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Fatigue notch factor of corrosion steel plate considering surface topography

XU Shanhua, QIN Guangchong, JI Lixing, WANG Youde

(School of Civil Engineering, Xi’ an University of Architecture and Technology, Xi’ an 710055, China)

Abstract; To simulate the complex morphology of steel plate and obtain the fatigue notch factor based on real
surface topography, the (0235 steel plate was corroded rapidly by salt spray method, and the corrosion surface was
measured by three dimensional measurement. Three-dimensional solid model was established, and the surface stress
distribution was analyzed by reverse engineering Geomagic Studio software and numerical analysis software ANSYS.
Then the numerical results and experimental results were compared. The results show that the error is small enough,
which verifies the feasibility of the modeling methods. Geomagic studio can achieve a rapid 3D visual modeling and
simulate the corrosion morphology well, combined with ANSYS, it can estimate the fatigue notch factors of various
complex morphology components flexibly and efficiently.
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Tab.1  Fatigue experimental results of corrosion steel plate

W ST R NER BORATEY BoMEE ST

iy AEK /mm? kN kN w

AOL  1.60 14331 37.26 3.73 291 200
Al 157 14026 3857 3.86 356 000
A21 156 13840  35.99 3.60 416 550
A31 158 13800 3588 3.59 340 500
A4l 155 130.23 33.86 3.39 426 100
AST 149 13840 3599 3.60 738 400
A61  1.62 13840  35.99 3.60 240 230
A71 150 138.00  35.88 3.59 705 450
A81 142 13840 3599 3.60 1449300
A91 152 13620 3541 3.54 571 000
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Fig.5 Finite element analysis of geometric model
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Fig.7 Distribution of stress concentration factor
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Tab.2  Comparison of fatigue notch coefficient of simulation and

measured
R s [ ymE HIRoT Kfﬁt Perterson  Neuber
s #%/mm %K, i AXK  AXK
A0 0.83 2.12 1.60 1.76 1.63
Al 0.95 2.03 1.57 1.72 1.59
A2 2.13 1.74 1.56 1.62 1.50
A3 3.80 1.69 1.58 1.57 1.49
A4 1.98 1.41 1.55 1.35 1.28
A5 — 1.15 1.49 — —
A6 — 1.45 1.62 — —
A7 2.66 1.44 1.50 1.38 1.31
A8 4.80 1.43 1.42 1.40 1.32
A9 3.00 1.43 1.52 1.38 1.30

SrirEe 2 Bl , T & B Neuber 28 2015 2 A 9% 5%



12

tRtE, A5 5 IR S 00 6 T AR 57 Bk 11 AR %K - 157 -

B R BRI E , Perterson 23 2 7E (5 ELE il
FIAASALL AR5 21 (0 (1357 30 A K, 38 h PRSP TE I T
L REAAFIEOT XA T 8k FAR SR
TR 57 e 1 ZR R e R B B sk AR R4 p
G KB/ )N, Neuber 242052 p ZEAL B 52 M 5/,
T i R T e RN A i CTARRAE RN 45 SRR & 3R
15, 75 Z UMD RAFF- Y EAE R B 2tk LR AR A2
RGO B X e A B A — 2 R

MAIEE SR AT A A F A0~ A3 DAL B A
I W S i % N Perterson 23 20T Neuber 23 203
SN % 55 B 1R S U (1R 25 A 5% LA
N, Ul B0 BRI 55 Bk 10 R EE A — € IE R PE AN
AIAT M A2 R B B, 2R TN, 7 SR R
B RARL A X3, 23 1, TR RAS RS B A e 11
AR XTI IR ST ph A Bk 1R TR 5F
K, IR 57 6k FT R e TI095 K, A ot Tk
FREAR A OFANTE T3 5] 1k, Perterson A 2K
F1 Neuber 222 7E BC 528 b b 1+ 5300% 55 Bk 11 R
A Ry BRE. R, 98 57 i 1 32 B0V Ay 3 il 52 B
T AE {295 55 75 iy 00 B AN 8 L2 Y B IE S—-N i
G, T B ST W ol 255 ) IO g e Rt gl R 1 ) B v
FB K A T A5 A A SR 2250 i X3
Perterson 23 3 Fl Neuber 22 20iE F F Ji il il £ b £
KN 75 Hh 2R BCTE Uik DI AR

4 #

1) AR SCHE 3 ] T AR YRR &5 | AL 48 o3 # v, Al
FH Geomagic Studio f/7 FLALLG 5 1t 245 4 B9 3% 1v ¢
LR T, 7552 2B BT SERS B AL

2) ANSYS #A7 T =4y HRA | 5L 501850
VAR, Al R ROt A 4% Bl 5 2B SR 1 4%
5 i I ZR K, P 57 ok 1 R B0 HASUUE S e B AR
AT UL BR T O AL 95 i 11 3R AR
W) TE AR

3) 1 F Perterson A Z Al Neuber 24 Z01E HLSEJE
Tk 1 52 2B A B 1 0 A R R, PRIk, 7
S5 R TR £ TN 55 5 i ) AN RE B H I 545
R T S JE R B 75 Ay s Al

5% ik

(1] &7 el BEpCh. I EAEE AR 97 B 0 R A T]. 142
A TR S4R , 2010,25(5) :485-487,492.
JING Ping, YANG Kai, XUE Qingzeng. Fatigue notch factor of cor-
rosion material[ J|. Journal of Naval Aeronautical and Astronautical
University, 2010,25(5) :485-487,492.

(2] EIr4 WA S5 B0 RBOVIR[T]. BB AR K22
iz, 1994,26(5) : 676-685.
XIA Kaiquan, YAO Weixing. Fatigue notch factor: a review [ J].

Journal of Nanjing University of Aeronautics & Astronautics, 1994,

26(5): 676-685.

[3] THEMR. St J7 b D RBWF T [ 7). HLAGRBE, 2000, 22
(3):241-242. DOI:10.16579/].issn.1001.9669.2000.03.024.
DING Suidong. Study on fatigue notch coefficient for structural steel
[J]. Journal of Mechanical Strength, 2000, 22 (3):241 -242.
DOI:10.16579/j.1ssn.1001.9669.2000.03.024.

(4] TR, et XUmaAE . o o B AR 57 e 11 R B A KR T 4B
[J]. TA %, 2008,25(3 1) : 49-53.

LEI Honggang, PEI Yan, LIU Lijun. Finite element analysis of fa-
tigue notch factor for high-strength bolts [ J]. Engineering Mechan-
ics, 2008,25(S1) : 49-53.

[5] CERIT M. Numerical investigation on torsional stress concentration
factor at the semi elliptical corrosion pit[ J]. Corros Sci, 2013, 67
225-232. DOI:10.1016/]j.corsci.2012.10.028.

[6] CERIT M, GENEL K, EKSI S. Numerical investigation on stress
concentration of corrosion pit [ J]. Engineering Failure Analysis,
2009, 16 (7). 2467 —2472. DOL: 10. 1016/]. engfailanal. 2009.
04.004.

[7] skBH. FEF ALl i = 4 e B B M S nT AR 5E [ D). &

PR EPOREE, 2014,

ZHANG Ming. Research on 3D contour extraction and visualization

based on non-contact scanning [ D]. Chongqing: Chongqing Univer-

sity, 2014.

XUFRZE, FhF SC 301y T AR IR B 7 ¥k S T [ M. Ab 5t ALK T

b H R, 2008.

LIU Weijun, SUN Yuwen. Principle method and application of reverse

—
oo
[

engineering [ M ]. Beijing: Mechanical Industry Press, 2008.

[9] LEE K H, WOO H, SUK T. Data reduction methods for reverse engi-
neering [ J ]. International Journal of Advanced Manufacturing Tech-
nology, 2001, 17(10) :735-743. DOI:10.1007/s001700170119.

[10] E AR, J5 ml . HUAR AR AR BE B0t T [ M. AL 5T HLAK
Toll AL, 1994:43-50.

WANG Zhongbao, FANG Xiangwei. Performance data handbook of
mechanical engineering materials [ M]. Beijing: Mechanical Indus-
try Press, 1994:43-50.

[ILIVEDR R . SR R ANE 57 73 fir S R0 Jre s 25 i 1) 1 56 4
FELD].TFH : LA, 2008.

WANG Baoliang. Experimental study on fatigue life and crack
growth rate of low carbon steel with corrosion [ D]. Jinan: Shandong
University, 2008.

[12]°F%, TAMR TSR S5 ol O R BN HT T IE [ C L/ /46 5 Jm 4z [ %

952 AR BOE SO B LA 2, R E R |
PUR TR 2 PG s 22, 1991:354-357.
PING An, WANG Dejun. A new method for calculating the fatigue
notch factor [ C]// Proceedings of the Fifth National Conference on
fatigue. Weihai; China Aviation society, China mechanical society,
China Mechanical Engineering Society, Chinese society of metals,
1991:354-357.

[ 13 ]33 0 4. m e 55 Fr i A 5 A B 52 AR [ D] it . A
FLR K ,2008.

WEI Linjin. Projection area method for fatigue life estimation of pit-
ting corrosion [ D]. Nanjing: Nanjing University of Aeronautics &
Astronautics, 2008.

(14 1A X b RSN EE. 5% 55 B 0 R 4K, 5 0 158 b R 4K,
ZIHRSC R[] FEE TR, 2007 (7) :70-73.

HU Benrun, LIU Jianzhong, CHEN Jianfeng. Relationship between
fatigue notch factor K and stress concentration factor K, [J]. Journal
of Materials Engineering, 2007 (7). 70-73.

[15]NEUBER H. Theory of stress concentration for shear strained pris-
matical bodies with arbitory nonlinear stress-strain law [ J]. Journal
of Applied Mechanics, ASME, 1961, 28(4) :544 -550. DOI. 10.
1115/1.3641780.

[16]FUCHS H O, STEPHENS R I. Metal fatigue in engineering [ M ].
New York: John Wiley, 1980.:45-80.

[ 17]PETERSON R E. Notch sensitivity [ M]. New York; McGraw-Hill,

1959 290-306. (i RW%E)



