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Fig. 2 Schematic of process of pouring
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Fig. 8 Schematic of specimen and loading position

FIAAEEHERERY R TN NRERFHNAE

3.2

S e v ff 28 A AR I =Fh, B bi P i 28 C T A0 L P9 89 b0 fup 28 CT1 A L 88 1 855 5 17 2% NI
By, LR AR AZ IR A B 2T, AT R RO

o = g%gmgﬁewmgﬁn%}féifngﬁ+mmgum§}+% (10)

o, = g%mygb+wm§mn?bf@Lgngmygmég (1D

- j%;mrgmsgum%i%é%iwsgmlfﬂngﬁn%ﬂ (12)

LT g =(emod g (13

$0 10 (T AR AKX (13) Hp, A 15 24 202 i B 31 45 25 JR st 1 e R o



%2 B SCAE - — sl U R R Y AR D7 vk N 185

8;;”;” = sin 0+ m?* (4 — sin®) + Zm[sinZG* 6, V2mr|2sin 70 =+ sinfcos %6] }
1

+ &2 — 20, VZm*Sin@sin%G (14

L m=Ky /Ky,

AAD I =R K Ky Fl o, R TR A 8 240 b 1 45 22 45 SURE #4743 26, Dally Fil
Rossmanith #8357 H ARG 20 200100 IR A 7 45 22 J SU BT B o 28 M I — AN SRR AIE 2 24 80 4R i % L
HAARNFRME, T 1B Ra R A BRI E m ™ >0 MR ZGE IS FRETE . BIREGHEIEE m
O HEANE] 0. 1 W, AR Y 55 22 25 BURNDIE RIE 2D % 28 S AEXT AR IEE

Trwin 41X T BV S0 1T 15w 2490 2h 785 107 5tk B R 7 KA — i 2 i TR ikt an el 9 e
NS TEEI T AL R A2 g E 97, /d0=0  RAEFE R r, FMEA 0, RIAT 8 E 2EE04R 00 1Y L ) 568 B2 ] 5~ K p I
Ky AR 133 B8 6. o XFTF AL A2 s AT Al — A 55T 5 L 3l 2

dt
%(6:@,@; r=r,) =20 (15)
i
11 1
Al ' @ = 10 ifi
£ 09
[a=]
F os 5
07
By > e i
2 05 ek A
0.4 1 s
2 225mis
03 3 300mss
X 02 4 400m/s
Q«* 0 5  600mis
O -—
AQ/" 70 75 80 85 90 95100105110115120125130135140145150
/ LR BRI ,Bm ()
B Bsr g s s S EIE R B [ 10 HO,.o S5 0, 8¢ RE

Fig. 9 Geometrical configuration of asymmetric Fig. 10 Normalized stress intensity factor H(8,,,

isochromatic crack-tip fringe loops versus fringe loop tilt angle 0,

A5 AU E— KT o, IR RRMENRABRIES m — B, X8 AL A2 TS,
BI j=1 1 j=2 B, o RAHF Y, AT AAR 3] — X TR GBI 50 m 9 =0 B 1% = oo 7 B 1Y i
H
Ky =mK;, m= H,Crpis7r,230,:0.2) (16)
Ko, H, UL S5 i, xFF 1 B8R H, 50, FRRATHE 10 £, Wik, [ Rz
SR v 0 1 75 BE R K ATRARIR A .
K; = (Nf,/h) 2mr,H(,) an
A, N RABCHEL [, WEABUE  h MR . X T8 3l R a9 v i) sl 28 0 J7 38 B2 R+, L (17)
ATPAGI ARGy REE I RRH
K¢ = (Nf,/b V2mrH(,, o (18)
3.3 KWHER
P11 Sy = 7 i R A o o T T PN S 22 R SRR B R B I R . IR A S 22 A B Ak i R i A
Moz e T = 2 il AR b AT AR A R AR AR . T 1T Ca) Sk P R PR A I CED = 0ps) B R
. AT AT LU AR A5 8 BT s 12 50, SR AT AR, FEAR TCER AR T . 1= 0pes B, P55 a1 19 2
HR A B R LA A 2 P 9 o TR AR A R AR R L BT L R P S 25 AR 8RR L U R
PR RY I ) SR i T, IR AR L A SR B AR e IR AR AR R oy L UL RA By AR



186 S, (2017 4F) 45 32 4%

(a) =0us (b) =60pus (c) =120us

(d)y =180us (e) =240us (f) =300us

(g) =360us (h) =420us (i) =480ps

(i) =540us (k) =600us (1) =660us

P11 = i A 22 A e
Fig. 11  Picture of isochromatic fringes of three-point bending

TEIX —HR 7y . (RO IR, 55 22 2R SO B s >, Fe B A 2l R b RBUE AR Bk ) By

oA L S AR LA S Bonenberger' ™1 Karalekas™ 85 % 3 i3 S0 g 45 A — 5, Bl 11 b
SR vty B 3 DX 3 AR BORE B R R T B AR A AR EORE Y R ER T v R LB Sk kA R 25 R B
M. AP SR RA B2 ES TR b 28R X 2y th AR, 7RO R 4t
PR, R ORI B Sk £ T 1 5 K 58 A A, BV AT ke £ HOBRE Y Hh

& 12 Sy = i iy G e e R B B R A AR AR . R 12 AT L, e=0ps B t=510ps B[] BE L 3K
PR 2R, R a0y s E e maE F T 78 (=520ps B, 8 R E N 279, 297m/s,
TE t="530ps B, MY JEHJE N 440. 104m/s, A3 B IR B B KA . 7E ¢=540ps B t=610ps B [H] Bt ,
P R B GG 2R HFAE 295m/s & 410m/s Z ], FEA QR HF5) Y 8 - B BE Ol 357, 585m/s, 1=
620ps B R LY R I UR T W, 1= 630ps B 24804 J 3 3 35 B e /ME 42, 318m/s., B JE . 289§
W RS EI EENA g 2T,

& 13 Sy = i 4 iy 52 24 502 v Bl 25 7 7 B PR B A UE) A AR A L. fR B 13 RTET, t=O0ps B t=
520ps F AR — By BEL B BRI A 2 5 1= 520ps B t=690pus N BB ML B IR R A YR
BB, 1=0ps W], Y5 El o il 25 ob 38 AL, W 7 B 1 i AR I BB AL R . 1= 80 s B 3424 G 0 931 7] R B0 R
Uit TF G 77 25 I8 0 4 o, G I 9 2L B0 AR 3 1 7 5 R BT R 0. 222MPa + V. t=80ps J5 . i1 TR 1 B Y
YER, B il 24 804 v 1 Ry g 3 B 7 JF 05 0 % 3 K. E 1= 510ps B, 1 77 58 B B35 3 i K (E
2.278MPa « Vm iR fFR R, WORRE , MEURNG SN 1R N T RE G R RS BRI 5
Wi, XIER AR R R ARG A AR RS0 I XY N T T T TR T . 2 SR i B N )



5 2 1 T SCAE - — R sl R R R Y ] 4 D7 vk R T 187

SR TR T R
500 3.00 B s o e e s ¢ o
[ : T o
450 - 2750 g Al e A
2.50F )
400 L [ ] L W . i
- = 2.25F ¥ \m .
g mE . LAY o
350 4 2.00F 1 ot \
73 . E 175} Nl no
z 300 . " L E 175} AV '.
E 250 £ 1s0f 7 Y
" = 125F = ]
200 = [ I
. 1.00F -
150 n o ! ]
L T 0.75F J
100 - 050 ]
50 . 025 / N
0 . l]_no' 1 1 1 1 L 1 1 1 1 1 1 1
400 450 500 550 600 650 700 50 100 150 200 250 300 350 400 450 500 550 600 650 700
t(us) t(ps)
Vel 12 ZLary” ek L BE I ) 22 1L Pl P13 L s 3 25 107 ) T BE R T B I il i 2 Pl
Fig. 12 Graph of crack velocity versus time Fig. 13 Graph of stress intensity factor

4

ip

at crack tip versus time

(1) $% 8 SC v B 38 3 B 75 R 5325 1 4 40 0 SR8 IR D' LA 28 300 i 17 3 /0N 2 THIOIG T F- 8 L S 14 2

BECPEAE Ot REUE R BoA R AR LA TR o7 e

(2) ZD7 A T AE L R 0 O BAE A BN 2™ A A T A E A R R —

fie e e A ¥ TSR L O Sl S B AT ER A 1A A B SR

(3) 2 = g 25 it SR B SO R S, A5 B T A O A 22 A UM BRI T IR TS 7 5 i A

AR IR ] LR T 3h 280 Sk Se 56, AT — R B Sh A W 12 LR B e 2 nl AT Y

S 3k
[ 1] Kobayashi A. Handbook on experimental mechanics{ M]. New Jersey: Prentice-Hall, Englewood Cliffs, 1987.

(2]

L3]

[4]

L5]

L6]

L7]

£8]

L9]

[10]

=R, T, S5aPreil 12 M]. KEH T R2=H AL, 1996 (YUN Dazhen, YU Wanming. Structural
analysis photomechanics| M. Dalian University of Technology Press, 1996 (in Chinese))

T XDGIE, OB, . R TESY ORI N Jy 4r A M. b st KR E J) i pRkE . 1988 (LI Bogin, LIU
Guangting, PENG Guanglv, et al. Photomechanics analysis for water project buildings[ M]. Beijing Hydroelectric
Press, 1988(in Chinese))

FRM, ZKRE, T, 5. BFORMEkgR g J12E0]. S8 %%, 2004, 19(4):393—402 (LEI Zhenkun,
YUN Dazhen., KANG Yilan, et al. A review of digital photoelasticity[ J]. Journal of Experimental Mechanics,
2004, 19(4):393—402(in Chinese))

LI Bin, YANG Guobiao. Research on dynamic photoelastic experimental method based on three-dimensional model
[J1. Acta Mechanica Solid Sinica, 2010, 23:210—214.

LI Bin, YANG Guobiao. Investigation of dynamic photoelasticity based on a three-dimensional model[ J]. Applied
Mechanics and Materials, 2011, 83:261—266.

g, s E. e s v S HOR & TR M. b st BE A AR, 2012 (TONG Jingwei. LI Honggi.
Photoelastic experiment technique and engineering application M]. Beijing: Science Press, 2012(in Chinese))
Jrinde. g E bR, SR o T R S I PE LT ]. SH i 2, 2011, 26(5):491— 502 (FANG
Ruhua, YANG Guobiao. Resent development of some Issues in dynamic photoelastic method[J]. Journal of
Experimental Mechanics, 2011, 26(5):491—502 (in Chinese))

T KA AR R A OC B B A i B b e PR RE SDGIBE SX (D] WP KB4 3C, 2010 (DING Yi. Dynamic
photoelastic study on impact resistance of the ship hulls and key equipments[ DJ]. Tongji University ( Master’ s
Thesis), 2010 (in Chinese))

52 L. Bl Bk AR I 5 U 11 DG B A 32 vh s A R BB ) A BT RS LD, TR R B4 38 3, 2011 (NI Fan.

Stress analysis of the coast port's key parts applied impact load using dynamic photoelastic method[DJ]. Tongji



188 D N (2017 4F) 45 32 4%

University(Master's Thesis)» 2011 (in Chinese))

(110 fhvde, wbuE, ERHHE. 5. S0 L S0s il =400 Bl i et Akl /ECT ] BRIAEY J1 %, 2009, 24(1) 54—
58 (SUN Jian, HONG Lingfei. XIA Yingpei, et al. Design and fabrication of 3D photoelastic model of
unilateralmaxillary defects[J]. Journal of Medical Biomechanics, 2009, 24(1) :54—>58(in Chinese))

[12] &3, ZWth, k&EH, & LA MFEE S W =4 st Al g gz [T, IR O BE 44555, 2010, 26
(7): 387 — 390 (SHE Wenjun, XIA Yinpei. ZHANG Qingqging. et al. Establishment three-dimensional
photoelastic model of implant-retained overdenture for edentulous patient[ J]. Journal of Clinical Stomatology.,
2010, 26(7):387—390 (in Chinese))

[13] RJ7. sk, IAKE, 5. JOS T MAE 4 1 55 SO A 1 FR 4 M S iR B il s [T, S8 0k 2 4 28 81 s =
Zeis, 2011, 21(3):146 — 148 (SONG Fang, ZHANG Shaofeng, BAI Shizhu, et al. Establishment of the
mandibular edentulous photoelastic model of various retention mechanism on implanted complete overdentures[ ] ].
Chinese Journal of Conservative Dentistry, 2011, 21(3):146—148 (in Chinese))

[14] AR, BE2M, 2IER, & YR A B R ()] SEP 2=, 1989, 2:30—36 (TAN
Xueshu, XIAN Xuefu, LI Zhengsen, et al. The manufacture of photoelastic model for inhomogeneous geological
body[J]. Journal of Jiaozuo Mining Institute, 1989, 2:30—36 (in Chinese))

[15] Dally J] W, Sanford R J. Classification of stress intensity factors from isochromatic fringe patterns [ ]J].
Experimental Mechanics, 1978, 18(12) ;441 —448.

[16] Rossmanith H P. Analysis of mixed-mode isochromatic crack-tip fringe patterns[J]. Acta Mechanica, 1979(34) :1
—38.

[17] TIrwin G R. Disscussion to the dynamic stress distribution surrounding a running crack-A photoelastic analysis[J].
Society for Experimental Stress Analysis, 1958, 16(1):93—96.

[18] Bonenberger RJ, Dally ] W, Irwin G R. Lower-bound initiation toughness with a modified-Charpy specimen[ C]//
Constraint Effects in Fracture. ASTM International, 1993.

[19] Bonenberger R J, Dally ] W. Further studies of a modified-Charpy specimen for lower-bound toughness[ C] //
Fracture Mechanics: 25th Volume. ASTM International, 1995.

[20] Karalekas D E, Agelopoulos A. On the use of stereolithography built photoelastic models for stress analysis
investigations[J]. Materials & design. 2006, 27(2):100—106.

A Method of Dynamic Photoelastic Experimental
Model Material and its Application

YUE Zhong-wen, WANG Xu, YANG Ren-shu, QIU Peng, HU Qing-wen, CHEN Cheng
(School of Mechanics &. Civil Engineering, China University of Mining & Technology, Beijing 100083, China)

Abstract: Using four raw materials including # 618 epoxy resin, methyl hexahydrophthalic anhydride,
accelerator DMP-30 and epoxy resin defoamers, new formulation and new preparation method for
manufactering photoelastic model are proposed in this paper, the dynamic mechanical parameters of
newly prepared model were measured based on uniaxial compression experiment, electrical measuring
method and dynamic photoelastic method, respectively. The new method is not only simple in
processing and harmless to human body but also has short production cycle. New photoelastic model
has small initial stress, smooth surface, uniform texture, good transparency, high optical sensitivity,
and good mechanical and cutting performance. Through three-point bending beam impact experiment,
a clear image of photoelastic isochromatic fringe was obtained. In dynamic photoelastic experiment,
the application feasibility of this model prepared by using new formulation and new preparation
method is verified.

Keywords: dynamic photoelastic experiment; epoxy resin; photoelastic model; three-point bending

beam



