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Analysis of Stress Distribution of a Curved Beam Using Photoelasticity
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Abstract This paper describes the stress analysis of a curved beam by using photoelasticity. In order to measure
accurate isochromatic fringe orders at certain locations, fringes are doubled and sharpened by digital image processing.
After fringe multiplication and sharpening, fringe orders can be read as a quarter order interval (N=0, 1/4, 2/4, 3/4, ---).
The results obtained from photoelastic experiment are compared with those calculated by using theory. Two results are
agreed well even though there are some scatter bands with maximum 8 percent for the results of photoelastic
measurements and theoretical calculation. Difference may be occurred due to the slight misalignment of the direction
to which axial load is applied in photoeléstic experiment. It is confirmed that accurate measurement of stress

distribution can be possible by using the techniques of fringe multiplication and sharpening in photoelasticity.

Keywords : experimental stress analysis, photoelasticity, isochromatic fringe, fringe multiplication, fringe sharpening,

digital image processing
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o /jAe) B AF(5) ol AZFAHLZE o)1
At = T3 AP E o] 83 AR JS
Bo] A (6) € FA43Y JAFAL(T), eFE
Al 3t EAo] A o] 8AA FEA YA AR D
7(8) Bol ¥Esitt, o, FaAdelA g ot
o Yehtes 4 A (isochromatic fringe) &=
& %7 EZHUA(isoclinic fringe)¥ ¥3=(light
inten-sity)7} M2 t& % 9 ZIAWC=E o
F3 907 Q2o Hdl E& Hiro FA=E e ¥
g fetog 23go] $H o2 WiAuzl & o A
HAE wiA T 4 k. 531 FRAARS T3
A (material fringe constant)’} & 7%, =d
2] Zo] YAl o] FEI vlo|E YSo] TYsict.
£ dpdMe Byl dsle] FK] §HE
ZRstgion, A4 &8 40| 7FeteE BaA
Agozrie dojxn FIgA ZPX) (photoelastic
fringes) 94< 2M= %4 (multiplication)Al7}
3, Q432 (sharpening) ¥ & & 71Y(9) S A&
sttt =8 FA4E do]H & o] &% s 2
s} o] 231 H AR5 ¥l w3l 1AL 45

2. YEHY

2.1. Bty olE

d=o] E1F ¥124 (noncrystalline) A&+ 23
S WA ¥ B B2 A (isotro-
pic)elvt, &8& 2A A ZFA (crystal e FA}
A Bl o2 oA (anisotropic) 2 ¥dldd
ol2 g AL o] FF A (double refraction) e &
274 (birefringence)olz} &4, dFo] 71513 FH
dre 523 adz FAHAT dFeol AAHA
B33 4= AR g Fede £98 At
2o} Ao WgE e Axd oe Y= B
24 AL o] ¥ F8Y JRFONA F Aol
04 3%, E0,=0d W 23 T B34}
H Qo] ojd HE 88 J&L 0, 4 g7l Y. &
238 d4d dF PP (stress-optic law)
(10)el] W2 F§3 o] (0,-o)= vl A3 2
& #AE Be

M
c,—-0,= tf° ...... (]_)

49 Aol ML FAN TPAXA XS (fringe order),
fo= AR =YX d(fringe constant), t = Al
He| $AE onl gt

LYH B (circular polariscope)dilse T4 =
A7} Jepdn] | skAlof wld (dark field arrange-
ment)/dEllA] ZUR] 249t B Alel2] BA=

I, =Asin? (Mﬂ)=%[1—cos(2 7|:M):| ............ (2)

4714 A & B3] AE(amplitude) T vl
Foln], AL I, € M=0,1,2, -3} o] F5d "=
0cl #l2 34 =3A)(dark fringe)7} B}, =3 M=
1/2. 3/2, 5/2, -9 2L A{el FAxE= A7} HH,
A TR (white fringe)?t Bk, AxY 3 $+&
Axty =R (full-order fringe)dt st Fx}o
ALE wkxly A (half-order fringe)zt Ftt.
FE8 44E Yo AFI] Y3 JAFANN
ZAA A ML EFFT F, A (Dl dde e

€ AolM F289 3} (0,-0) T= A A A
<9 (in-plane maximum shear stress)< 3% %
Aok, ZHR| vt AT Az F2H 2
Ee HY Jo AT gYo] dF 3}

2.2. Yehy =2Ix| 34 Y MlMxz2| ol&

B AWoA ZAR A7 G A ZTAAE
Z48A 99 o2 B2 dolgE 48 & W 9
o F&3 S| sbsdith. AR FAHL &
WA (partial mirror) §& ©l8§ #E3 Wy
(113 AR #9718 (12,13) So] Yo, & A7)
Ae A" GaAeE Al2glE o) &3le TYAE F
A7) 7198(14)2 ol &3ttt 4¥HFrICA
32Hpolarizer)®} HFAH(analyzer)Atoldl Sle F
719 489 (quarter-wave plate)& HP=3) 45°
wz AZREd 4 ZAX) 7 vepde, dAlek(dark
field)dl oA FFAE B3l Fad A= 4
(2)8t 2}, HAlok(light field)ME e AP AP
A BT o B AL

I, =Acos(nM) = %[1«:05(2 uM)] .............. (3)
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Ip =, —Ip] =A |08 TM)| ooreererimeerinnnn. (4)
4 (4) € ol 83l FAE ZAANE AL 4 Ao, I,
=00} H71 AaME 4 (DZHE cos@aM)=00°] 5
ofof et wakA,

M:

2, Aok vjde) FFPFTIAE 4] (2)94 B
uks} go| M=0, 1, 2, - BollA [, =00] Ho] T4 =
Az JehdR 4 (@)elM = M=1/4, 3/4, 5/4.
e oA I, =00] Ho] T4 A2 2 epdet. E3
2 (2)2%€ 98 ZYRA|= I, =A 7} HE 2U4A
Yente], o] 8o THR| e M=1/2, 3/2, 5/
2, - %ol 89 & ZIXE F4A|7)7] Aol &4
I HATANE M=0, 1/2, 1, 3/2, 2, --- oA vt
4o} Wzol YehR|g, F4A17) & 345 )
MEAX7F M =0, 1/4, 2/4, 3/4, 1. 5/4, 6/4, - &
dlA 48 a4 F oz wuHe Yehug Juje] =
A 24 G}t ok,

FaA ZAA 9 AAA IR & GdA e Lt
Hoz 42iA de 7FEAE] B4 (edge detection)
(15)= fAksiTh ey, B =axe AdAee
F7=7t A B H4t = A4S Adei ol 3t
7 W&o 73R g9 A= 98 A7
olgt & & Utk BEAAAN BAEI A =
(local extremum)¥ 73-¢ol AAs £ ¥zl T
B 2t &, GAlok M) AFHF7IAM FA
T Z4 H42 @ (local minimum)elA By =
AM=0, 1. 2, 3,--)7F H3, F4 Hdgk(local
maximum)elXe ¥kl ZAX (M =1/2, 3/2, 5/2,
= )7F Bk 34 F3k Apeldid e BA=e] Mt o
Aoz A T 78, T4 FadAe 34
7t F71A A E= i F7tEE #7139
€. adlcltdE el (gradient vector)e 4]
Y 484 (uphill)el®, 4 Fke] FS&dMe a3
oJtE HE|7} A2 Wi gakelnzg Tdo|ddE ¥
HES 3 342 FEFHdE JEFo] 33
ZasA Dt o)} e 2o tdE HEF (sum
of gradient vector)e] 4% t}g-9] 4] (6)7} ol
42418H16)51d B ZARE AANYTE 5 St

)ZVX + ’):Vyl

T =A]1

3 ‘vx

+3 ‘v,

EERER

T = A2 g3 el 34d=

A =uddsF

V. =x el aeolddE HEAIE
V, =y e JdolddE HEHA R

A 22 duAFE o83 4 (6)& A, B
A=t 4% Bgo s Askd ¥ 1=00] H1, F
Z=7F Hd B H2Q AHCM FAze] WEt A
2 yhpdtor 4 Agdle T=A7F 90 gb 4
(6) 22 BAHE o) 83k BA=I A e Ha
A ARE FATIFA QA AL HEAD 4 gl

2.3 et A 3l dn

Fetd Aol AMgE AR APHE 4L Fig.
1% 2o, A3 AL 71A7F3A ) 3 E97}
Hule|E AEQ PSM-1(17)elx2, FA @)= 3.18m
oln], Mgl ZAA] F4(f)E T005 N/m, Y84
FE)E 2482MPa, EFH|(V)& 0.380|0k. A1H#
ol P=149.3 N, 223.9 N % 298.5 N 9] 3}5& 715
¥, Ztziol diste] BAERT. JFAR FHHAA, &
Fig. 1ol A-BoliA #aA Hdddez 48892
2R st

AlgH 919 35S Vsl 4L Bl 98-S
CCD(charged coupled device)7}HelE 23t
PC-586°1 WA¥ ddAH=(frame grabber)
{18)ql ATt F43A1E 4 e HA(pixel)
¥ 640x480°]1L, BR=(grey level)= SHIE, &
0ol A 2558 Slojtt. Fadulold 59 2L 7)
371 At 4 (4)9 (6)9 LnAFE ol &, FaA
4 A Y S SN2 AdAE & st

AlEH P=208.5 N & a5€ 718l & o, HAlok
vl o] 43AP7)deoA Fig. 19 A-B2elA v
Ehd 4 =X = Fig. 29 @t &3, Fig. 32
At TYT T2 GAloF viE ] AFUBIE
B3] Yehd 544 =R FAde|t). Fig. 2 2
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B unit 5 mm
'
9.525
Pt{1} 50.8 Ay \{‘\ p
| oo
203.2
238.76

Fig. 1 Curved beam shaped plate subject to
tensile load

Fig. 304 2 nle} o] dfe] ZAx= 1/23
vitk a2 M2 vepde

Fig. 49 32 Fig. 29 A 93 FL39,
258 4 (D9 dnaFE ol &3t 22 FAAT
ZAAHPo|t, £}, Fig. 5€ Fig. 49 =3A A

¥

Fig. 2 Original fringe pattern from light field
polariscope setup

Fig. 3 Original fringe pattern from dark field
polariscope setup

<4 (6)9 2IAFE o183 AAADTE F780l
o} Fig. 59 #5olA 29l vis} o] o] ZAX
& AdAgeE Bl M= 0, 1/2, 1, 3/2, ) T4
o2 TIA A4E ST F3lov 22 FHE =
YA E A Fig. 59 3004 2 npe} 2
o] 1/4x4~(M=0, 1/4, 2/4. 3/4. 1, 5/4, ) T¥F 2
2 ZE3 AxA FLaA 238 4 vk Fig.
59] #&2 Fig. 2% T4 99 ZdA) sjdo|x,
T332 22 FHAND ZIAE AAAAGE G4l
th. &, Fig. 59 #5933 Zo| 2002 F4A7 )12
ARG Ao 2RE A4zte] LPX A AP
€ A€ YA

ZH B AlgHAe P=149.3 N, 223.9 N ¥ 298.5
N 9] 35L& 718t e o Fig. 19 A-BAACIA &34

Fig. 4 Original fringes(left) and two times

muitiplied fringes(right)

Fig. 5 Original fringes(left) and fringe sharpened
lines(right)
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Table 1 Normalized distance (v/h) of fringe
orders (M) along A-B of Fig. 1

4 P= 149.3N
O-P=223.9N
O-P=2985N

0 0.2 0.4 0.6 0.8 1
y/h

Fig. 6 Fringe orders (M) versus normalized
distance (y/h) along A-B of Fig. 1

Table 2 Theoretically normalized axial stress
along the line A-B of Fig. 1

Fringe Distance (v/h)
order
™) 298.5N | 223.9N | 149.3N
-05 0.9013 0.9530
-0.25 0.7974 0.8251 0.9005
0. 0.6935 0.6762 0.6859
0.25 0.6078 0.5718 0.5183
05 0.5195 0.4595 0.3770
0.75 0.4416 0.3681 0.2565
10 0.3714 0.2898 0.1702
125 0.3117 0.2245 0.0995
15 0.2571 0.1645 0.0471
1.75 0.2104 | 0.1175
20 0.1688 0.0757
225 0.1325 0.0366
25 0.1013 0.0131
275 0.0701
30 0.0442
325 | 0.0156.

o A= A=p)T Ao ZRE 233 oy,
239 Ade A-BAlolY Zg)oz 2agdslsiyrt.
Table 19 HolHE =2 JYehiv Fig. 65 2
o, ZHAHE APHA 3F& HIKAS 9, Fig.
B4l Kl vhs} o] ol Aol TAAAGE
y/h=0.688 =AM 022 eyttt

3. o|2siN

Fig. 19 2 2480 A-BANOIA x-2ua &
QHE(19) a9 4 (7)ol o)t AT

_P, M.Q-R)

Ox
A pyA

......................................... (7)

el & (Mol P= 315, A€ 998, M= Bd
E pt JE FHOERH ZAR A9 97X 2] A
g uFt. £& y =R -Ro|H, R = T5 £4
o 2RE FHE A (centroid)7tA] ArE e
Wi, R 2 o537 Z2e 2o g Ak,

Distance 6./,
& /h)
0.00 3.699
0.05 3.327
0.10 2,978
"0.15 2.650
0.20. 2.341
0.25 2.050
0.30 ' 1.775
0.35 1.515°
0.40 NN 1.268
0.45 1.035
0.50 . - 0.813
0.55 0.601
0.60 0.400
0.65 0.208
0.70 0.025
0.75 -0.150
0.80 -0.317
0.85 -0.477
0.90 -0.631
0.95 -0.778
1.00 -0.920
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h
R =m .................................................... (8)
2] (8)1A k& Fig. 19 A-BAlol9) Zojx, R 9
R, & & FHozRE SR WESVNHH &y
Aelt}. A (Dl sl AXE &PF23(0) S 3
38(0, =A/P)°2 BRXUAZ gk& Table 29
2o

Table 13} Zo] 3a4 dPdeo=4g 23 2
2 (Dol 3t S SHAAES AMsIder, o
3oz AE g vwdly] Yt 534 38
HEegHo® x93 ¥ Fig. 7M€ 34
ARFT o] BT viwdd Jeblvt. Fig. 7914 2
Q1 wiel o] By M3l 9§ FUPH AR
A2 g 35e /e e AdE 798 EXE Y
Epjon o 8HAE ngto R o] Bgld] LX)}

4. A2 A 0

FaA AR HA7E Aol uld T HA|
o vid = HIAAE W, §<¢] AF ZTAA A5E
0. 1/2. 1, 3/2, 2, -89 ¥t} 230 7153
o e, Fek Zdx)e st A2 gE oY
9] Zoz PAHo], 3ol A7 A FHEIL F
o £ H4 AP E ZA o s ZHAE W)
A 4 glth. =28, B4 A4 ZAXJ HA e}
g A%, 238 5 e volEsl o o] 2@}

48 — Theory

0 0.2 04 0.6 0.8 1
y/h

Fig. 7 Normalized axial stress distribution along
the line of A-B of Fig. 1 obtained from
photoelastic experiment and theory

22 234 dolHE  Bo| ¢ & =S TUA
F40) Yastth tAY IR el Z
Ag 22 AN A9, ZaX) A5E 0, 1/4, 2/4,
3/4. 1, 5/4, 522 1/43%eich &3] Thss,
ANAE € A3 B2/} Ad B F2d 2R
dolelg BRsA 338 4 ot

2 AFNE Fane FUAIN S S S
#Fay APHoz FUshl P3| Astel AL
HAY YL o1, TAY ZTUAE 22 T4
2, AYA AT ARAAE TAAHo 2R &
FE QYpe #3S PSR AT TR B
ZE vehlon, $ARTE olegs sHAE Hw
o Aolg uehich. olaid ol %k UBA H33ol
Fig. 19 A-Bel Amakxl ehgizith, 9] ol
27037} 239 Aoz F4EY. 2, QRS
AU 7HEstel 338 B5 184U YR
9% 2HE Aoz 429t o] 4gosry T
34 2 AN BREOl AW PUR
295730 758 Aoz 45€
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