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Strain Measurement of Members with Bending Deformation
using the Strain Visualization Device
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1, Masakazu OMACHI,

Masaki YONEMOTO, Mayu OGAWA and Hiroshi MATSUDA

The strain visualization device is a strain measurement sensor developed for long-term monitoring of
infrastructure. Since the strain detection position of the strain visualization device is structurally separated from the
member surface, the distance from the neutral axis is larger than that of the member surface, and the strain value is large
when strain measurement of members with bending deformation. Therefore, while showing the correction method, it
was experimentally verified that the strain visualization device can be applied to strain measurement of members with

hendine deformation hu addine the correction. In nr'lﬂnlnn the strain visnalization device was ﬂnn]li"t‘l to strain
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measurement of the Ioadmg test of an actual bridge, and its apphcablhty to an actual structure with bending deformation

was proved.
anr.)m.-.h-- Strain measurement, Strain visualization device, Bending Hn{‘nn-nahnn Correction coefficient. Neutral axvig
l\b"’ TYUAE WD, w UL Gl IOl i, ariidiins DUGIILULIVIL MWV I, LAVIIUILLE UWIVIILGMH VI Wl VWUl VWAL EWI VLI, i Yl wi unig
4 4k =a VIZSOREME=#) VICHEATAZ LIIRETH S,
I R A - s
) £ 7 VHIOBELE IV OF R ATHHEF 54 A (SVD)
B, HRA 277 DRFADRL EBERLTEY, ey b omiz iR 5 12010, Mk bIc & > TH%E
EROEFICKMERT LIEHTNS BB, SIEES,  anpodastifiesychy, OOTHEERIICT
ERORE - ZLEMRT SLDITE, HRAXTIOR a0y ompRE, GHABREET 10 45045 LRSS
2 T LT ERICHBL, EORMHE - HRB BN oL o e o e 1) (S % b Fe L R A i
£ o= i t, @HCREME Y, @KaR b, 2EOKEND,
WIIC L - T, #HEa 2770l ERridhiEes e

e " T - ) A7 IORME=4Y L SICBIT AT AR S
B Sk, RS VT T ORBEET ST, 4| s ing

RS BRI, AARERERD O EAD  sasia . pztia ooy
BB, OF37-F, OFHEEMENORAZME | cpppeind, dPHHE LTLESHASATHS.
RBOTEAERIEALT 7 4V REOOTHIM  2pim, WEmHOBHE BT 5L P13, BTER
AOELYHERCANLRE PO, OFRT=IR0T gy pimbticn LTHRE LS HBTE 2LERSH B,
ZEHE, HEMEMEOHRICHVOhTWS. —%, Kk

77 A N Y OFMI-MANC 20 ELLELFDATE

N

RN e I, dith -fy 3200 k- L
VPP IE mpA 1o

RS S HIFPY -

rr‘r

D, BMICETEELEFEITY 2B TEH0, Strain Gauge SVD

EMMORMICE LTS, REICH~EL D IS, Al v pd

VTS OERIC L D ENEEL L TNB I N, B e _ i

T, T=F ) Iz X 5884 7 ZOWEREBOE

E‘f‘ﬂ:ﬁ§ﬁ§.ﬂ?&$ﬂ W7 7 A b UMY & I U Tension

BTWBLZATHS M, L, k774 v ¥ -

L0 RHAEDE N L, VAT AOEARHERHZA g}\ SVD measurement

MB AN, BROWR:R CRERHY, bowsitas (| | ]___mmm'mx_ _______ Neutral axis
FREZER 202143 8 300 . 4 Slram Gauge

RS HEH ) —F a2y b (TT3220020 B8 L | ____ measurement
’r"":\mlllml_.n;tu 1-665-1) ; ------ ___--._.;_
**RBRFERFBE LGSR (T739-8511 LR YR HUE By Compression
#5101 1-3-2) B
PSR REBEAFICERITEMAR (T852-8521 FHiflR Fig. 1 Difference between strain gauge

RSO0 1-14) and SVD measurements

.14 -



FEEEN%: Vol.21,No.2 (2021 %6 H)

Rear plate (white glass)

Detection position

unit : mm

Fig.2 Appearance of SVD
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Fig. 3 Structure of SVD
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Table I Calculation condition ~— 14bie 0 al sp
Structure Cantilever wing beam Elasti dul Section of Cross-sectional
Length of girder /  5m Member a]SEU; fmo ‘u U modulus secondary moment
Loading condition Tip load P that generates long-term allowable (Nmm?) Z(em?) I(em*)
stress 140 N/mm? at the measurement position HI100 200000 75.6 378
Structured member  H-steel (SS400) H150 200000 216 1620
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H400 200000 3330 66600
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Table 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*

CHsS0

[ ascr disp| Acefii

Fig. 9 Experimental device

Table 4 Specifications of laser displacement sensor

Range +100mm

Light source Red semiconductor laser
Wavelength : 655 nm

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

Repeat accuracy 2um

Sampling cycle 20.50.100.200,500,1,000 ps
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Fig. 10 Experimental device
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Fig. 12 Appearance of the bridge
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Table 5 Specifications of the bridge
Bridge length 102.230 m
Girder length 30.750 + 40.750 + 30.550 m
Span length 30,050 + 20,930 + 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

L L

s

Anchor bolts

Installation of the SVD

Fig. 14

Tl G3 #T& G4 #Tic, P1-P2 &REITIiX Gl #r & G4 HrD T
TR —VIRFCENEFNRE L. Fig 14 120FH R
L7 3 A ADBRERILERT. OFTHARET 314 243,
HHOBMBEEZFERL, 7YyA—FRAr bERNWTaLr 2
V—hMZEELE. FHOBMEEEERTIBEOVT A
AL T A ADORIMALEIL, SRS 11.5mm 72 5.

6. 3 EFTRIGE
R R o 1= 4 P N T g LT N S W B — D b e -
9 SR RITRILT A AWERTHRI TGN, 7T/ ANV AT
Ay =2l 7 =3 L1 pd 1R ak 1w dmeakboHe s s S HE o
Myt Lpli Y LG Lo b Lo & 0 AN HR) A TR TV
i A HLES | Y lr g Ar — z 45 L Fa - TR A Z 1 7=
B S e MRS Wy o R - L N U T e S e MR e e A



EENEF Vol.21,No.2 (202146 H)

CASE1

Center of span

Outbound line

Inbound line

P2

CASE2

Center of span

Outbound line

Inbound line

D

Outbound line

Inbound line

[©>)

89

CASE4 Center of span

Outbound line

Inbound line

D

CASES

Outbound line

Inbound line

D
CASE6
Outbound line

Inbound line

)

Fig. 15 Loading cases

Table 6 Results of strain measurements in loading test

Strain Visualization Device (e) Strain Gauge (pe)
CASE Al-P1 P1-P2 Al-P1 P1-P2

G3 G4 Gl G4 G3 G4 Gl G4
CASE1 24 53 - - 30 52 E -
CASE2 27 43 - - 37 25 E -
CASE3 52 63 - - 66 77 E -
CASE4 - - 3 21 - - - 27
CASES - - 8 20 - - 26 18
CASEG6 - - 20 42 - - 33 45
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