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7 - -. -B STRACGT -

- ............:•-ý:'The minechanical properties of a high. purity lead- and -ta 0.."058%. copper.- '

•. .lead alloy iw-ere determinedaatttest temperatures of 100, 17T 250, and - --

Tensile properties eval•d included the .ultimate strength, elonga- -

.tin, modulus of elasticity, proportional limit, and. yield. s~trength.;:
. Compression properties evaluated w 4ere th modulu s of elasticityi pro--

portional limit, and yield strength. iltimate shear strength'and the
• bearing yield stre-ngth. and. ultimate bearing.strength were determined.

Stress-cr-eep time curves were.obtained for total strain values Of 0.2 ..

50'. 1.0, and 2. 0 f%,.or creep times, of from I hour .to. 500 hours.

:The data obtained are summarized in graphical and tabular form,
in the Experimental Results section of this report.
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DETERMINA-TION'0: THE ME.CHANICAL PR'.OPZRTIES OF A
,HIGH PURITY LEADAD A..058% OPPE1 LEAD ALLOY".--

I Intr'oduc tioin.
The propetoies of lead- make".it the most practical shieldiing mate'rial.

Spresently-available. In the "design and development of. nuclear-powered
aircraft, the istructural problem of'providing effective over'-all shieldingwith the lowest-possible weight is h most important, and requires that the,

-mechanical properties of lead be sufficiently known.: However, -because
Of its 1Wo str~engthJ even at room temperature*, lead hasnot been seriously.
'considered as a. structural material ,and its mechanical.: properties 'have
not been adequately. deterrmined., In addition," the few studies' .which have L...

.been'conducted on the mechani-calproperties. of lead ha've been:at or
near- room temperature..

The objective of thi.s.prograrmi was to'determi.ie the tensile, corn-
. pressidn,. shear, bearing, and creep properties of a commercially pure

lead and a.lead alloy, at four test temxperatures up to 325 0 F.

II. Test Material -

The. two materials evaluated in thi program were a .high purity
Slead.(Doe Run' Brandrýefined lead, 99.-995% Pb) and a copperized lead
(Copperized Doe Run Brand refined ,lead, 0.058%.Cu), supplied by the
St. Joseph Lead. Company. The eutectic point in .thelead-vcopper system
occurs at approximately 0. 06% copper.- The chemical composition of
the.two test materials is given in: Table I. In the case of the coppperized--
lead, bars extrudedfrom: lot I were used for.the tensile, shear and*
creep. specimens, and from lot II for the compression arid bearing speci-,
mens, The analyses are, .for all practical purposes, identical. for the
two'lots of copperized lead.,

Manuscript released by author 3
WVADC Technical.Report.;.
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- - Tablel

-CHEMICA COMPOSITION OF TEST MATERIALS,..-,

- Copperize~d Lead

E~lement High Purity Lea Lot I LtII

b.99. 99-5l..' 939 8 9 9.9404

Cu 001 05:77 .0577

A s,' Sb, Sn .0004* .0.0 06 .0004

Z

Fe.

Zn.

Gd

Ni,: Co

Bi9"

: -.. . :- A g.

0001

..0.002,.

*0029.

.0001" .0001

.-0001 .000V.

'.0006 .0005.:.oo ::

.0000 0000

0007 .. 0 0 0. 5q..

... 0004 .0003.

*0000

• -.Oooo6.
...: ." A .. i.-.-.: -.. .. 0 0 0 6. ! :.

S. 0006 "

The lead was extruded by Morris P., Kirk and Sons, Los Angeles,.

into bar forms having the .following cross-sections:-

Type of Test

Tensi-le and Cr.eep

Compression

Shear

.xtrudea -

Cross Section

1/2x 1-1/4 inches

1/2 x 1i/ inches'

1/2 inch rounid.

Bearing 1/2 x 4 inches

The extrusion slugs were cast at 900-950 0 F. The slugs.were 12

inches long by 471/2 inches in diameter, after .cropping, with the exception

of the bats for the bearing specimens whichi were extruded from'a single.

slug, Using a different extrusion pre s .s ...The -extrusion was done at room,

temperature...

WADC TR. 57-.695
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III Test. Specim-ens-

The.dim exnsions of the four types.of teSt specim ens:used .in this

progra.m. are- given. in Figure 1. All test..specimens were machined with
thiraxsparallel to: the extrusion direction

- All test specimensý were given an annealing treatment of Z hour in.1

an oven at 400oF after machining and prior to testing,, in order to re-move..

'-.any cold.-work.within the. specimens due to machining and handling. The

grain sizes of the two'materials were. considerably differen.t, both -in

the as-received, and in the annealed conditions; the copp er addition

acted as a grain size refiner. The average annealed grain: size of the:

high purity lead was about 0.55. grains per millimeter and that of.the.

copperized lead about 18.grains per millimeter..

-IV' Experimental.Apparatus and Procedures .

The tensile, compression, shear, and bearing tests were: conducted. I
.with a Baldwin Universal hydraulic testing machine, using a.600"-pound

full-scale load range. This machine, with a forced air conVection furnace,
is shown., inFigure2. Figure 2 also" shows a dial gage mountedon the

movable cross-head whichwas used to measure and control: the "crossr

head travel rate during testing, and, resting on the'table, a Baldwin..

deflectometer which.was. used to record the cross-head travel for tests
-in which. cross-head travel was used as the strain measurement. The

specimen was placed in the furnace approximately one hour before loading

to permitjthe specimen to attain the test temperature. A thermocouple

was. attached directly. to the.test specimen during each-test, and the test,.

temperatures wer-.e maintained.within + '.F'

A. Tensile. Tests

<.The tensile test specimens had a reduced.cross-section of 1/2 inch-:"

x 1/2 inch x 3 inches. Figure 3 shows a tensile specimen with a Baldwin

microformer extensometer in place'. In this' case the central 2 inches.

served. as the gage length. This. extensometer was; used to evaluate the

elastic properties in tension and the tensile Stress-strain curve. to 2%

strain, at a cross-head rate of 0.015 in. /min for a strain: rate of 0.005

in. /in. in. ...

For determining the entire stress-strain curve, the. strain was deter-

mined .by using the.deflectometer to measUre cross-head travel, and in this.

case the entire 3-inch reduced section served as the gage length. For these;
tests, the cross-head rate.was maintained at 0.. 1-50 in.-/min for a strain

rate -of 0,. 05 in./i Ax.

W.AD.W C TR 57-695 3
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-- n bth ass te sres---strain.-c.uveS w~ere. obtaine'd ýwith a Baldwin.
-. ---- -srss-9stiain~recordter.i...

...... B. Copression-Ce st s --
~

. c - /N n -

.-.. The- compression tests were.conducted.on1/ inchx 1/inch x 2 .

inc• specimens, at a cross-head. travel'rate of0.010 in. min, for a'

. -strain rate of.. 0. 005 in. /in. imn. '. Figure. 4 shows the comp.ression test

specimen with.aBa:ldwin microformer compressometer. The central

•..1 inch served as .the gage length. This compressometer was used to

evaluate the elastic properties in compression-and the .compression.

- stress-sttain curve to 5% strain. . . .

4 4-, - -rr,~td wt - m r i n su-Ll~a .l J~.O~,~L. - - - - - - - - - -

press..- At the :elevated test temperatures, difficulty was encountered•:-.

as a r esult of binding of the.p ress. For this reason,. all the compression...
.tests were conducted'without a sub-press, as indicated in Figure 4. The

compressometer was also c6unter-balanced, with a lead block resting

on-a pair of support r.ods as indicated in the figure. A flat-ground bearing

:plate was placed on top of the specimen'during the test.

C. Shear Tests.
"Theshear test specimens, 1/Z inch in diameter by:Z inches long,.

were tested in double .shear, using the fixture:shown in Figure5. A-coil /min •. wa use fo t....

constant cross-head travel. rate of 0. 005 in./min was used for these

tests.

D. Bearing Tests 4

:• • ".' e s t ; ' '." ; :.. •: .: .-.... " :• . : . - :-, .:.:-: :....:::"•.:.". :.. :.• . . " ... .• : . .. - v.:.. :-. • . •6.

L

-I

The bearing test specimen consisted of a flat 4 inch by 6 inch by .
i/Z inch. plate with a l/Z-inch-diameter bearing hole whose center was

I inch from the edge of the. plate. A 1/2-inch steel pin was inserted in
this hole. and pulled at a constant cross-head rate of 0.005 in. /min..

The yield strength., defined as .2% offsetý of the hole diameter, was

. determined by*means of a small dial gage, .which measured the relative

pin movement and was mounted directly on the bearing test fixture, .
..shown in Figure 6. .. '

The stress-deformation curve. to fracture -was determined by
.measuringthe cross-head movement and recording the. oad and deforma-

tion, using the Baldwin recorder.

'WADC.TR 57-695•
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* l:E quiprnent

.The _creep: test u~nits used for this rga aresoni
Figure 7..-Onecreep unit:wa s used for.-each test tempreratur e.:: The

furnac, es for maintaininig constant test temperature s..consisted of,
. cylindrical tanks"10. inches in diameter and-24 inches-long, with a verti-:

cal, 2-inch-I.D. tube pa ssing through the center of eachtank.' The
specimens were heated and te sted in an air: atmo sphere within the tubes..
Suiiable packing was used at the. tube-e.nds to: prevent air convection
through thertubes.-. . : .

The specimens were 10aded through5 .to 1 lever-arm systems

in thie- case of the lowerttwo test'temperatures,: and by dead-weight loading
."."".-in the casef the uppertwoemperatures. The test temperatures of

1.00 and .1 75F were maintained constant within •- F by water and
thermostatic control; he test, tempieratures of 250 and -3250 F were

maintained constant within. + IoF by boiling. glycol-water solutions: and
condenser systems...* . -.. . .

An assembly of a creep specimei, .pulling bars,, and extenso- .
meter: is shown in Figure 8. The central Z.inches of the specimen'served
as the gage length. The gage blocks were attached to the'specimen by

means of four hardened, conical points pressed into the specimen and
held:in place. by coil springs. -The. relative movement of the gage blociks..,
was. transferred through two- pairs of extension rods to aE 0..0001-inch"les-on dil Th upe " :e

least-count dial gage outside.the furnace. -The upper guide blocks had
polished surfaces which were-free to move along the axis. of the polished:

pulling bar.- -

2. Test..Procedure --

The test specimen was carefully assembled, using a special
mounting board for aligning the pulling bars and extensometer. . A thermo-
couple for temperatureichecks during test was tied directly to the speci-.

men. at the center of the Z-inch gage length.

."' A set of chromel-alumel therm0couples were ,calibrated, using -

a boiling distilled water bath whichgavea calibration point midway.
between the four. test temperatures. Four thermocouples were. selected
for uniformity, and one thermocouplewas used for all creep tests ate

one testtemperature.

WADC TR 57-695 . 1 .
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- - - - The; specimen a Is s embly was inserted into th e'- fu rnac two
hours prior. to application of the load in Order to permit the spec~imert-

.':-.to attain the teit temperature. The loadw* as then' gradually appliedby-
hand over a period of about half a minute; zero7time was taken when
t .' the full. load was on the- specimen. j -

" -:V Experimentlal Results.,.

A. iTensile Tests

1. StressSt ain Carves to Failure'

The stress-strain curves to. failure are p'resented in Figure 9
for the two test materials. The tests were conducted in triplicate at
each of the. test temperatures:-. 100, 175,. 250, and 3250 F,: and-at a strain_
rate of 0. 05 in. /in. /min. Data on the ultimate tensile strength and
elongation are summarized in Table II. The elongation values given in
the'table were obtained by. using gage marks originally 3.00 inches apart
on the -specimen..-

Table TI

TENSILE TEST RESULTS

Ultimate Tensile Strength (psi) and.Elongation (%)
at a Strain Rate-of 0..05 in. /in./min

Te st Material .... .
100

UTS Elong,

.High Purity Lead 1 1828 46.0

t T0Test Temperature, F
175

UTS Elong.

1240 57.3

1196 42.6

25Q

UTS Elong.

788 64.0

798 50.6

768 68.3

325

UTS Elong.

498 77.6

488 72.0.21920

3 1852

Average 1867

44.6
I--

40.0 12.04 36.0

43.5: 1213 45.3

53..6 1164 46.0

492 83.3

785 61.0 493 77.6-

Copperized Lead 1 1580 826 42.6

2 -1604 46.3

3 1570 53.0

Average 1585: 51.-0

1148 47.0

1162 47.7

1158 46.9

846 50.6

636, 46.-6

638 56.0

844 48.3 642w 42.7-

839 47.2 639 48.4

WAfl TR .57-69.5 14
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-.-- The ,triplicate tests under the s em test conditions gare veryi "- -

" simiiar stre ss-s -- train cur•.eS up to the poiof -neckigId Beyoid .this -

point ththe curves differed considerably, due to difference s in nrecidng:•::

.. conditions, probably influenced by variationsin grain 'size and. grain'

-orientation within the. different specimxens.' The, fracture strength Was'

..very. nearly, zero for :allttests, ý-as is indicated by the curves on Figure 9.

. The.stress-StraincurveS for the high purity lead were quite -- q.:

typical,--. each exhibiting: :one maximum,. whereas the curves for the-cop.-

perized lead :all had two or -more maxima.' In the-latter case, 'necking did..:.

not oc-cur at the first maximum .in the stress-strain.cturves;. this effect.

was possibly.associated with. rec rys tallization of the finer-grain-.size

.copperize. .lead duringi test.

The total elongation values shown in.Figure 9 include some

elongation of the specimen bearing holes, which-in extreme cases-.

amounted to about 1/16-inc1h per. hole, whereas in most cases it: was less

than !1/3Z-inch per hole. Some elongation also occurred in the fillet-areas.

outside the"3 -inch reduced Sectio0n, with the result that the indiicated strain.:..

values are:larger than actual.. This problem was not. encountereddin the

other tensileor compression tests, as the strain- measurements were

made dir ectly on the specimen. gage length.

Figure 10 presents the average values ofthe ultimate tensile strength

and elongation as a function of test temperature. "The high purity lead..

had a higher tensile Strength at 100 and 175°F than the copperized lead''

and a lower value at the higher test. temperatures of 250 and .3250 F. - It

should be noted that at any. one te.st temperature the rate of strain harden-

ing of the copperized lead isgreater than that for the high purity lead

almost up to the point of the first maximum. If only the maximum associ-"

ated with necking had occurred; these tests undoubtedly would have.

exhibited higher ultimate- tensile strength values..

The percent elongation for. the copperized lead wa-s approximately

constant at about 50% at all test temperatures, whereas the average

elongation of the high purity lead increased from 433% to 77% over the

temperature range from .100 to 325°F.

Z, Elastic Properties

A second set of Z4. tensile specimens was used to evaluate the.

elastic properties and the stress-strain curve to. %- strain. A cross.-

head travel rate of 0. 015 in./min wa's used for these tests, for a strain

rate of 0. 00.5 in. /in. /min.. The results of these tests are shown, in. Figure

.11 for the two test materials tested'at the four test temperatures., The..L

triplicate tests at'any one temperature, are in good agyreement. In order

to showrmore. clearly the effect of temperature', the data; of.Figure 11

were plotted as stress vs. test temperature for constant values of total

strain and are presented.inFigure 12.

-1
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-- _ The elasti. tropeties. were.eva uated. fromthex eco•rded loa. .
.:-deforinationcharts by-initiallyusing a- high strain m.agnificat-ion to a-.

t strain of 0.0 0/., 1 inch of chart being equal to 0.05% strain. The test-

wa S, then completed by using A low magnification, 1:* inch of chart 'equal.:Z"-..*--"..

to. :0.-%: straintatotal. s"train of 2.0%. At this point the specimen was:..:"..
untaded and relooaded three 'time s, using the high strain magnification,

the loading. curve's being used to evaluate the ela stic Modulus. This
procedure was used to 0.evaluate, the modulus because the initial- yield
;point was too lowi.n most- case~s to make evaluation possible.

-Tensile data for the. imodulus of -elasticity, -proportional:limit,
and yield strength are summarized in Table. III.'. The tabulated values

of the modulus of ela~sticity have been calculated.on the .basis of the-.'
reduced cross-sectional area at Z% strain-.For the highpuritylead,.the

average value of the modulus :wa-s 2 ,:7 x .106 psi," with no.apparent decreasefrom100to 500 F..Values at 35°F" could not be evaluated with sufficient .

accuracy. The .proportional limit and'yield strength both show a decrease"
6o about 50%.with test temperature from 100 to 3Z5°F. For the copperized

lead: the average value .of the modulus was 2.2 x 106 :psi. with about a 10% .i.
decrease at 325 0 F; the'proportional limit.and yield strength remained.
-practically constant from 100 to' Z50°F and then decreased. about 35% 0at

3250 F.

3, ,Effect; of Strain Rate

...The: effect of strain on the stress-strain-curve was evaluated at
100 and 250°F, for both -test materials. 'Figure 13 prepenrts te sts conducted
at a strain rate of 0..05 in./in.//min, along-with previous tests, conducted
.at a rate of 0.05 in./in./min. * For. the high purity lead, .a decrease in the.

strain: rate from 0.05 to 0. 005 in/in./min resulted in a decrease in the
ultimate tensile strength of about 30% at bothtoest temperatures, and also

in a decrease in strain at the ultimate and in the total -strain to fracture.

For the copperized lead, the same decrease in strain rate resulted in a
15% decrease in the ultimate and a slight decrease in the elongation, to:.
fracture.

B.- Compression Tests

The'results of stress-strain tests in compression to-5% strain are*
given in Figure 14. .Triplicate tests were conducted at each test tempera-

-ture for both materials, using a cross-head travel rate of 0.010 in./min
for a strain rate of 0. 005. in./in./min. There is some. overlapping in

the curve.s.for the high purity lead at small values of strain for the'
different test tempera tures... This is mnost likely due to small sampling
differences which' initially existed from specimen to .specimen. After 19%..
strain the curves at any onetest temperature are in close agreement._'

wAflO TR 57- 695. 20



-. 
.-. 

.--

-~~~i - -TalIII

TENSILE DATA--MODULUS OF ELASTICITY

-POORT-IONAL LIMIT, AND YIELD STRENGTH.

ataStrain Rae of 0.0 005'in./in./min

Test Modulus of. Ela sticity, Proportional•. Yield Strength, .

Temperature, p.si x 1Limit, 01Z% Offset,
•F"t .avg.. psI. "- p

High• Purity
Lead 1.00 3.0- 3.0: 3.1 1, - 3, 0". 190. 37Z. .

100 2.6 26 2.67 2. 6 .170'80.
• " " • : -' . . ." _ ' . " : . ' " f '^ . ' . -, " ** .-" • * • . , -•.. . _ ", . i. " . .. " . ' . . . .,lf. .. " : '

Average 2.

175-------------
175 2 .6 2..6 •2 ...5 6
175 2.7 Z. •Z,-.5 2.6
175. z..6 Z.6 .6 2.6

Average.

I. OU. "

180'.

150.
150..

103.1

1'30."
.140..

-130.
13-3.

2

Z50 2:. 2 Z..9'
250' 2.2, 2.5
20 " 3.1 .2.8

Average "..'

2.6 2.4

2. 7

325.
325
325 "

Averag e

- .. 90.__ : 72. ,.

"90.

t

Copperized
Lead 100. z..5 z,5.5 Z24

100 2.2 2.22.4•

100 2.3A 2.2 -2".1.

Ave rage

52.
o2.3

2.2,
Z.. 3

2.1z
2_.2

175 . 1.9

175: 2.2
175 2 .4

Average

2. 4: Z.:0
2. :Z.3:

... 328.
zoo.
300.
2 76o.

3.5o,
260'.
270.
Z93.

260,.
S260.:.*:" 312.. '

.208.

180.

-, Thyv . .

3 79

312.: .

347.>: ~ ~-0 ...,o..

. :' z6o. >
288. .
260.

180.

189.

.61.
580.
560.

584.:

512.
488.
528.

488.
.50.0.
504.

1 08.
320,,
-304.;.

siT.,. 250 • . -

250.
250 2

Ave rage

.-- 2.3:2. 3
.8 ..8 1.9

1.9 2.6 1 --

i.1 2.1 2.0o

2 .3,

2 . .. i•

2.325-
.:325
325,:

Ave ra

2. 0 2.,0 1.9 2.0

ge . . 2.0
: ' " : 21 /WADC TR, 57-695
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h h.- h . .: -.. _,: at-- : 5. 0 .. . a I .. - . . : . ... i . t , -

. :For'he. high purity lead at 250 and 3Z5°F, in some casesa •de.Crease-in•z -

'the- stres s-strain curve occurred after 3% strain. ,ithese-cas ,no" . -

unusal ondition was. observed-during t;est; pbssible' excplninis ---

'that. reicrystallization took place at these higher test temperatuies under

t-pa rticular te-st cnditions.--

Sa aThe corpressn da are shown. in. Figure 15. as stress vs te st

temperiature- for various value s of total -strain. At t'he! lower test temnpera-

tures the stress values z.for the. opperized lea are only slightly higher

than those for the -high purity lead. At 325°F- this difference becomes
larger, .te cUrVes for the high puritylead decreasing more. rapidly above

. Z5oF-than those.. for the copper*ized lead.'

The 'elastic:properties in comrpressionwv~ere: evaluated from the

recorded 1oad deformation charts..in a manner similar to that. used for the

tensile tests. A higA h strain magnification, -. 1 inch of. chart equal to 0. 10% ."

S strain, wasused to. a. strain of 0. 37%. .The test was completed at a low
ma-gification, 1 inch of chart equal to 0.4% strain, to a strain of 5%.

At this point the specimen was unloaded and reloaded threee- times, -using

the high strain magnification, the loading curves being used to evaluate the.

elastic modulus.,

The modulus of elasticity, proportional limit,. and yield strength-.:

data in tcompression are summarized in Table IV-. The. tabulated-values -.

.. of the -modulus of elasticity have been calculated on.the.basis of the,

increased cross-sectional area at 5% strain.:

The average value of the modulus was2.6 x 106 psi. for both materials,

and decreased from 2.8 x 10. psi at 100°F to about 2.4 X' 106 psi at 3Z5°F..

The proportional limit and yield strength values were about the same for

the two leads at each of the three lower test temperatures; at 3Zh5F the

values for the copperized lead were about 50% higher-than. those for the.

high purity.lead.

C. Shear Tests

The shear test re!sults are summarized in Table V. and are presented

in Figure 16 as ultimate shear strength vs test temperature. These tests

were conducted by testing.pins 1/2 inch in diameter by 2 inches long in

double shear, using a constant cross-head travel rate of 0.005 in./rain!!.

WADC T 57..6952



- ---.-- 1600

1200

looc

80Ci

60C

40t

, -. ~.

H I ,HGH -PURI TY LEAD

RAIN-

30

SI0 !i i :•i: iii •••~••i , ii

_ 

I -~

. - -mk,

S1M8~L Si
0
A

a

9
a 0:2

4

i

* I

* 1

1-

* I

L.CO

WL

CO M On FLO S-rESS VS TEST TEMPERATURE
FOR GIVEN VALUES OF STRAIN.

AT.A STRAIN RATE OF 0.005 iN.IIN iMIN..?

XA2PC TR.57.695.-



77

COMOPR ESSION DATA--MODULUS-OF_ ELASTICITYv,,.X.ROO.IOA LIMIT, -AND. YIELD STRENGTH.::'
`t a Strain Rate of. 0.. 00 0 .in /in. /min

T-es MsddUlus. of .a sticity,. Proportional Yield Strengh,

Temperature,... psi. x 10-6 :. .. Limit, "0:.. 2% Offset-,_,op Ej- :Ej E3 Eav. Psi psi -

Ligfl. k-urity .: . • ... -.. . . . ... .. • .
Lead 100 2 8. 2.8 2.8 8

100 --z.6 2.6
100 ~ -- 3.1 3.0

Average

:175 --- .25 2--.7
1.75 2,6.8 2.3 2.6,

26

2.6,.2.6 1.:

i
t

I

I.

I
0

S 175. 2.6
Average

250
250 25
z50 2..7

2. 21 2.5

812.

81.8'

.: 00 .

""..-202.-'..:

.80.
' 181, .:

. '" jo.< :!
80..

500..
.. " :-". '440.": .. " "

" '. 47'2.

.471. :_

..:. 4.702,. .. ' : I :...427.2

.440"" .7 't :322 :-; . .- " "

1228.
_180.
'212.a

• ''L • 207' .L:' .• /7

3.2 2.z3- 2.8
2.3_2- .13.

. Average

325 25 ---
;325.
325

Ave rage

24ý
2..2.4

2.5'

Copperized
Lead •100.

.100
100

Av-erag

2.9
2.9 2.92.5 2.6

e. :

3.(

2.•

.3¸.]

2. z,. .. ..7

S Z'. 8.'"2.9
175 2.8

.175

175 . 3.1
Average

2..8
2.8

.3.•2

250

25.0

Av

:3.25
325.'
325

2.4 - 2.5 2. :5
2'. 6 2.6 2.6

2:.4 2,.4.'7:-. 2.4,
erage . . 2.5

: 2.4 2---------.4.

erage '2. 4

222.

.201.,
S2Z15.

80.
120.

.810..
TOWT.

"...120:..

120 •z...

80.

80.

120.

" ."492.

:;487..

408.
432..
444.,.

.396.
396.
380.
.391..

.31Z..

.320..

VAW TRl57-695



7. Table V.

•. . . ...................................SHEAR.TRESULTS.

- -- .... ~>ltimate. Shea Srength, p sI

at a Co.s s -head Rate of 0.05 in. /min

Test'. Test Temperaiture, .F

Test Material- Number.. 1.0 0 175 Z50 3.25

L

jHigh Purity Lead
.2
3.,

A -.. ' ' -: -

11 30•

1107
.12 r

640-
640:.-
638,

ý41 5
412.
415

294

264.'
7-7I*

q.

.ive rag~ e: .J L

Copperized Lead' 1 1012- 675.. 513 378
Z90,8 690- 513 :383.

3 ::948 " .66.0• .502. 385
Average" .956. T T . '5 82:

The data points in Figure 16 represexit, the average vailues for each
set-of triplicate tests.. At 100 0 'F..the ultimate shear strength of the high,
purity lead was higher than that for the lead contraining 0. 058%. copper-r.
However, the shear strength of the high purity lead decreased more
rapidly with test. temperature than that-of the copperized lead and was..
lower at temperatures above 160 0 F.

•The shear -tests 'On the .- opperize.d lead behaved in a similar manner.
to the tensile tests on the copperized lead, in'that two maxima in the
load.occurred during each te.st.•

D. Bearing Tests

The bearing tests were' conducted at a'cross-ýhead travel rate of
0.005 "in../min,. and the. stress-deformation, curvesto failure are. given

in Figure 17... For this purpose the stress is defined as the' load divided

by the bearing area, which is taken as the diameter of the bearing hole
times the bearing plate thicknesss.

The bearing test results aree given in Table VImin.'terms of yield.
strength, defined as:2%, offset of thehole diameter, and ultimate bea.ring
strength. The yield strength.and ultimate strength are presented in
:Figure 18. as a function of te.rperature..... .

WADC..TR 57-695 .7 7-7
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JBEARING TEST RESULTS

_.Yield, Strength and -Ultimate Be~aring Strength:,-::-
n * rvn.-ros-ed Rate of 0 0 .i'i /* Inin*

w

Temperature,
0i F<

.
.High Purity Lead

j~,.

1,00.
-100.
100.

Average

175
175

- 175.

..2 %,. ... .. ", w

Average

2.50.
250 -

-Z50
Average

325

.325
-. a. •Average

100.
100
"v100. r"

• :. :.- Average

*Yield
Strength

- ' psi :.

-.PSIi.:106"C.

1060.
107.0,o
1040.

681.
774..

" 750.
740.

629.

649.
603.5

- 630.•

435.,
443.

451.
440.

1090.
1370.
1150.

.1 200.-.

1110.
•1120.
1070.

907*.

"1S63.

7i80.

738.10
685..
710.

A.

-Ultimate
Str e ngth. "

2620.:.,
2''Z780,.
2580..

1i460.
1.480.

.1460•.'
-1470...

• .... .: 952..' . •
963.

• ~~919." .

9.40.

.... 62_9. .
~~600.•

564..

2280-.
2 310.

.2260..
2280.'

1640.
.1640.

1630.
1640*.

"1260. .• .. i 1230.: 7

S120.:

.944..
" .. ". 47.

960.
95•0.

Copperized -Lead

175
.175

175

.250
250.
Z50

Average

Average

325
325325

Average

WADC TR 571-6t53 30..'
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The-•ea-ring yield strength for -the copperized lea is higher tan -
--- thati-for the -high puritY: lead at all te st temperatur e s. The ultimate

bea.ring.st$rengthf Or •the high purity lead at 1.C0 °F is higher than'that for.' P
, "the. operized, but .omes .lower azt ter pera -ures above about. 14 0 F.

Inspect•i•nof :.the .stress:deformation curves for the copperized lea. shows.
-thatthey. exhibit a definite •.dec€rease -in the rate of strain hardeninigi,• then
an increase. prior to the ultimate.. -.,

E6.- CreepjTests.*

The original creep data are presented as total strain vs creep imer.'
in Figure 19 for. the high purity leadand in Figure"20 for the copperized
lead.

Some crossing of the strain-time cuikves occurredat very loW-strain
value s. ofless than 0. 0004 in.,/in.. No fundamental significance.-is given '
to this behavior which is probably due to'one or a.combination of the.
following factors:- sampling difference6s, slight variations in loading
:.conditions*, ad possible initial lag in extensometer movementý-.. ..-

Greenwood- and Worner, * studying the creep of lead, demnonsirated
that. a rapid increase in the creep rate occurred when recrystallizaton
tookplace during test. The longer time:and higher temperature creep.
tests of the current Study:.weie ýplottedon regular coordinate paper as.

s:.;strain against.time.. All these curves showed a continually decreas;ing"..
creep rate with time indicating that no recrystallization toook place under

. the given test conditions. This was not confirmed, however, by, .

microstructure studies.

.'In Figure 21 and 22 the creep results are summarized as stress-..
creep. time curves for total strain values.of 0 2, 0. 5, 1. 0,. and Z. 0%
for the. two test materials.

The. high purity lead is less creep resistant than the copperized lead
"for theshortercreep times. However, for thelonger creep times the
high purity lead is more creep resistant than the copperized lead. This
is especially true at the higher.test temperatures..

It should be repeated here that these results are for the test matoerials
in the as-received condition, annealed prior to' testing only.to remove,
any work'hardening due. to machining and handling. The materials were-

.*Greenwood, J. Neill, and H. K.- Worner, "Types of Creep Curves.
Obtained with Lead and Its Dilute Alloys." Jour. Inst. of Metals (1939)
64, No. 1,.135.

WADC TR-57,695 3.32.
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tested in this condition in order to obtain the properties of-these wo,.

materials as normally recev qd..-The grain sizes.of the two materials

as reported earlier were considerably differrent, both in the as-received -.

and in the, annealed. conditions.

Sevdral studies on the effect of grain size on the creep of metals:

have shown'that,"for any onermaterial,..,a fine grain" size material -is in,'

general less creep resistant .than a coarser grain size material.:' This.-l'

is attributed to .the fact that'the finer grain -size material is generally-%.

less-stable, structurally..

-Thus,. the ,copperized lead-' with a very fine grain size, 'has less

creep resistance at- the-.higher temperatures and longer creep times

than it. would- with a coar se. grain size. Underr the present.test conditions,

this jgrafn.size effe0ct isapparently great enough to. more...than counteract

the. ailloy strengthening effect of the copper addition.

The •grain size is an important factor in the creep.: of metals, -:and

should be -evaluated'for the creep. of lead at the contemplated service.;,..",*"

'temperatures.

VI Summary

The tensile,' compression, shear, bearing, and creep properties.....

of a 'high purity lead and a 0.058% copper-lead alloy were-evaluated at.

test temperatures of 100-, 175,: 250, and 325°F.:

•The data are summarized in graphical and

Experimental Results section of the report.(...
tabular form. in the.

f

33 "WADC .TR 5.7-695.
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Figure A-3. Thermal expansion behavior of lead, curve
reference numbirs given by Touloukian et
al. (571.

with the recommended values being

.Temperature (K)

100

200

293

400

500

600

AL/Lo(%)

-0.526

-0.261

0.000

0.317

0.638

0.988

x 106(K-1)

25.6

27.5

28.9

30.6

33.3

36.7

where

c--(1/L 2 9 3)dL/dT

56

~ ~~.Li. ~ ¾ *L ¾.~. Lt ~ ~ ~ 4~¾.f..L ~J..N
1 -~ N *



Ivalues were obtained from specifically
•"crystals [63].. These results show that,

" non-text-red polycrystalline uranium a

I it can be ashigh as 41 5 x 106 psi or
for a textured sample.

Finally, the authors. were unable

data on the influence of dilute alloy a

percent Mo) on the elastic properties

Lead'

The. influence of temperature on thE

".high purity -lead is shown in Figure

temperature results in a gradual decrea

. to loca.e more complete information,

I v "shear modulus and Poiýson's ratio., ha

• . date. .,

C'JFE

C)

S -200 -100 0 100 2100 300

TEMPERATURE

"Figure B8-8. Young'.. modulus

66

L. ... : . .

oriented urapium single

, whereas the modulus of

t 298 K is. 29 x 10 6 psi,

as low as 21.4 x 106 psi

to obtain any reliable

dditions (e.g., 2 weight

of uranium'.

e Young's modulus of cast.

B-8. Again, increasing

se in modulus.. Attempts

including values of the.

ve been unsuccessful to

I I I

I I I

400 500
(0 C)

600 700

of lead [65].
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I TABLE 64 Density of Metallic Elements (Continued)

Cn

t :

es•:, '•

I-.¸

Temp., 
ISymbol

K Ho In* Ir Fe La* Pb Li Lu* Mg Mo

50 8820 7460 22,600 7910 6203 11,570 547 9830 1765 10,260

100 8815 7430 22,580 7900 6200 11,520 546 9840 1762 10,260
150 8810 7400 22,560 7890 6196 11,470 543 9840 1757 10,250
200 8800 7370 22,540 7880 6193 11,430 541 9850 1752 10,250

250 8790 7340 22,520 7870 6190 11,380 537 9840 1746 10,250

300 8780 7310 22,500 7860 6187 11,330 533 9830 1740 10,240
400 8755 7230 22,450 7830 6180 11,230 526 9800 1736 10,220

500 8730 6980 22,410 7800 6160 11,130 492 9770 1731 10,210
600 8700 6810 22,360 7760 6170 .101 482 9740 1726 10,190

800 8650 22,250 7690 6140 10,430 462 9660 1715 10,160

1000 8600 22,140 7650 6160 10,190 442 9580 1517 10,120

1200 22,030 7620 9,940 442 9500 1409 10,080
1400 21,920 7520 402 10,040
1600 21,790 7420 381 10,000

1800 21,660 7320 361 9,950

2000 21510 7030 341

Temp., _Symbol

K Ni Nb Os Pd Pt Pu K Pa*

50 8960 8610 22,550 12,110 21,570 20,270 905

100 8960 8600 22,540 12,100 21,550 20,170 898
150 8940 8590 22,520 12,090 21,530 20,080 890
200 8930 8580 22,510 12,070 21,500 19,990 882
250 8910 8570 22,490 12,050 21,470 19,860 873

300 8900 8570 22,480 12,030 21,450 19,730 863 15,370

400 8860 8550 22,450 11,980 21,380 17,720 814 15,320
500 8820 8530 22,420 11,940 21,330 17,920 790 15,280

600 8780 8510 22,390 11,890 21,270 15,300 767 15,230
800 8690 8470 22,320 11,790 21,140 1,70 720 15,150

1000 8610 8430 22,250 11,680 21,010 672 15,050
1200 8510 8380 11,570 20,870 623 14,910
1400 8410 8340 20,720 574

1600 8320 8290 20,570 527

1800 7690 8250 __ 20,400

2000 7450 8200 20,220

.3
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3-110


