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Abstract

In this paper, a numerical method for assessment the safety of 5A06 aluminum alloy strip with
welded defects is established. First, the quantitative relationship between the limit stress and the
length of the crack is established by the limit load analysis method, and then the failure assess-
ment curve (FAC) can be obtained. For the 130 mm thick 5A06 Aluminum Alloy butt welding plate,
welding residual stress distribution and residual stress intensity factor are obtained by SINTAP,
and the stress intensity factor of the working load is calculated by the virtual crack closure tech-
nique (VCCT method), then the 5A06 Aluminum Alloy failure assessment diagram (FAD) is estab-
lished. The numerical method proposed in this paper can be used to evaluate the safety of the
bearing capacity under the condition of a given defect. On the contrary, under the given external
load conditions, the limitation of the defect can be determined.
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ASCHF 130 mm JE ) 5A06 FH G X B IR B AR, SR A SINTAP ARiHE SRS IR0 A N 1434 FER A B
JIBRIER T, I RS S EOR(VCCT )5 TAEEEH NN R R T, @577 5A06 454
SR EI(FAD) . 1830 HE H BB 712 BE S X 45 5 BRI 26 T B AR B R J1 kT e v .
2. RHEEHZ(FAC)WBETRESE
2.1. ¥ 5A06 HEESHFHESHE

FER AL A 32 T 4 0 % 45 55 AU (1) 5A06 4844, NI 130 mm (R B4R, 18477
R 2 222 WOLIRE I 2 FToR), MAEAH ST A B, HR R Sk 5 B vl A B REA ) 93% LA L,
SEAH R ONIEA ) 58% A 47[25], WUATTEEAT A FRIC AT, 5% DX 38 (A4 R A REAA X S R L [R] — R
MAF 2. B H R TREDLEAE ANSYS M AEAE A R BE ) b e U N N AR, NI R
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5A06 a6 AR AN AR i 2 an P 1 Fron[26], ORI /1A TERE S Hn R 1 For .
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Figure 1. Real stress-strain curve of 5A06 aluminum alloy
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Table 1. Mechanical properties of 5A06 aluminum alloy

5% 1. 5A06 A EM R I 4 RE

PR EAR A E S S R IR B s
E(GPa) o,(MPa) o,,(MPa) 5, (%)
69.69 355 175 30.64
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Figure 2. 3D model of 5A06 aluminum alloy plate with penetrating crack
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Figure 3. Meshing of two dimensional model with central crack
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3.1. Y 5A06 HEERBERPREL S onc

K v e 27 53 R SUCT R E 5A06 #5G SRR B 7] oy 1 FAC, HEAR AR 200 mm, &
160 mm, FHLKESHIECN 4 mm, 8 mm, 12 mm, 16 mm, 20 mm. KGR ITT I E IR
I R 3 H i P) S K AR 2 R Zk N P 4 Fs o BRI T oy BOTE 7N SR R — 1
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Figure 4. Load-end tress and maximum strain curve with different crack lengths
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Table 2. Ultimate stress o, with different cracks

=2 FRIRGTHRIRN N o

W(mm) c(mm) o, (MPa) o, (MPa) 2c/W O/,
160 4 245 345 0.05 0.71
160 8 205 345 0.10 0.59
160 12 185 345 0.15 0.54
160 16 170 345 0.20 0.49
160 20 158 345 0.25 0.47
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Figure 5. The relationship between the limit stress ratio and the dimen-
sionless crack length
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MRIEC[29], REUKEZERTEZ L 2¢/W > 0.086 I, FHRFAIHR 15 iy B MEAR R AR pr s 24 2c/W <
0.086 I, FARIIRIR T 2 ch WA v I ] o SACAS ST AR BR B At 70 A A5 FAC HIZRIN 45 2¢/W 4% il 72
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BT RIBIR S K o, 5 6, W 3 s SRIG M FAC Hi 2k (1 pR 2ok #2308

2
K, =47 {1—0.2102(0&J 1—(%] (6)
o, o,
4R A (6), HiH 5A06 £55 4 1R VAL th 2k Wi 1 6 Fis .
4. MEBEBEEEEI(FAD)

F 2 51 A ) 2R SR o ) 22 e P PP £ 11 SR 80P A Bl (FAD) R 5 P B 20 5 — B 7 SR R Al T 26
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Table 3. Fitting value of fracture parameters K, and J,; of 5A06 aluminum alloy
7 3.5A06 FRE S MEEBH K, o, MHEE

o
c(mm) o (MPa) oy (MPa) o, (MPa) % K, (MPa-m*?) K, (MPa-m") 5.,
0
02 340 340 345 099 6.02
04 336 336 345 097 8.42
06 332 332 345 096 1019
08 328 328 345 095 1163
10 325 325 345 094 1288
47 02102
12 321 321 345 093 1393
14 318 318 345 092 1491
16 314 314 345 091 15.74
18 311 311 345 090 16.54
2.0 308 308 345 089 17.27
1.0 = FAC BHA
RGP L FAC
0.8 F
o 06F
3
~
O
SbZ
0.4 F
o0 0 2
K,= 47{1—0.2102(%H 1—[ﬁJ
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Figure 6. Failure assessment curve (FAC) obtained by fitting data points
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SR R M A ZL SR A, R B A AR TR AT VA . A SCH P TR A )
PRI, ST SA06 452 4 R [ K FE 1 b B Bl AR S 5 2 s B F 222 TR . SOl i
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Ht: o, WHIMEITAERT1s 0 NIRARNTT; Koy WTARRN AN RN 38R K AR
INVAL: SR

411 BREMNDIHE K WIHHEFZE

FRAE SINTAP RUVE[30], XFFFARAREHEz, YAl 40 e R B IR AR SE X B o A, T4k 5 B AT A )
R AR I AT I 7 s, Hodt o, FRMEUEIRIRIE ;o FRIRHEIRRRTT; W, Fo- 15428 58
FEs y, RARTRAR NS TIE ) 43 A R

AR 5] 7 1R B 353 A B, RIS B AEAE AN R BE 1 v e 2 i@ R RS (] 8 FTaR) K IR T AR
JTEPER T K o » BAR AR UTF[30]:

2C W,
/‘\a=—, b=_1;
e 2
B a<biF,
Kies =07 9)
Mb<a<y,ht,

[(a2 —b? )”2 ~bx/2+bsin™ (b/a)}

Kees = 0 Na (2/)4(2/ )~ D) (10)
a>y, i,
[(a2 -b? )]/2 -(a® —bz)j/2 —bsin’l(yo/a)+bsin’1(b/a)}
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Figure 7. Longitudinal welding residual stress distribution diagram
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RFABUE 3 VP RSN TR R T K, o B ST SRS ) B J1 ARy, AR A BR TG
RIS LIS 3 FoR, ST WIS EN TS R RS B A, B PR I s R NS R R DA
S AHAR(VCCT) [31] [32]. %7 VAR E L & Ac 3l RGBS (I8N & T 1 & R4 2 JF ok K
FERTER T, HFRERT:

W:%.[:cu(r)o—(r—Ac)dr (12)

Horbru 2 10 Prs iR LR, o Ry, roRBIRAENE IR, Ac fRREY R . K,
AEERECR G RIEAn(13)3K:
1

. W . Ac
G :AI:ToA_c:AI:Toz_Ac ) u(rjo(Ac—r)dr (13)
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Figure 8. Diagrammatic sketch of a plate with a central crack defect
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Figure 9. Virtual crack closure model
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B e RIRARR 15 040 (F 11 FoR), R AR(9), (0L AT HARRREKE 2¢ FIK ., IF
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4.1.4.5A06 BEEMEFR TR TRIBEREF Kap BHE

KA RITTETHE T 5A06 6 AR TAEN TT o, 15N REUATIH BN 775 BiARSgy, FEAd A
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Figure 10. The model of crack extension is Ac
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Figure 11. Residual stress distribution of 5A06 aluminum alloy
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4.2.5A06 BE AP RFERRG R LML (FAD)

FIH] SINTAP SR BEIMR IR ST 0 (4] 11 JrR)HOE REIRERIRAR R ) 0, BB FT5REE R T K (]
12 iR, i 4. (@) MA@) A543 BIVEAL S S8 (k5 M4 6 i), 45 a1 6 MR AATAl
2 FAC, TEHAFEK R 5 B R R IF4 T FAD 1 13 Fios.
5. &GRSR

WAk 5 R, R BRIT SRR R 2 0 M 7 k45 2 AR BR 82 7T Bt o6 R SO FE 3G T /s, 35
3 VIRIRN T SRETRERR R, RHZIT33k45 T 5A06 & &) FAC #iZk, Seik 1 hseieiiss
FAC fHAERIRRCIRAS R R e, G, AR, AMET RS . RN 7040 5 142K R
AN AR T EAEAR G o WAl 12 B, AEBAR R TAE FTT INE 756 P2 TR B 3 24 S0 B2 B B T 56 48 e Ok

Table 4. Stress intensity factors under different working conditions
Fz 4. FRILATRRERTF

40 MPa 80 MPa 120 MPa
= 2¢(mm)
K2 (MPa-m'?) K2 (MPa-m*?) K2 (MPa-m*?)
A 4 3.38 6.23 9.53
B 8 4.63 8.58 13.83
C 12 5.52 10.49 17.18
D 16 6.24 12.23 20.21
E 20 6.89 13.77 23.00
F 24 7.52 15.30 25.66
G 28 8.11 16.77 28.27
24
./'/._._.\'\-\
- W,
20 e .
I / N
o \,
| J
o 16 .
= \.\
.E I n .\.\.
<
E 12 - /
< L —u— RS-K,s(SINTAP)
M 8 -
4
0 1 1 n 1 " 1 " 1 1 1 n J
0 4 8 12 16 20 24
c(mm)

Figure 12. The relationship between the residual stress intensity factor and the
half crack length
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Table 5. Fracture parameters of 5A06 aluminum alloy with residual stress and working load (40 MPa)
5. RARRN N ITIEHAE (40 MPa)fER T 5A06 IR A SRS

Residual stress (Figure 12 & Figure 13) Residual stress + Mechanical load 40 MPa
point  2c¢/(mm)

o../(MPa) K, /(MPa- m*) ./ o, /(MPa) K, /(MPa-m*) /00
A 4 175 13.87 0.51 215 17.25 0.62
B 8 160 19.12 0.46 200 23.75 0.58
C 12 131 2141 0.38 171 26.93 0.50
D 16 102 22.07 0.30 142 28.31 0.41
E 20 73 21.57 0.21 113 28.46 0.33
F 24 44 20.16 0.13 84 27.68 0.24
G 28 15 18.00 0.04 55 26.11 0.16

Table 6. Fracture parameters of 5A06 aluminum alloy with residual stress and working load (80 MPa and 120 MPa)

= 6. BANAHFTESTT(80 MPa F1 120 MPa){EF T 5A06 84 &HIHTZLS 3

Residual stress + Mechanical load 80 MPa Residual stress + Mechanical load 120 MPa
point 2¢/(mm
) Jea) K fean)  afo, e, KMPam) oo
A 4 255 20.10 0.74 295 23.40 0.86
B 8 240 27.70 0.70 280 32.95 0.81
C 12 211 31.90 0.61 251 38.59 0.73
D 16 182 34.30 0.53 222 42.28 0.64
E 20 153 35.34 0.44 193 44,57 0.56
F 24 124 35.46 0.36 164 45.82 0.48
G 28 95 34.77 0.28 135 46.27 0.39
— R I ZE FAC
—e— BABLS)
—s— 40MPa+F5% 4 /7
10 —s— 80MPa+¥E 4 77
—— 120MPa +5% 4 N /)
0.8 |-
5 0.6 |
~
&)
74
e}
04
0.2
0.0 L
0 50

K,(MPa-m'?)

Figure 13. Failure assessment diagram of 5A06 aluminum alloy
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