
Mechanical Strength of Selected 
Soldered Joints and Bulk Solder Alloys 

Preliminary comparisons from an on-going test program 
provide some much needed data on the strength of 
soldered joints 

BY C. J. THWAITES AND W. B. HAMPSHIRE 

ABSTRACT. The first results are 
reported f rom a continuing program 
established by the Tin Research Insti
tute in response to a growing demand 
for information on the strength prop
erties of soldered joints. 

Before report ing on mechanical 
properties, various types of joints are 
discussed as to their usefulness as 
test specimens. A ring and plug joint 
was selected for shear testing of six of 
the ten solder filler metals ultimately 
to be tested. Small reduced-section 
rounds were used for tensile testing 
bulk solders. 

Tests, including 1000 h stress-rup
ture tests, were run at ambient and 
elevated temperatures and, where 
applicable, at slow and fast strain 
rates. Data are reported quantita
tively and a table lists the six types of 
filler metals qualitatively in descend
ing order of strength in four cat
egories, i.e., two test rates at each of 
two temperatures. 

Introduct ion 

Soldering is an extremely versatile 
joining technique which explains its 
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Fig. 1 — Methods of providing mechanical support to soldered joints (after British Stan
dard 1723) 

long history of application over a wide 
field in general engineering and sheet 
metal work. It is also the technique al
most exclusively employed in the 
electrical and electronics industries 
where an easily guaranteed electrical 
continuity at min imum cost is the 
pr ime requirement. Soldering alloys 
are mostly tin based, lead being the 
most common second element to 
reduce the melting point. However, 
when a tin-lead solder melts it wets 
metal surfaces only because of the 
presence of tin. The wetting leads to 
spreading of the solder and penetra
tion of the liquid alloy into capillary 
spaces of the joint assembly. 

Because tin and tin-lead alloys melt 
at relatively low temperatures, gen
erally below 300 C (572 F), which 

results in a minimal risk of heat dam
age to electronic components close to 
the soldered joint, it is to be expected 
that solder alloys do not exhibit great 
m e c h a n i c a l s t r e n g t h s i n c e the 
strength of metals at room temper
ature is related to their melting point. 
This has led to the accepted design 
technique of using mechanically inter
locked seams, spot-welds, rivets, etc. 
(Fig. 1) where it is felt that the stresses 
applied in service may exceed those 
which the solder alloy itself can with
stand. In this case the solder is then 
used solely to effect a seal, or to pro
vide an electrical or thermally con
ducting path. 

For the majority of soldered joints 
used in the electronics industry, it is 
not possible to incorporate addi-
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tional mechanical means of strength
ening the joints and since service 
temperature for equipment are con
stantly becoming higher, the re l 
atively low strength of solders be
comes increasingly of importance. 
For example, environmental test tem
peratures in the region of 140 C 
(284 F) are common, which is only 
43 C (109 F) below the solidus of a 
60%tin-40%lead alloy. 

It has therefore become increas
ingly important to have available de
tailed information on the strength of 
soldered joints, particularly at ele
vated temperatures. Appl ied stresses 
may cause creep of solder, while 
stresses of changing magnitude and 
direction, due for example to thermal 
cycling, can lead to fatigue failure of 
the joint. 

For the majority of soldering oper-
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ations. binary tin-lead alloys (or ones 
containing also a few percent of anti
mony (5%) or tin-silver (2-5%) alloys 
for elevated temperature applica
tions because of their higher melting 
point. Lead-r ich al loys conta in ing 
usually 1.5% silver with 1 or 5% tin, 
which have a solidus close to 300 C 
(572 F), also are employed for the 
same appl icat ions. However, the 
available data on the mechanical 
proper t ies of the higher strength 
al loys in part icular is somewhat 
sparse. 

In 1971, Ainsworth (Ref. 1) re
viewed the literature concerned with 
the mechanical properties of solders 
and joints. The results of experimen
tal work in the field since that date 
have been published by Wild (Refs. 
2,3,4) who has studied short t ime ten
sile, creep and slow-cycle fatigue 
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Fig. 2 — Forms and relevant dimensions of soldered joints and bulk solder specimens 
studied 

properties of a number of alloys, 
including some not normally consid
ered as solders but as "fusible alloys." 
Beal (Ref. 5) and Minarcik and Aqua 
(Ref. 6) have reported on the devel
opment of new solders for withstand
ing the more arduous operat ing 
condit ions of automotive radiators 
and heat exchangers while Coombs 
(Ref. 7) and Wood (Ref. 8) have car
ried out fatigue tests on joints in rela
tion to soldered electronic assem
blies subject to thermal cycling and 
hence stress excursions in the joints. 
Dunn (Ref. 9) has devoted a study to 
the effect of test temperature on the 
tensile properties of five near-eutec-
tic t in-lead solders in the as-cast or 
annealed state. 

In view of the demand for informa
tion on strength of soldered joints 
from the Tin Research Institute over a 
period of some years, an exper imen
tal program has been followed in 
which the aim is to provide such data 
for a certain number of solders. Apart 
from conventional tensile tests, creep 
tests are in hand at elevated and at 
ambient temperatures. Fatigue and 
thermal cycl ing tests may be in
cluded in the program at a later stage. 
Although much initial work has been 
carried out on solid, cast, solder 
specimens of 7.1 mm (0.285 in.) diam 
and 25 mm (1 in.), parallel gage 
length, attention is now being con
centrated on the strength of soldered 
joints. 

Before commencing experimental 
work on the strength of joints, it was 
necessary to select the most suitable 
joint configuration (and hence stress
ing condition) which would fulfill the 
fol lowing: 
1. It would copy the most commonly 

encountered stress situation. 
2. It could be made under easily con

trolled condit ions which were as 
similar as possible to those in 
practical soldering. 

3. It would give reproducible test 
values. 

The ring and plug type of joint was 
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finally selected as best meeting these 
conditions and a previous paper (Ref. 
10) has described the experimental 
work which resulted in this choice of 
joint for the main program of work. A 
brief summary of the considerations 
of jo int design and some of the 
experimental results obtained are 
given below for convenience. This is 
followed by the results so far ob
tained from short-term tensile and 
creep stress-time to rupture tests on 
both bulk solders and joints made 
with different alloys, the tests being 
carried out at room temperature and 
100 C (212 F). 

Compar ison of Joint Designs 

Preliminary tests on soldered joints 
were made using the types of joint 
il lustrated in Fig. 2, which also gives 
the relevant dimensions. The fol
lowing observations on each type of 
joint may be made: 

Single Lap Joint 

Lap soldered joints are recom
m e n d e d for use in eng inee r i ng 
assemblies with the loading direction 
such that the solder in the joint is sub
jected to shear stresses. Increased 
joint strength is thus easily obtained 
by using a greater overlap area. A 
single overlap testpiece (Fig. 2, Joint 
1) may thus be considered as most 
relevant to engineering applications. 

Although the load applied during 
testing is in a direction parallel to the 
soldered joint interfaces, the present 
technique with flat sheet component 
pieces does not allow them both to lie 
in the loading axis. Rotational forces 
occur which invar iably bend the 
component pieces and produce 'peel
ing' stresses, so that the solder in the 
joint is subjected only initially to pure 
shear. 

This effect may be overcome by us
ing thicker component parts, each 
machined to one-half the thickness 
where the overlap is formed so that 
the soldered test-piece has a uniform 
thickness over the whole length. The 
use of thicker and stronger (e.g. steel) 
components obviates bending but 
may reduce the similarity to a more 
commonly encountered industrial sol
dering application. Double lap joints 
also eliminate the problem of bending 
of the testpiece (see below). 

Single lap joints were made quite 
easily by boiting the component parts 
together, using aluminim foil spacers 
to obtain the required joint clear
ance, f luxing, and dipping the assem
bly in a solder bath at the required 
temperature for 11 s. The area of 
over lapped jo int requi r ing to be 
tested was isolated by transversely 
cutting through each component part 
to just beyond the joint interface. This 

eliminated any influence of the alu
minim inserts and of solder fillets 
which are known to give added 
strength to the joint. However, the 
overlap length influenced the strength 
values obtained (Fig. 3). 

Double Lap Joint 

This is effectively two single lap 
joints placed back-to-back so that the 
rotational forces due to nonaxial load
ing, referred to above, are balanced 
because they occur equally but in 
opposite directions on each soldered 
joint (Fig. 2 Joint 2). Bending of the 
test pieces is thus el iminated but it 
cannot be claimed that the resultant 
stressing condit ion is one of pure 
shear because it allows compensa
tion for nonaxial loading and not el im
ination of stresses other than shear. 

The double lap joints were made by 
bolting together the three compo
nent parts, with aluminim foil spacers, 
before solder-dipping. Only a very 
small number of tests were made with 
this joint type because of the prac
tical difficulties encountered (Ref. 10). 

Butt Joint 

This represents the most simple 
type of joint in which the film of solder 
in the joint is theoretically subjected 
to tensile stresses in a direction nor
mal to the joint interface (Fig. 2 Joint 
3). Because of the restriction to defor
mation imposed by the base metals, 
these joints inevitably give a higher 
strength value than overlap joints. 
Nonaxiality of loading will, however, 
lead to peeling stresses and hence a 
markedly reduced strength value and 
the risk of nonaxial stressing in
creases with joint area or diameter of 
the rods used to make the joint. For 
this reason, quite small diameter rods 
were used to make the joints. In our 
work, it was found to be the best prac
tice to preheat the machined ends of 
the two rods, apply flux, coat with 
solder by dipping and immediately 
bring the ends together in an al ign
ment j ig, incorporating a micrometer 
adjustment, to obtain the exact joint 
clearance required. 

Ring and Plug Joint 

This type, which is closely similar to 
a sleeve joint, is the design which 
should, it is believed, give shear 
stressing of the soldered joint (Fig. 2, 
Joint 4). 

By using small dimension compo
nents, the mass of the assembled 
joint was kept sufficiently low that the 
rate of heating during solder-dipping 
was nearly the same as that in prac
tical soldering operations. The ease of 
machining to closely control led d i 
mensions was felt to be a good design 
feature. 

Fig. 5 — Concentric pulley lever-loading 
system developed for carrying out some 
stress-rupture tests on bulk solders where 
elongation at failure was large 

A technique was developed for 
making ring and plug joints easily and 
reproducibly, in which within the joint 
c learance, three n icke l -ch romium 
alloy (nonwett ing) wires were in
serted equally spaced and of the 
appropriate diameter to just fit the 
predetermined clearance. The influ
ence of these wires on joint strength 
was shown to be not significant (Ref. 
10). 

When determining the breaking 
load of the ring and plug joints, a de
vice was used to apply tension to the 
assembly rather than to push the rod 
member through the ring since the in
itial tests, the compression method, 
was found to give slightly higher shear 
strength values due, it was believed, 
to radial expansion of the copper plug 
under compressive loading, causing it 
to fit more tightly within the ring mem
ber of the joint. 

Peel (Chadwick) Tests 

This test is specifically designed to 
measure the resistance to tearing or 
peeling of a soldered joint. It requires 
that strips of thin metal are soldered 
parallel over a length, using alumi-

WELDING RESEARCH S U P P L E M E N T ! 325-s 



Fig. 6 — Lever-loading units and furnaces used for stress-rupture tests at elevated tem
peratures 
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num foi l spacers to contro l jo int 
clearance, the unsoldered two ends of 
the component then being bent to 
form a "T" shape (Fig. 2, Joint 5) 
which are pulled apart in a tensile 
testing machine. Thus, the load per 
unit width of joint is continuously re
corded, which cannot be related to 
the tensi le or shear st rength of 
soldered joints. Beal (Ref. 5) has 
made use of this test in his experi
mental work. The strength values ob
tained closely depend not only on the 
strength of the joint but also on the 
force requ i red to bend the base 
metals continuously through 90 deg 
as the peeling opens the joint. 

To summarize, peel tests were not 
considered for the main program be
cause of the difficulty in interpreting 
the load per unit width of joints. Of the 
other types of joint, butt (tensile) 
j o in ts are sens i t i ve to nonax ia l 
loading, and to both soldering tem
perature and joint clearance. Single 
lap joints gave results dependent on 
the amount of overlap; they are also 

suspect because of the bending of the 
members during test. Double lap 
joints were found to be too complex to 
make reproducibly. Thus ring and 
plug joints were finally selected as the 
design with least practical difficulties 
and with min imum sensitivity to the 
conditions of making the joint. 

Experimental Method 

Copper was used as the base metal 
for all the joints. The component parts 
of each joint were machined from rod, 
degreased with an organic solvent, 
etched for about 10 s in 1:1 HCI, 
washed and dried with methanol. In 
order to achieve sound joints and 
rapid wetting by the solder during 
solder-dipping, it was found neces
sary to use a fused ZnCI2-NHCI flux 
mixture to preheat the joint assem
bly, followed by immersion in the 
chosen solder alloy for a few seconds. 
Soldering temperatures 50 C above 
the l iquidus of each alloy were used. 

The joint clearance was fixed at 0.13 
mm. Bulk solder specimens were cast 
from 50 C above the appropriate 
liquidus temperature in metal molds, 
with cooling by water sprays being 
applied from the base to induce direc
tional solidification and minimum pip
ing. Test specimens were machined 
to the dimensions given in Fig. 2. 

Short-time tensile strength mea
surements were carried out on bulk 
solder specimens and soldered joints 
in an Instron Universal Tensile Tester 
using a rate of movement of the beam 
over the range 0.05 to 50 mm/m in , 
since ir testing both joints and solid 
solder specimens the earlier work 
(Ref. 10) had shown a significant influ
ence of this variable (Fig. 4). Tensile 
tests were carried out at ambient 
(nominally 20 C) and 100 C (212 F). 

Stress-rupture tests on bulk solder 
samples were carried out by direct 
l oad ing , for the a l loys of lower 
strength, or by use of a novel lever-
loading device for the alloys of higher 
strength (Fig. 5). This system allowed 
large extensions of the specimen un
der test to be accommodated by rota
tion of the pulley. 

Stress-rupture tests on soldered 
joints were also carr ied out in normal 
lever loading units (Fig. 6) with fur
nace enclosures to provide a test tem
perature of 100 C when required. 

Curves were plotted of specimen 
life against initial stress and most 
tests were discontinued after be
tween 2000 and 4000 h in order to ob
tain an interpolated value for the 
stress corresponding to 1000 h life, 
used as a measure of creep strength 
in this programme of work. 

Solder Alloys Tested 

The solders listed below will even
tually be tested in this program of re
search; for the present paper, results 
on joints are available only for the fol
lowing alloys marked with an asterisk: 

60%tin - 40%lead* 
62%tin - 36%lead - 2%silver* 
40%tin - 60%lead 
40%tin - 58%lead - 2%antimony* 
10%tin - 90%lead* 
95%tin - 5%antimony* 
1%tin - 1.5%silver - 97.5%lead 
5%tin - 1.5%silver - 93.5%lead* 
96.5%tin - 3.5%silver 
95%lead - 5%silver 

Results and Discussion 

In Table I the results of short-t ime 
tests at room temperature on cast 
samples of the alloys are given. Re
sults are included for the lowest and 
highest rates of strain used. For con
venience, the alloys have been placed 
in four groups, namely, binary t in-
lead, ternary t in-lead, binary t in-anti-
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mony and tin-silver, and lastly lead-
rich alloys. 

It will be observed that at room 
temperature, the 62%tin - 36%lead -
2%silver is very much stronger at the 
high rate of strain than all the other 
alloys and about 45% stronger than 
the next best alloys, the binary t in-
silver eutectic and "nomina l " t in-lead 
eutect ic (60/40) . However, at the 
lowest strain rate, the superiority of 
the silver-loaded tin-lead eutectic 
alloy is less pronounced and has ap
proached more closely the value ob
tained from the tin-silver eutectic, and 
the most lead-r ich lead-t in-s i lver 
alloys. The low strength of the tin-lead 
and t in-lead-antimony alloys at the 
low strain rate is a point worthy of 
note. 

Although too much must not be in
ferred from the elongation values ob
tained, as would be expected, the 
ductility tends to decrease with in
crease in s t rength. But with the 
62%tin - 36%lead - 2%silver alloy 
tested at 0.05 mm/m in there was a 
dramatic reduction in elongation to 
only 7%, coincident with its clear 
superiority in strength over the other 
alloys. In contrast, the next strongest 
alloy was the tin-lead eutectic which 
exhibited almost superplastic prop
erties at this low rate of testing. The 
40%tin - 60%lead alloy and the same 
alloy with the addit ion of 2%anti-
mony, all produced very high elonga

t ions at the test ing rate of 0.05 
mm/m in . 

The results of tensile tests at 100 C 
on six of the solder alloys are given in 
Table 2. At the highest rate of testing, 
again the 62%tin - 36%lead - 2%silver 
alloy had the highest tensile strength 
at 60 MN/m 2 (60 MPa), being about 
twice as strong as all the other alloys, 
except the 10%tin - 90%lead alloy 
which had an even lower strength of 
22 MN/m 2 . At the slow strain rate, the 
superiority of the ternary t in- lead-
silver alloy was lost and its tensile 
strength was about the same as the 
binary 95%tin - 5%antimony alloy and 
the lead-rich alloy containing 5%tin 
and 1.5%silver. However, strength 
values for all of these (about 20 
MN/m2 ) was approximately one-third 
that of the ternary tin-lead-silver alloy 
tested at the high rate. The tin-lead 
and t in-lead-antimony solders all had 
tensi le s t rength values below 10 
MN/m 2 . 

Elongation values for the strongest 
alloys were all about 30% and super-
plastic tendencies were observed for 
the weaker materials, as with the tests 
carried out at 20 C (68 F). 

Table 3 lists the shear strength 
values obtained at 20 C from ring and 
plug jo in ts made with six solder 
alloys. At the highest rate of testing 
the 62%tin - 36%lead - 2%silver and 
95%tin - 5%antimony alloys gave the 
strongest joints, with the lead-rich 

alloy producing the lowest strength. 
At the slow strain rate, however, these 
three solders gave joints of nearly 
equal and much lower strength (about 
30 MN/m2) but superior to the re
maining solder alloys. 

Tests at 100 C (Table 4) were inter
esting in that the binary 60%tin -
40%lead alloy joints were as strong at 
a high strain rate as those made with 
the t in-antimony and tin-lead-silver 
alloys and only the joints made with 
10%tin - 90%lead were markedly 
weaker. At the lowest strain rate, it will 
be observed that to all intents and 
purposes, joints made with all of the 
s ix s o l d e r s had s i m i l a r t e n s i l e 
strengths and were, in general, about 
50% of the values obtained at room 
temperature. 

Creep-stress-t ime to failure tests 
on bulk solders and joints are, as yet, 
incomplete but preliminary values are 
given in Table 5 for the stress to give 
an endurance of 1000 h at both 20 C 
and 100 C. The initial indications are 
that the ternary t in-lead-antimony 
alloy has superior strength at 20 C; at 
100 C the 62%tin - 36%lead - 2%sil-
ver alloy is about three times strong
er than the next best material (95%tin 
- 5%antimony). However, the very 
small number of tests on soldered 
joints at 100 C suggest that the lead-
rich solder conta in ing 5%tin and 
1.5%silver gives considerably strong
er joints than even the silver-loaded 

Table 1 — 

Alloy 

type 

Binary 
t in-lead 

Ternary 
t in-lead 

Binary 
t in-other 

Lead-r ich 

Tensile Properties 

Sn 

60 
40 
10 

62 
40 

95 
96.5 

5 
1 

of Bulk Solders at 20 C 

Nominal composi t ion, % 

Pb 

40 
60 
90 

36 
58 

93.5 
97.5 
95 

Sb 

— 

2 

5 

— 

(68 F) 

Ag 

— 

2 

3.5 

1.5 
1.5 
5 

Tensile strength, 
MN/m 2 ( l b f / i n . 2 ) 

0.05i 

19 
17 
20 

43 
23 

31 
37 

30 
35 
32 

mm/min 

(2700) 
(2420) 
(2850) 

(6120) 
(3270) 

(4410) 
(5260) 

(4270) 
(4980) 
(4550) 

at rate of 

5 0 m m / m i n 

56 
46 
39 

80 
55 

51 
55 

41 
45 
39 

(7970) 
(6540) 
(5550) 

(11,380) 
(7820) 

(7250) 
(7820) 

(5830) 
(6400) 
(5550) 

Elongation, %, 

0 .05mm/min 

135 
130 

56 

7 
78 

25 
31 

20 
28 
25 

at rate of 

50mm/n 

25 
43 
37 

22 
34 

31 
34 

31 
25 
25 

Table 2 — Tensile Properties of Some Bulk Solders at 100 C (212 F) 

Alloy 

type 

Binary 
t in-lead 

Ternary 
t in-lead 

Binary 
t in-other 

Lead-r ich 

Sn 

60 
10 

62 
40 

95 

5 

Nominal 

Pb 

40 
90 

36 
58 

— 

93.5 

composi t ion, % 

Sb 

2 

5 

— 

Ag 

1.5 

Tensile strength 
MN/m2(lbf/in2)atrateof 

50mm/min 3.05 

4 
8 

19 
7 

20 

19 

m m / m i n 

(580) 
(1160) 

(2700) 
(960) 

(2900) 

(2750) 

32 
22 

60 
28 

31 

(4640) 
(3190) 

(8700) 
(4060) 

(4500) 

26 (3800) 

Elongation, %, at rate of 
0.05mm/min 50mm/min 

MOO 
>100 

>100 

31 

25 

>100 
50 

25 
56 

31 

34 
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t in-lead eutectic referred to above. 
Tin and lead-base alloys at room 

temperature or above are relatively 
close to their solidus temperatures 
when considered on the Kelvin scale 
and, as would be expected, are there
fore sensitive to the rate of deforma

tion during test. This is reflected in all 
the tensile strengths and some elon
gation values given in Tables 1 to 4 
but the change of properties with rate 
of testing varies so that the order of 
merit of tensile strength is altered 
(Fig. 7). Table 6 indicates the percent 

Table 3 — Short-Time Shear Strength of Soldered Joints at 20 C (68 F) 

Alloy 

type 

Binary 
t in-lead 

Ternary 
t in-lead 

Binary 
t in/other 

Lead-r ich 

Sn 

60 
10 

62 
40 

95 

5 

Nominal compc 
Pb 

40 
90 

36 
58 

93.5 

rSH 

St 

2 

5 

— 

Shear strength 
MN/m2(lbf/in2)atrateof 

Ag 

1.5 

0.05mm/min 

20 (2840) 
17 (2420) 
28 (3980) 
24 (3410) 

28 (3980) 

30 (4270) 

50mm/min 

39 (5550) 
36 (5120) 

52 (7400) 
43 (6240) 

55 (7820) 

18 (2560) 

Table 4 — Short-Time Shear Strength of Soldered Joints at 100 C (212 F) 

Alloy 
type 

Binary 
tin-lead 

Ternary 
tin-lead 

Binary 
tin-lead 

Lead-rich 

Nominal composition, % 
Sn Pb 

60 
10 

62 
40 

95 

40 
90 

36 
58 

— 

Sb Ag 

Shear strength 
MN/m2(lbf/in.2)atrateof 

0.05mm/min 50mm/min 

93.5 — 1.5 

13 (1850) 
11 (1560) 

12 (1710) 
11 (1560) 

14 (1990) 

12 (1710) 

34 (4840) 
16 (2280) 
34 (4840) 
25 (3560) 

29 (4120) 

21 (2990) 

Table 5 — Preliminary Stress-Rupture Data for Solders and Joints (a) 

Nominal Composition % 

Sn Pb Sb Ag 

Initial stress MN/m2 for life of 1000 h 
Joints at Bulk solders at 

100C 20 C 100C 

60 
40 
10 
62 
40 
95 

40 
60 
90 
36 
58 
— 

2 
5 

1 

1 
1 

29 
21 
35 

49 
21 

4.5 
4.2 
1.1 
27 

5.9 
9 

93.5 1.5 3.5 

(a) All ligures are approximate. Dashes indicate incomplete results 

Table 6 — Loss of Tensile Strength of Some Bulk Solders at 100 C 
Compared with Room Temperature 

Alloy 
type 

Binary 
tin-lead 

Ternary 
tin-lead 

Binary 
tin/other 

Lead-rich 

Nominal composition, % 
Sn Pb Sb Ag 

Loss in tensile strength 
(20-* 100 C) 

at testing rate of 
0.05mm/min 50mm/min 

60 
10 

40 
62 

95 

5 

40 
90 

58 
36 

— 
93. 1.5 

79% 
60% 

70% 
56% 

35% 

27% 

43% 
44% 

49% 
25% 

39% 

37% 

drop in tensile strength of the various 
alloys at two testing rates when the 
test temperature is raised from 20 C 
to 100 C showing that the order of 
merit also is dependent on temper
ature of testing. 

The values given in Table 1 and 2 
compare reasonably well, for a given 
rate of testing with those reported by 
Dunn (Ref. 9) and McKeown (Ref. 11), 
the discrepancies being mostly less 
than 20%, which could easily be due 
to differences in microstructure such 
as eutectic lamellae spacing and pri
mary dendrit ic size. Grain size has 
been snown to have a large effect on 
tensile properties (Ref. 9), especially 
under low strain rate or creep condi
tions (Ref. 9,12). Chen (Ref. 13) found 
that the 60%tin - 40%lead alloy was 
stronger than all other lead-tin ratios 
in tensile tests up to 93 C, which is 
supported by the present results for 
testing rates above about 1 mm/m in . 

Regarding the strength of joints at 
room temperature, an outstanding 
finding is that the 93.5%lead - 5%tin -
1.5%silver alloy a lone gave jo in t 
strengths decreasing with rate of test
ing and appears to equal the tradi
tional 'high strength' alloy joints at low 
strain rates. The results in Table 3 are 
generally slightly lower than those 
given by McKeown for single overlap 
joints in copper but the order of merit 
of the different alloys common to the 
two investigations is similar. Nesse 
(Ref. 14) observed similar strength 
values of about 45 MN/m 2 in ring and 
p lug j o i n t s made w i th 50%t in -
50%lead, and 95%tin - 5%antimony 
solder, this value agreeing reason
ably well with the present work for the 
latter alloy only. 

Nesse also showed that in joints 
tested under creep condi t ions at 
room temperature, 95%tin - 5%anti-
mony alloy was about twice as strong 
as 50%tin - 50%lead alloy, estimated 
from the stress for a life of 100-200 h. 
Sufficient stress-rupture testing on 
joints has not yet been completed to 
compare with this f inding but only at 
100 C does this alloy in bulk form 
have a strength two t imes that of the 
best t in-lead alloys. In short- t ime tests 
at room temperature on joints the t in-
antimony alloy is barely 50% strong
er than the binary t in-lead solders. 

The most significant and puzzling 
observation in the present work is that 
at 100 C and low rates of testing, 
there are only small differences in the 
strength of joints made with six dif
ferent solders (Table 6), which is con
trary to the trends found in both ten
sile and stress-rupture tests on bulk 
solders. It is also contrary to the long 
established views on which alloy com
positions are the most suitable for 
elevated temperature and/or creep 
resisting applications. 

Table 7 compares the strengths of 
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six bulk solders, and soldered joints 
made with these alloys, for four test 
conditions and it will be seen that 
there is no consistent relationship for 
order of merit of strength between 
bulk solders and jo ints with the 
exception of tests at 100 C at a rate of 
50 mm/m in . The view that joints at 
elevated temperature should have 
relative strengths as for the bulk 
alloys is thus only roughly true for 
high strain rates. 

S u m m a r y 

1. A ring and plug type testpiece 
has the best geometry for assessing 
the propert ies of soldered joints and a 
method of making these to obtain 
reproducible mechanical properties 
and uniform joint clearances has 
been developed. 

2. A novel p u l l e y - t y p e lever-
loading device has been designed for 
stress-rupture tests on bulk solder 
specimens where large elongations 
are expected. 

3. Tensile strength of bulk solders 
and soldered joints may decrease by 
a factor of generally 2-3 when the rate 
of testing is decreased from 50 to 0.05 
mm/m in , although in one alloy the 
factor was as high as 8. 

4. The shear strengths of bulk 
solders and soldered joints decrease 
to 25% to 80%, depending on the 
alloy, when the temperature of test is 
raised from 20 to 100 C. 

5. Generally, the strongest alloys 
exhibit the smallest percent drop due 
to raising the temperature at low 
strain rates; at the highest testing rate 
studied, all the solders showed nearly 
the same change in strength on rais
ing the temperature f rom 20 C to 
100 C. 

6. At both test temperatures, the 
shear strength of soldered joints were 
less than or, at best, equal to the ten
sile strength of the bulk solder, with 
the exception of the binary tin-lead 
alloys tested at the lowest strain rate 
at 100 C. Joints of these solders were 
four times stronger than the bulk alloy 
containing 60%tin, and of 50% higher 
strength for the 10%tin - 90%lead 
alloy. 

7. Slow strain tensi le tests at 
100 C, indicate an order of strength 
for the bulk solders approximating 
the preliminary stress-rupture tests at 
this temperature. However, this is not 
the case for a test temperature of 
20 C, which suggests that the 62%tin 
- 36%lead - 2%silver is strongest, fol
lowed by the 95%tin - 5%antimony 
alloy, with the binary tin-lead alloys 
having one-half the tensile strength of 
the former. The initial stress-rupture 
data indicates that the 95%tin -
5%antimony alloy is much less creep 
resistant than tin-lead alloys contain
ing 10 or 60%tin at 20 C. 

Table 7 -

Test temp 
C 

20 

100 

Decreasing 

Test rate 
m m / m i n 

0.05 

50 

0.05 

50 

Order of Merit of Strength Values for Six Solders |a) 

Bulk alloy 

Sn62Pb36Ag2 

(Sn95Sb5 
^Pb93.5Sn5Ag1.5 

Sn40Pb58Sb2 

fen10Pb90 
%Sn60Pb40 

Sn62Pb36Ag2 

(sn60Pb40 
|Sn40Pb58Sb2 

Sn95Sb5 

/pb93.5Sn5Ag1.5 
|Sn10Pb90 

(Sn95Sb5 
•(Sn62Pb36Ag2 
(Pb93.5Sn5Ag1.5 

Zsn10Pb90 
(An40Pb58Sb2 

Sn60Pb40 

Sn62Pb36Ag2 

(sn60Pb40 
|Sn95Sb5 

/Sn40Pb58Sb2 
•}Pb93.5Sn5Ag1.5 

Sn10Pb90 

Soldered joint 

(pb93.5Sn5Ag1.5 
<Sn95Sb5 
(Sn62Pb36Ag2 

Sn40Pb58Sb2 

Sn60Pb40 

Sn10Pb9C 

Sn95Sb5 

Sn62Pb36Ag2 

Sn40Pb58Sb2 

Sn60Pb40 

Sn10Pb90 

Pb93.5Sn5Ag1.5 

All approx. equal 
and within range 
of 3 M N / m 2 

/Sn62Pb36Ag2 
}Sn60Pb40 

Sn95Sb5 

Sn40Pb58Sb2 

Pb93.5Sn5Ag1.5 

Sn10Pb90 

(a) Strength values differing by 2 MN/m* or less are assumed to be equal lor the construction of this table. 

8. The apparent superiority of the 
lead-rich alloy containing 5%tin -
1.5%silver over three other solders, in 
stress-rupture tests at 100 C on sol
dered joints is not in conformity with 
the nearly equal shear strengths of 
joints determined by short-t ime tests 
at low strain rate. 
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