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Fig.1 3DIC measurement schematic Fig. 2 Specimen geometry
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Fig.5 The main strain cloud of the crack region at the maximum loading force during the fatigue loading period
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Fig. 7 The main strain cloud of a single cycle period corresponding to the maximum and minimum loading forces
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Fig. 9 Out of plane strain cloud of the maximum and minimum loading force corresponding to the single cycle period
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Fig. 10 Curves of the loading force. main strain near the crack tip and time
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Fig. 11 Curves of the loading force. out of plane displacement near the crack tip and time
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Fig. 14 Curves of the relation between the main strain and the cyclic period at the crack breaking point
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WG 544 1 BT I — A ELZR (B 16 (o VD), 1 4% A5 8 N AR {55 5 R i )#TEE Z [H Y
KA AN 16 7% o G I 5 007 A2 ] B A B 8 A 36 m PR R B 3k B W R e /IMELR AR RS AE . 5 300 A
WY I S AL EAE 0. Tmm Kb, 55 366 A JE 1 A9 I 5 5 A2 B A8 0. 2mm &b, 55 405 AN J& 301 69 W S A 47 B 7
0. 2mm &b . WA T[] 32 0 A8 5 B AR i AN () R 8 22 [ 1) 5C 28 A 00, R84 2 AR (B 7R AN W) 7 1) 1 #i8 4%
T ] A A v 52 00 4 DX 7 — S DI S AR B v S I R L T K 2 AN B0 L TR N R SR ST AL AR
R 1S O 0 728 A R R e ) DX SRt A 2R R

14} o
* major strain < 1N —e—  major strain = IZ\ —T Hajqran
= ol N =109\
. = 10 2
£ bt g s
56\ 59 \
5 \ £ 41\
L 2 \ 24
LJilA P 0 [ lJ- L Y
A 0.1 0.2 0.3 0.4 0.5 00 01 02 03 04 05 06 0.7 00 02 04 06 08 1.0
major strain The distance from the crack tip /mm The distance from the crack tip /mm The distance from the crack tip /mm
(a) LIV (b) 300th cycles (c) 366th cycles (d) 405th cycles

16 BRANE IR R N S5 R #R B VO ) 2 AR B 40 R B I OG R R
Fig. 16 The relationship between the principal strain and the distance of the crack in the

V direction during the maximum loading force in the cycle

50
¢ 30 30 - A = B * Thickness Reduction
9.“_: 25 + Thickness Reduction * Thichness Reduction = apT e
& 5 “la 5 25 *an H
= 2] 2 .
! { 3 200, 520 " 230 )
5 . = 1 =
a7 2 By 211, £ 20 b
é 10 w104 ] _
p . o 10
L7 [l % 5 ~ 8 5 % —g Y
= (4 L s T E 0 ® et psttBaga = o4 e samaans
o fol BN~ 00 02 04 06 08 1.0 12 & 00 02 04 06 08 10 12 — 00 02 04 06 08 10
e e e, The distance from the crack tip /mm The distance from the crack tip /mm The distance from the crack tip /mm
(a) LAy ) (b) 300th cyeles (c) 366th cycles (d) 405th cyeles

P17 BRGS0 N RN 48 g P T 1] AR 5 o R B B YOG AR it &
Fig. 17 The relationship between the directional strain and the distance of

the crack point in the maximum load force in the cyclic period
T 5 b A W A R T ) AR s P AT R SR DX N A A Al R ] PR Ok A 3 IR S R T 1)
V7 728 A Al S U W SR )™ e ik AR v T g AR A AR AR L X T T T 1) A R 2 S A (] P
Z A5G 28 L U L8071l Al — ?é!aﬁ A A TR K B T 1) B B0 v B R R T AR Y 56 AR [

17 B . AT VR o 2R gt 2 T 0, B R 208 735 A 10 5 = o 72 A5 4k S AR JL A — B, OF & B AE 0% B 01 K
I 65
4 28

T A AR T 08 B0 AT 4 T 2 55 2801 S AR 3R B, =2 )5 4 i A0 9 3 L Bt 0 2 4
ARFZE T AL RS 22 KL B AR 25 7 fog /ML S S0 i d AN 5 o IRJEE 97 S 1m0 F = s h



55 3 MR ES . ST =B AR OC MR 95 57 1 F 52 417

Ry T 1) AR — B0, MR A W 2L T LA S RSk D5 01 AT LA S0 B4 i J2 th DV ) S B0
e TR

P 220 DXIF- 149 T 0 A8 19 A8 A5G R T LA 2 S0 1A 2R 5 7 R A i S0 B0 1 U K i R a0y
T JE i A 7 A S 300 A9 398 T DR AR A AR T R 0 0 > 38 ) A B S T e SRS A R R A =
25 AR ST 2 55 X8 v BN PR RO T 0 A8 LA I R T 1) B % 5 Y — B A #  Fek
{ELAL R AZ /457 % AR L 32K B 5 A AEL L A8 /67 4% 45 I 1 9 O R S AR b

TE— 7 A8 B0 JE 30 1, 28 07 28 2 i i o7 72 MR (L DR R A — A M >4 28 B0 il 108 36 R 300 =2 ) I A
M (038 K 5 A 9% 57 798 B0 P SR SCZE A O 07 72 W L PR 355 £ — B8 A L AR T 2R sCZe M A 0 8 D) Jise o7 4k
JO7 AR A I S B 5 oA LT Bl s B0y e Ty 1) 35 AR R TR 1) 6 AR T e — BEIE B Ak 1 A
REFAE,

S % Uk

[1] TV, BoRE, BAE, & BT BES B0 AR B Wik ST 9% 55 F7 A s T[], DL TR 2% 4R, 2014, 50
(10) :80—86 (DING Zhiping, YANG Ronghua, HUANG Youjian, et al. Fatigue life analysis of rubber vibration
damper based on continuum damage model[ J]. Journal of Mechanical Engineering. 2014, 50(11):80— 86 (in
Chinese))

L2 KA. FE e, A8, 23400 2P0 0 2R 07 A a0 sk ()], /R IE T R4 24k, 2009(4):123 —
125 (ZHANG Li, TANG Ligiang, FU Delong. An evaluation method of fatigue life under multi-axial loading
based on damage accumulation theory[J]. Journal of Harbin Institute of Technology, 2009 (4):123 — 125 (in
Chinese))

(3] Mg 3T R B0 K W 24 2 3098 1) & o IR AR % 95 Fan A 5 (D], KRJEIE T K%, 2005 (JTAO Jinfeng.
Fatigue life estimation on high-strength bolt based on mechanics of fracyure and accumulated damage theory[ D].
Taiyuan University of Technology, 2005 (in Chinese))

C4] VB, ALY RIS (D—RAMIBLC]. /U4 E IR ) 2 RS U083, 2000
306—310 (XU Zhongyong. Theoretical study on fatigue crack propagation(I) — fundamental theory[ C]. Eighth
National Symposium on Modern Mathematics and Mechanics, 2000:306—310 (in Chinese))

[5] AEAE#. 35CrMo &4 WE o5 MMy MMM ILIAFRLT]. F8 1%, 1993, 8(2):174—179 (REN Weixin.
The growth of short crack under fatigue test[J]. Journal of Experimental Mechanics. 1993, 8(2):174—179 (in
Chinese))

(6] BEESC, WK E. M, 55, TRMR AT T L 4 fiAR 3 o RC 220998 55 PEse il O 5E[ 7. 9238 1%, 2005, 20
(3):349—353 (YAO Guowen, HUANG Peiyan, NIU Pengzhi, et al. Experimental study on fatigue behavior of
RC beam strengthened with carbon fiber laminate under cycle loading[J]. Journal of Experimental Mechanics,
2005, 20(3):349—353 (in Chinese))

C70 FEse. BB Xe, 5. R YRR AR e ROBERU 57 100 (1], B TR, 2014(3) :112—122 (TANG
Liang, HUANG Liji, LIU Gao, et al. Fatigue experimental study of a full-scale steel orthotropic deck modell J].
China Civil Engineering Journal. 2014(3):112—122 (in Chinese))

[8] Chao Y J, Stutton M A, Peter W H. Measurement of three-dimensional displacements in deformable bodies by
digital image processing[ M]. SEM Spring Conference on Experimental Mechanics, 1989,

[9] Luo P F, Chao Y J, Sutton M A. Accurate measurement of three-dimensional deformations in deformable and
rigid bodies using computer vision[ J]. Experimental Mechanics, 1993, 33(2):23—132.

[10] . =480T BB DG 1 R R T i TS (D). B AL E 8 R K 2%, 2014 (GAO Yue. Research on key
technologies and applications of three-dimensional Digital Image Correlation[ D]. China University of Science and
Technology. 2014 (in Chinese))

[11] Yates J] R, Zanganeh M, Tai Y H. Quantifying crack tip displacement fields with DIC[J]. Engineering Fracture
Mechanics, 2010(77) :2063—2076.

[12] ®G#Edm, XIREM, S, ml =48 T REMH C R G K H 8 & =42 W& [J]. Jb a3 T R4 %M, 2012
(4): 364 — 369 (ZENG Xiangfu, LIU Chenlin, MA Shaopeng. Measurement of dynamic three-dimensional



418 D N (2018 4F) 55 33 %4

deformation of structures using high-speed 3-D digital image correlation system[ J]. Transactions of Beijing
Institute of Technology, 2012(4) :364—369 (in Chinese))

[13] ‘R&MS. Exi5€, WA, %. =4 DIC 76 GFRP f##Ffufi kgl i i LT, SE88 012, 2014, 29(3):
302— 309 (ZHU Feipeng, WANG Jingrong, LEI Dong, et al. Application of 3D-DIC in tensile mechanical
properties test for glass fiber reinforced plastic bolt[J]. Journal of Experimental Mechanics, 2014, 29(3):302—
309 (in Chinese))

[14] &L, X, 57 5. BT DIC 4R 4 1 T 9 05 2B A B i A8 M ik [T, Seaspr il 5 1072,
2016, 1(1):16—22 (GAO Hongli, LIU Huan, QI Zicheng, et al. Measurement of displacement and strain fields
of fatigue crack tip under resonant loading based on DIC method[J]. Ordnance Material Science and Engineering,
2016,1(1):16—22 (in Chinese))

(157 Alscwg, JFvm . Bk, 4. 5T RMRAR G TT 6 10 £F 4 — SLUR ST 55 ) 2 P Re S a5 [T ], 30k Tl
2015, 43(3):123—126 (HAO Wenfeng, YUAN Yanan. YAQO Xuefeng. et al. Experimental study on the fatigue
property of fiber-matrix interface using digital image correlation method[ J]. Plastics industry, 2015, 43(3): 123
—126 (in Chinese))

[16] FEBE, PR de. ¥ REF BHUGAHCTT b R AT sk B RAENT S [ ], 5288 J1 %+, 2015, 30(1):31—41
(WANG Jixiao, CHEN Jinlong. On the characterization of crack tip displacement function in X-digital image
correlation method [J]. Journal of Experimental Mechanics, 2015, 30(1):31—41 (in Chinese))

[17] JFEIESS. 3%, HiRd, 5. AT =400 0 EFRBARCR ST L% % T/&, 2010(10):2244 — 2253
(TANG Zhengzong. LIANG Jin. XIAO Zhenzhong,. et al. Digital image correlation system for three-dimensional
deformation measurement[J]. Optics and Precision Engineering, 2010(10) ;:2244— 2253 (in Chinese))

(18] AR, o7 EUE AR G & 5 vk R G ik 52 [ D). KB T. K24, 2014 (DAI Kun. Digital image correlation method
and its experimental study[D]. Changsha University of Science and Technology, 2014 (in Chinese))

[19] #FHRE, HW. T Labview WER S IERPRERGELI] HINBH AR CEARF MO . 2015(4) 24 —
29 (JIANG Fenling, JIANG Ming. Synchronization acquisition system of image and force based on Labview[]].
Journal of Suzhou University of Science and Technology(Natural Science Edition) , 2015(4) :24—29 (in Chinese))

Experimental study on low cycle fatigue based on
3-D digital image correlation

WEI Liang-bao, JIANG Ming
(School of Civil Engineering, SUST, Suzhou 215011, China)

Abstract: In order to study the relationship among crack initiation, crack propagation and cyclic cycle
and the variation of crack region displacement and strain field of three-point bending specimen under
the low cycle fatigue loading, cyclic load is applied to three point bending specimen by universal
testing machine and digital cyclic loading control system. Two groups of CCD and test machine
synchronously collect and record the digital speckle image and the load of crack surrounding region of
the specimen subjected to alternating loading. 3-d digital image correlation (DIC) technique was used
to calculate the displacement and strain field at the crack tip region. By analyzing the displacement of
crack tip region and the principal strain, the variation patterns of crack propagation length and
propagation rate were obtained.

Keywords: three-dimensional digital image correlation; three-point bending; low cycle fatigue; crack

propagation; crack tip



