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RESEARCH ON CRACK LIFE AND PROPAGATION IN
BRIDGE STEEL TRUSSES BASED ON FRANC3D

ABSTRACT

Bridge health monitoring is an important technological means to
ensure the safety of bridge structures, extend their service life, and
optimize maintenance management, which is of great significance for
ensuring public safety and promoting the sustainable development of
transportation infrastructure. Bridges under service constantly endure
natural erosion and dynamic load pressures, and their good condition is
the guarantee of safe passage. At present, steel truss structures are mostly
used as supports in bridge construction. The truss supports the shape of
the bridge and bears external pressures, making it the most important part
of the bridge. With the improvement of modern manufacturing levels, the
ability of trusses to withstand natural environmental erosion has become
increasingly strong. Currently, the most threatening factor to trusses is
fatigue loading, which is a common weakness of metallic materials. It can
cause gradual performance degradation of materials under long-term
alternating stress and may eventually lead to structural failure. Trusses are
prone to cracks under fatigue loading, which may further develop and
expand, posing significant safety hazards to the normal use of the entire

bridge. Therefore, it is of great practical significance to timely predict
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crack life and judge crack development conditions, so as to reflect the
health status of the bridge and prevent safety incidents.

In this thesis, the bridge is taken as the research background and the
steel truss crack is taken as the research object, and the crack life and
propagation stage are studied based on the simulation expansion results of
the FRANC3D. The specific main contents are as follows:

(1) In view of the shortcomings of FRANC3D ( FRacture ANalysis
Code for 3D ) software, such as large computation and complicated
calculation steps, the powerful fitting ability of neural networks is utilized
to predict the operation results of the simulation software. Steel trusses
have certain toughness, and the development of fatigue cracks is a very
slow process. General physical simulation methods are not applicable for
research. Therefore, a simulation model of the truss is established on
engineering software, and FRANC3D is used to simulate the propagation
of fatigue cracks. Due to the cumbersome calculation steps and low
efficiency of the software, a dataset of crack features is constructed to
enable the neural network to quickly predict the results.

(2) To address the issues of low training efficiency and performance
dependence on input quality of Long Short-Term Memory ( LSTM )
networks, an autoencoder combined with an attention mechanism 1is
proposed to reconstruct the original data. The LSTM network effectively

alleviates problems such as gradient explosion and disappearance and can
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capture the characteristics of sequence data well and make predictions
with high accuracy. However, the prediction effect of the network is not
only related to the principle, structure, and parameters of the network
itself but also to the quality of the input data for learning. High-quality
input will definitely bring better prediction results. Therefore, a network
structure combining autoencoder and attention mechanism is proposed to
reconstruct the original input data. By combining the advantages of
autoencoder and attention mechanism, higher-quality input data is
reconstructed. Experimental results show that the reconstructed data can
effectively accelerate convergence speed and improve the accuracy of life
prediction.

(3) In response to the difficulty in distinguishing some areas during
crack propagation stages, a semi-supervised learning approach is
proposed to identify the stages of crack propagation. Crack propagation is
a continuous process, and it is difficult to clearly divide some areas
among the three stages of this process. Therefore, a small amount of
crack propagation stage labels is artificially assigned to the data. After
training the neural network with a small amount of labeled data, the
trained network fits the label-missing data and iteratively updates to
generate pseudo-labels. The experiment compares the recognition effects
under three networks ( LSTM, Transformer, Autoencoder ) and achieves

high accuracy.
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Based on the FRANC3D crack simulation data, this thesis uses the
LSTM network to predict the crack lifetime, and proposes the structure of
the autoencoder attention to reconstruct the data, so as to make the
network prediction effect more accurate. At the same time, because of the
difficulty of labeling, the semi-supervised learning training method was
used to identify the crack propagation stage, and a more accurate effect

was obtained.

KEY WORDS: Fatigue crack, Life prediction, Attention, Long

Short-Term Memory network, Transformer network
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2, BTN ERNIZR, BEEINARAE A B TR 0E o 3 0 GO Hh e 30 E Y 2%
O RIHERA P, X EE T = 45 25 F X M R R AR R

BJE, MARSCHLAERET T AR .

ARSI AEAE T

TR N B b, 1 2 ffi ) FRANC3D B 55 RS0 el #, FEM
FRBCHLUIMSRE, K. . R, MALMGKE, M TR
RHEAS B RS, HRX — R FIEHRIE N LSTM W 2% s i A7 I 2R LA TR 75
KL T AT SRS G o T IR ZRERE R, ¥ M2 455 B 9wl
FEAER N, DR B TE AR OR . B, Bl e et N B nfish 38 1 2% (1
g, 20— KAV BN R ITTHEIE (ReLUD J&, BOVIRYEEHE,
fETAL T Bim IR AR R, R A T AR B (0 5t SINE R ML e A
BEAT LA 2 SE N & A A RS SR8 B Bn i\ B gmid s g a5, 2
I X WE BN SHIEHEE —FEI4ERE, ZJEEN LSTM M4k, s d i id b 454
MUY, AR RSN e R HE 000 A0 25 SR AT 58 s P v e

BEXTRAY M B iR, [RIAESE TR R B, QU IR 1A R
I, BRGP FEM BRI S A MGIAT S, BEVRAN T JR5R RN AN 2
VRSN, AR T I AGEE ). fEURIEREH, JEA LSTM. Transformer F1H
DR =P DR 2% 43 1) e 3 o R B P 27 2 S5, R SR o 2 10 4 e L1 FEE T TN 45
RAENNARZEF AW UIZRE R, B 2% RS Bt it 0 HH 3RS e P @ T B
B AL 24 SR S RE A HEAT A B0AIE PR 2 R B 45 51, [RIR B T AN R IEAR
FIRREE T IRER S, RTC T AT bR 2 50 B AR A FE FE



RT3

23 HXER
2.1 8|5

M2 MR 8 SR, e RIS A IR AT i B 2 AR
W IR SORAE, AR L sh A s 1N ) I A 7y BT 2R B KO anst, #y
ZRAEE 57 A AR R I Ve REIR AL, T JIAR 2 R RS, AR My 2R AR 52
FREST, M SUER IR, SRA R ERSIL. SR, 5INRE
S S BORS RGUHAT A5 An TN 5 97 JE B BUR R, B X AT AT TR 5 4R B
AT AR R GOMER L 57 ] (B AT /e 4

2.2 HYEXIRR

Wi % F1 5 HIBIE FERS 2D B, (EAE AR 2 BHIE N SARTAR SC25 ANMIRSS 01,
RFHAE T RERARE, B RE T 58 AR S G, JFHER %
FAENIR 3 A W AT O o ARG AN A i v 57 T, L7758 B IR — B AT AT
IE R, EURIERE b, SORRE T LR st B RT3 VR BT T840 (3 o
FAER . ARE 0 AR NREUISRAY . N5 DR 1 AN J TR X BB A 4

2.2.1 BgER

KPR REU AR Z 2 K, PR B R AR, i DART AMASIR] £
XERGGEAT 72K, Wi D22 h W IR R a0 N =38, InlEl 2-1 P

/'
I Y/ x ¥ x === =3
| 7 L) =
l »
(a) THRIRLL (b) TIHIZLL (¢) TIHzLL

K 2-1 =Fhgsm



RT3

BTN KT RIEREL, e 72 3 BT R EUm K 5 18] BN R, REUET 1
WERIF I o IXFPSRIUAE TR bt A AR e 52 03, AT ST R SR TR
e TR R,

IR PRI, e BT AT T3R80 H 3k 5 T R4 4517 _ERTE 5D
YEH, RO A TTE

AR R, Beer (£ T AT T3R80 BT AT T REm %05 17 BB UIEH,
ZAE TSI

SKERRDLF LA — € R g 53—, i A B2 =M R 43
R, ARG MR TN R« BEAPER AT 73 2875 UH T W3 70 22 s
A WRLUN T U RAE R R EGIAT 7028, W B RAL RN RSUIR R
2. RGBT AR IR, TR RNAZ .

222 NIREREFIEL

T2 71 2 UL BIF FU AR EL IS, 3 51N IR R T K BAR REREIR %
G. J M ESHUE AL, XR TR R KRNI TSR,
FAAERT e, RIS B HTA R T N, XSS B 51N T IX AR . 3
IR T K R A R EUR N 7 5RES,  RERE RAESEIL R BRI X (5
T SR % AR R, A SO T R GG K RN 3 1 Bk
2 RS e TR RE B RARRERR IR G R AR 7 A R AU T ZE g
o BB R AN ST PUE I — 5 6 R U R RAH BT R IA . AKX
BEFL AR S B Rk A R, LA R I iz R BB A B 2
R R SRR, BT LA K S ORI 75 5 L D 54 9 s B — % FIHETR L .

LR IE R IR UCN, SRR RSN I, RGP I 2 7 A 5
i #7155, RiJ1#8E R T (Stress Intensity Factor, SIF) 2 [ Mt LR 4 B 1717
(5SS, WA K ER, 290y [MA]KE],

XA RS BIR 1, TRIEREUN Fy s FE R K RN :

K = fovna (2-D

A o N SRIETAEEIER 1 a NRET; fRJUBIE RS, bk
RG] RS R RT3 54« 2R R AR A KK <Kic 1E )
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RT3

WIS IR 26, Hor K Kie 0B8RS e I THEEAN BT R WIVEE, W 5 1
{E— BoE L P B 57 W58 7S -

223 R RIRFRER

Moy BN EB: Mo, Sy e, REyE. v
K 2-2 Frow o

Log (da/dN)

Kth Kc
Log (AK)

Bl 2-2 RO i A

22 b RO TR A ) 4 9 = AR, IRV TR TR A A i1
S (- R A R, U RS B R TR T
SO TR T TR, LB AR AR RUR IR, T BN TE IR . W B
HOR AR, SSEUR, 294 10510 mm/cycle, iR FHRFRERL ) HITEHR
HATER T, STRBONRLL MBI BRI 5 KR RLI RS
BB, S HRAE 10°~10mm/cycle. BLAFRLLTLIRCAT RN, JFIRE W%
UETASHATH R T 25, LI Beriv B4R (K87 3 B ) T W 5 97 P e 1
SPHHG AR I — 4 Bk, DRt 3 L TR A AT 2= X
SR KR TR B B B SCRIR  38 IR T 2B R (2
SO AR Rt BKPEBAIN SR TR, M RO E BT T T

TELH RT3 U, 80y R SR A R SR 2] 1T L0 28 L DA
T ZFEIE R, R 5 R R B Pairs 3R, HLARAR
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RT3

22 _ caK)™ (2-2)

dnN
Ao SONROERIER, aNBEUNT. NSRRIy
ATl AT BRI IR . ¥ Pairs AAZUBLSY, AIAREINE 57 24408 75 i 24
ANA:

N——jﬂn da (2-3)
w CRK™

e ag NIRRT, ap ARG R R

2.3 REZFIIEL

TR 2] R N LA R AU I — N B 03 5, oA O JEVAE R J s ) S )1 2R
R W ZEAEARY, IR B o2 ST IURFIE, LSRR AR AT 55 1 H 3k b 22
FREE MMM EEAEL ] T = =06 25 XOTIGE & U845 31 1 5 i (¥ LA S
NITZ RN o — ok, BERRHER SRR S 15—, BLH Al
F 77 22 S AT e JE 2 M i i 55 1 B 22 (2 1 F B R B
HISHFIE, I 40 CNN. VGG. ResNet 25[00M1081 s F- K4 Ul f i o A5 A
JELR R HR AT DL, HARZRIEBR 77 E 2 — 28, 4 RNNI®), LSTM. %if5
PR N T SCAR A B WA P — 1, — i i e iR N b T N 5
FREAT T — 8522, R R 258 4 BERTYL, Transformer. GPT 7%
8, Horp /AN T AR ST RO BB T AR 2RSS R R o DL R A AR
i ORI Z8B L. LSTM. 2% #% 5 Transformer.

2.3.1 {REZEMLE

PREE TSR P N 28 R A R B, Al T AR IR 2% R B L I 3R =45
HAEH AR IERECC R, Hih REAN:
y =0z (wix; + by)) (2-4)
Horp, x NN, w0 b NFTSIPARE R E . o AFEFEGE RS, B M
PO R
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RT3

1) Sigmoid FRERIE A N:

fG) =7 +1e—x (2-5)
2) ReLU iK%, BEMEIEZMERIT, RBAA:

ro=%Z, 2-6)
3) Softmax M¥L, HMT0HMES, REXN:

f(x) =2jiej (2-7)
4) Tanh PRECRIEAN:

fGx) = m+1 (2-8)

PR N 2B I AR IAUE ER:, &N S5 H P R .

2.3.2 LSTM 4%

KEIAIAAZ M5 (LSTMD T 1997 S, FFR 3| ZRiH. LSTM
FINTBUETT WATTSHE T =AE R, GBS mA, REE
TE R, IR A RN BT UER, SFRAEKEEZ e U,
HE T K 2-3 s

c(t-1) C(1)

P tanh
i(t)
tanh 0’
x(t-1) h(t)

x(1)
I

K 2-3 LSTM 45k i [
Hr, o— B usigmoid R, fi BIRETT, i NHINTT, CoN 4TI ZI 14
H@/{j‘uy htﬁiﬁUHj[]o %Jf_ﬁﬁlﬂ:

fe = sigmoid(Wex, + Ughe_q + by) (2-9)

i, = sigmoid(W;x; + U;hy_1 + b;) (2-10)
Ct == ft * Ct—l + it * tanh(VVCxt + UCht—l + bC) (2'11)
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RT3

h: = sigmoid(W,x; + U,h,_1 + b,) * tanh(C;) (2-12)

2.3.3 Transformer PX 4%

Transformer PZ5AEH]HH Google HIBAHE H FAE H SAE T M NS 0 2 AUR
— At KT . HEWSERMEMEANFE, FZERmEdE. @igds. £k
EREAVE B, Armh Mg Ak, il 2-4 fis.

RN, tRE

AN, TR

D6 WBRR~

D 469

A

| SRS |

LETEN

K 2-4 Transformer %% 4514

W 2% &5 ey B rp A T T i ) 2 R A N RN U S N =, AR 2
B NS I B (R ) AR

NI E Y. KRR T EERAMEEE o EE, TSR
TEE T, FALE RN B SO AT RES A AR K ISE M, PR L7 B 4 b
NFPBIRRME 7L EAS R, (A BEAE 7 2 R FRASE B, B8 47 H AL BEAH SR AT:
%o NAEET =AM R AL

I 2% PR 2% P R L2 P 28 B i O B 70« PRE I 2 ki), At
PRSP 28 Rk 22 I 2 AL R, B — RAEBSUCRE BT IRARAE

2 IGER NI BAMEM AR BNIR—HUE T FME S E, BARE S5
B FLAE W 26 ks FH BB 0157 S ik R 9T 24, ZIAEE B R, AT
SEmm R R GER >, Hat R R

14



RT3

B, ZAMEREREW, Wi W KRN SIS T RNy Q. K.
V, PR
Q=X Wy, K=X Wy, V=X-W, (2-13)
ZJRTHEER ARE, WENMIER Q SAMEM K BT fidikiE, &
i Softmax H—AM /G152 S UBE, KX LA E e LI NAZ B )V OIERA,
BEEAMIER AEERE, TR,

T
Attention = Softmax(%)V (2-14)
k

Hrr, dp B SRHI4ERE, Softmax B&EN ] T RBS BIHUHERE, KL
B RVER IR A iR

s MRIEERNER SR BCE AR B 5 DB PRS2 2T E
W ix st PR A B A B AE R W S 3 2 0 E R s &, W

Multihead = concat(Attention,, Attention,, ..., Attentiony) - W, (2-15)

T 22 W0 28 R YA S M 3 A — > ReLU WU BRI EAH i, FH TR AR
AVRFESR L. FHESHEDyfE , IBF R, HEeH R THE A R AL E

WML, TEBKEIAR, K 2-5 Frs.

X
|
wER
FX) lﬁﬁ%ﬁ
R

R ERAL
Kl 2-5 BRZELH
XA A E S A M AR RIS S A ROt AL TERR, RIIE TRFIER) 2
FEVERIA . Transformer TR “ 2 SkiE R I+riEAL IR ” A1 “ HI AR 22 I 2%+
WRAEAL IR 7 A8 SAE IR ZE PO AT IE#E, SEDL T RF AR ROAR 8, PRIE T RFAE (R BAETR
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RT3

JEARHIN BAE BAFEIR, ARG RER L 5 > o 5 LA R A« R BT 2R 5
7]
B P 2 220 2 1t 2 A Softmax 245 5 KRESR 1145 Rt

2.3.4 FENHE

ER VR T 2 kR 7, sy s RN H . 52 3kiFEE I1E
F—#, BERS B ANBLEE, W0 K 85 B OGERRREE, W/ EEEER
FIFH. HArB ISR E L 2 SR AR R, RS EEN, KR E
K 2-6 UK

3—f N
Softmax TER
R
/e
y
HiFQ BE av
'y
fAX

K 2-6 FERIIHHALRER
H5E, XA X BT BT PRIRE MEAR e (ZREAR e i AL i L Y B
L, BREIWADIAFRKEL AR Q SHAEE, A& Q S#AE E Wi AF&EE
AR, RERIRGEREIA—tb)a, BENMERERE I RS A RIAUCEAE, Rz AEE
5 FEFEHREALZ A B B R R BV AR, e sl RAEOV BRI R .
VETE 1S5RS ey B, DRI U S PR TR o R A A A 2 I 45 F) 5 7 R A
BEIN T RON T, AR RO AR P 2SI 2 EERRAE AU SR R SRS

2.3.5 BmiLasMLE

H G i e A2 — b0 B A e 2%, 2 Bt s AN R AL SR AL, S5 — RO
PRAFAE, U0 2-7 oo SRt & AN AL 25 19 748 0 (1) S L2 o 2 1 38 2 ARG Ry
HZ CHH ReLUD 58RG BULTHEEAK, SRR,

16



RT3

*\\\H
)
W ‘}\

]

WV
'.'% ¥

A AN

(A

N

s s
K 2-7 Agpbas stz
I it e K A N ALHE HEAT T, SRS o I e 4 A S AT B e, — T R
HRETERL VBRI BN, 2 UGENT, B gt EeR i A s AT EEAT T 4E S
B, B2 € IR R Z JE IR AGE . B A e B A LR B
U Bl e bedt. 8BS asifm it — SRR TR LEE, XERLAdEA
TR, AEEESENRFAE, AR AE R M TN B B A S s, T
PRUNRIE L 5 R
2) HHEEMe . B G an i G b R T AR AL s R [0 iR g R a5 1)
AR BHE AT LM, X AR LM AE B AR S AR AL
3) FEEABATIN S S ER . B gAY d A K 20 1B R R 2 ) HEAT AT
SR, 1R AR R A IR AT 2 1L, BB MU 2
AN IR AR A ), B R B ) I A e T
T EL B gifith a8 e BB A BURERI R 1R dat N, ERX AT 1R
W 5 S WAL B I, D/0N 17 DR 0] i DR ARFALE 28080 2 T RO, 5201 1 Bl i 5 vk
BETTA A T J5 S R 2% 157 2]

23.6 $HEBFEZ

S S G AR SR AR S SR AT W1 %5 IR T4 55 B 23
W, U B B b RO AR MU ET 2], KR AR IL
RS MUR ROPERE AINZ A RE 1, PR MR T A PR 55 B A0 T 47
L.

LR B T U

(1) EVIZETSIO, YRR 0 WL U B2 T i, e
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RT3

FIRRC BRI Z5— DI, SR s A R AR e s AT 0, JF AR B
— 58 VR I e B 00 45 RAF DR 2 I ChiC Bl b, S 2R BaII ZRii . 4
AEFEEAHEAT, DA BT, ERIHRCRIE 2IRE .

(2) PrRVIZRUS DL, Bp ) I R — RS T A A B 22 2 7k B
BB P A2 i MM BT 22 8], R AN R R AE TSR 25 22 MR A
SRS A B BEAT IR, P85 {8 A A AR X AR AR e B g AT 300, F
R e mp i) v BLAS EE PR A I L BB bR e pEA T, 0 AT ER P i
PREEJFE AT A R A AR, B 2 e 2K

(3) PRBALHFRIOM, PRAEALRER — A T R B 22 2107 % el
FEAR R A5, Hoh T R RoRBE A, R n Bl 2 T AR BOR R
AR T REIARSE AL 1 BIRARIC T 1L, I8 I 5 81 5 18] AR A A2 50 &
KA AR LT R HIFRAE o

(4) BT BB > FTERBL, R B R EERT7%, T AR

BB G (V, E) KA AR YPARC KB 5 Bbric FAHE Z [ o-HE, Hd v
TREZ T A PO BIR RS, T E WFE AR AR TR H 580 5 HidE 2 1)
s, g4 HEN AR AR, BE LT, R LT BAIREAZ (84
SMIES, B G (V,E) &l 75K AR Z B a2, G RAEA 18]
AFAELATE S, WA Z B HIEEAE N 0.

CA_E BN D5 0 s A& T 5, BOARE B SR A Re I+ Amic Bt i
HOEA R, LARATSS I ESRAN H bp i35 =2 10~ B 2 21 Uik . AR SCAE 2k
PRSI S BERHE SR S 0 RSEEAZ, P LB UIZRI T e
5396 /2 R R I A K

2.4 REING

KBS NPIRESGY, 53 ml @ 19557 RS0 AR R I BRAL S5 IR B2 S B
ROTTH, A TRINER, NJJRE R T LAY A (DL Pairs AT
NED. WRESI T, AT =ML LSTM. Transformer. [ 4afid# 1)
RS FE s A T 2 B S s s SR DL T LR N 57578, e SCSe i (3
WA
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RT3

FI3E WNHTESHUEESHGHMBEEREL
3.1 5|F

— S TREI H AE BT 2 0], BT = ST AR AT T S et . R
A SolidWorks, Pro/E, CAD/CAE, ANSYS LAJ ABAQUS %5. Bi=/N
R EA SRR R SR 23 AT RE 7, T e 7 2 5 2 10 L T A g S 5 A PR G
JHERIHT o« BT ARSI Bt GOSN 289055 B T HALUE KI5, AT
&G A RICHI TR0, k7T, ANSYS Fl ABAQUS #54% H A A H I
%% ANSYS FE5- BT [ A L Ak  HLRE I 56 52 77 in) 58 2LARGHy, Foh ) Workbench
G AR T AT S A ) T ML A T ;s ABAQUS I B 48 K b 3 3 A4 1) R 25
V) R, MRE R SR ¥ 22 P P BT AR TR T 5 . TEREU T
1M, ABAQUS #24t T8 5 MALUL X HCR AT X, REHE LTI S 2RS0T
WRE; 1 ANSYS W R R4 T =FhRE0E R HRBORIRZ BRI BRI 2 76 1
B AR R B A ST AR 1S s H ABAQUS @S AWM 4L 3D #EAL Jf:
CLIEAE N i B0 7 ) B it «

FRANC3D & FAC A "IFFRI—K B E, v LU SR B 55
Ui Ay CERERGGHT RN BRI ) LU TR TEAT R A 1 LA
TR Biar A MR SUE AT M =GR A R A5 o 2 T+ 3
BT EIIRE, AT RASI TR =R, SRS, BRI RS, X
RGeS B “JE” g%, R 2o . R0m
B RIR AN /RIS, ARSI T . mIRRAE C-F4r. COoD Al T-
s B EAT R4S (Load Schedule), W5 S MEffis., R
U E T, A A MR AR 3 . FR DR TERE R ) S R 7 5, AR5
FEALF, EFREAKR: RAARTGERITENA %24, 5§ ANSYS.
ABAQUS. NASTRAN %5 TR B3 He 11 B[R] B v 5505 1] [5) 14 0 % )
SEPER R Koy Koy K BT D) 2500045 o A SO B IR ISIR T2 8 (18
TSR, JEAEMCIERE EAEE— L. A5 T A R T AR R RS e,
FRANC3D tH7EA W H 8 B2 RIGAIE , 5 45 A B Rl {5
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RT3

3.2 TSR ANE ST

BRI ABAQUS Z: il AT 42 (1 45 MR8, T4 1 A4 R M a2 3-1.
FEMTZRTTER A 45 pS BB B N R/ TKN 3, BT 42 e /M ) DY A 45
R E o BEARKEAL AR R T3D2 (PGS s = RIMT AL 0D FRCRI 4 3645 3]
59 /™ T3D2 H.JT,

& 3-1 AR E L

R (GPa) MEL 7N B (kg/m?)

208 0.28 7850

LU (AT 2R 1A BR GBS AN ] 3-1 (a) FroR. BT RGO R T8N HT AL
FR TN, 8 T EAFT X REREE ARG S, H 25 1& 2T
SRR ) B A ME AT SEBR T RE 55 AT K R RSB8P BT X R 4 5 I 2B 98 57 TR )
PR EAT 204, RIS A 2R 2 B H A RO e 7T, RTS8 BR TR 2
|| FRANC3D Hy 1 H AR s B S0, IXRE AT DLRRAR ST ke oK s 32 717
MR TR TR T RE AR 2 TR A 3-1 (b)
IV

(a) HTZA PRoCHA (b)  EHAHRGUNNTIL TR
B 3-1 #7284 BROTAE Y K &5 R ST A 7Y

33 RYWEILST R

FRANC3D N— B Z4ER 4y R i Lol iR, R A S A B A )
RE, FEO7 ETRSIE AR, 7 R AT BR TR AR AT R e SRR # AT TH . DRI
WA FRANC3D 505 B 18z LU S B R 58 LS e 1 B 1A
AL ABAQUS 5 FRANC3D BXA T HoAH, B TAE W T
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RT3

(1) £ ABAQUS @SR, WRTAEEIE, N mas, 5¢m
A% 1 K1) o3 JE CE R PR AT B THR SRS ABAQUS 2 A B AN FNE B %
FiscfE, bl log &5 EHLSCARTSCM:, Dloodb 45 A H SCF, Blinp 45 R b
SOMSE . Horb inp SCHFRUS AT . o, B, MRENE. S, LR
e s, AT R W E AR, R RN T

(2) 4TJF FRANC3D, HEAZEHF file HiEF import, 3% inp SCfF. #F
PEITE RS, SRR S I E AR Xt TR R AL 3D BB R AN
B, TEMRRI B SE=ARBER L, S TRKET SN, RSO
X TR SR YRR WUNIAATE, WERAE AR Bt Big 5, 1AL T
BEIER, R GIEN: HARIRA MRSy RGO, At bl — 2o
FFRAY, SRR TG AR o . ANHTAERR 4 B 5 RORER T e R
o e X3, TR R 3-2 R

Kl 3-2 Mrdesr &I TR
G B T AR AR KT 1, RSO AE H P O IR ™ A . 2 JE IR
A7 PR TR Y R 0 (4 2 oK 5 3 R . FRANC3D ik B AR 5 H A, HAEM
inp AR EZEUIT 46 OR H ABAQUS I E .
(3) WHERL . FRANC3D fgfit | 2R Hiar, WK 3-3 .

Crack Type

K 3-3 REUUAREFE S 1
ASCAERANIR G eI, PR A RS, B B s — R A
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g M N e e 2 VAT

a, b NHIGHLH LA SE, A E 0] DURE SRR AL [ JLAR R <), e L
WARII S A BT A5 I8 . 2 5K 800 B A TRREALE LA E, B3 T -SVIiE
O TR 3-4, A ABAQUS X4 W 5 4 3-5 s .

K 3-4 SRR

Bl 3-5 TR S RI o

FEXA AR, e MR SURNAERAL T (W Ti0E A7 B, 6 1R STk R T
RN B BRICIIMS, ks = MTETEAR, 2 5% A IR 21 AN SRR )] 43
A RTTIAE, AT WS RS 17 B4, X2 T REUE T — 21y AR
SRAEARAY, T RS AR FERE B, AR AR AN R R RS R AR, RN
WK TN Vi85 &, &S5 FRANC3D X Wk EAT T3 b B 5 H R

(4) FAENNT. VIERSORINERE 2 )5, sin] ARG 2L 41
ISR F T B LUK F3 K /NS . FRANC3D A B I3 A BR TR i
#, WA A IR ABAQUS SRiTHHIX BB 45  AEBUR S JE il F2 b,
D FERON TR RLGOR G LLEEY R, G LAk s.

(5) RUFEY . KRR RIS, W28 M EE AN EBFE
I (R B o IR RGN AT R, i B 57 i R 7 X, X R A Wy ey K.
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RT3

BEERT RAE T AN MTS, FHEFTRW I (3-1), g as i &2 RN )
bt (CASCHUE N 0.1, 0.2), TEHRIRECNLIRTERR .

2 4 2 2
/SKH+\/KI +8K2 K2
6 = cos™ 1! > 5 (3-1)
\ K2 +9K?

M PR R Pairs. Walker. Forman %5, XXy ek FH 2
Pairs A3, JFUIER 3-2 PrsBBIF AR SHEY, SHO0RITERIA 3T R
S H BT e

%% 3-2 Pairs A IS

C m Kn(MPaymm) K.(MPaymm)
4.5552¢-17 4.1987 3.16 191.4
FEMY e AR, ARG W B B RS 7 P AT e, B 58— IR L

TR, RGKESNEHRIPARITPIME, AR —R, BRI A E B
RETRIEERE . & 3-6 RELH RBIFEAN L N ETE], Bl %8 Rk
R —IRY .

3-6 ROy FERIHP I AR
(6l B - RELI o (1 L 77 55 B R 7 B3R Fee W 2B I R A0 e 450K
RO e B R P B A BE AT g 98 B D] 7 A AR A B i T 1 347
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RT3

Mode I Stress Intensity Factor
8,000

6.000 -

L 4,000 -

2,000 -

0 PO T I S TR EN S S T R S T
0.0 20 40 6.0 8.0 10.0

distance along path

Kl 3-7 4 R AR 5 Ry s R T AR A R = A
ATLAE B, RNy om B 7 B R AU Y RRAEIZ TG K. fE8 JERTH, N
JIRER T AR B 218, 2 Ja AR AR BRSO, — BB 0L W PITEEY f&
HRREH, WM. 2SRRI (a 5 b), WSO R,
AT AN LU BCE, AT AT, PR RS P R REUE K E
SUEA O (G aE), MIERIUFEREIEEE, Ha8dain % 3-3 P,
ARICIEAEA T 46 DAL, EAN R BIERLERE )y 1831%6,
% 3-3 o HE

a (mm) b (mm) Displace (mm) R Growth (mm) cycle
2 2 0 0.1 0.3277 558573.6
35 3.5 5 0.1 4.1217 1047883
1 2 0 0.1 2.14 3018093
2 1.8 5 0.2 9.12 5122167
3 2 15 0.1 8.0931 5862851
1.8 1.8 10 0.2 6.201 8652612
3 2 15 0.1 5.9095 5853764
2 1.8 10 0.2 7.205 8042917
1.2 1 5 0.2 3.165 5290909

3.4 FIEFRALTE

AU IE B R AR RO . R, RJE. (BEES L) fWFgsR
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E. VRKE, HisfdgE2eRaE. SORERSIIEEE < MR AR, HIEEA
6], RSN R, MRS E A EH 7Tk, FrCUA DB S 3t
ATIH— A FiAL B . H— A 3% 04T .

. X — Xmin

X=—"""" (3-2)

Xmax_Xmin
XA B, XONEEEE, Xnax X 70 BB EE I RNE, &
IME . H—ALJE, FTA BB IEAE[0,17 F, 3 4 i S B 1) 1) R 28 ELIX 28 22|
grid B . H— AL E R B im0 R
K 3-4 H—ML S50 HdRE

a b Displace R Growth cycle
0.423 0.4 0 0 0.020777 0.010279

1 1 0.25 0 0.371586 0.032699
0.038 0.4 0 0 0.18835 0.122976
0.423 0.32 0.25 1 0.833749 0.219385
0.808 0.4 0.75 0 0.738798 0.253324
0.346 0.32 0.5 1 0.563847 0.381152
0.808 0.4 0.75 0 0.536893 0.252908
0.423 0.32 0.5 1 0.656681 0.353216
0.115 0 0.25 1 0.283125 0.227117

3.5 KRB

AR FE Y S fE ABAQUS TREHHE L B T AMAMT 28 O BRSSO RS, 43 AR 9% ST
FAZ| FRANC3D SZH 1 8 RS B BRI 41 T FRANC3D I3
ST By RS AR R SRR A T RGURH RO B 5, 25 R BIRHAE (8] 1) &
AR, AR EAT 1 VA — A T 22 B B AR AAIE DA SO 22 I 8% F0I ) =il
FAEM TAEZ BT R — B 0.
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58 4 & ET FRANC3D BRI R ENHT IR S a0 3 ap Tl
4.1 5|85

RGP A 5 IR SRR () 22 A1 AT I AR 7 A28 B » B I FIEI 2R S0 24
RIPIRZS N AR A R R I TR S 4B 1B 6 RS 5 AF R DL BORHIE 57 RS
TR I TR AR P s — Tk T ROy el R AR, 3 i ) B S 6 A A 3t
TGRSR 7 M IE RO LS, R I ik S e i
Ja ARG RS F5 i TN A ek 8] e B 39000 T, mT OE R A S B A
AT TN

Ik, AECRE P E LS G, D 57 AU ) 1 A9 I R OE R AU
P REIRDL, AR RSURFAILAT B I LA O R X RGO 57 75 i R TN B 7E » £
BT 2 AR R (R 5 AN 22 ST RE 7, A B0 S8 BB T 2R 800G, m] DAY
ZYRERITHE A, RN AR R, Ji5h, Mg Rif ke
BUBBOR TR R E, IR K B s HE B S R =i, e
2% B 7 R R, SRTTIGRRCR, B3R S R 2

42 FRNNUERSHIMN

WA SH 51 E G e AL R LA B8, S T A A A W I Rx i it
ATE RN o H e W 4 PR 5 4 R 2 300 R 11 2 31 TR ) 8BRS AR
SER AN Z B B S 2 S5 R A BORRIREN , Fi DA [ 2% ) 5 F Fa L 5 2
B BN A AR B REE . Oy 1 B REEE IS B4R E
T RIEPIE IS, 0 A BEAT 1R I AN R BN R 70 R 4E R 0t L ik g
LB 29 B Rl & 45 R .

Gt i e £H G 0 2 A AR A S A RS, S e 88 500 20 i 1 9 IR, s v
SOy AR AR VERIH A BECEIROR I RS, o BdE AR I, AT
Lot DRI PR RS2 AT L PR 248 B 2 18], BT DR TR L S v e it (R AERds
HREARIFHIRR T, O 7 IRFUPI R QAT il 5 4 Be A S o R3S, ik seit- BUR
DUy AT XS b COER T E A a4 AL E b, SRR & (2D
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RT3

HEINEEMRESR A E b, SEdEfdians: (3 EE 5N EE R
fefm A B AL AR AL E b, SIR4ER m EEE A I TRV G (4 HYREY
ALY, TERIPSIEE
w38 N TE M B 2 31 7 SRR X 4%, BT LICKS T 55 AE B0 A 2 F H A
ot — ISP BRI E B INE 3] B gD s P 2 b, SEILG SR A R K A
JRAEHINTEAR A 183176 HIKHE, Hmboas o 2t AR 4ol LB 9 1831%16 =4
i, RS HOR IR 1831%4 MRS, AR HE SN ReLU
JZSERARRYE ML, SRS S AR AE AR B s BRI EA RN A 16, AR
RECH 150, 4% Adam EAALES, I REEN 0.001, {FHBTRZEMEK
B MSE 5Kk, AT
Y i —9)?
n

MSE = (4-1)

B RO,y R SR SERRLIE, 5,550 S B TR -
ER =TT ARG RN E -«

— RE1

0.175 5%z 2

— RE3

0. 150 | 1
0.125
2 0.100 1

EE
0.075
0. 050
0.025
0.000
T
0 0 40 0 80 100

B 4-1 DR DT 2T IRk h 2k
T, DURP RS 7 58T B g2 5 BE B BRI SO FAE S AR Bk 21 60 7
EAETRGE. TR 1 5% 2 NEREONEGE, EIERIREEIE 95 A
PEILFES, BT, 7% 1 DERRSURERESL, RIMEH % 2
o TR 3 SEIME M LA RS, SURESEIL RO R B TR 4 iR
Kl B AR DR Hknlfs, B4 e s/ A B Hillgid i
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PRI ARG e, HIER A SRR s RIS, EAR T sl
55 i R AR S ORI 5 1 RIS Fil 5 1 AR v 4 1) e 2 I A0 50 e A 14
BFRIROR , Ui 2 KRS I AN — g BEIA B BE A ARICR,, 1 BE R 5 S 2 57 X9 Bt o

HHERA E T 58 1 L7 58, RIVEE S ith o i tH 7 B IS IIVE R0k, 451K
YRS SR INUE BT . BRI RSB VAR A, PR BT DLt
ITERYEE LA, (HAYEREE R, H— A a RN TR 2R, TR a4
MAFARES V R, Fr ol Bl il BN AUy . AUEIGERL Dy 1
25 WAL AT S 1SR EIEAORECTY 100 HE 18k IR 23 B IF
AN R4 RE I ZRs 0, 45 R K B

0.200 A

— FEhsEE =1

0175 4 FELMEE =2

’ — EEEEE-3

0150 | — FREHEE=4

- — FEHE=S
0.125
% 0.100
0.075 |
0.050 |
0.025

e
0.000 |
0 20 a0 ... 60 80 100
ER

Rl 4-2 AN [F) 44 FEE B 1 255 % T 25
RURHER, EEAPLEREAL 1 2] 5 FRLEE N, BARRINZGRRR 0%
i, IAAREE] 50 RN TAEE, AR M IR LS, HAYEEN
3IHRMEE LB AR — 2. TR0, B VR UL A [ ZE 2 A B Ik
URCMASE A iR, (HYEREN 3 SR A . HPIREIN EESER R 2, 12
G i o a7 B RV R AL ATV R U SO B 8, VR LA A 4
BCE N 3 URMA PR L, by T OS5 B S %

4.3 LSTM MES KT

LSTM W28 A5 R0z i 146 FEFR NG < Y ORI I, A8 I e Bl T _E B A R 4f
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IR o P00 2% 10 2 B 0t 0 4 T A1) 1k e A R, DR e i BEAE dl &
Xt LSTM W28 Z 8t AT T8, DAIE B 4 PR RER B -

ZHFILUL MSE BRME S ROvbaitE, HASBIRI OIS ROR LS, tHREL
KM 4-D. GEINFRERGVERE, REEFEMNSHHAEGUW TR 4-1.

% 4-1 LSTM 2k B

SR AL TE ) BrES
Rta Adam, GD Adam
Lstm 2% 2, 4, 6 2
el = 2, 4, 6 4
S 0.01, 0.001 0.01

4.4 REGFHTNDAESR

AFEET AT SEI LR, e 1 B miSas 5IEE T EA RIS G707 5k
LSTM MR MERERI S RO B, R 1 RETGFar T K S AR HE SR A 4-3
IV

ABAQUSE
IR

FRANC3DZ4sw
VR

| o
[

8] 4-3 % %5 A T A AR HE 22
HAARAE LU LA E 5
LPR 1 1E ABAQUS HHESTARMT AL A BROGIEAYL, SmiB iRl S48, Bt 55
BURRHE, HHE RSB odb. inp Z30fF, Hrbinp SO AL R B4R
AR 0 SCAR SO, il TR AR . MRLE M. AR E AT
IR 2 ¥1Z inp XS FRANC3D 1, 454 2.1.3 At (2-2) -2
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A (230, FIR Nag WRGOHATREGHET &, SRR AR IEEA 1R
FAF AR B fIE 5 a il Re1F BIR B I R /75 FE R T Ko #ifif i BN 40Hz
TESZ I EoC R 3-2 Hh Pairs AR S E S IT L R AN, 3314 ik A
N = fan da
o, (4.5552e —17)(1 — RK)*1%87

an AP B IG MR GR . BRI ERLY RIGHMT K, &7 2
3.16<K<191.4, HEUKHAT T — LT R, BEY RE N, ZIRSUERLURFE,
WRAE B I MG R4

AYR 3 B A B DA AE R LRI AR S 2 5, AN LSTM 1
B NHEAT A A T . B o e e i 2 TP S 2R MR AR 1831%16, ReLU 2
JE AT RN EAR A 183 1%4 WMRMERE X;  FVERE SIHUH R 28 1 20 e MR 4E %K
i X il 3RA 183143 1) Q. K AV, ¥ Q 5 K H¥ & AT MR 5 4314 Softmax
HEBE, ZAUES V HREEE 7 SA BEE BN CREdEE
IS AR I 2 )2 1831%16 [Mim4E8dE, Z0d ReLU FIZR A8 5 TR S 4%
N 1831%6.

AR 4 R ERUREE I AR RN LSTM,  IZR5¢ )5 #EAT 24
FFr BT o

(4-2)

4.5 PHIERR

N T RN I 48 S FE AR A BRI, Bl NI UT R ZE R e BB E
R CR B R AR o Y977 1R 22 MSE 2 FNAE 5 FLSAE 2 18] ZAE 897 J7 1134
B, AEWS S B RPN B R 22, AEVF 22 Bl VA ) B #SAS DA H o BRI,
FKUTIME 5 S i, M2 IRCR BT . 7R ZMSETHE A U E 5

(4-1),

RE RER?Z B BT UG I —NEbR, B RN B R R B8 7 2 1)

e, R AT
R? =1 — SSges/SSror (4-3)
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N, SSppsiekZEF- 77 (Sum of Squares Residuals), Fz3ZFrWil{E 5
FERITIMNE 2 [0 ) 2 5 SSrorie il P 5 F1 (Sum of Squares Total), 27~ SEZFRAM
MAE R 2. BRI, Rk 1, WA S & By, A28 Yuu rr vE A 1k ek vy

4.6 RENGSSHRLE

B8 @ 5T pytorch HEZE, JIIZRAE Pycharm “F &5 E5ER, CPU J2 Intel
i5-8265u, ML EUTT:

(1) #EIRKR/IN (batehsize): FEUIZRIFEH, LRI EES RIS, BHEETTHE
HERRAR, B2 BN REME: ORI BN, NI TETR IR 2, B
FEVIE, AR TS, BRI T AR RS, E B A R ok
SREARE, TEHIRERKIEN T, A m, FIKILERER 16.

(2) EAIKREL Cepoch): EARRE BT K, #KTHEIHEAMES 574
W, BoEE: BRREOIAN, 5FEFEIAR S, HIRAE, Fik epoch
WEN 100,

(3) BRI 80%NIIZREE, 20% Ntk .

(4) LSTM B H RS HRE 5K 4-1 fRFF—3

4.7 SEWERS

Kl 4-4 4355052 LSTM 548 100 RIGHUR AP E RECEI K, HEnE ERE
LSTM M4 R YIZRIHR S e RECIMZE 700 1% 2 1 IR 1, (ERTRA M N4
HEMEAE LSTM M I ZRIH 5% 5 v REUh 23 iR 22 2 F1 R 2. 5250
KL B LSTM HIZNZRH R & RAEAE 0.0031 /24, RERBOEE] 0.9959;
Hod A G ISR B AR EAE 0.0030 247, Y REOEF] 09989, EHIAAL
K R 15 2T B G i 3 RO 3 B T A, P B AR B A Y REER AR
BT, AR AR 7T UG A2 R S04 J5 P8 IO R R e BE AR, TR
FaAERE: Yo RECERIE T 1 HRIGEAD T4 .
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— iR Ty """
44 — IRE2 0
3- 1
_2_
K X
O 21
= -3
14 4
&; — R
51 —— R2
o 5
0O 20 40 60 80 100 0O 20 40 60 80 100
=R =

4-4 FEAL 100 KIS RE F B 20 ]

REAR 100 A BT S B AT DR 17, 20% 0 HdE ] it AT It SR o4&
283 LSTM I ZRJa AE M SR B I R A o e AR A 26 70 il iRk 22 1 ATR® 1, LAY
Je BB AE DA b I SR AT 8 AR B 2 73 il iR 22 2 N R? 2. IX A AL B 5
AR RN 4-5 P, H AP B AR ORI REA 5 R

- 1.00 -
0204 — 23
0.18 4 i%%z 0.99 4
0.15
0.98 -
T 013
(=]
e 0.97 -
~ 0.10 -
%2 0,081 0.96 -
0. 05 0.95 4
0.031 0.94 v
T —— R22
0. 00 A
0 0 4 & 8 100 0 20 40 & 8 100

&l 4-5 PR L R R A e R A 28 1
R BLUR L, 285 E g i 2% A R 7T R & i i E AL S A2 Dl b R I LY
RIATHHE BRI Z . HAENRE BRI A EAR, Do R 80R R B ik 2]
0.998 H B AR T INARIE o AR B 958 SR ABATDNS St O ey EL B3 i 5 K
FEAIE I T BT HRZE R T (B 5 R T 4 R 2, AU PR =) 3 R A5 1 25
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AR AR E -

et K/ANREE DY SKN FFA@EH M EE . LSTM 5 5075 92 A 0 28R
NN o BT RE AR A A R R, Bt ith 209 05 JUE, 10 1 09 LSTM 4
25 I THINAEL, T 2 D BT SRaiAl) I s X TR A ARAR I D9V — AL A 77 i o

& 56 | 0.25 1
0.20 - ) 0.201 N
J \
I A
0.15 1 0.154
0.10 1 0.101
0. 05 - — {HEE | 005{ — {HEE
— T T2
0 2 4 60 0 2 4 60

K 4-6 LSTM 5 i J7 i i AR
AR, PRGNSR S LSTM MR B, HAiE 5 07 48 )L
FrEVE, RAFERM/NZR . R PR INE & T 57 RETFan KT, fg
SEALB AT S TN S SR . JRIRAE T B gmh g Ae 0 AR P B BT m IR 4E I B
Wit E, A SEBLRERAE ] TR IHLH B A ROt HEAF R, bR AR E
EMOSE, A RERF ML ). A gmtdds gl N B iE R IHLE] B RS A
BAET: D BEBEIVHIATEE XEH (Q. # (KD AME (V), 12N
Fh 28 4 H A7 B Bl I 2 M AR BRI H EAHALFEAS 7, (A5 Y £ AL 8T 55 1)
EIMAE, BEESNENMAFLEREESE: 2) BIEE P RE 2 S g b o i
Holls B A5 B AR R AR B, RIS S 4 i G S 4 SR IO G TR, 2
MERZER: 3) HEENNHISED, SRR, NZRmEmR, wam 8
TEfRL s AR YR o) v 248 B 4 g/ 145 B0, AT 56 Bl e ot B OB E A . i
SRFTIRJTIEIGIN T SRR S M, 75 B R AT T 25, (H2 B8 AT R 32
THRAZNERRE, E4 R ik, HArHREH I ISR ER, SHE

A, FRRAEIMAKZ R EE, PRI EA R &R AATE.
M B LA SURFE RS W 2% EAT MUK, 73 2R TNME 5 FRANC3D 05 B AH 2
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ITHE IR E, 4R INE 4-2 iR,

* 42 s B 5 WNRZE

KR i frE R EKE piEE &AR1 42 RE1 O RE2
(mm) (mm)  (mm) tk (mm)  (10'%) (1019 (10'%) (%) (%)

2.0 1.8 5.0 0.2 9.12 5.122 5.271 5.088 2910  0.664
1.8 1.8 0.0 0.2 8.90 4.357 4.449 4.320 2.112 0.849
2.0 1.8 10.0 0.2 0.55 2.652 2.707 2.646 2.074  0.226
1.5 1.0 5.0 0.1 3.50 4.820 4.949 4.814 2.676  0.124
1.0 2.0 15.0 0.1 9.40 13.50 13.92 13.42 3.111 0.593

Ve MEE, TRIME SR R A BT . PSR 1 RIEE 1| R RES LSTM
BRI TGRSR, 5559 2 RiRZ%E 2 HBFRRASCHHREGHES K LSTM 15210 il
{E FAH LR 22 .

H#E 42 ATLAEH, BIEEM)G LSTM IR ZiORAE 0.849%, 1
RAE 0.124%, BAAKME TR LSTM MIlgiR 2z . IEMH AT/ BE A 2 ik
LSTM BEAY, AT 45 R B A s A . 40, BREURHEE BaE NI
ZRIF g i, AT ST Z0 TR 45 5, AN I AR A FH B (] AT DA 2 AN T, T
H FRANC3D #EATREY R I /3 vt 5 A, /082 TLor b g 18] o gt
R FH A 22 0N 28 SEEA T 7 i FOUU0 A 35 440 F ) A P [ ) A% DA b v 17 30 3k %6 . i
BRI, AT BC AT A S AR IS LU, A3 A2 28 XHZIRES T IR
FO T, A5 T AUERII BB R, EEER NG\ RS L

4.8 KRE/NGE

AR EFEEXT FRANC3D 2REUF it Hob BRED, THES RN B, Prilfgh
FRANC3D SRS SIAHSE & (05 5587 KSR R ANMT 2R B3 e T, {EAE
DR R T B G A A5 AL R T AR M R AT B, SCAR SRR
1) LSTM M8 R] LR LS (TN R E0% 55 5 i, HABCR 2RI E 2 % 28 A1 7T 1Y
AlE EA R, R FREREDR, e KRB E BT T 1, RYIPrieLines
IR ZRIEHE SIS 2) SRR A LSTM I 2858 e AE I A 5
FEARMIRZE, mKIRZMAE 0.849%, RUIPHRAH A XGRTHAERETF A A
S A AERA S
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FS5E FIREFITHRLY BMEIRA
5.1 515

FERWETTHEH LSTM TN 57 A7, FHAEH pritaiiit— D8It 7
L& VERE, faas RN . (HRRIIIR SR RNA—, AR dr 4l
RIFARE EHRAE RO IR o Z T A 57 AU K AR h 153 1R aUE %
A3 AR HCHE I RT DL H 7 e = il 2RI W SR S8 B B SR - 3¢
L el R AR R G JE B By AR, RS RESY & =B BL
T REY e R NS AW IR, Hop i =N B B AR . RAY
JEE A2 — W BORSURA ALy Beyy T P 2218 25 5 P, 5 =B By e b Btz ik
HGE R 5 R, 5 B B R B TP R IRL, SR B A TR LR AR
PR IR T BAIX 5, (R 2R i B A i s L A e e B B A e I AR AR K
J& T WRANBT B A M 10 5 2 T FURT DU R DRI IR 2 S MRS 2 ST R A AR
BRI Z WO, IR BT AR R HE 10 57 SIS W2 AT TINS5 258 Rk
TP 28 S50 o 288 O B8 AT T 3 5 3 A ST AT BT XA A x5
BAEbr2E ok = HITE DLIR L T IRGS BOUAR R TT I

AT A B A S IG5 SO R a e e B Bodt AT IR B e, £
JERIRE TP T 5 T € B9 e P e B B AR N A ARES , Xk AR 2 BT Jes F B O
PEARZENZ A, MG A B A 2 AR R . LSTM B R R il 116
TR R, R PRS0 I A A RO OC R OT R DL s LR
Transformer HF7EABESCATE 5 (9 A VERE S S A AR T B2 RIEFF P4 T %
H A2 AN T #4038, Transformer £ 5038 N o JC H2 72 AL PR 77 471 B30 i
W AA R R TEREIL TS, X B a8 T H P T LR AT A A5 22 X 2% 45 4,
BT HRAER AL R AL 2 AL RE T s B AL iR, B g4 AERF LR I
AECHE PR T A LA 2 N ol AR 25125 LSTM. Transformer. H
G g ey — e X 22 A TR P 3R 20 e B B RO ARUA 5 e 5 B R )RR AR BEAT XS B
T o
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52 BIE&EY 7T

FEZHTTAR S, SRR AN S A IR eI, I FRANC3D
SEIK TR DT REUNYT AT E, AR B R A S R AT B I AL B A i i 2
R S AL NI ARSI KB ARy A5 ST RFIE, DURE AR 23 m] LA
SERLY JEFTEM BLFEASIRIR T 0, 1 802 fE 20 0n%s, BARM T 777240
N ARG Y, REREMRIE RN, IRE SN E L BUR T3
TR BB TR T AR%E 0 B R, §RERUARERNG R, ¥R
BebierAz, SEpr B il XA T AR2E 1 3T RIRILSS RN, 3 sl
BER, BARURPRBAWIRORGS, W FFr%E 25 XTIk E P e b BOR A A SdE
TARZEIR T, W IR B B 70 9 bn S B AN JE bR R84 « B Je i 52 P s B
BB bR . UG 1 IE A TR B 2 2 s B £ . Bl S bt
ek 1 1831 %5 E, ASERELA S SHHEER) 70%, RRIUILE Bt
PR AL EE . BRI EE R UK 5-1 PR

R 5-1 H—ALJE HIHR o Bl T 200 b
KE wE E ROl EBRE BE

0.42308 0.4 0 0 0.20715 0
1 1 0 0 0.63318
0.61538 0.6 0 0 0.52083 1
0.80769 0.8 0.25 0 0.44617
0.80769 0.8 1 0 0.868410 )
0.34616 0.4 0 0 0.49172 1

5.3 MLRIEE

5.3.1 LSTM W4gi&3E

AFETF R — B A FIAE S, LSTM R4 E4ERE N 1, S0 A2
KA, MizMEmbZEH . BT R0 8 8N 3, bl 4EE
BN 3, i E A E AR E VN R IZ A . S RRES
EFE 41—
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5.3.2 Transformer PR48I&5E

Transformer WZ845H) T2 gt as, WALAS, EREINLH, M EHMY, B
WA 2 8 AL TN B SRR A 0 AL S5, A TR LA MIEAT 1 DA T B2 ki
AT

B5E, T AR R H TR, RIS T EAGOOR B G — PR AT IR,
FTBMRAN 2 HERVE R0 Bl St R 5 DEERRIE, I AESOR A RER M
KPR F 2R, Fir LA 1 B A R 28 o (R 7 B G 6 8 o 573 /i 5 4 4544 A2 LA
X EE (I RFIEREAT A RO SR IO 22 2], BT DO 7B I 24 3], ad e 045 )
BE, [FIRS P b T AR Ak, 2 D R4 AR 28 50 s EGIT 8 2 e it 2k
FEhath . REEME L RER . BT, SRZELSE, M Dropout
JEPEEZARE T . Uk, R Transformer W 4% BAALE M WA 5-1 Fios.

» Linear2

L)

&

|
|
|
|
|
|
|
|
N* |
|
|
|
|
|
|
|

( sxzen )
[ b 1

Linear @

BWNE

K] 5-1 A<3Cff B Transformer A5 7Y
HANZLEE N 4, EEIIRECN 4, mtB#sdiE NN 2.

533 BmiEsSEE

H Gt ith e oy — b JG MBS 52 S P4, T I B P B4 T 4 6 Bt Bt R 2 2T
R R L WA AR 2 B o 5D s 2 i D 8 AR A 25 P 0o G i 2 AT
RS A5 A AR AT ReLU JEA B o i N K0S £ 4 A 2% RV FH T A 4E S 2R
U, IRIE MRS ES AT SR, R MRYEY e B M 4, AR SE YERE
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WS LM Em . AWMLt T A5 L AW 4EE A8 fe, FrblA BT R IG5
PEI PRmE S e, MTTARYE 58557 5 WRFE AT I 2R 24 2] . B md s i~ K.
K, MXENS, P N3,

fRISER

K 5-2 HYmhdassfnm K
AR BRI R IR NS N 32, 2] K ik 5 LSTM 4% —3.
2% s AT IR A B S HEZR S &A1 — 5.

5.4 FIREFIHANRIE BRMEGRAIES

P ZLER TR T TR B B4 TG 5 T LA S PR 2 B8 T e
5T, BHERT.

FRANC3D
HimeE
e e
\ 4
TS RS
v
N A 4
2 R
Yes v
(R 45T

K 5-3 oy R BaR AR S
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BARFHR A E LW
* 5-2 ¥R BORAEE

IR BB A ik IR

R BEER R AR X, TR R X
For epoch=1,2,***, Num

K XN B FARZE 25 N HEAT IR0 2] s

If epoch=150

PRAE W25 S50
End for

WE IR E (S B{E pseudo_label threshold = 0.95;

For epoch=151,152,-++,200

1.9 2% 3t [ o AR RS H e X BEAT W UK 0 I 4

2.0 P A HE OB TN A LR R R 4R R, 9 B 58 R TN H AR

‘unlabeled outputs = torch. cat(unlabeled outputs, dim=0)’;

3AEM “torch.max’ pREIGIAE 575 AN S 3 B4 T 45 SR 5 R AELANRS B 2R 51
S E N TENAER  ‘pseudo _probs” FIfFRZS ‘pseudo labels’;

AARYE BAE B R I 3% i 2 BRI FRZE: ‘confident indices = (pseudo probs >=
pseudo_label threshold). nonzero(as_tuple=True)[0]’;

5. ML ARSIk, JTE] 2 2 BRI SR, D AR RS (AR A BT (0 FUI0 45 R AW S, A=
5B 1 Jo R M A A ) DA R A 5

End for

5.5 TN IEFR

YT RAESS, A8 R EUE R R H S . Hgkikn (5-D.
eVe
loss = —log (Zizzo eyi) (5-1)
Hrpy RoR et 2T 1 BBl E, y&om 1 B3 ¢ KE, #%
23 3T Y A T U B R o0 A 5 L SEAR B UM 0 AT ) 22 e, HUE
BN, RTINS R T, BRIV R . AR AR EE 5 AR
kit B A A, BRI (5-2). loss1@nBE Rk, loss2
FEPAPRZF AR o

Loss = loss1 + loss2 (5-2)
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AEI R, 70 RAE 55 d i VR 48 AR, A SR T I E B R REAS BT 5 ) L
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