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What is creep? ) fouea,

At temperatures above 0.5 melting temperature:

Creep ) Stress relaxation
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Why do we need to worry about it at room temperatu i@

Eads bridge, St. Louis ca. 1874

It's been 140 years, creep of
chrome steel to failure at
ambient St. Louis temperature
has not been an issue.

Eads bridge, St. Louis 2012




Why do | care?

= Springs

= Glass to metal seals in electrical connectors.
= Electrical connections

= Pressure vessels

= Anywhere there’s a designed residual stress
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Conventional wisdom is that metals do not age (except for
corrosion). Time dependent deformation is aging.




Creep happens at RT in many alloys

Sandia
National

Approximate creep strain (mm/mm)

o7 1 13-8Mo

+0.30 yield 0.2UTS
W 150 yield 1UTS A
0.05 A 164 yield 1.09UTS

0.02

s
AA
i
4, il
o e Rl
01 1

Time (min)

Approximate creep strain (mm/mm)

0.07
Nitronic 50 transverse

0.05

=117 Yield 0.722UTs

0.04 4134 Yield 0.83UTS
147  Vield 0.90UTS

158 Vield 0.87UTS

o Tl MoK iii*
001 0.1 1 10
Time (min)

Approximate creep strain {mm/mm)

o7 1 Tantalum

+0.820fyield 0.6UTS
m1390fyield 101UTS
41550fyield 1.14UTS
0.04

<165of yield 1.21UTS
+ 169 of yield 1.24UTs

0 s B mARgR

Time (min)

0.07
Copper 007 304L-cast
0.06 0.06
T
3
005 -
: g0 +0.75 yield,0.34 UTS
=
g -:. m1.43 yield, 0.65 UTS
g
H 58 yield, 0.71 UTS
£ o004 - 4158 yiel
g -E 1.69 yield, 0.76 UTS
2 @ 1179 yield, 0.81 UTS
g +0.760fyield 0.31UTS a
3 0 m122ofyield 0.49UTS § oo
i H
H 4l43ofyield 0.57UTs E
0.02 “158ofyield 0.63 UTS 8 o0z
4
3
001 001
o m o mmw ----wwwuué o w
0.01 0.1 1 10 0.01
Time (min)
0.07 2024-T3 0.07 - 17-4
0.08 0.06
E 005 £ oos x
H &
E E
£ 0.04 § oo04
'E g +0.30of yield 0.23UTS
g H % m1.19of yield 0.92 UTS
g o +0.24ofyield 0.17UTS % 003 4127 of yield 0.99 UTS
g O
B m1200fyield 0.84UTS - X “1310fyield 1.02UTS
§ 4129 0fyield 0.90UTS H %
5
Eoo & ooz %
= X
X
X
x
_— 001 o
x s n
1 —— 0 L1 § ..l.. e s M 4+ sumees
T e oo
o n LI TN 3 1Sy orrrrrmmmmmm— o o1 i .
0.01 0.1 1 10 : : .
Time (min) Time (min)
012 Ta-10W

+0.400f yleld 034UTs
0.10 m102ofyield 0.88 UTS
A1120fyield 0.96UTS

0.06

Approximate creep strain (mm/mm)

0.01 01 1 10 100
Time (min)




National

Sandia
Hydrogen charging wire )t

Pressurized to 18,750 psi with 99.9999% pure hydrogen gas for 39 days.

Stored in freezer at -70°C until ready for testing



Normal hydrogen damage effects .

= Strengthening

= Embrittlement

Reduction of area loss, %

304L 347 18 Cr- 31 310 21Cr- 22Cr 15 Cr- 308sS,
15 Mn 6 Ni 13 Ni 25 Ni 316

9 Mn 5 Mn

Fig. 9 Ductility loss for several austenitic stainless steels in high-pressure hydrogen. Source: Ref 21

13-8 PH exposed to ‘hydrogen




Hydrogen effects on 304L wire ) .
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Creep testing pristine wire L
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Pristine 304L creep behavior ) i,
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Fitting equation to creep behavior ) e,
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H charged data compared with uncharged data ) e,
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Normalized comparison of stresses

mm Applied stresslyield | Applied stress/ultimate
Ibs

Creep strain (in/in)

0.10

0.08 —

0.06 —

0.04 —

0.02 —

0.00 —

10

1

e e B N WS AN

95.5 0.96
101.9 1.03
108.2 1.09
127.3 1.29
104.4 0.87
137.5 1.15
141.3 1.18

== H charged 8.2 |bs
== H charged 10.8 Ibs
== Hcharged 11.1 Ibs
— 7.5 Ibs
8 Ibs
8.51bs
10 Ibs

mh

10°

Sandia
National
Laboratories



Conclusions )

= Hydrogen exposure causes strengthening in 304L wire.

= Hydrogen increases creep rates at similar normalized stresses.




Future work LL
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= Can the Orowan/Nabarro equations be fit to hydrogen creep?




