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FOREWORD

This report was prepared by the Metals Branch and was initiated
under Project No. 7360, *Materials Analysis and Evaluation Techniques®,
Task No, 73605, "Design and Evaluation Data for Structural Metals®,
formerly RDO No. 605-227 SR-3a, "High Temperature Alloys", and was
administered under the direction of the Materials Iaboratory, Directorate
of Research, Wright Air Development Center, with Capt, W. E. Dirkes acting
ags project engineer,

This report covers period of work from July 1954 to November 1954.
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ABSTRACT

The volume of astructural metals 18 generally considered to remain
constant even with extremely high stresses applied., Some data recently
published indicate significant changes in volume under stress-rupture
test conditions for specimens having stress gradients. More recent analysis
of the same data and specimens together with additiona)l measurements from
these specimens show that significant volume changes did not actually
occur, but that plane cross-aections of specimens did not always remain
plane when subjected to streas gradients,
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This report has been reviewed and is approved,

FOR THE COMMANDER:
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Technicel Director
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Directorate of Research
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INVESTIGATION ON NOTCH SENSITIVITY OF
HEAT-RESISTANT 4LLOYS AT EIEVATED TEMPERATURES

SUFPLEMENT 1 - APPARENT VOLUME INCREASE DUE TO TRIAXIAL STRESSES

I PURPOSE

WADC Technical Report 54-391 reported apparent volume increases in
notched stress rupture specimens approaching 10 percent of the eriginal
volume of the notched section for a single specimen of S5-816 heat resise
tant alloy. A series of measurements was subsequently undertaken to
determine whether or not & volume ineresse occurred,

II GENERAL CONSIDERATIONS

Mechanics of materials are based upon a number of fundamental assump-
tions, one of which is that the volume of structural materials, even under
extremely large loads, remains practically constant., Indications of X1
vercent change in volume would not upset previous theories of fracture.

The 10 percent volume increase of notched sections of stress-rupture test
specimens reported in WADC Technical Report 54=391 cannot be considered to
be due to errors in measurement. Some more fundamental reason must be
involved in this observation. Volume increase of this magnitude, if proven,
would be of great interest to personnel investigating time dependent
characteristics of materials,

III PFACTUAL DATA

Figure 21 from WADC Technieal Report 54-391 reproduced herein as
Figure 1 shows the notch contours of a notch before and after time-deformation
at elevated temperature. Three notches were contained on a single axial
load specimen for which Figure 1 was prepsred so the test conditions were
identical for each notch, FRoot radii of 0.005, 0,010 and 0,060 inches
indicated volume increases of 9.2, 11.7 and 7.8 percent, respectively, when
computed from the data published., Similar notch contour measurements were
made on specimens of S-816 and Inconel X-550 subjected to stress-rupture
test conditions. Measurements were made on notched portions of unbroken
test specimens with a shop microscope, Measurements were made on four sides
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of some specimens, Complete notch contours were determined, The stress-
rupture characteristics of the materials under consideration are reproduced
from Figures i, 5 and 7 of WADC Technical Report 54-391 as Figures 2, 3

and L of this report to show the comparative test conditions for each
specimen used for volume determinations,

Volume determinations were obtained by measuring notch contour ereas
with a planimeter, computing equivalent radii and calculating the volume
of the related right circular cylinder. Results were checked by dividing
each notch into a series of rings and repesting the c¢alculations, In
sddition, results were checked by using the volume celculation procedure
outlined in WADC Technical Report 54-391. The results of the calculatiocna
are contained in Teble 1, which also lists the nominal stress and time to
rupture for each specimen, Correlation of the data in Table I and locations
on the stress-rupture plots of Figures 2, 3 and J show that the appearent
volume increases reported are not a function of stress, time or notch
sensitivity. However, rather large deformations are indicated for S-816,
and practically none for Inconel X-550. The amount of apparent volume
increase corresponds to the relative ductility of the two materials.
Waspalloy with ductility between that of S-816 and Inconel X~550 was found
to have apparent volume increases in the range of 1.5 to 3.0 percent,

The apparent volume increases noted would naturally suggest corres-
pnding density decreases, Density measurements of S-816 resulted in a
value of 8,67 for the untested material and 8.73 for the notched section of
specimen S-20 after test. The lack of confirmation of volume change by
dansity measurements indicetes thet some mechanism other than volume increase
must be operating to provide the indications obtained@ in WADC Technical
Report 54=391.

The method of computation of volume assumes that plane cross-sections
of notched specimens remain plane when the apecimen is deformed, The data
presented indicate the possibility that originally plane sections, subjected
to stress gradients which extend above the elastic strese limit, do not
remain plane, In order to check this possibility, a notehed specimen of
5-816 alloy was ground flat parallel to the axis on twc sides to obtain a
notched flat apecimen 0.1} inches thick. Lines perpendicular to the specimen
axis were scribed across the notched section and the specimen was subjected
to 50,000 psi nominal axial stress for 50 hours at 1350°F. Figure 5 shows
the deformation of the originally straight grid lines, Considerable
deviation of the plane sections represented by the scribed lines is evident,
even at locations considerably remcved frcm the noteh root.
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The stress distribution in notched bar specimens is not linear, and
as materials are stressed such that the higheat stresses reach the inelastic
ragge defined by the stress-strain curve, the strains would be expected to
distribute non-linearly, A detailed analysis of this stress condition for
creep tests is presented in WADC Technical Report 54-175, Part 2,

IV CONCLUSIONS

Supplementary data obtained after the release of WADC Technical Report
54=391 indicate that no appreciable volume change occurred in the test
materials under the experimental conditions used. The measurements which
were taken indicating an apparent volume increase sre believed to be
correct, but a proper interpretation of the data is believed to be that
originally plain sections of notched specimens of ductile materiasl may
distort appreciably when partially plastic load conditions are imposed,

The amount of deformation of plain sections is related to the ductility
of the material as well as the stress gradients imposed.
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TABLE 1

APPARENT VOLUME CHANGE IN NOTCHED
STRESS-RUPTURE SPECIMINS

Specimen Temperature Stress Rupture Notch Yolume Change,
Number °p PSI Time, Hours Radius Percent
S5-17 1350 50,000 89,1 D «005 9.2
S=17 1350 50,000 89.1 D 010 11.7
3-17 1350 50,000 89.1 D +060 7.8
5-20 1600 27,000 14.6 « 060 8.1
3-27 1500 30,000 | 79.8 ..060 TeT
I-13 1350 60,000 30.1 »005 1.5
1.13 1350 60,000 30,1 o045 NIL
I-13 1350 60,000 30.1 «100 NIL
I-18 1600 18,000 35847 <045 NIL
1-22 1350 35,000 197.4 +O45 NIL
I.22 1350 35,000 197.4 «100 NIL
1-25 1350 65,000  42.4 100 NIL
1-27 1350 40,000 157.1 100 NIL
I-3% 1600 25,000 bl .6 <045 NIL
1-57 1350 40,000 138.5 +020 340
WADC TR 54-391 4

Supplement 1



HOLON SNIAYY HONI-010'0 404 SHNOLNOD HOLON J3IWHO043d ANV Q3WHO43aNn ‘|

Udu! , 01 “UION JO WOHOG WOIJ 30UD}SIQ |OUIPNEIBUOT

oi 6 8 4 9

S 14 £

— 15d 000'0G — 1004 4D ssals abpiaAy
L1-S~ uawdadg
Sinoy 1'6g - 3w}

4 0G¢g | - asnjoiadwa)
918-S ~ IDIJIIDW

bl

yojou JO 00y

EEHRIE

0e0

G20

0e0

youi ‘adupysiqg 101p0y

WADC TR 54-391
Supplement 1



AOTW
918-S 40 SHVE Q3IHOLON ANV NIV1d HOd S3AUND JWIL-FUNLANY SNSH3A SSIHILS 2 JuNOIA

sJnoy ‘] aundny

ooo0! _ . 00i 0!
6 8 L 9 1] L4 € [ 6 8 L 9 '] L4 £ [ o
b4 -
e 3¢ —_— T T——DatD j0 UOINPII JUBD ._on_/
x $r/ T S
. .lllll-l_l-l-l — ] .
'Sy I R ——— 126

—— ———
Lge T 4 o T =
/lll L x lllll-ll.llll-l-l’l-l
-

—— L s
K.r e — \1l|n_°°m_ 6 66 lllll.ll’lll /0 .l..m.
0'eS ..ll.ll..ll.lll.l. o . [ — o€ ..““
P X c—— e — N g1s 5
- 126 ™ W

© — X ov
T onm,l.\ Z'ls Tt x| 2.

| a 8¢S | - os

panuyuossig —-ad ~———t——n
Yajou SNIPDI-YOUW-090'0 -0 og
Y240U SMPRI—YU-0 00 -0 o1
yYIJ0U SNIPDI ~Youl - GOO'0 -V
yasou pajioy Buypdlpul ‘SIDG paydjoN o8
$40q UlDid —x 06

WADC TR 54=1391
Supplement 1



4 0GEI LV A0 0SS 3AdALl

sinoy ‘awi] ainjdny

000I 00| ol
a N a ——— QY 1'80I ‘ssaupiDy [DI4u
—— e - -
e v X Q¥ 2°'10) 'ssaupioy [oy1u)
% . o
2'c
so T % N
Il_ \
x \ +/
81 ~
~
RIS
L9 AN
)
031D JO UOLLINP34 JUdD Jag~ / ,+/:
[ o]
o
n ~
N N\ ¥ ~
N ./ Ny
panuiuossig — g ~C — +

Y240U SNIPDI —YdUI - 00 1°0 ~ O N
YOJOU SNIPDI — YU~ GHO'Q — O N No
440U SNIPDJ —YduIl— 020°0 — +
Yd{ou SNIpos —ydul— GOO'Q ~ V

J0q uio|d — x

s

02

ot

o9

oL

» X JANOONI HO4 3WIL 3YNLINY SNSHIA SSIYLS £ JuN9I4

1sd 000I ‘ssans

WADC TR 54-391

Supplement 1 _



4 009! 1V A0V OSS 3dAL X, TANOCONI HO4 INWIL J4NLINY SNSHIA SS3IYLS "+ 34N9Id

sanoy ‘awil ainjdny

0001 001 0!
N | xO Ve
/lfT —_|
x T Da4D J0 UOIINPS JUBD 4dd
~N 2's / y
™~ ™.
O N 8'G
// /
~. I/./
Ty
/ N
x
1'Gl
I// /./
00—

4oiou SNIPDI-YUI-001'0 — O
Yo4oU SNIPDI-YIUI—GH0Q0 - O
yajou sNIpoL-YPIUI-SG00°0 -V

g uibld -~ X

("8l

s4noy 6'j —»x

ol

Si

o¢e

§5¢

oe

SE

1sd 0001 ‘ssals

WADC TR 54~391
Supplement 1



FIGURE 5. CHANGE OF SHAPE OF PLANE CROSS-SHCTIONS AS INDICATED
BY DEFORMATION OF SCRIBED LINES,
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