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Introduction

= Butt Weld —V Joint

Weld Zone Terminology :s

Root
A, B, C & D = Weld Toes

Notches = stress raisers




Introduction
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Opening (Notch)

Notches = stress raisers
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Opening (

caixa de mar (sea chests)

BHD. 106

fag 3 A,
Sea Chest ----A compartment through which sea
water 1s admitted or discharged.
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Entalhes (
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Entalhes (

out-of-plane bending /
AB

msrde

PR/T =125 MPa

stress
(MPa)

Stress distribution at 56.9 kPa cabin pressure
and 1.3 g inertia loading




Tensao no ponto versus Tensao Nominal
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Notch= stress raiser ( holes, grooves, fillets, etc)




Principio de Similaridade (

« If the local notch-tip strain
history at the notched structure
and the strain history in the test
specimen are the same, then
the fatigue response Iin each
case will be the same and
describe by the material &-N
curve.

PR/T = 125 MPa

e,
~— BB failure -.
82 | siress origin




Principio de Similaridade (

"equally” stressed "equally" stressed
volume of material volume of material

SV oy ~_

Smooth specimen representing notched components




Principio de Similaridade (
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Smooth specimen representing the critical regions of butt welded component
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Monotonic Stress-Strain Behavior

ASTM EBM

 Cilindrical specimens ¢ ~6 mm — 12 mm

« Flat specimens may also be used

+
25.4 mm
radius 8.0 mm
6.0 mm
diameter \2.0 mml \y
round bar t 12.7 mm | flat specimen 12.7
~ 19.05mm /| } |\ mm
uniform section ! 7.83 mm !

108 +/- 0.2 mm ] 76.2 mm




Monotonic Stress-Strain Behavior

ASTM E8M - |
Engineering stress-strain curve
A onset of necking p
[ S S = engineering stress = A
\ . . . L [ - [0 . Al
W ultimate load e = engineering strain = 10 = 10
u Sysfe---
Ej fracture A 4P
@ yield D+
40_ yi
)+
- ‘P
Original Instagntaneous

- L 0.2% offset Strain, e

Four parameters can be measured directly from test: S, S, %El, %RA




Monotonic Stress-Strain Behavior

ASTM ESBM . . .
Engineering stress-strain curve
A onset of necking
[)
Sy v max
LS” g
A,
o Sr
g " fracture . D
; VYie / _/ U
YEL =100 x Z—2 | ¢
A t
.. Ar — Ao |
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N I. 0.2% offset Strain, e £ 0 ![
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Monotonic Stress-Strain Behavior

True stress- true strain curve

true o-ecurve (&f. Of)

Use of instantaneous area (A) and length (1)

N &

engineering S-e curve 0 j
o [’ d_
e ), ] 1 /U




Monotonic Stress-Strain Behavior

Engineering stress-strain curve

(&1, OF)

True stress- true strain curve

N g=S(1+e)
e =1In(1 <+ e)

« Assumption of constant volume
« Valid up to the onset of necking




Monotonic Stress-Strain Behavior

Empescocamento (Necking)
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Decrease in force is a consequence of cross-sectional area rapidly decrease




Monotonic Stress-Strain Behavior

Limitations on True Stress —StrainEequations
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Monotonic Stress-Strain Behavior

Bridman Correction (Empirical) ] 4
~ ~ g=In— -> : 8
Steels: Oy = Bo |
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0.6 .

0 1 2 3
€ = In (A;/A), True Strain

B =0.0684(log &)’ +0.0461(log £)° —0.205(log &) +0.825

The correction is not need for true strain (Ai/A) < 0.12




Monotonic Stress-Strain Behavior

Limitations on True Stress —StrainEequations
900
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B =0.0684(log &)’ +0.0461(log &)” —0.205(log &) +0.825




Stress-Strain Relationships

Total deformation can be separated in two parts:

g:@\

/‘/\Elosric

| | Unloading

Recovered upon unloading

Can not be recovered upon
unloading

/




&, True Stress, MPa

Stress-Strain Relationships

For metals a log-log plot of experimental true stress versus

true plastic strain often fits a straight line.

1000

o Vs, Ep

& Expenment
X not fitted

AN

—

(0.1952)
5 = 625.7 8,0 1955

AISI 1020 HR Steel

100

0.001

0.01 0.1 1

’ép, True Plastic Strain

10

G=HE"

n: strain hardening
exponent ( 0<n<1)

H: strength coeficient
(MPa)




Stress-Strain Relationships

For metals a log-log plot of experimental true stress versus
true plastic strain often fits a straight line.

1000 6: Hg

/ gp:]'

true stress, MPa

100 T
0.01 0.1 1

true plastic strain




Table 4.6 True Stress—Strain Tensile Properties for Some Engineering Metals,
and Also Hardness

True Fracture

Strength Strain Hardening Brinell
Strength Strain Coefficient Exponent Hardness'
Material 7 fp Ef H i HB
MPa MPa
iksi) iksi)

Ductile cast iron 324 0.222 456 0.0455 167
AS536 (65-45-12) (76) (66.1)

AIST 1020 steel 713 .96 737 0.19 107
as rolled (103) (107)

ASTM A514, Tl 1213 1.08 1103 0.088 256
structural steel (176) (160)

AIST 4142 steel 2580 0.060 — 0.136 670
as quenched (373)

AISI 4142 steel 2650 0.310 — 0.091 560
205°C temper (383)

AIST 4142 steel 1998 0.540 — 0.043 450
370°C temper (200)

AIST 4142 steel 1826 0.660 — 0.051 380
450°C temper (263)

18 Ni maraging 2136 0.82 — 0.02 460
steel (250) (310)

SAE 308 cast 232 0.009 567 0.196 80
aluminum (33.6) (82.2)

2024-T4 631 0.43 806 0.20 120
aluminum (91.5) (117

7075-T6 744 0.41 827 0.113 150
aluminum (108) (120)

AZO91C-T6 cast 137 0.004 653 0.282 61
magnesium (20) (94.7)

Note: ' Load 3000 kg for irons and steels, 500 kg otherwise; typical values from [Boyer 85] are listed in

S0MmMeE CAsCs.

Sources: Data in [Conle 84] and [SAE 89].




Cyclic Stress-Strain Behavior

ASTM E466

 Cilindrical specimens ¢ ~6 mm — 12 mm

e
25.4 mm
radius

6.0 mm

diameter
round bar # 12.7 mm

19.05 mm
uniform section

108 +/- 0.2 mm




Smooth Specimen for c— determination under

monotonic and cyclic loading

Stress and strain state in specimens used
for determination of material properties
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Cyclic Stress-Strain Behavior

Multiple Step Test Program

..........

Stabilized cyclic =
stress-strain curve b

LU

Time, t

20 cycles
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Cyclic Stress-Strain Behavior
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Stress, O [ksi]

Stress, O [ksi]
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Fatigue Strain-Life Curve
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Fatigue Strain-Life Curve

I3 . .
o Coffin & Manson Equation
£=1.38
5 A& O b c
W f |
B =&y = (2Nf) + &5 (ZNf)
W 2 E
)
-~ 07=938 MPa
E-
g Elastic 0,/E 0.0648
‘© 104 |-
% Plastic
0.704
RQC-100 Steel
0.us=758 MPa
O
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Number of cycles to failure, N;
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Fatigue Strain-Life Properties

Table 14.1 Cyclic Stress—Strain and Strain-Life Constants for Selected Engineering Metals.

Tensile Properties Cyclic o-¢ Curve Strain-Life Curve

Material Source o0 ou Gm % RA E H n' of b £ c

(a) Steels

SAE 1015 (8) 228 415 726 68 207.000 1349 0.282 1020 —0.138 0439 —-0513
(normalized) (33.0) (60.2) (105) (30,000) (196) (148)

Man-Ten? (7 322 557 990 67 203,000 1096 0.187 1080 —0.115 0912 —-0.606
(hot rolled) (46.7) (80.8) (144) (29.500) (159) (158)

RQC-100 (2) 683 758 1186 64 200,000 903 0.0905 038 —0.0648 138 —0.704
(rollerQ & T) (99.0) (110) (172) (29.000) (131 (136)

SAE 1045 (6) 382 621 985 3l 202,000 1258 0.208 048 —0.092 0260 —0.445
(HR & norm.) (554) (90.1) (143) (29.400) (182) (137)

SAE 4142 (1) 1619 2450 2580 6 200,000 2810 0.040 2550 —0.0778 0.0032 —-0436
(As Q, 670 HB) (235) (355) (373) (29,0000 (407) (370)

SAE 4142 (1) 1688 2240 2650 27 207,000 4140 0.126 3410 =0.121 0.0732 —-0.805
(Q & T, 560 HB) (245) (325) (38%) (30.000) (600) (494)

SAE 4142 (1 1584 1757 1998 42 207,000 2080 0.093 1937 —0.0762 0.706 —0.869
(Q & T, 450 HB) (230) (255) (290) (30,000) (302) (281)

SAE 4142 (1 1378 1413 1826 48 207,000 2210 0.133 2140 —0.0944 0.637 -0.761
(Q & T, 380 HB) (2000 (205) (265) (30,0000 (321) (311)

AISI 43402 (3) 1103 1172 1634 356 207,000 1655 0.131 1758 —0.0977 2.12 —0.774
(Aircraft Qual.) (160) (170) (237) (30,000) (240) (255)

AISI 4340 (1) 1371 1468 1557 38 200,000 1910 0.123 1879 —0.0859 0.640 —0.636
(409 HB) (199) (213) (226) (29.000) (277) (273)

[Dowllng : Ausformed H-11 (1) 2030 2580 3170 33 207.000 3475 0.059 3810 —0.0028 0.0743 —0.7144
(660 HB) (295) (375) (460) (30,000) (504) (553)




Fatigue Strain-Life Properties

Table 14.1 Cyclic Stress-Strain and Strain-Life Constants for Selected Engineering Metals.'

Tensile Properties Cyclic o-& Curve Strain—Life Curve

Material Source o0 ou Gm % RA E H' n’ oy b £ ¢

AISI 43402 (3) 1103 1172 1634 56 207,000 1655 0.131 1758 —0.0977 2.12 -0.77
(Aircraft Qual.) (160) (170) (237) (30,000) (240) (255)

AISI 4340 (1) 1371 1468 1557 38 200,000 1910 0.123 1879 —0.0859 0.640 —0.636
(409 HB) (199) (213) (226) (29,000) (277) (273)

Ausformed H-11 (1) 2030 2580 3170 33 207,000 3475 0.059 3810 —0.0928 0.0743 —0.7144
(660 HB) (295) (375) (460) (30,000) (504) (553)

(b) Other Metals

2024-T351 Al (1) 379 469 558 25 73,100 662 0.070 927 —0.113 0409 -0.713

(55.0) (68.0) (81.0) (10,600) (96.0) (134)

2024-T4 AP (4) 303 476 631 35 73,100 738 0.080 1204 —0.142 0327 —-0.645
(Prestrained) (44.0) (69.0) (91.5) (10,600) (107) (188)

T075-T6 Al (5) 469 578 74 33 71,000 977 0.106 1466 —0.143 0262 —-0619
(68.0) (84) (108) (10.300) (142) (213)

Ti-6A14V (1) 1185 1233 1717 41 117,000 1772 0.106 2030 -0.104 0841 —0.688
(soln. tr. & age) (172) (179) (249) (17,000) (257) (295)

Inconel X (1) 703 1213 1309 20 214,000 1855 0.120 2255 -0.117 L16 —-0.749
(N1 base, annl.) (102) (176) (190) (31.000) (269) (327)

Notes: ! The tabulated values either have units of MPa (ksi), or they are dimensionless. *Test specimens
prestrained, except at short lives, also periodically overstrained at long lives. *For nonprestrained tests, use
same constants, except o7 = 900(131) and b = —0.102.

Sources: Data in (1) [Conle 84]; (2) author’s data on the ASTM Committee E9 material; (3) [Dowling 73];
[DOW“ng 7: ('1.} [Dowling 89] anij [Topper "{(')I: (5) [Endo 69] and [Raske 72]; (6) [Leese 85]; (7) [Wetzel 77] pp. 41 and
= 66; (8) [Keshavan 67] and [Smith 70].
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Mean Stress Effect

Compressive Mean Stress
Fully Reverseg (zero mean stress)
Tensile Mean Stress

Increase Nf

Log Ae/?2

\\

v v v

Log 2Ny

Decrease Nf

Mean stress effects are predominantly at longer lives




Stress Relaxation

At hight li
ight stress amplitude _—

Figure 2.22 Mean stress relaxation.

Mean stress effects can be neglected at short lives




Mean Stress Effect

0.05 . : . .
- | —
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[Dowling 73].)




Mean Stress Effect

Strain amplitude, log(Ae/2)

100 102 104 108
Number of reversals, log(2N;)
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Mean Stress Effect

Morrow

e =TT (aN, ) e (2N, )

Manson-Halford

. . c/b
_ ;Jm (2N, ) +¢, [Gf _,ij (2N, )

Oy
<0
-Om2=0 .
oms> 0 Smith-Watson-Topper
e .;{mﬂ"}ﬁ . o
umber ofr reversails, 10 f Ag (Gf ) 2b | | C+b
Oy —— = (2Nf) +0, &, (ZNf)
2 E
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[Dowling 73].)

Mean Stress Effect
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Mean Stress Effect
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Deformation Plasticity Theory

Stress-Strain relations

Ex = Eex + Epx,

Yxy = Yexy + Vpxvy,

Elastic strains

1
Bex — [a_t —v(oy + a;)]

Vexy =?- Yeyz = G Yezx =

E\ :gt’_\_}_gl?\' E: :gt":—{’_gp:

Vyz = Veyz + Vpyz» YVzx = Vezx + Vpzx

Plastic Strains

1
epx =— [0« —o_\‘ +02)]

E,
1 _ ‘
1
EP :
3 3 3
fax  Ypxy=—7—Tay, Ypy: = 7Ty Vpax = 7 Tax
G EP E’) EP




Deformation Plasticity Theory

Plastic Modulus

Effective total strain

o
E




Deformation Plasticity Theory

Effective Stress

] / ) . ;. P
0 =—=y (01 —02)" + (02 —03)" + (03 —01)°

V2
Effective Plastic Strain

— J 2 \2 2
fr =737y (Ep1 — €p2)” + (Ep2 — €p3)" + (Ep3 — £p1)°

(Adapted from [Davis




Deformation Plasticity Theory

| | T ! I T
- ‘ C‘S
o 120} oo™ |
B - = Y TV
T Annealed Copper 0 A qu v
v °g,m g (b) o
- ﬂ\'\,iv - W
5 o S 1 & e
5 o . 5 | re )
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)}
' ; o0 A 0625 % 40} |
8 4 Fﬂ o 025 ® 075 7 =
£ A 0375 e 1.00 . )
= v 0.50 - o
=
l | | L | |
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4

Y., Plastic Oct. Shear Strain Ypmax: Plastic Max. Shear Strain

(Adapted from [Davis
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Modifying Factors

* Hostile chemical enviroments

 Temperature

» At short lives e-N curves are not highly sensitive to:
» Surface finish
* Residual stress
« Small crack growth is importante

» Size Effects ( experimental data limited)

05— | 1 -
®O Failure
O 20=0076 mm (0.003in}
A2E8=025 mm (0.010in)
Solid = Meas. €4
Open =Est. €4

0.005

€q, Strain Amplitude
Q
o

0002 | AISI 4340 Steel
Yield =650 MPa (94 ksi)

Ultimate =780 MPa (113 ksi)

0.00|I [ L | \ | |
10" 10% 10° To) 10° 10°

N, Cycles




