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Diffusion-Welded Joints under Tensile and 

Torsional Loads 

Two different controlling mechanisms for failure of 
uranium-to-stainless steel joints were observed 
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ABSTRACT. The mechanical properties of 
silver-aided diffusion welds between ura
nium and stainless steel were studied at 
ambient temperature under tensile and 
torsional loads to determine the rate-
controlling process for delayed failure. 
Delayed failure in tension occurred in the 
silver interlayer at only modest plastic 
strains (about 0.02). Analysis of the strain 
rates in each of the three materials, as 
well as other considerations, showed that 
the rate-controlling mechanism for defor
mation of the silver was time-dependent 
plasticity in the stainless steel base metal. 
Torsional failure, however, did not occur 
in the silver interlayer until shear strains 
over 6.0. It was shown that in this case 
where the applied shear stress is in the 
plane of the joint, the influence of con
straint by the base metals is minimized, 
and both the ultimate joint strength and 
the creep rupture life are reduced below 
the values expected for a joint stressed in 
tension at an equivalent (von Mises) 
applied tensile stress. Analysis of torsional 
creep rupture tests and the strain-rate 
dependence of bulk polycrystalline silver 
showed that the rate-controlling mecha
nisms for torsional failure is time-depen
dent plasticity in the silver interlayer. 

Introduction 

Rosen and co-workers previously 
investigated the mechanical behavior of 
silver-aided diffusion welds between ura
nium and stainless steel (Ref. 1). They 
observed that the tensile strength of the 
silver joints ranged between 60 and 70 
ksi (414 and 483 MPa), which is above the 
ultimate strength of polycrystalline silver. 

/. W. ELMER, M. E. KASSNER and R. S. ROSEN 
are with Lawrence Livermore National Labora
tory, Livermore, Calif. 

Based on a paper presented at the 18th 
International AWS Brazing Conference, held 
March 24-26, 1987, in Chicago, III. 

The strengthening of the thin silver joint 
occurs because the nondeforming base 
metals provide mechanical constraint that 
restricts transverse contraction of the 
interlayer (Refs. 2-5). The stress state that 
develops in the joint under these condi
tions is triaxial, and the presence of the 
hydrostatic stress component reduces 
the effective stress in the interlayer, thus 
reducing the tendency for the joint to 
plastically deform. The degree of 
mechanical constraint in the joint is 
known to increase with decreasing thick
ness-to-diameter ratio (Refs. 6-8), and 
the total amount of interlayer strain at 
failure is known to decrease significantly 
with increasing constraint (Refs. 8, 9). 
Higher joint strength is associated with 
higher constraint; however, the con
straint can be reduced with the onset of 
base metal yielding (Ref. 8) and the joint 
strength is, correspondingly, degraded. 

Rosen and co-workers also investi
gated the delayed-failure behavior of dif
fusion-welded joints between uranium 
and stainless steel held at static tensile 
loads below the ultimate strength of the 
joint. In their study, a phenomenological 
relationship was developed that related 
the applied stress and temperature to the 
rupture time of the joints. Although this 
relationship described the tensile rupture 
properties of the joint reasonably well, 
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the fundamental mechanism controlling 
the rupture behavior was not established. 
The delayed-failure phenomenon has 
been observed only once before (Ref. 
10) and is not well understood. One 
objective of this investigation is to contin
ue the work by Rosen and co-workers to 
determine the rate-controlling process 
for tensile failure of diffusion-welded 
joints. 

Rosen observed that the time-to-rup
ture, tr, increased with decreasing applied 
constant stress, aA, according to an 
Arrhenius equation: 

tr = A exp (Qc/RT) cA 
-24 (1) 

where the activation energy, Qc, is 85.8 
kj/mole, R and A are constants, and T is 
the absolute temperature. Microexamina-
tion of the fracture surfaces showed that 
all properly welded joints failed by nucle
ation and coalescence of cavities at the 
Ag-Ag bond line or the U-Ag or stainless 
steel-Ag interface, and it was believed 
that the rate-controlling mechanism for 
fracture was time-dependent plasticity in 
the silver joint. However, the stress expo
nent and activation energy calculated by 
Rosen appeared to match those for time-
dependent plasticity of the stainless steel 
base metal rather than the silver (as will 
be discussed in detail later). The possibili
ty that time-dependent plasticity or creep 
in the stainless steel base metal controlled 
the fracture behavior of the diffusion-
welded joints required further investiga
tion and additional tests. 

To check this theory, creep rupture 
tests were performed on diffusion-
welded specimens to measure the creep 
rates in the base metals and silver. If 
stainless steel "base metal control" is 
viable, then there should be some corre
spondence between the stainless steel 
and the silver creep rates. The role of the 
base metal in the fracture process was 
further investigated by conducting tensile 
stress rupture tests on diffusion welds 

WELDING RESEARCH SUPPLEMENT 1157-s 



c 
2 
V, 
u 

Fig. 1— Average 
tensile creep curves 

for the stainless steel 
base metal, the 

uranium base metal, 
and the silver 

interlayer for two 
bonded specimens 
at 40 ksi (277 MPa) 

0.020 

0.015 

0.010 

0.005 

n 

i 

A g ^ _ _ _ 

ss^ 

I I 
40 ksi 

(277 MPa) 

e = 2.7 x 10-8 s-1 

e = 1.8 x 10-8 g-1 

£<5x1O- 1 0S- 1 

-

-

-

^~~ 
10 

Time (104 s) 

15 

the strain in the thin silver joint. This 
procedure required three extensometers 
that spanned different segments of the 
gage length. One extensometer was 
placed entirely in the stainless steel, the 
second entirely in the uranium, and the 
third across the joint though primarily in 
the stainless steel. The strain in the 152-
nm (0.006-in.) silver joint was calculated 
by subtracting the stainless steel and the 
uranium contributions from the strain 
measured by the extensometer placed 
across the joint. The strain measurement 
of the interlayer required accurate mea
surement of the distance of the exten
someter knife-edge from the interlayer. 
This distance was measured to about 0.1 
mm. The strain resolution of the exten
someters was approximately 20 micro-
strain. 

made with stainless steels of various 
strengths. The base metal control theory 
would predict that the rupture times 
should be related to the base metal 
strength, since higher strength is associ
ated with lower creep rates and, thus, 
longer times-to-rupture. 

Thin joints, i.e., diffusion welds and 
brazes, are frequently loaded in shear 
rather than tension. For example, a scarf 
joint is loaded such that there is a large 
shear component in the plane of the 
joint. Since the base metal may not pro
vide significant mechanical constraint for 
shear stresses in the plane of the joint, the 
mechanical strengthening that thin joints 
provide in tension may be reduced. It 
was also believed that the rate-control
ling mechanism for delayed failure in 
torsion may be different than that for 
tension. There have been fewer investi
gations of the torsional properties of thin 
joints (Refs. 11, 12), and less is known 
about the behavior of thin joints when 
subjected to a shear stress in the plane of 
the joint. A second objective of this study 
was to investigate the phenomenology 
and the rate-controlling mechanism for 
fracture of thin joints when subjected to 
an "in-plane" shear stress. The shear tests 
would be conducted by torsionally 
deforming diffusion-welded specimens 
to failure at different applied strain rates 
and stresses. 

Experimental Procedures 

Materials and Specimen Preparation 

Specimens to be coated were ma
chined from Type 304 stainless steel and 
depleted uranium-238 bars. The base-
metal specifications, fabrication history 
and chemical analyses were summarized 
by Rosen, et al. (Ref 1). Two different 
stainless steel lots with different yield 
strengths were used; they will be 
referred to as the low-hardness (RB 85) 

and high-hardness (RB 98) lots. The base 
metal blanks were machined into right 
circular cylinders, 15.3 mm (0.604 in.) in 
diameter and 38.8 mm (1.53 in.) in length, 
and the surface of the end to be coated 
was machined flat (by single-point turn
ing) to 5 Mm with a surface roughness of 
0.4 /jm arithmetic average. 

The machined specimen blanks await
ing coating were cleaned, sputter-etched 
and coated with a 76.2-/xm (3-mil) layer of 
99.999% silver metal. The coated speci
mens were then inserted into Type 304 
stainless steel cans such that each can 
contained one uranium and one stainless 
steel specimen, with the silver-coated 
ends facing each other. The cans were 
evacuated, welded closed and isostatical-
ly compressed with argon gas to 30 ksi 
(207 MPa) at a peak temperature of 
600°C (1112°F). The peak temperature 
was maintained for two hours and then 
reduced to temperatures below 100°C 
(212°F) before the gas was vented. The 
cans were removed and the specimens 
were machined into standard 6.35-mm 
(0.250-in.) diameter reduced-section ten
sile specimens with the silver joint in the 
middle of the reduced section. A more 
detailed account of the specimen prepa
ration is available in Ref. 1. 

Tensile Tests 

Tensile creep rupture tests were per
formed on the joint by loading the spec
imen in a screw-driven-type machine to 
provide the creep load at a rate of 1.27 
mm/min (0.05 in./min), and the load was 
maintained constant at ± 0 . 1 % . The load, 
cross-head displacement and strain were 
recorded using a computerized data-
acquisition system sampling at 5 Hz. 

Creep of the uranium and stainless 
steel base metals could easily be deter
mined from extensometers. However, a 
special procedure was used to calculate 

Torsion Tests 

Constant-stress- and constant-strain-
rate torsion tests were performed on a 
screw-driven-type machine equipped 
with a torsional adapter to convert axial 
displacements into rotational displace
ments. A biaxial extensometer capable of 
measuring rotational displacements up to 
± 3 deg and axial displacements up to 0.2 
in. was placed on the specimen so that it 
spanned the joint. Lines were scribed on 
the specimen across the joint and parallel 
with the axis of the specimen to verify 
the angle of twist in the joint. The torque 
and displacements were measured 
throughout the test and compiled by a 
computerized data-acquisition system 
sampling at 5 Hz. 

The torque, M, was converted into 
shear stress, r, using the solid-specimen 
torsion equation 

M 
; (3 + n + m) (2) 

and the angle of twist, 0, was converted 
into shear strain, y, by the equation 

Y = f (3) 

where r = radius of the specimen, 
L = gage length, n = strain-hardening 
coefficient, and m = the strain-rate sensi
tivity, which varies with strain in this 
equation. The strain in the silver joint was 
calculated by taking the thickness of the 
interlayer to be equal to the gage length. 
Displacements recorded by the exten
someter that were provided by the base 
metals were subtracted. 

Torsion tests on bulk polycrystalline 
silver were performed using silver that 
was provided as rod of 99.999% purity 
from the Materials Research Corp. The 
specimens were vacuum-annealed at 
600°C for one hour and the resulting 
grain size was about 80 /xm. Specimens 
had a 5.1-mm diameter and 25.4-mm 
gage length. 
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Results and Discussion 

Tensile Deformation and Delayed Failure of 
Silver Joints 

Tensile creep-rupture tests were per
formed on three diffusion-welded speci
mens to characterize the plastic deforma
tion rate (creep rate) of the base metals 
and the silver interlayer. Figure 1 shows 
the tensile creep behavior of the stainless 
steel base metal, the uranium base metal, 
and the silver interlayer at room temper
ature at an applied stress of 40 ksi (277 
MPa). Each curve represents the average 
behavior of the two curves from a set of 
diffusion welds that had rupture times of 
about 2 and 30 h. Several important 
observations can be made from this data. 
First, the stainless steel and silver have 
comparable creep rates. Second, the sil
ver undergoes roughly 2% elongation 
prior to fracture of the specimen. Part of 
this (say, 1%) may be a deformation 
surge, which was observed by West, ef 
al. (Ref. 8), and seems to be associated 
with the establishment of a triaxial stress 
state. Third, the plastic deformation of 
the uranium is small and the majority of its 
deformation occurs during or shortly 
after loading, followed by a creep rate 
that is several orders of magnitude less 
than in the stainless steel or the silver. The 
third test at 35 ksi (241 MPa) showed 
similar behavior except that the strain 
rates were lower. Failure of the silver 
interlayer was always found to be associ
ated with about 1% plastic strain in the 
stainless steel. Figure 2 correlates the 
strain rate in the silver interlayer with the 
strain rate in the stainless steel base metal 
just prior to fracture for the three tests. 
The dashed line delineates a 1:1 correla
tion. Not only are stainless steel and silver 
strain rates always comparable, higher 
silver rates are associated with corre
spondingly higher stainless rates. Uranium 
rates are always about two orders of 
magnitude less than those of silver and 
stainless steel. 

The low creep rate of the uranium at 
40 ksi (277 MPa) is not surprising since its 
0.2% yield strength is 25% higher at 50 ksi 
(345 MPa). Creep of stainless steel at 
ambient temperatures over a small strain 
range does not appear to have been 
extensively studied (Ref. 13), but the fact 
that it had a measurable creep rate at 40 
ksi (277 MPa) is consistent with the avail
able work (Ref. 13) and is expected since 
the 0.2% yield strength is only 5% higher, 
42 ksi (289 MPa), and since it is a relatively 
rate-sensitive alloy. The constant-struc
ture strain-rate sensitivity, N, is defined 
by 
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Fig. 2 — Correlation 
of the strain rate in 
the silver Interlayer 
with the strain rate 
of the stainless steel 
base metal just prior 
to fracture for 
diffusion-welded 
joints in tension. The 

•) Q-7 7X - | Q-7 dashed line 
represents a perfect 
1:1 correlation 

where a is the stress at a given strain and 
temperature, e is applied strain rate, and 

ep is the plastic strain (dislocation struc
ture). The values of N indicate the 
increase in strain rate associated with an 
increase in flow stress for a particular 
structure over relatively small strain 
ranges (e.g., 1%). The constant-structure 
strain-rate sensitivity of annealed austen
itic stainless steels is known to be approx
imately 30 ( ± 10) (Refs. 13-16). Ambient-
temperature creep results from loading 
the specimen at a relatively high strain 
rate to reach the creep stress. The initial 
applied stress is therefore significantly 
higher than the low-strain-rate flow 
stress, and the specimen may plastically 
deform under static loads. 

The creep characteristics of silver in 
the interlayer, however, cannot be easily 
explained by the behavior of bulk poly
crystalline silver. A low effective stress in 
the interlayer and the low rate sensitivity 
of silver (about 220, Ref. 17) suggest that 
significant time-dependent plasticity 
would not be expected in a soft silver 
interlayer at low strains, assuming per
fectly constraining base metals. The fact 
that the silver is deforming at a much 
higher rate than expected, coupled with 
the fact that it is deforming at a rate 
comparable to that of the stainless steel, 
is not believed to be coincidental. 

As mentioned in the introduction to 
this paper, Rosen and co-workers calcu
lated a stress exponent of about 24 and 
an activation energy of 85.5 kj/mole for 
Equation 1, which provided a reasonable 
description of the stress rupture behavior 
of diffusion-welded joints. They conclud
ed that the rate-controlling process for 
the observed delayed failure was time-
dependent plasticity, presumably in the 
silver. However, the constant-structure 
strain-rate sensitivity of silver is approxi
mately 220, and the value for stainless 
steel, of approximately 30, matches Ros
en's findings much better than that of 
silver. The ambient-temperature creep 

data that are available (Ref. 13) does 
suggest that the times to reach a "critical" 
small strain (e.g., 1%) at different stresses 
roughly obeys Equation 4 (i.e., N ^ In 
(t i / t2) / In (O2/<TI)) with an N value of 38. 
The activation energy for creep in stain
less steel was also estimated from the 
literature, using the relationship Q = NR 
In [(<r1/E1)/((72/E2)] / (1/Ti - 1/T2) for a 
temperature range of 0° to 100°C. The 
results showed the apparent activation 
energy for plastic flow at ambient tem
perature to be approximately 68 (±20) 
kj/mole, which also reasonably matches 
Rosen's data. The activation energy for 
the plastic deformation of silver is only 
about 53 kj/mole (Ref. 18). Therefore, 
based on the creep curves, the rate 
sensitivity, and the activation energy 
measurements, it can be concluded that 
although the controlling process for 
mechanical delayed failure in the silver 
joint is time-dependent plasticity, the 
controlling material is not the silver inter
layer, but, more likely, the 304 stainless 
steel base metal. This conclusion is, per
haps, most convincingly supported by 
the delayed-failure tests of specimens 
using stainless steel base metals of differ
ent hardnesses. 

The results of three sets of stress-
rupture tests from the investigation by 
Rosen, ef al., are shown in Fig. 3. The 
average rupture times are plotted with 
the range of observed data at each stress 
level. The least-squares-fit stress expo
nent is 22 for all data, although the mean 
average exponent for all three sets is 
about 24. All specimens were fabricated 
from the low-hardness (RB 85) stainless 
steel. Three additional stress rupture 
points are plotted on this graph; they 
represent specimens that were coated 
and diffusion-welded with Set 3 (see Ref. 
1), but were fabricated from the high-
hardness (RB 98) stainless steel. The rup
ture times of the specimens fabricated 
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Fig. 3-Stress 
rupture data for 
diffusion-welded 

specimens fabricated 
with high-hardness 
and low-hardness 

stainless steels. 
Brackets indicate the 

range of data 

with the high-hardness stainless steel sub
stantially exceeded the rupture times of 
the low-hardness stainless steel base-
metal group. The fact that the strength of 
the base metal influences the time-to-
rupture also suggests that the base metal 
must be controlling the tensile failure 
process. Microexamination of the frac
ture surfaces showed a ductile silver frac
ture that was identical to the fracture 
surfaces characterized by Rosen, et al. 
Additionally, a fourth (and final) high-
hardness specimen was found to have an 
ultimate tensile strength of 83 ksi (572 
MPa), roughly 30% higher than that of the 
lower-hardness group. 

Base metal control of the plasticity in 
the interlayer can be explained by the 
relaxation of the triaxial stress state. As 
the base metal axially deforms, it con-

Applied stress, ksi (MPa) 

tracts in the radial direction, which allows 
the thin silver "wafer" to radially contract 
and thus elongate along the tensile axis to 
maintain a constant volume. Plasticity aids 
the nucleation of voids, and once the 
silver elongates about 2%, ductile rupture 
occurs by microvoid coalescence. West, 
et al. (Ref. 8), also noted, in dynamic tests, 
that base metal yielding is always accom
panied by at least equivalent yielding in 
the interlayer. They also observed the 
limited ductility in highly constrained 
joints (Ref. 8). 

As a final note to this section, it should 
be mentioned that we attempted to 
compare the strain rate in the silver with 
the stainless steel rate. However, the 
measurements did not consider signifi
cant changes in the stress state in the 
base metal near the joint interface. Pre-

Fig. 4 —Comparison 
of the shear-stress 

shear-strain behavior 
of polycrystalline 

silver with that of 
silver in the 

diffusion-welded 
joint at a strain rate 
of about 4.5 X 10~3 

s-'. The 
diffusion-welded 

specimen failed at a 
fracture strain of 

46.8 

35 

30 
Silver joint 

y =4.5x10-3S"1 

21 °C 

Polycrystalline 
silver 

200 

Shear strain, y 

iiminary indications are that the first mm 
of stainless steel away from the joint (the 
region relevant to base metal control) 
may experience '/3 to Vi the strain than 
metaLmore remote from the joint, per-
haps_jdue to constraint by the less-
deforming uranium. This suggests that the 
stainless steel rates in Figs. 1 and 2 may be 
higher than the relevant rates. The silver 
strain-rate calculation would also be 
affected by this consideration. Saxton, et 
al. (Ref. 7), suggested, for joints with 
identical base metals, that the effective 
stresses in the vicinity of the joint may be 
higher than in other regions. The possible 
effect of this on the axial creep rate of 
uranium (and therefore our estimate of 
the silver creep rate) has not been clearly 
determined. For these reasons, the exten
someter experiments are, perhaps, the 
least conclusive arguments presented for 
base metal control. 

Torsional Deformation and Delayed Failure 
of Silver Joints 

The torsional behavior of bulk high-
purity polycrystalline silver was com
pared with the torsional behavior of high-
purity silver in the joint at a constant 
applied shear strain rate of 4.5 X 10~3 

s_1. The results are presented in Fig. 4. 
The bulk specimen yielded at a shear 
stress of 2.9 ksi (20 MPa), and the shear 
stress reached a constant (steady-state) 
value of 21.0 ksi (145 MPa) at a shear 
strain of 5.0. The diffusion-welded joint 
yielded at a shear stress of 5.3 ksi (37 
MPa) and reached a maximum (or steady-
state) shear stress of 25.3 ksi (174 MPa) at 
a shear strain of 0.8. The stress remained 
constant to a shear strain of 6.4 before 
the specimen began to fail. The associ
ated (steady-state) strain rate, y, was 
measured to be about 4.5 X 10 - 3 s_ 1 

and final separation of the specimen 
occurred at a shear strain of 46.8. The 
precise value of the yield stress is ques
tionable because of possible microyield-
ing in the uranium, although microyielding 
in bulk specimens was only observed 
above a shear stress of 7 ksi (48 MPa). 
Certainly, the 0.2% offset yield stress of 
the silver lies between 5.3 and 10 ksi 
(37-69 MPa). 

The results of the torsion tests show 
that the diffusion-welded and polycrystal
line specimens both reached steady-state 
stresses and endured large amounts of 
plasticity prior to failure. It is apparent 
that the large degree of mechanical con
straint that occurs in thin joints deformed 
in tension is not present for thin joints 
deformed in torsion. However, it does 
appear that the torsional joint may not be 
completely unconstrained since the 
steady-state stress for the diffusion-
welded specimen is nearly 25% higher 
than that of the polycrystalline speci
mens. 
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Figure 4 also shows that the diffusion-
welded joint strain-hardened at a higher 
rate and reached its steady-state stress at 
earlier strains than the bulk specimen. 
The higher strain-hardening rate of 
deformed-in-torsion joints was also 
observed by Shaw and co-workers (Ref. 
11). Their results for early plastic defor
mation of thin silver joints, y < 0.10, 
showed an increase in the work-harden
ing rate of 1.5 to 2 times that of fine
grained bulk silver and showed that a 
region of limited strain extends from each 
interface. The hardening effects were 
attributed to the complex multiple slip 
that must occur in the silver interlayer to 
accommodate the strain gradient that 
exists through the thickness of the inter
layer. 
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Fig. 6 — Comparison 
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Figure 5 shows the ambient-tempera
ture creep characteristics of the silver 
interlayer at a constant shear stress of 
20.5 ksi (141 MPa) (or an equivalent 
uniaxial stress of about 35.5 ksi/245 
MPa). The steady-state strain rate, y, for 
the torsionally deformed joint was 
2.0 X 10"5 s_ 1 at this stress; failure com
mences (tertiary creep) at a shear strain 
of about 6, and rupture occurs at a strain 
of about 34. The majority of the creep 
life was spent at steady state (both a and 
i are constant); just as for the constant-
strain-rate experiment, the creep rate 
was several orders of magnitude higher 
than that in tensile tests at an equivalent 
uniaxial stress. 

The ambient-temperature applied 
equivalent-uniaxial stress, a, versus time-

1 I l~~ 
• Rosen et al., tension 

A This study, tension 

• This study, torsion 

35 
(241) 

40 
(277) 

45 
(310) 

50 
(345) 

to-rupture, tr, behavior of joints 
deformed in torsion was compared with 
that of joints deformed in tension in Fig. 
6. Six new tensile stress rupture tests are 
plotted with data from the study by 
Rosen and co-workers, since the new 
and old specimens had identical ultimate 
tensile strengths. The tensile results are 
indicated by the upper solid line and 
show the stress exponent to be close to 
the average value of 24 reported by 
Rosen, ef al. The results of two torsion 
tests show that the shear rupture times 
are nearly two orders of magnitude less 
than tensile rupture times at equivalent 
applied uniaxial stresses, although the 
torsional specimens plastically deformed 
to much higher strains prior to failure. 
The longer rupture times for tensile joints 
are a direct result of the mechanical 
constraint imposed by the base metal. As 
previously discussed, this constraint dra
matically reduces the effective stress in 
the interlayer to values much lower than 
the applied tensile stress and thus, limits 
the time-dependent plasticity to that of 
the base metal. The torsional joint, how
ever, experiences almost the entire 
applied shear stress in the plane of the 
joint and deforms at a correspondingly 
higher rate, controlled by plasticity in the 
silver rather than plasticity in the stainless 
steel as in the tensile case. 

The torsional stress rupture data pre
sented in Fig. 6 appear to have a stress 
exponent of approximately 25, similar to 
that of the tensile stress rupture data, 
even though the tensile and torsional 
specimens fail by different mechanisms. 
This behavior can be explained by the 
similarity between the constant-structure 
strain-rate sensitivity, N, of stainless steel 
and the steady-state strain-rate sensitivi
ty, n, of the silver. The steady-state stress 
exponent, n, is classically defined by 

a In e. / f i n e * ) 
V a In (rss / T (5) 

Applied stress, ksi (MPa) 

where uss is the steady-state stress and iss 

is the steady-state strain rate. The steady-
state stress exponent indicates the 
increase in steady-state stress associated 
with an increase in strain rate. Different 
steady-state stresses are associated with 
different structures. If the failure strain is 
assumed approximately independent of 
creep rate (Monkman-Grant relationship), 
then the time-to-rupture is inversely relat
ed to the steady-state strain rate for the 
torsional specimens, since the majority of 
the creep life is spent at steady state. The 
slope of the torsional stress-rupture 
curve, therefore, should reflect the 
steady-state strain-rate dependence, n, 
of silver. 

A steady-state rate sensitivity of 25 for 
bulk silver at ambient temperatures, as 
predicted by Fig. 6, would seem reason
able based on the estimates by Logan, ef 
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Fig. 7- The 
steady-state 

equivalent uniaxial 
stress plotted vs. 

steady-state strain 
rate for 

polycrystalline silver 
deformed in torsion 

at ambient 
temperature 

al. (Ref. 18), and Goods and Nix (Ref. 19). 
To conf i rm n values o f silver, a series o f 
bulk silver specimens w e r e torsionally 
d e f o r m e d to failure at d i f ferent strain 
rates. These results are p lo t ted in Fig. 7 as 
log steady-state shear stress versus log 
steady-state strain rate. The steady-state 
strain-rate sensitivity is def ined by the 
slope of the best-f i t line and is about 30. 
This value is consistent w i t h Fig. 6 and 
conf i rms the hypothesis that the torsional 
de fo rmat ion behavior of the joint is c o n 
tro l led by plasticity in the silver. 

Conclus ions 

1) The delayed-fai lure tensile ducti l i ty 
o f silver-aided d i f fus ion-welded joints 
was shown to be l imited to only about 
2% prior to f racture. 

2) The rate-control l ing mechanism for 
delayed failure o f d i f fus ion-welded joints 
loaded in tension appears t o be t ime-
dependen t plasticity of the stainless steel 
base metal . To avo id de layed failure in 
joints at stresses b e l o w the ul t imate 
strength, base metals must be selected or 
al tered to prec lude even small strains. It 
should be emphasized that many, if not 
most, structural materials can exhibit this 
level of t ime-dependent plasticity at l o w 
temperatures (T < 0.3 Tm) over relevant 

Steady-state stress, a s s (ksi) 

t ime (10B s) at stresses less than the 
convent ional ly de termined yield stress. 

3) D i f fus ion-welded joints loaded in 
tors ion w e r e shown to have lower joint 
strengths, higher creep rates, lower 
creep-rupture lives, and dramatical ly larg
er strains at failure than joints stressed in 
pure tension at an equivalent (von Mises) 
appl ied stress. These behaviors occur 
because the rate-control l ing mechanism 
for delayed failure of d i f fus ion-welded 
joints d e f o r m e d in tors ion is t ime-depen
dent plasticity in the nearly unconstra ined 
silver interlayer. 
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present: 

— results that are best communicated visually. 

— new techniques or procedures that are best discussed in detail individually with interested 
viewers. 

— brief reports on work in progress. 

— results calling for close study of photomicrographs or other illustrative materials. 

Rules 

1. Complete the Poster Session Application on the other side of this announcement and mail it with a 
100- to 150-word description (i.e., abstract) of your Poster Session topic by November 1, 1988, to 
Secretary, Technical Papers Committee, American Welding Society, 550 N. W. Lejeune Rd., P. O. Box 
351040, Miami, FL 33135. 

2. If you are notified during December 1988 that your proposed Poster Session topic has been accepted, 
you should: 

— mount your material on either 22-in.-high X 28-in.-wide or 44-in.-high X 28-in.-wide (maximum size) 
poster board, or prepare your material so that it can be mounted for you on one of those sizes of 
poster board. 

— plan to use type that is large enough that it can be read from 3 to 6 ft away. 

— be sure not to superimpose sheets of text or illustrations on top of each other. 

— mail or ship your poster (or poster material) so that it reaches AWS by February 15,1989. All posters 
(or poster material) become the property of AWS and will not be returned. (For poster material to 
be mounted for you, include a sketch, or layout, keyed to your material to show how your material 
should be mounted.) 

— indicate below whether you will or will not be present in Washington for discussion of your poster. 
Attendance in Washington is not mandatory. 

Yes, I will be present No, I will not be present 

IMPORTANT: Only material that does not exceed the space available on one 44- X 28-in. poster board 
will be acceptable. 
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Secretary 
Technical Papers Committee 
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Abstract 

The 100- to 150-word abstract should include information regarding: 

— overall significance of the poster for viewers. 

— the newness or originality of the poster materials. 

— welding conditions, i.e., process, current, voltage, welding speed, base and filler metal, and (when used) shielding gas flow rates 
and composition. 

— what your illustrations (if any) show. 

— the more important points that the poster stresses. 

— where relevant, the economic effects of the work described by the poster. 

Poster Presentation in Washington, D.C. 

The presence of a personal representative in Washington is not mandatory. However, if a representative is to be present, that person 
should plan to be present by the poster at a time when the formal oral Technical Sessions are not being held — for example, for at least 
one hour between 12 noon and 1:30 p.m. April 3 or one hour between 12 noon and 2 p.m. April 4-6. Please indicate the times you 
would be at your poster if your Poster Session topic is selected: 

April 3. April 4 . April 5 . April 6 . 
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