULT A 2 LRRE CRESTETH D, HOET, AKIRZIEET D 70 BE T

BRI 2 MY 1177, Fig. 7.31 ICOT HEEOEEEE, Fig. 7.32 [IZFHABSRR OB E IR 2 7~ T

Fig.7.30 Tunnel for communication cables
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4
@ o

Manufacture name Tokyo Measuring Instruments Laboratory Co., Ltd.
Type KM-100B

Capacity +5000 pe

Non-linearity 1%RO

Temperature range —20~+80°C

Fig.7.31 Specification of strain transducer

Strain visualization device

Thermocouple Strain transducer

Fig.7.32 Installation of measurement equipment
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Fig.7.33 Time change chart of strain
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