Journal of Mechanical Strength

% &

E T TCD WA RFIREERE RO MK Fan

THARE' BBk’ EREA® EEX BHAK A £
(1. L XS P IAFR, 525 066004)
(2. PE&B IR EERAARAS] LiFk TH5K, 225 066200)
(3. 22 Btk F THBAMRNE, 225 066200)

Fou il

BWE: [ArY] #X A s 51 2 #98 (Theory of Critical Distances, TCD ) 7547 KR 7 4% J5 B 2 11k 11149 557 75 1

U H 7 A W 8 00 2o K ) ) A, 4 5 e AR A PR R A L B 6T 7 ) 43 A B S5 e 2 L. [ ik ) ﬁf‘a,uﬁ?
S 03 T i 2 T A A PR AV B 2 T e e , R T 2 Rl 1 A 571, 2 ik £k v A PR OC 0 BRI T A
P A EERE 7 [ B 132k . SRR, ZE 558 TCD 1Y 45,32 (Point Method, PM) F1k % (Line Method, LM) [E AR , #2H T 1%
FH T 2T B E1 228007 174 14 32 A5 5 (Intersection Method, IM) FI4 i 735 %: (Total Stress Field Method, TSFM) , B 37
MORES-N 2k, AT T 9% 97 A dn Bl . (255 ] XI55 R R 455 TCD £k ARk (1 77y F0I 285 5 140 2 35 B s A
G AR TG o 17 I 4 58 930 ek SR e AR B 5 R JRE B2 7 1 37 28 B 58 o5, FE5 | ASE A5 0 1B I R B (TC4 8k A
4:H00.855 76) , W5 F T B 114 ) 25 ey POIIDAG 7 50835 B T 38 1.5 0% B 50 LA 5 4 R ) 3 10 2o R0 300 A4 JRE B2 51 B Y
BN F13 , H 5 i TN 245 S 2 L A3 A 7 2 A5 B Hs LAY, JLHAE T 0 S SR R BE T (K, > 2. 1) OS5 . Rl H 7 4%
TR R F1 3 L AL SV 4, R AR (T8 ELAS v

2026, 48(7):23-31

KR G AIE R I, FmBhi; R,
hE4ZES: TB31; TBI25 DOI:

0 35l§

BILBCRE £ 22 0 AF AN ] sl B HH B LA AN 1 2 235
Hey, 1L N g B R B GR  E R WA AL P 9 57 A
XoF 5 A 2 WA T A B (N v Sk A
SN A ) B TH 2R A -1 2 48 5 i S T A
PIATIE , 3 18 2 R ER B R 4r ARl 23 18], PR AIE
BB, A RS R IR (i 46 B 4T
VB e T T AR ThT R 1127 SR, i ke 11 25
(5% 55 75 i %%?UET%JLJE%U&E“ RIS
B R F AT % 55 TR e

e 1195 57 77 i T EJ@ LR IR 7 BT A R
Z—, JRrT N 3 - IS AV R B ) e S B0 D ke 11 A
W55 A7 an TN P It T RSO Rr . i T ER N S
PR AFAE , NS PPAG 2 T B 11 1R 55 75 iy TN )
2 TAE, A, Neuber 5574 Hi (1 il F1 AR 0
J3 BRI )T Z N o T AR IR TR R
TIEARTE , BIATRG BEAA MR | AL 24 137 A%

Yk H]: 2024-09-06  &RIHY]. 2024-10-18

FEATH . thoes | SR R B H (23621019G,24622205G) ; b4 A K/ FL#
TEARE, B, 1990 4EA4:  INAS TN W+ YR 5 R ZERF5E 7 170 AR 'ﬂﬁ{w’wﬁ W 3584 16 A9 57 A5 T 5

TEH A2

E-mail:dingmc@ysu.edu.cn,

FIHHH?EJC Tfﬁi’i g, TR, AF %?TCDE’Jﬁﬁﬁf’%ﬁfi‘%ﬁﬁkﬂ#&ﬁﬁ mIL]. ELMFET“ 2026, 48(7) 23-31.

based on the theory of critical dlstances[J] Journal of Mechanical Strength,2026,48(7):23-31.

Ik BNk
10. 16579/j. issn. 1001. 9669. 2026. 07. 003

SRR S T IRFC AR SR SR 11 b9 55 7 i
Tk XU HE SR LT von Mises S5 525 W A8 N, 254
Manson-Coffin 772, Wit 1 —Fp 2% [ {4 Im F i L
;73 4658 B S80NE 1 A T vk o KA AR I RST
ORI I b = S e R S IS IN AR D |
RS 34N R R 11 952 55 5 A T 5 vk . A AR 8
4 Soderberg & 1E J7 #2 , X} Manson-Coffin £ % Hp i
HRAFHEATIEIE , 256 A7 FROCEE R SRl in & s
PEARFE 1 S AT 9 55 A i OO, T 485 SR AE 2 A5 S
B LA o 58 SC % B T Johnson-Cook W 24 2% &%
B, it TR S O RGT ) TC4 8k A 4l i, R
TR FN AT PR TR AU AR 45 & 1 7 e F T 1 i RE Y W 2
Dy A FN ) =R

bifi %5 A B T BB 153 0 P & J2 | Taylor
BT R BRI S 2 B8 (Theory of
Critical Distances, TCD) , Fi T ¥¥A% Bt 1 45800 1 oo
Susmel &4 ILF TCD, T&@T'l‘dﬁﬁﬁgﬂﬁ%#

AR RECC R IR Tz N H . 2RI AR

1696-1705

470 H (E2021203106,E2024203147)

%ﬁﬁ’f\ :



24 Bl R

G i 2026 4F

TCD, 1 A [R]LAR] AR A 505 2445 <5 11 22 Fil ke 11 95
53 A5, N TR2ETE 3 AR 220 WU N o AR A Al
IR A B, 70 P05 2 T ke B 2 Al i CRE I 1 B
T R IR ZE RO, T4 12 ELAT B v Y TRS 2
REMS WG 2 TRETR R o PN AR ST L4 il b o F 5
X4, e BRI S B ) 2 vk EL AT v ) RS 4
TSP TR . BRI S A e S T A
i S5 B, A T — b 22 Al 2y T A 11 45
P9 57 75 i S0 7 v | IF I TC4 BlUR il A1 57 1 50 4
IR 7 HAT R . 2 ATNSFENE ] Python 1 5 X
Abaqus FAF AT Z T A, (T B R i, THEE 4G
P BT AR I 55 A5 e o Al DL, BUAT ~ 3 B [ S8 2 i 1
R 58 IR B 3 57 75 i M T 5, (B BAT AR Z LA
R AL TR RIS S B A SR
TR 11 8 R GEVEBIFTE AR RS A0 DL o ARl 198 57 SRS
T, B Bl PR R 22 ke AR A% 58 1 R 2 2
D TR Y 3 AR L 120 I TR A% T B A R
Xt MRS g 3 A B T 2 AN e, B
B FE S VERE S T R 22 2 LUK URSE T 1 £ 2 46
H A B JUTRIE Dy 32 2R i DA 5 SRR AR B e
TR G XS ol 13- AR 73 AR BB o AR EE TR
R SR AR R A% T B f1 il /D s R R
IR RE T W AR AR e A S R e A o LT A Bkt 11 25
RO ) o (WA TT 12 LN B 55 3w B0 7 12

DA 5 VR R A o DAyt R, P11 BT 7 O SR A R
JUA B B8 DR JRE JRE ke 11 A7 AT BRI % J5E HE afe 1147 F) i
J1p L o R JREJEE SR T A i PR R e KT TR
JEE , ik 110 A7 3 M 4 D8 T F BARE , UPF R X
R FRN 323 B R R R] 20 AN

:é__\r:é; HIREEB I

X

KIEEBR 1

|

|
|
|
\

IS

IR R
Bl REEEROME 13555 HHHE

Fig.1 Characteristics of stress field distribution in notched parts
with different thicknesses
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Tab.1 Main chemical composition of TC4 titanium alloy
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B t% 6.3 41 0.4 001 <0.01 0.002 0.13
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Tab.2 Mechanical properties of TC4 titanium alloy
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Fig.2 Surface notched fatigue specimen and physical specimen
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Tab.3 Geometric dimensions and fatigue loading levels of surface
notched specimens

S4 1.0 4 2.289 10 520/570
M6 1.8 6 2.509 7 520/570
M10 1.8 10 2.054 3 570
MI15 1.8 15 1.831 3 570
B6 3.0 6 2.920 7 520/570
B10 3.0 10 2.444 3 570
BI15 3.0 15 2.048 3 570
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Fig.3 Finite element model and mesh generation of surface notched
specimen
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Fig. 4 Flowchart of fatigue life prediction based on traditional TCD
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Fig. 7 Schematic comparison of stress field curves of surface notch

components with different thicknesses
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Fig. 8 Finite element stress field curves of four types of notch specimens under different thicknesses
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Fig. 9 Fatigue life prediction results and error distributions using

uncorrected intersection stress
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Tab. 4 Statistical relation and correction factors between
intersection stress and back-calculated equivalent stress

s g/ oyl Ny o, ol
B b MPa " N

S4-1 826 711  0.860 B10-1 971 844  0.846
S4-2 826 716  0.866 B10-2 971 822  0.841
S4-3 826 708  0.857 B10-3 971 817  0.840
M6-1 877 768 0.875 B15-1 867 729 0.844
M6-2 877 745  0.849 B15-2 867 732 0.835
M6-3 877 756  0.862 B15-3 867 724 0.884
M10-1 783 673  0.859 M6-4 802 709  0.895
M10-2 783 684 0.873 M6-5 802 718  0.922
M10-3 783 685 0.874 M6-6 802 740  0.880
M15-1 729 600 0.823 Me6-7 802 706  0.856
M15-2 729 613 0.840 B6-4 991 849  0.845
M15-3 729 621  0.851 B6-5 991 838  0.835
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B6-2 1086 902 0.830 B6-7 991 835 0.846

B6-3 1086 894 0.823
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Fig. 10 Comparison of fatigue life prediction results based on the

modified intersection method
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Fatigue life prediction of surface notched specimens with finite residual thickness

based on the theory of critical distances

DING Mingchao' BIAN Shuguang' WANG Liming® HUANG Jiaxing' YANG Lipo' CAI Long’
(1. School of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China)
(2. Shanhaiguan Engineering Section, China Railway Shenyang Bureau Group Co., Ltd., Qinhuangdao 066200, China)

(3. Qinhuangdao Youyi Heavy Industry Technology Co., Ltd., Qinhuangdao 066200, China)

Abstract: [Objective] To address the overestimation issue of the classical theory of critical distances (TCD) in predicting
the fatigue life of surface notched components with finite residual thickness, the influence of finite residual thickness on the
stress fields and fatigue life was investigated. [Methods] Firstly, surface notched specimens with various finite residual
thicknesses were designed, and room-temperature axial tensile fatigue tests were conducted. Linear elastic finite element
analysis was performed to extract the stress field curves along the thickness direction. Then, based on the fundamental
concepts of the point method (PM) and line method (LM) in TCD, an intersection method (IM) and a total stress field method
(TSFM) were proposed for equivalent stress evaluation and lifetime prediction in combination with the material S-N curve.
[Results] Test verification indicates that the prediction results of traditional TCD methods fall outside the 2-fold scatter band.
In contrast, the proposed intersection method, incorporating an intersection stress correction factor (0.855 76 for TC4 titanium
alloy), significantly enhances the prediction accuracy to within the 1.5-fold scatter band. The total stress field method, which
integrates the stress field over the entire remaining thickness range, yields predictions predominantly within the 2-fold scatter
band and exhibits superior applicability for specimens with higher stress concentration (K,>2.1). Both methods require only the
linear elastic stress field curves and the material S-N curve, offering high accuracy and simplified operations.

Key words: Theory of critical distances; Surface notch; Thickness; Fatigue life prediction; Intersection-point method;
Full stress field method
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