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AHM HopmaTuBHbIe JOKYMEHThI

yCTariloCTHOro pac4yeTta

1. TOCT 25.502-79. Pac4yemsl U ucribimaHusi Ha rnpo4YHoOCcme 8 MawluHOCMPOEHUU.
MemoObiI mexaHu4eckux ucrnbimaHuu memarinos. MemoOob! ucrnbimaHul Ha ycmasocme.
2. TOCT 25.505-85. MemoOsI ucrisimaHul Ha MarioyuKiosyro ycmarsocms rpu
mepMoMexXaHUYECKOM HazpyXeHuu.

3. TOCT 25.507-85. Pacuems! u ucribimaHusi Ha ripo4Hocms 8 mawuHocmpoeHuu. MemoOdsi
ucrbimaHusi Ha ycmasiocmae rpu aKcrsiyamauuOHHbIX pexumMax HazpyXeHUs.

4. [OCT 25.101-83. Pacyemnl u ucribimaHus Ha ripodHocmbs. MemoObl cxemamu3auyuu
cllydalHbIX rMPouecco8 HazpyXeHUs 35IeEMEHMOo8 MaWluH U KOHCmMpyKuuu u
cmamucmu4YecKoz20 rpedcmassieHus pesyribmamos.

5. TOCT 25.504-82 Pacuyemsb! u ucribimaHusi Ha rnpo4yHocms. MemoOb! pacdema
xapakmepucmuk cornpomuesieHus ycmarsmocmu.

6. CHull153-100-2010. CmpoumeribHble HOpMbI U rpasuria. CmaribHble KOHCMpPYyKyUU.
Hopmbi npoekmuposaHus.

7. Eurocode 3: Design of steel structures - Part 1-9: Fatigue.
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OOwana nocneaosatTenbHOCTbL AeUCTBUU

NP1 oLeHKe CONMPOTUBIEHUSA! YCTANoCTH

Ol’l[) efeneHHe OrmacHOH TOUKH ‘
JagaHHe HCT OpPHH HarpyAheHHA ‘
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CHKTpasbHas II0THOCTh MOLIHOCTH BHOpOycKopeHHs, g/
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YcTanocTHaA MHOTOCTaAMAHAA CydaliHas Harpyska - Bee sarpyxeHus @

O6LWme napamMeTpel HAarpysKH
BKNHUMTE ANA pacuyeTa
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AHM — O6paboTka UCTOPUN HarpyKeHUs

MeToabl cxemaTnsauuu:
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BpeMs BbINOMHEeHUs cxemaTtusaumm, ¢

— ObpaboTka NCTOPUUN HarpyKeHus

CpaBHeHUe ObICTPOOENCTBUS METOJOB CXeMaTu3aLum

104 =

O MeTop napgatowero goxaa TI;
O MeTopa nonHbIX Lmknos APM;
O Mertopa nagatowero goxas APM;

i Pasbpoc 3HaueHun.

10.3 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 |
10% 10* 10° 108 107

Yncno Todek NCTopumn HarpyXeHus ¢ Koadd. HeperynaHocTtn < 0,6



S, Stress Amplitude, ksi

— 3apaHue ycTanocCcTHbIX CBOUCTB MaTepuana

KpnBas Bénepa — obuwiue ceonctea

Smax = Sy
I
7075-T6 Al : : . _ _Z - AR SR S
) " l " ) m
Basquin relation: S; N = constant
%
g
- = PR
......................................... = Sy = fatigue limit
O
N, o X e e : : : : : . N Considered for
S e X X : : : : : : Loy T welded structures
~ o XX e ' , : : . : .
—— X ) _)E"(ﬁog - Extrapolation of
e e e L 1 10 102 10° 104 105 1068 107 108 Basquin relation
N;, Cycles to Failure log N
yaﬂepoducmb,e u fpedHeﬂeeupoﬂaHHHe AmomMuHUL, Mede u ux cnAaabel u BbeOKonpOLbeIE cmanu u
aflog) cmanu ollog) HepxabBewujue cmany o(log) MumaroBeie cnaabs:
a,
Nflog)

Nllog)



Log scale stress amplitude (S;), MPa
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— 3apaHue ycTanocTHbIX CBOMCTB MaTepuana

KpnBas Bénepa n 6a3oBoe 4Mcno LUuknos
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— 3agaHue ycTanocTHbIX CBOMCTB MaTtepuana:

[MonHas BEPOATHOCTHAA AnarpamMmma yctasioCctun

2% n=107 4-106 70°
99 E?/? /,‘ i Beposmuocms omka3za | Ko3g@uyuesm Hadexwocmu L,
o /AVIRVARIA 0.5 1.000
- y// 1/ 0.90 0.897
% AN, 0.95 0.868
60
o /", / /:f 0.975 0.843
w4107 0.99 0.814
LA 0.999 0.753
e mmwav. ' |
s 0.9999 0.702
"% zarm DD 0.999339 0.659

5)

Mapkne obpasubl 3 ctanu 45, anameTpom 25 MM, UCNbITaHHbIE 4O NOSABMEHUS
NnepBOW MaKpOTpPELLMHbI NP NIIOckoM n3rnbe ¢ yactoton 280 My,




— 3agaHve YCTaNOCTHbIX CBOUCTB MaTepuara.
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Onarpamma npeaenbHbIX aMmnnnTya
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Om. Mean Stress, MPa



— 3agaHue ycTanocTHbIX CBOMCTB MaTtepuana:

Onarpamma npeaenbHbIX aMmnnnTya

alg

MaTepuanbl:

o
o

1 — Cransb;

2 — AntoMmnHMEBLIE CrnsaBsbl;

o
o3

3 — TutaHoBbIE N MarHUeEBbIE

0,4

Crashbl.

0,2
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[MnacTuyHble MaTtepualbl

— 3agaHue ycTanocTHbIX CBOMCTB MaTtepuana:

Onarpamma npeaenbHbIX aMmnnnTya

CepeHceH-
KuHacowsunu
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a
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I
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Xpynkue maTtepuansol
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— 3agaHve YCTaNOCTHbIX CBOUCTB MaTepuara.

BnunsaHne Hagpesa Ha KpUBYIO yCTanocTu

S,, Nom. Stress Amplitude, MPa

400

300

200

100

2024-T4 Al
60
d=7.62 mm

40

ksi

20

Nf, Cycles to Failure



— 3agaHve YCTaNOCTHbIX CBOUCTB MaTepuara.
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BnunsaHne Hagpesa Ha KpUBYIO yCTanocTu

YpaBHeHMSA CBSI3M HaNpsXXeHUW B o6pas3uax ¢ HaApe3oM U 3KBMBAJNIEHTHbIX CUMMETPUYHbIX Sar

YpaBHeHne SWT (Smith,Watson and Topper)

YpaBHeHune Yonkepa (\Walker)

_ 1 — R\’
Sar — llnaf S(}]/a Sar — Smax (T)
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— 3agaHve YCTaNOCTHbIX CBOUCTB MaTepuara.

3apybeXxHble NCTOYHUKM YCTanoCTHbIX CBOMCTB METasoB

KpnBast Bénepa: roe B3aTb?

INCH-POUND

DoTFANAR-MMPDS- 01 Metallic Materials Properties

: R MIL-HDBK-8J
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— 3agaHve YCTaNOCTHbIX CBOUCTB MaTepuara.
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3apybeXxHble NCTOYHUKM YCTanoCTHbIX CBOMCTB METasoB

140 . Correlattve Information for Figure 2.3.1.2 ¥(a)
£ B 8660 33 A HREE 55 B AHAE ¢ | 4130 5ht Norm, KT=1.0 |:
b H:g;:, f Product Form= Sheet, 0.075 inch thick Test Parameters:
i 2 -oem ] Loading - Axial
:‘ ‘u’é‘gg Properties: TUS. ksi TYS ksi Temp., °F Frequency - 1100-1800 cpm
‘@ 100 N . 117 o0 RT Temperature - RT
) — —— Environment - Air
o . Specimen Details: Unnotched
p W : 2 88-3.00 inches gross width No. of Heats/Tots: Mot specified
w + 0.80-1.00 inch net width
g 0 12.0 inch net section radius Equivalent Stress Fquations:
= SEREH IR IR EH]: ey yarr &R H Surface Condition: Electropolished For stress ratios of -0.60 to +0.02
g ST Log N;=9.65-2.85 log (5,, - 61.3)
A I I ] I I T References: 3.2.3.1.8(a) and (f) Seq = Spue (1-R)™
2 | Noter Stressesarebases _ i Std. Error of Estimate, Log (Life) =0.21
2 on net section. RS [Caution: The equivalent stress model may provide Standard Deviation, Log (Life) =045
SRR IS S IS S 55 NS Rt unrealistic life predictions for stress ratios beyond R*=78%
qm;. 10° 10° 106 07 100 those represented above. ] -
_ . Sample Size =23
Fatigue Life, Cycles
. . For a stress ratio of -1.0
Figure 2.3.1.2.8(a). Best-fit S/N curves for unnotched 4130 alloy steel sheet =
nn:?rmuli:ed, Inni]iiudinnl direction. Y Log N;=9.27-3.57 log (5,.,43.3)

MpnbnuxeHne Yonkepa




Alternating Strass

— 3agaHve YCTaNOCTHbIX CBOUCTB MaTepuara.

CpaBHeHune gnanora B ANSYS un pearnbHbIX AaHHbIX

Sa, MPa

——— [ .1 —_——r=.5 —a— i) —— = 5
— -
£ -—
2024-T3 Aluminium
350
300 -
250 —
E 5]
200-_Stress ratio R +
L 2 R=08 +
C 0O R=04 i
150_— 2 R=002 ]
R=-0.3
i R=-08
100 — + R=-1
1 1 1 ' 1 1 1 1 oo | [ S m——m— 3 N Lo
10° 104 10° 108

Ni, Cycles to Failure



, MPa

, MPa
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PowHerber o

. MPa

Morrow o

— 3agaHve YCTaNOCTHbLIX CBOUCTB MaTepuara.

CpaBHeHme TOYHOCTU Pa3JINYHbIX I'IpI/I6J'II/I)KeHI/II7I a5nd aJllfoMUHNA

2024-T3 Aluminium

350 E K
300 £ 3 K\\
: & B
250 & stress ratioR N - \‘JF\
E y _ — —
200F © R=06 o T i
F O R=04 o — T
1o O R=002 o T )
= R=-03 o — i
L & R=-06 = B
-+ R=-1 . i
100 R -0
L 1 1 1 1 1 Lo 1 1 1 1 1 1 | 1 A W w— B Lo
102 10* 10° 108
Nf, Cycles to Failure
400 | 400 | L
350 £ Stress ratio R ) o, =503 MPa 350 £ Stress ratio R
3WF O R=06 Y a=121946 L300 O R=06 eps =28.7135
o0k O R=04 eps = 205.291 £ 2s0f O R=04
O R=002 ~ O R=002
200 F R=-0.3 e" 200 | R=-03
“7 R=-06 o~ g “ R=06 -t
150+ R=-1 MNEE 150 F + R=-1 -
——— All Fitline —— All Fitline
——— R=-1Fitline ——— R=1Fitline
100 1 1 1 100 1 1 1
102 10* 10° 108 103 10* 10° 108
Nf, Cycles to Failure Nf, Cycles to Failure
400 F . 400 £ T~
350 F Stress ratio R o’ =3543.46 MPa 350 ¢ Stress ratio R ~ =0.496532
300F © R=06 eps = 500.158 s 300F O R=06 eps =28.6331
250 0 R=04 S 20f U R=04
O R=002 % S O R=002
200 | R=03 e 200 R=03
% R=-06 + g % R=-06 _ -|:
150 f  + R=-1 & 2 1s0f + R=-1 -
—— All Fitline —— All Fitline
——— R=-1Fitline ——— R=-1 Fitline
100 ' 100 ' ' '
102 10* 10° 108 103 10* 10° 108

Nf, Cycles to Failure

Nf, Cycles to Failure



— 3agaHve YCTaNOCTHbLIX CBOUCTB MaTepuara.

CpaBHeHME TOYHOCTM PasfMYHbIX NPUONMKEHNn ONga ctanu

AISI 4340 Steel
900 £
800 £
700 £
o 600 Mean stress, MPa .
S _F C— .
= s O sm=621 O T -
& E O Sm=414 Y TTT— )
400 ¢ Sm=207 5 o —0
C Sm=0 [@) ~0_ ]
200 [ Sm=-207 @
C 1 1 1 1 1 111 | 1 1 1 1 1 111 | 1 1 1 1 1 1 11 | 1 1 I--___I'*;_:'I 1 11 | ]
102 103 10* 10% 108
Nf, Cycles to Failure
~ s =1172 MPa ~
900 F u 000 |
\ o = 16767 \ eps=112.66
o 800 F  Mean stress. - 800 ' Mean stress. '
o ' eps = 116438 '
Z 70 O sm=e621 & 700 © Sm=621
0 O Sm=414 = O Sm=414
3 600 F ¢ sSm=207 JS600F & sm=207
o Sm=0 Sm=0
g 500 F & sm=-207 - E 500 F & sm=207
2 —— All Fit line A ——— AllFitline
400 L —— Sm=0Fitline HE 400 L —— Sm=0Fitline
I I I o I I I I 24
102 103 104 10° 10° 102 103 10* 10° 108
Nf, Cycles to Failure Nf, Cycles to Failure
- " =1694.6 MPa = ~=0.652168
900 b -~ 7t 900 b -
-‘“'*-._\__ eps = 583531 eps = 295223
@ 800 F  Mean stress, - 800 b Mean stress,
o
£ 700 ©O Sm=621 - O £ 70 O sm=621
B 0 Sm=414 - Y 0 Sm=414
e 600 F & sm=207 e 600F & sm=207
H Sm=0 I Sm=0
S 900 - = sm=-207 P K 900 - sm=-207
All Fit line o All Fit line N
400 b —— Sm=0 Fitline o 400 F ——— Sm=0 Fitline Ho 71
102 103 104 10° 108 102 103 10* 10° 108

Nf, Cycles to Failure

Nf, Cycles to Failure



— 3agaHve YCTaNOCTHbLIX CBOUCTB MaTepuara.

CuHTe3 KpuBon Benepa anga pasnnyHbiX KO3d. aCUMMETPUU

CuHTe3snpoBaHHble JaHHble ypaBHeHneM Walker

350 |
300

250 |

100

o
m|

o

__ Stress ratio R

R=06
R=04

I
o
o w3

I
ORI

2024-T3 Aluminium
" Walker

s O
| L L R SRR | L h P R

10°

10 10° 10°
Nf, Cycles to Failure

o Stress Amplitude, MPa

2024-T3 Aluminium

400
q

350

300

250 !

200

&N, = 10000
= N,=60000
—&— N, = 400000

N, = 2e+06

—g—Nf =1e+07

N, =1e+08

0 | | | 1 1 1 1 1 1 1 |
0 50 100 150 200 250 300 350 400 450 500 550

e Mean Stress, MPa



G4, Stress Amplitude

— KoadhcpmumeHTbl 3anaca yctarioCTHOMN NPOYHOCTMU:

N¢, Cycles to Failure

Pac4eT Ha ocHoBe KpuBou Benepa

PaccuntaHHble NpvBeaéHHbIE 3HAYEHVS:
N\
Oy - AMNNUTYObEI HANPSXKEHNS;
N
N - Yucna umknos:;

Xg - 3anaca no ycTanocTHOMN NpoYHOCTY;

XN - 3anaca no 4onroBe4yHoCT!.



(a) Case 1 — o constant and oy, varies

(b) Case 2 — o4 varies and oy constant

(c) Case 3 — o, / opp ratio constant

alternating stress (kpsi)

20

15+

10

— KoadppnumeHTbl 3anaca yctanocTHOU NPOYHOCTMU:

Ha ocHoBe ypaBHeHus ['yamaHa Ans pasnuyHbIX BUOOB HarpyXeHui

(d) Case 4 — o, and o vary independently

c Sy Sut  Om

Q possible failure points

2 =2.6 to S,

stress state

O 1
10 20 30 40 50 60 70 80

mean stress (kpsi)



0,000

0,225

0450

NapamMeTpbl perynsapHbIX YCTaNIOCTHbLIX HarpyXeHun

0,675

Koacp. CkanspHbIn
Ne HarpyxeHus acMMmeTpum cakTop Maxkcumym MuH1Mym
R
1 -1 11.8 11.8 -11.8
2 0 8 8 0
3 o -13 0 -13
4 -1/2 12 12 -6

0,900 (m)

— OueHkKa conpoTunBIieHUA yCTaJsioCTH.

CpaBHeHMe ycTanocTHOro pac4yeta Tpybbl c ANSYS

Harpy3ka
B — Bec
C - W3rn6
D — PactsxeHune
E — daBneHune
KombuHaums Harpy3ok

74 X

CpaBHeHMe aKBUBaneHTHbIx No Musecy HanpsixxeHuin B MIMa perynsipHbIX yCTanoCcTHbIX

HarpyxeHuit AN pasnuyHbIX METOAOB NPUBEAEHUS K CUMMETPUYHOM Harpyske

Ne HarpyxeHus R MeTton ANSYS Structure3D PacxoxaeHue
1 -1 - 425,40 421,30 -0,96%
SN-none 144,20 144,40 0,14%
2 0 3o00epbepr 373,23 375,00 0,47%
'yomaH 222,44 231,10 3,89%
[epbep 164,56 165,00 0,27%
SN-none
3 - 3oaepbepr 234,33 234,80 0,20%
'yomaH
[epbep 348,01 349,30 0,37%
SN-none 324,46 325,00 0,17%
4 1/2 3oaepbepr 601,10 603,20 0,35%
"'yamaH 440,71 441,90 0,27%
epbep 348,72 349,40 0,19%




— OueHkKa conpoTuBIieHNsA YyCTarloCTu:

CToxacTnyeckasi Harpyska Ha LUMUIbKy

KpnBas Benepa

‘ 4.47 15.95 8913 39811 1778.28 794328 3548134 158485 32 TOTS45.TE  [Leg] ’
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— OueHkKa conpoTuBIieHNsA YyCTarloCTu:

CToxacTnyeckasi Harpyska Ha LUMUIbKy

Ctoxactuyeckas Harpys3ka

Harpyska npusenerHan - 3arpyxenue 0

Harpyzma

QHCEEHHWOB no Benepy[ ] Koe%ﬁszanaoa no [oNroEeHoCTH| |
1.913e+05 3987
3. 78e+05 6612
5.647e+05% 9237
T.514e+05 1.186a+04
' 9.382e+05 1.449e+04
\‘ 1.125e+086 1.711e+04
1.312e+086 1.874e+04
1.498e+06 2. 236a+04
w N \A A 1.685e+06 2 499e+04
' M 1.872e+06 2.761e+04
J u‘ 2.058e+06 3.024e+04
2.245e+06 3.286a+04
u u U 2.432e+06 3.549ae+04
2.619e+06 3 E811e+04
2.805e+06 4 074e+04
2.992e+06 4 336e+04
fﬁ If

Bpems, ¢
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