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Measurement and Visualization Techniques of Strain
Using Moir¢ Fringes
Shuji UMEMOTO, Takeshi TAKAKI, Hideyuki OHATA,
Noriyuki MIYAMOTO, Takuji OKAMOTO and Idaku ISHIT

Evaluation of stresses acting on structural members is extremely important for assessing the safety of structures.
As a simple, economical strain measurement device, the authors propose a Strain Visualization Sheet which displays
numerical characters and moiré fringe patterns corresponding to the strain without using conventional electrical
elements such as amplifiers, strain gauges, or signal cables. Based on the principle of the moire fringe, the device
displays a visible enlarged pattern showing the micro-displacement caused by strain, thereby providing strain
information in characters which are visible to the naked eye. Precise values of strain can also be obtained from sheet
images by image processing, and strain values can be measured remotely using a camera with a telephoto lens. A
bending test of a structural member were carried out using the Strain Visualization Sheet. In the bending test, error was
as small as 30 pe showing accuracy equal to that of the conventional strain gauge method. The visibility of strain
information provided by the Strain Visualization Sheet was also investigated in the bending test, demonstrating that
approximate strain information can be read with the unassisted eye. These results demonstrated that the Strain
Visualization Sheet can provide an effective tool for evaluations of structural soundness.
Key words: Moiré Fringe, Strain Visualization Sheet, Remotely, Non-contact, Image Processing
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Fig.1 Concept of a proposed Strain Visualization Sheet



202

A, Bk, KOE, =&, @A, GHCET UEERVEOTAOFRAIR L UL

2. E7LUE

2. 1 FHE
Fig2(1) P L2, ¥y F p DEBRETF 1 LTOY
O F LD BAPKPIEERE N y Fp+ApDEBRETF 2
FERDE, TROLOBERET L, 2 L0V KRERY Y F
WDET VR ERITNSENRIANS. ZOET VL2
SOBEBREFEEREDEDZLICIVAEL, Thb
DR ViX Eq)& 72D,

p;f”-p M
Fig2(2) ® X HICERET 1 ZA)DHFRICE Yy F p
EEENTE, ETLEBIRAOFRRE yF wiEE
<. DFE Y, BAAFREMNIT(p+rAp) ApfFITHERE
RTBRILBPTED. ZOWREFEEMETSH. T
ETFVBOBHELRA, L TH L, ZNOOERIE
Eq) &7 5.

Ax,=MAx )

W=

2. 2 EFLBIZLEBXFORT

Fig2 TR LEZET7 VRIIIERIBERTHDH D
BT UBRBERNEVRRFERLIIEARV.£IT,
ETURBTXFERRTHFEERETD. AL
S THEUABEMAITIE T, &7 LS8 < T % Fig3
DOEMICTT. Fig2 & RBRICERET 1 L ERET 2
PEREHETF 1 ZQOFRICENT L, 7 VGIE
(i)~ (i) oL, RiZ, ARELT D
Fig3 DEAO X 5 ICEBRET 1 ORD DV ICXFORR
FLERTERAVWDAZILEELD. ThEIXTFHETL
BEEZLLTE. ZOXFRTLEMETF 2 ZERT
XFEHRFEA)DOFRICE»T &, (i YD &
SEXFFRIBICRRTHIENTED.

2. 3 BHXENOHABEGEFONZ—2

Wi, BBREEZELEESEHD, BILRFENOHE
RETVMERTTDHIEERETD.
BIHREOET Vs BRIl BHRETF 2% 0
BOYyF p OFE—RELT, u_ﬂ’l/%_’np-!—Apk%
BEETDHIZLEERD.
BETIZETUVROEY YF Wik

Ly Ep) )

LY, YERE MiZ(mptAp)YApk 72D, T T, HIR
TEXAE/NOEMEuEL, BERET L, 20T R
9u, 10u & LB EDET V% Figd(l) =T, Z
DLxE, YREMITEG GV 10EERS. —7,
EHET LIELERERT v & LnEE, ERETF 2
2p=9u, Ap=u, =3 & LIz EDET V% Fig4(2)
WRY. ZoLE, TERE MIXEqQB)ED 28FL 2R
D, TORZIRIERBMIELNDZ LBG5.

) ~ (i

W_

-58-

+ Line grating 1

Fig.2 Example of a moiré fringe

TARRRARID

Line grating 1

(RO

Line grating 2

w——i
* -
-

I et

Character grating

Line grating 2

" i
g

Fig.3 A moiré fringe with characters

1) M=10

IIIIIIW (LI

= Line grating 2

M=28

i

*-Line grating 2

Line gratlng ‘I ~

10u

Line grating 1 -~

W Illﬂlll!llmlll

(=%, dp=u,n=3)

Fig.4 Moiré fringe and magnification M



EB 5% Vol 12, No. 3 (201249 A)

3. ERREBIZLDVTAEOHMBAE

FBT UVROXFERTFICE B AHELET T, OFH
DFHBBECRRABHD. FIT, FUVEIAVIATR
FOENETEINATRETET VRERE LIcE S
DHEFEMROTAHEZME T 2 FEERETS.
3. 1 FEEMED sin fhREN
BEL-ERLIVETVEE NI S,
Fig5(1)D X SIC i, j MarERTD. FUIIF Lk
EEOREXEINE L, (HOMEILH DEFOEE
Ex i) T2, £, BELLEHR T, BEMRES
Nl EHEFCEREENLETS.

9, TNFhO 2B 5 j #EROEREED T
¥ ANERD D, D,

-] P

f(i):w @
LB, WL, )k TR sin ghi#R gO)ICTELd 5.

g()=4 sin(% i+@)+B )

A& g()DF % Fig.5(i Woimd . gOZWERIT 5728
ik, 7 VEOEE[ORIE A4, BEEOCA7E v

i) e(0.0)

J
(it)

-

Intensity

>

1

Fig.5 Intensity of a moiré fringe and corresponding fitted curve

0]

-----------

Intensity

Fig.6 Phase of a moiré fringe

-59.-

203

rB, BT VHEOMMEIZRDOAMENRLD, Zh bl
BN_RELVRDD LN TED.

3. 2 RHEELEETLEOEH=E

EREABPELTWEnWEEZoET LEOE SR %
Fig6(i)&T5. 7 VROEEME Y EqO)ERIL,
FOLEDOMMBOTOET D, (Fig.6(iii)-(a). BHLAMR
EUBE, ETVHEIX EQR)E YA, BiTBEITS
IoT, B ETCHU, ZTHETH. ALHEIN
Fig.6(iii )-(b) D & D I Gpioxt L AGTZ T BB L7235
A, ZheoBRIE,

MxJZM
m2r
k3.

Eq.(2), (3), ()XY, EfAxiIkKX LAV RDBZ
ERTES.
£
2
FLC,EEEIRLLETD L, e=AvL & Eq()D D,
OPHEBERANLRES.

©)

Ax=—A80 )

®

line grating o

{front side}

painted with
white color .7
{back zida}

/ bject
Azlacement

Fig.7 Structure of a Strain Visualization Sheet

Fig.8 Photograph of a developed strain
visualization sheet
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Fig.9 Strain visualization sheet for bending test

Specimen

Strain Visualization

Sheet I T~ "~ Uniaxial strain gauge
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Fig.10 Sensor arrangement

Table 1 Loading step
Step ——Ll(();d Step ~—-——L$d
1 0 9 80
2 10 10 90
3 20 11 100
4 30 12 110
5 40 13 120
6 50 14 130
7 60 15 140
8 70 16 150
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Fig.13 Results of bending test
Table 2 Change in character display with Sheet I
Strain Moiré character gratings
0 ue 1 2 5 6
200 pe 1 2 3 5
400 pe 1 2 3 4
600 pe 1 2 3 4 5
800 pe 1 2 3 4 5 6
Table 3 Change in character display with Sheet 11
Strain Moiré character gratings
0 pe 1000p 800p 600n 400u 200y Opn
200 pe 1000n 800p 600p 400 200u Op
400 pe 1000 800x 600 400u 200u Op
600 ne 1000 800x 600u 400p 200u Op
800 pe 1000 800x 600p 400n 200p Op
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