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Determination of Location and Shape of 3-D Mode I Surface
Crack by Body Force Method

Dai-Heng CHEN, Nao-Aki NODA and Kazuhiro ODA

In this study, the location and the size of the three-dimensional semi-elliptical surface crack in
a semi-infinite body, and the loading stress at infinity are determined on the basis of the data of
strains measured around the region of the crack. In searching for the location and the size of the
surface crack, the method of gradient search is employed which minimizes the sum of the squares of
the residuals between the measured strain distributions and the computed ones for the assumed crack
location and size. The body force method is used to calculate the strain field around the crack. In
order to obtain the solution with short CPU time, the crack is represented by several concentrated
force doublets ; moreover, the database of the magnitudes of force doublets for various aspect ratios
of the crack is utilized. Based on the fact that the strain field around the surface crack is mainly
dominated by the crack area, the crack area and the aspect ratio are chosen as parameters and
several inversion schemes are examined to obtain accurate results. Numerical simulations are
carried out and the results show that the location and the shape of the crack are determined efficiently
and with good accuracy.

Key Words: Inverse Problem, Nondestructive Inspection, Body Force Method, Surface Crack,
Semi-Infinite Body, Database
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(1) Assume Xo,z0,a and b (1) Assuime Xo,Zo,a, b

(2) Division of crack area

'

(3) Calculate the influence
coefficients, that is, the stresses
induced by unit distribution of .
the body force doublets
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| (2) Database of the
¢ {:> magnitude of force
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(4) Make the linear equation by doublet is utilized

using the unknown densities of
body force doublet and influence
coefficients

(5) Determine the density of
body force doublet by solving
the linear equation

[ |

\ Y
(6) Calculate the strain at an (3) Calculate the
arbitrary point by using the strain at an
density of body force doublet arbitrary point

(a) @ OFEE (b) ]BEYTBKHE
2 ERHECEBV0TRIEO 7R —F v —}
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£1(b/a)=0.220 19—0.124 87b/a
+0.029 83(5/a)*—0.001 684(b/a)’
f(b/a)=0.182 56 —0.101 71b/a
+0.024 41(b/a)?—0.001 484(b/a)®
f3(b/a)=0.177 46 —0.100 375/a
+0.024 87(b/a)?*—0.001 631(b/a)®
f«(b/a)=0.100 08 —0.050 685/a
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/5(b/a)=0.098 51 —0.052 23b/a

surface crack
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Physical plane Mapping plane
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Force doublet  _ _ _ e 1
is concentrated | |
at one point : dR/3G= =0 ||
Lo L ,
| As Determine g Calculate R(Xo0,20,a,b)| |
t S'Cleaoint > Sz‘:[:%) —>| for minimizing [~ (minimum of R for | |
staring p I S R(x0,20,3,b,0 assumed Xo,Z0,a,b) | Search for
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(Step1) | Find Xo,zo,a,0 | crack size a, b
! for minimizing [ ;
R 148y 7b |
: [ R(xez0b) | | (Step 3)
|
: (Step 2) By gradient search !
U |
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z a=1.12
1 b = 1.31
—e—+t—f-—f--t-T—x ///7' s =231
A ! Xo = 0.65 Xo = 0.65
[:i] []] 2o = 1.20 xs = 0.70 20 = iig Method (a)
= 1.00 a=1.
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i & .
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[i] >t [”] Obtained result
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ZRLTCVS, LoL, ab=—EDd & T, R D
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ML XD, RO LD RHAENES -,

(1) ERMHEHOOT A &E->T, FZ EHIE
AR RN ThH B,

(2) WHOBEOHELRIZINZ A—F 2REICIS
Rk L > Tz T2, UFABIKEZ3
HEOKENWAS 2= PEERNCERShTLE
W, BEO/NE GRS X — 7 DFERIGNEE - e B,

L3 - T, 8125/ L7 Method(a), (b)T®D
BRI L2 v D lE, Method(a) TIHER VT £
—FEROFBYCEF L TE Y, Method(b) i,
(2)WBRTHEHICETHTWE Z b b,

3.2 ZXBTEREFIR LEoBRESZZ,
BT, SETESNTA—F L L TCEXHEBES

Start
Input Rmin
{ Assume b/a »

By gradient Find S for
search minimizing R(S)

End
Determine a,b

" Ruin = R(S)
b/amin = b/a

_Smin=S ]

B 12 X8 FEEE# (Step3) D7 O —F v — b
[Method (¢ )]

ETRR bla Z VT RD & 5 HEERYE [Method
(c)] %xRT 5,

S OFEMBED DD 7o —F v — b 2H
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DEBORENRETHNEER L+ THE %
EEL T, bla % 0.1~2.0 DEFAT, 0.1 BETRE
T2, bla=—EDH L TIZ, ROBIEHEIIFERI L
TWw3(EINOT, ZOREENT blaDb L TR
DER/NE R AR S 132 S EEREIC &0 B I
HTEL, FNFND blaDb L TEEINI: R %1
B35 LI2k), REROB/INELSTEb0al SO
HEE, S, $B<THka b ZRET S, T ITRES
NI EZUSFEREZ, bla® 0.1 EAD L Lo Tw
BDT, ELWXHEL KD 201, RWERIH
7z blax0.1 O % 0.01 FR CHEERKOBERRE 217
v, EETBEERET B KT WORTREE, #ET 5
Fik [Method(c)] &k o> THRFLERE2H 14 12
AT, K8D Method(a), (b)DIER L DHEL S,
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1WwRU EHWEEME DWTEN 2T, B
SENIRERELUTRRT, BT, V-2 X7 -
a2 > SUN ELC 4/25 FM-8 % fv> 7z,

F1iw, & BALE (D, 20=(0,0), XA E 7=
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l/R Rmin""MIN(Rll-lR-N)

B 13 R OF/IMEOHERFEH

Xo = 0.65 X = 0.65
Zo = 1.20 Zo = 1.20
= xs = 0.70 a=1.04
a-1.oo_b zs = 1.10 a=1.12 Lo b = 1.46
b = 1.50 128 b=1.31 o33
8 = 2.36 S = 2.31 )
ow= 2.00 o= 2,00
Given problem  Starting point Obtained result
(Step 1) (Step 2) (Step 3)

14 Method(¢) 2 X 2HERHER
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F1 BHER b BRI HEOHEERRER
~ ~ zi L Given problem Obtained result
T _
f Surface crack $ a b a b Xy z, g
()_('o= Zo=0.0' 6m=1-0) IL
o @ ” 1.000 0.200 1.019 0.204 0.004 -0.000 1.00
o \ b 1.000 0.400 1.020 0.408 -0.000 0.000 1.00
N x 1,000 0.600 1.0177 0.610 0.000 0.000 1.00
a 23 1.000 0.800 1.014 0.811 0.000 0.000 1.00
o o 1.000 1.000 1.022 1.002 0.000 0.000 1.00
1.000 1.200 1.023 1.197 0.000 0.000 1.00
@ o) 1.000 1.400 1.025 1.394 0.000 0.000 1.00
= = a5—-a 1.000 1.600 1.026  1.590 0.000 0.000 1.00
1.000 1.800 1.026 1.785 0.000 0.000 1.00
bx=10.0 1.000 2.000 1.030  1.957 0.000 0.000 1.00
Xo=0.500 xo=0.500 ")Zoz 0. 500 xo=0.503 Xo=10.000 x o =0.000 X0 =0.000 ;(o=(l, 000
Zo=0.500 zo=0.503 Zo = 0.500 Zo=10.499 Zy=2.500 zy=2.518 Zg=3.000 zy=3.011
a =1.000 a =1.022 a =1.000 =1.014 a =1.000 a =1.039 a =1.000 a =1.038
g =0. 800 >; =0. 807 % =0.800>l£; =0. 811 g =1.500 >b =1.435 l__) =1.50()>b =1.453
S =1.257 S =1.295 S =1.257 S =1.291 S =2.356 S =2.342 S =2.356 S =2.369
T~=1. 000 o<=1.000 G<=1.000 o>==1. 000 G~=1.000 o~=1.000 G*=1.000 o==1.000
Given Obtained Given Obtained Given Obtained Given Obtained
problem result problem result problem result problem result
(a) bz=0b,=5 (b) b:=0b.=10 (a) dla=25 (b) dla=2.0
Xo=0.500 x9=0.527 Xo=0.500 x¢=0. 499 Xo=0.000 x0=0.000 Xo=0.000 x9=0.001
Zo=0.500 zo=0.484 Z=0.500 zo=0.499 Zo=3.500 7= 3. 496 Zg=4. 000 zo=3.951
a =1.000 = 1. 064 a =1.000 =1.071 a =1.000 a =1.052 a =1.000 a =1.145
§ = (). 800 ) ; =0.777 % =0. 800 ) :) =0.771 g =1.500 ) ; =1.473 % =1.500 ) b =1.397
S =1.257 S =1.297 S =1.257 | S =1.298 S =2.356 S =2.434 S =2.356 S =2.512
Ge=1.000 o«=1.000 G==1. 000 o==1.000 0«=1.000 o~=1.000 G=1, 000 o>=1. 000
Given Obtained Given Obtained Given Obtained Given Obtained
problem result problem result problem result problem result
(¢) bs=0:=50 (d)  b:=b.=100 (¢) dla=15 (d) dla=10
15 UFHHEEBESEELIEIHED 16 ZHOMBEIHEMGEDSBED
BRER (M =5) BRIER (b:=0.=10, M=8)
WEAL S ¥ BT EIT > R 2RY. 0T AOHIE BHETHNIE, FIFETRELLFESEHTH S,
X 52=10.0, b:=10.0, M=5(GEZE 1) &4 7z, AP T, ARBERECHHIE ZREHE
HEL, OFAOHEMBE LT, B OEEHED BA e AREO N TE SR THEEITI 20,
FHREMC L > THNIEEAV:., FENSR LE HIESE S WEET 2 SRR L TIHERBEENE S
RIER L OB S, AR TRE L BT FEIC X 5. EEDPEESRGEDL L EOBERBEEOEEX
2T, EHOAE xo, 20, XHTHR a, b B & S ERT 6WRY., 2ZTAdIRESHEPESEDOEMTH 3.,
H o™ OEDS, 2 wErERM (2 oflCid, FHERM 16 OB TIX, EHDONMIE & HIE S & D FERES
F1SBETH )T, bas20 DE&EHIcbz> T EZYR o U EEER TR, KFERIC L 2T E
BEBLRETELZLPbhb, MTHBHIeBbrs,
S L 2 VT BFOBAL & 3 HHIE, FIE s ow o
SHEIVEND D, SENE BB TABIC . a
BT 270, BRECHEITERE2E2 2 L IaRE L U3 BRI T D  PLERET O = RTHE 2 HERE
%%, 22T, VT LOREES (K1 TR 2HEHTH ESADNME - PRAEEREOENR 21TV, /B S NiH
HBROKRE ) LRETRER EHDOKE X DERKICD REDTFCRT,
WORET L7z, B15 1z oflERs. K15 bbb (1) IhETTRTHBEICE O TIRELBEN
5 &9, HIESE W U & Z~TEkds a/b:21/100 O EDE DT BHEROMFDOFiEd =Rt
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MR Lz, 72, O ABEDIEBT O, 3%
HREOETINTRESE, ZO0HROKRESET
— N LTERT2 2T, SHRZEB0TA
BOEHEE TR S UL,

(2) =ZprECHE~REHTEERED IS W
o, XETEAENCRET 2 FIEEZEA L, &H
St a, b BERAINTIA—F L LTI SWERETD
HiE [Method(a)], E&~Fik a, b Db D 12 X HiH
S, IRk bla % Fv> 5 Hi% [Method(b)] BX T
KBFFETHRE T 5 HiE [Method (¢ )] 0 3 BEOHFEER
AF—ALIZ L BRERZHBERN T2 kD, 2
FEEEAEREECHET 2 LR L, 2D b
S, EYI WM EE 2G5 72D, KA A=
OBRCHEET I2LEND Z72FThL, 2O/NRXT X
— OV THE~DOEE L b HE L RERFELLE
LI e ST,

(3) AMRTRELLFHEICLY, SHOME
Zo, 20, XFU~THk a, b B X CHNEFTE 0° DIEDS, bla

20 02EH bz THRWHERE(Y —27 A7
— 3 3 SUN ELC4/25FM-8 T14BE) T, BE
BRRIETEAZERR L. 272, OTADORIEHR
BIcxt L 23O K E X0 0/b21/100 TH Y, EHD
MEBENAER L D SHERE o U EBER TN, KR
FEWETH L 2 bbb o,

X [
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