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ABSTRACT

This investigation is an experimental study of the stress distrilu-
tion in two circular cylinders intersecting at right angles and acted on
by internal pressure. Two specimens of the thick-wall category were
tested to rupture and a strain gage analysis was made of eritical pointa.
The specifications of the specimens tested were so chosen that this in-
vestigation would be the loglcsl begimning of an overall study of inter-
secting cylinders under the influence of internal pressure.

The results of two tests are insufficient to indicate tremds or
establish facts as conclusive, The conclusions reached as a result of
this investigation are, therefors, of such 2 nature 28 %o reguire con-
firmation by subsequent continuation of this study. These conclusions
arei

1, The maximum stresses present in specimens of the type tested
are in the plane of intersection and tangent to the allipse of inter-
section at a point approximately fifteen degrees from the croteh.

2. Additional resistance to the high stresses at the plane of inter-
section is necessary over that required in the wall of a straight pipe.

3. Bending associated with the astressing of this type of inter-
section by the application of internal pressure is of minor importance
in specimens in the thick wall range.

Ail the tests were made in collaboration with Lieuntenant Commander
Vernon R. Teig, U. 5. Navy in the Structures laboratory, Guggenheim
Asvonsutical Laboratory, Oslifornia Institute of Pechnology, Pasadana,
California, during the school year 1948-49,
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EXFLANATION OF SYMBOLS

Young's Modulus of Elasticity (assumed as 30,000,000 psi)
Strain Gage Reading

Internal Radius of Pipe (inches)
External Redius of Pipe (inches)
Strain Gage Constant (-200)
Internal Pressure (psi)

Phickness of Pipe (inches)

Axial Strain (in/in)

Radial Strain (in/in)

Tengential Strain (in/in)
Principal Strain (in/in)

Axisl Streas (pei)
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Pangential Stress (psi)

Principal Stresses (psi)

Poisson's Ratio (sssumed to be 0.3)



INTRODUCTION

This investigetion represents the firest phase of s thorough study
of the stress distridbution in two intersecting eircular cylinders under
internal pressure being undertaken by the Califormia Institute of Teche
nology., In this phase all specifications of the specimens were held
constant exeept wall thickness., Two mild steel specimens were tested
having an internal radius of 3.84 inches and well thicimesses of 0.4
inches for the first specimer and 0.3 inches for the second.

An exact theoretical solution of this problem involves mixed
boundary conditions and the attendant complexitiss, and therefore, has
not been solved., Frior to the construction of the 20-inch supersonie
wind tunnel at the Jet Fropulsion Laboratory, California Institute of
Technology, it had been assumed generally that for piping whieh 13 %o
be stressed tangentially up $¢ a value allowed by the governing cods,
the safe procedure would be o furnish heavy ribs %o take all bending
stresses of the elliptical intersection., Analysis of the loading in-
duced in the joints of that wind $unmel, however, indicated that axial
stiffness of the pipe iteelf would materially aid in resisting the de-
formation of the elliptical intersection. This prompted the series of
tests reported in Reference (a). The results of these tests were not
conclusive, and the investigator recommended that a more thorough
atudy be mads., No other study of this problem could be found in the
engineering publications and indexes available at the Oalifornia
Institute of Technology.

The tests reported herein were mede in collaboration with Lieu-
tenant Commander Vernon H. Telg, U. 5. Navy in the Strustures
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Laboratory, Guggenheim Aeronmasutical Laboratory, Oalifornia Institute
of Technology, Pasadena, California during the school year 1948-40,
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EQ/IPMENT AND PROCEDURE

The test specimens used in this investigation were made from two
sections of eight-inech National GExtra Strong Welded Steel Pipe, ASTM
653-47, having a yield point of 30,000 psi and an ultimate strength of
48,000 psi. These pipe sections were machined to the dimensions and uni-
formity shown in Figure 5. The axial dimension was made two and one
half diameters $o insure that the end effects wonld not interfere with
the effects at the imntersection, The sections were joined by welding
80 as %o make ninety degree elbows. Any excess weld metal was ground
down so as to approximate sn integral specimen of constant wall $hick-
ness machined out of & single billes.

The pipe ends were semled with standard eight-inch welding csps
containing a three-gquarters inch threaded stud located on the center-
1ine having a nut provided for attaching a restraint between the ends
of the specimen, The restraint was not used in these tests, however.
The studs were drilled and Sapped $o receive hydrsulic fittings. =Ex-
cept for waell thickness, which was 0.4 inch for specimen I and 0.3 inch
for number II, the specimens were identical in all respects.

A large pan wag placed under the specimens to receive the oil upon
rupture and to prevent the pan walls from interfering with the hydraul-
ic fitsings connected tc the pipes, the specimen was eradled in blocks
at pou.h zbout six and sixteen inches from the ends of the specimen,

Surface strains were measured with variable resistance wire strain
geges of the Baldwin-Southwark AR-7 and A-B types. The positions of
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the active goges used in the $ests are shown in Wig, 7.

Other equipment consisted of e potentiometer and Wheatstone's
bridze elrenit, a aixz-volt battery, a Blackhawk hand-operated hydranl.
iec pump, hydraunlic pressure gage and miscellaneocus plumbing end elee-
trieal wiring,

The set upsof the teet equipment are shown in Figuyes 1 and 3,

The procedure followsd in ezch test vas identical. Within the
elastic limit of the specimens, strain gage resdings were recerded
wvith the specimens alternately loaded and unloaded, thereby providing
average serc readings for each set of load readings and indicating
yielding in the specimens when the gage readings failed to retum to
their preload values. Above the yield point of the specimens, strain
gage readings were recorded as before with the specimen alternately
loaded and unloaded, but only the zero reading obtained after losdine
was used in computing strains. In this region of plasticity, however,
a$ intervals, before preceeding to a higher load, strain gage resdings
wore recorded at intermediate loads., Readings at zero load wers not
Saken sfter these intermediate loads but only after a losd was applied
which exeeeded the highest previous load on the specimen, In order So
obtain good resulds in the region of high strains, internal pressure
was held constant, until strain readings stopped increasing, befors
data was recorded.

The amount of opening of the legs was measured during and after
the application of eaeh leoad. The measurement was made with a tram
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bar between two punch marks made in the top of the studs located at
the ends of the specimens, It was intended to report that portion of
each test which was in the elastic range with the restraint applied
agross the legs to prevent bending. Since the amount of opening of
the legs of eszch specimen was sc amall as to he unmeasurnble in the
elastic renge, this portion of the intended investigrtion was sban-
oned.
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RESUITS

The following results were obtained from the tests made on the

$wo specimens described in EQUIFPMENT AND FROCEDUEE:

1.

Be

3.

4.

Stress and strain data recorded in Tables I %o XVIII.
The losds resulting in yielding and rupture of the specimens
werel
Internal Pressure (psi)
Tield Raptare
Specimen I 1800 3360
Specimen II 1200 2980

Bapture occurred seross the weld =% a point sbout 14.7 degrees
above the erotech in both specimens,

The elliptical intersection was distorted into an egg shape
with the Ddroadest part of the egg on the orotch side of the
elbow.

A vigible area of cold-working was evident in the wicinity of
the erotch of both specimens when high values of internal pres-

sure were epplied.
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DIsSCUIIION

The data recorded during these tests were strain gage and dbattery
voltage readings, In addition, the distance between two punch marks
at the ends of the specimens (deseribed in EQUIPMENT AND FROCEDURRE)
were measured, This distance di1d not change until immediately before
rupture of the specimens,

The reduction of the strain gage readings tsken within the elas-
tie range into straine =nd stresses in the axizl, tangentisl, and
principel directions invelved only the usual atrain gage reduction
equetions and the classical elesticity egquations for resclving stres-
ges in a plane (see sample ealoulstions)., In the computetion of
stresses, & velue of Young's Modulus of Hlastieity egual to 30,000,000
pei and a value of Poisson's ratio of 0.3 were usad.

In 2 uniform stress field, s%resses and strains may be computed
in the plasticity region from strein gage readings. This is possible
becanse an elastic material strained Deyond its elestic limit unloads
and reloads along a curve parallel %o the original curve of the mater-
ial below the elastic limit. In a non-uniform stress field such as was
present in the specimens tested, stresszes can bes computed only until
the local yisld point is reached. After any point in the specimen has

yielded, 21l points in the specimen show strain when the applied load
| has been removed. For those points which have not resched their local
yield poin$, these strains are due %o residusl stresses in the mater-

fal set up by parts of the specimen which have tzken on permenent set.
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Usilizing this fect, the v:lue of all stresses and atrains cen de
computed from atrain gage rezdings until the loesl yleld point is
reached, Tor tha ilests 'oonductad. no stressss were computed after
first yield of the specimens were reached since it is considered

that they do not comtributs tc the analysis of the preblem under in-
vestigation at this stage. After local ylelding, the determimation of
stresses are imposaible using elastieity equations since it is not
known what part of the zero-locad strain is due %o permanent set and
what pert is dus %o residual stresses. 35ince the theory of plastieity
iz in a nebulous stage, computations in this range have been left for
later study.

As an sesistance in snalysing the stresses and strains measared
and computed in this investig=tion, the graphs showm in Figs. 10
through 49 were prepared.

Strain gage readings taken above the elastic limit of 2 specimesa
previously have been considered in general tc¢ De unreliable., The sin-
{larity of strain curves for the two specimens st the verious positions
inveatigated, and al positions on the same specimen Dut removed from
the oritical intersection (i.e. curves 1, 2, and 4 of Fig. 13), indi-
cate that l‘hl‘cl.n gage readings tsken above the elastic limit can be
trasted in a gualitative analysis. GSinee the mechanical and eleetri-
cel properties of the astrain gages are not kmown %0 a high degroe of
certainty in $his range, however, the readings obtained are of unknowm
reliability in a quantitative analysia.
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Previous discussions of the intersection of eircular cylinders
under internal pressure have showed concern for the bending effects
present, Hesults of this investigation do not indicate that the
bending effects are of great relative importance. In tests of both
specimens, no hending deform-tions were visible or measurable within
the elastic range and were not of messurable msgnitude in the plastie
range until the load was inereased to very nearly the rupture point.
Furthermore, it is significant that the actual rupture of both spec-
imens apparently was csused by Sangential stresses despite the fact
that specimen II had = tangential defeet &% the weld in the vicinity
of the rupturs point, This defect in specimen Il wes a small erack
between the weld and the parent metal in the vicinity of the erotech.
It opened visidbly during the early stages of loading bHut eventual
rupture was at right angles to this erack.

The classical equation for the tangential stress in a thick-
walled cylinder under internal pressure isi

Cs ":z? ‘:;Jt"lg'

-8
which in the ease of a pipe having the dimensions of specimen II is:

Thus, for the second aspecimen
P nn&-ﬁ:ﬁ%n 2,435 psi

P ultimate = = 3,978 pai

48,000
12.3188
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The internal pressure causing yielding of speeimen II was found ex-
perimentally %o be 1200 psi, 2nd of rupture %o be 3350 pei,
In the case of specimen I:

p yield (straight tube - theoretical) = 3,288 psi

p yield (intersecting tubes - experimental) = 1,800 psi

p altimate (straight Sube - theoretieal) = 5,261 psi

P ultimate (intersecting tubes - experimental) = 2,950 psi

‘l'ho resul s of these testa, thersefore, do not indicate "that welded
pipe fittings can be designed with an ample safety factor against both
excessive deformation and rupturs, without the use of any ribbing and
without increasing the thickmness ratio of the fittings materislly over
that needed for plain pressure pipe*, ms was suggested in the conclusions
of Reference (a,).

The deformation and point of rupture obtsined with the "second spec-
imen of 90 degree olbow made from seamless tubing, 4.5 inches 0.D. with
0.12 inch wall thickness®, reported in Heference (a), shows closesgree-
ment with the reaults obtained in this investization. Since other tests
on the 90-degree elbow reported in Reference {a) showed spperent struc-
tural defects in the pipe from which the spscimens were made, it is coan~
sidered that the results obtained therefrom (which did not agree with
the results obtained in this investig-tion) are unrelisble, and lead to

false conclusions if considered.



<11

Since ylelding ceccurred at = load of approximately 54 per cent of
the rupture preasure in the first specimen and at spproximately 41 per
cent of the rupture pressure in the second specimen, it is considered
that limit design would be feasible in the comstruction of elbows sim-
ilar to those tested where small permanent deformations eould be tol-
orated. However, fatigue limitations to the theory of limit design
must not be ignored.

The specimens used in this investigation were large and contained
approximately eleven gallons of oil while tests were in progress.
Large gravity effects were present, therefore, which may have had =
considerable effect on stress distribution at low values of applied
load, Thess gravity forces may cause highly undesirable bending ef-
feots when the specimen is supported by point resctionz as wee the case
during these tests. These undesirable effects would be more in evidenass
in tests condueted on thinner-walled speeimens, and 1t is recommended
that for subsequent tests that o contimuous suppert be provided.

Whereas experimental results obnind. with the two specimens com-
pared favorsbly in mest respects, no explanation for the divergence
of the axial strain curves of Figs. 29 and 30 can be offered. The di-
vergsnce at thess positions oould be foressen while data was being
taken with the second specimen but no faulty technigues or instrumental
fallures were discovered. It is recommended that later phases of this

investigation explore further the regions goncerned.
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CONCLUSIONS

The results of two tests are insufficient to indicate trends or
establish faots as conclusive. The conclusions reached as a result
of this investigation are, therefore, of such = nature as to reguire
confimation by subsequent continuation of this ntmfy. These conclu~
sions are:

l. The maximum stresses present in specimens of the type tested
are in the plane of the intersection and sangent to the ellipse of
intersection st a point approximately fiftesn degrees from the oreosch.
I¢ is probable that when the legs of the specimen lie in the horizomtal
plane that the highest stress concentration is at an angle of approx-
imately fifteen degrees above the croteh.

2. For two elircular eylinders intersecting at right angles and
acted on by intemal pressure, the arsa in the vieinity of the inser-
section requires additionsl rasistance to the high stresses present,
For cylinders of about 8 inches internal dismeter and 0.3 to 0.4 inches
wall thickness, the wall thickness in the vicinity of the intersection
should be increased approximately 100 per cent.

3. Bending associated ﬂth the stressing of two circular oylinders
intersecting at right angles by the applieation of internsl pressure

appears to be of minor importance.
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RECOMMERDATIONS

I% is recommended that:

1. In any further experimentsl work conduneted on this prodlem,
that strain gage rosettes be located near ths weld 15 degrees above
and below the crotch,

2. In any further experimentsl work coﬂuiod on this problem,
that a continuocus support de provided on the under side of the spec-
imens.

3. In any further work conducted on this problem that an invest~
igation be made of the apparently incongruous results obiained in these
tests for the axial strains near the weld at the rear of the inter-
section,

4, Fuorther investigation be made of the bending present and ef
the effects of bending restraints.
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EQIATIONS AND SAMPLE CALCULATIONS
A REDUCTION OF STRAIN GAGE DATA

The test gage mounted on the specimen and a dummy gage mounted
on identical, unstrained material are included in a Vheatstone Bridge
Duammy 5 Test eireuit. The opposite sides of the
eirouit are $wo preciasion resistances

of magnitude Q.
Under load the potentiometer is

varied so that no current flows Letween

points A and B, We wigh to determine

the relation between the wvoltage V,
across AD and the unit$ strain, €, in the Sest specimen,
From the eircuit diasgram, we deteammine that

1,(2Q) = 1 I, (R+4R) =3 V= 1,q - IR
Henece
24
v=3-sgi" E""ﬂ 'y

To eliminate the ratio A R/R, the following reletion for resistivity

of a condustor is employed,
R = l&

wvhere X is a resistivity constant, L the length of the conductor, and

A i1ts cross-sectional srea. Then

A B = ﬂt\l +£..z. -Emu
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Hence
- A ¥

R L A
Yor a aylindrical conduector

A-‘-zélg 2V —k = aVE r is the radins of the
A r ~ cross section

Therefore
-Ailn (1+29)€

vV is the Folsson's ratio for the strain gage material,
Substituting directly inte the equation for the voltsge reading
v,
V= f (1+2V)€

€= 1+ 2Y)%

This equation is usually employed in the fomm

€= (goze f..mﬂs.mq rocding)

whers € is obtained in inches per imch $imes 10™>,
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B, COMFUTATION OF STRAINS FRON STRAIN GAGR R'S (ROSETTES)

'S (a) A€ =R, --‘{- Rs3

(0) 4 € =1.026,~ R+ Ry

(c)Ae3=R3-i—R,

where k = -200 for the ro-

settes used in these tests.

0. GOMFUTATION OF AXIAL AND TANGENTIAL STRAINS

(a) 0Oa ——— [Ea, +/u(€j

() o—i )‘ € +/u(€aﬂ

D. COMFUTATION OF PRINCIPAL STRESSES

- E + (I +k
G2 ® 2 (1) (1 + K) ER‘ fs) * (e (1 - k)

- R|+R3+2Rz
Y—, sin2b J
0= — Rl"'RJ_ZRZ
Rt"R;

tan 2
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E. OOMFUTATION OF PRINCIPAL STRAIN

€ = 'é_(d'n - M 7:)

¥, COMPUTATION OF STRAINS ABOVE ELASTIC LIMIT

Beyond the slastic limit, strains computed as above are but one
component of the total strain. The other component is the strain re-
maining at a point with zero sxternal load applied.



-18-
REFERENCES AND BIBLIOGRAPRY

2. Sandberg, William A.: “Testa of Velded Pipe Fittings", Progress
Report No. 1l-3, Jet FPropulsion Laboratory, California Institute
of Technology, Pasadena, Czlifornis, 6 Cctober 1948,

b. Omsted, Harold and Serrurier, Mark: ¥"Stress Analysis of Southemm
California Cooperative Wind Tunnel®, CWT Rsport T-22, Southemn
California Cooperative Wind Tunnel, Pasadena, California (no date).

e, Sechler, B, E.: "Tlasticity in Engineering®, California Institute
of Technology, Pasadsna, California (classroom nmotes, 1946),



TABLE I

VARIATION OF TANGENTIAL AND AXIAL STRAINS WITH VARIATION OF INTERNAL PRESSURE

Test I Position #1 Gages 2,3
i Bt ——pf - ——— g —e—
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.’” om‘ .I‘UJ ! .0(23 -14.3 - - - - - 012” .%
1700 1420 (3337 - JA37 (3344 - - - - - «2053 L6401
2200 om .m’ e ']m 0‘3“ = - - - e .2581 l?&
2” .1“1 -“74 - 01%3 .m i - - - - « 2861 -7‘”
2400 1993 4922 - 2018 4932 - - - - - 2938 8373
2” |2135 -4&1 - .21” o m - - » - - 02”3 -w
2@0 -w 0”15 - om nms e - - - - om 2.2&4
m .m . m - 02126 Omj s - - - - .n” 1‘.12”
m Qﬂ“ 6726 - «2161 0693” = - - - - 1413“) 5-51%
ﬁﬁ .ml 'm - .2451 lw uad i - - - 1. 3].11 ﬁ.m‘

Pressures and stresses in 1b./m.3.n. gtrains given in inches per inch x 103

v



538

-

2150
1700

g

sEEEEsEL

Position §2
-+ - R » - A (4 —

Axial Teang, Mo Axial Tang. Princ.
0181 .1318 0696 .0188 .1319 .1322
0234 .1908 1052 0244 1909 .1909
0305 .2693 .1489 0318 2694 .2600
‘m‘ - 3m tlm cm ° Bm - 3”
0576 4050 2194 L0596 L4053 4058
L0522 4300 .2360 .0543 4303 4302
0531 4600 .2510 .0554 4603 4601
0580 4807 2619 L0604 4810 -
D657 4976 2736 0682 4919 -
.M .m 'z“ -m -m‘ -
om o’Jl? o”” -m? 05322 i
.m -W om c““ .5m -
tm-w .2410 .1035 .m -ml g
.m .m .2409 oosﬁ .m’ s
oW’ . %3 am -0721 . 5“6 -
.m .451. .23’7 .0741 o‘m -
.M om .8& om . ms -
.m - m Om lm ® 5m oy
.m’ .“40 o“ om 0“45 -
J176 6682 3796 1209 6688 -
.13" Q”ﬂ I“ olm -m 2
013” -9513 -5011 .1“ om -»

0-47
0=47

ARRRRRRERARERN 1tk
e 3hgRREY E

Pressures and stresses in 1b./sq.in. Strains given in inches per imch x 10°

Gages 4y 5,6
< —
Axlal  Tang.
L1888 1719
L0244 1909
0718 2604
0480 3302
0596 4053
-05‘3 l“”s
0554 4603
0546 4994
0512  .5335
L4448 6029
0379 6365
0191 .8161

-.0234 5272
L0107 7264
0302 8649
.0188 1.5388
L1701 2.1654
0362 2.7001

-, 0780 3.8‘7”9

=«R543 5.5926

-'.4013 70“”

--4910 90"19



TABLE III
Test I Position §3 Gages 7,8,%

+——— R——> - pe— —_————— —— e
Press. Axial Teng, Diag. Axial Teng. Prine., & Princ. Axisl Tang. Axial Tang.

500 =-0.0127 0.1562 0,0623 -0.0119 0,1561 .1566 86-59 5041 1151 5025 =-0.0119 0.1561
750 =0.0167 0.2350 0.0910 =0,0155 0.2349 .2362 8554 76N 1813 7595 - 0155 0.2349
1000 =0.0161 Bom 0.1” =l am Oom oﬁ” 86~06 10684 2760 lm - 0°145 °-m
1250 ~0.0273 0.4080 0,1487 - .0253 0.4079 .4117 87=17 13286 3200 13200 - .0253 0.4079
1500 =0.0368 0.4970 0.1875 =0.0343 0.4968 .5002 85-28 16118 3775 16050 - 0343 0.4968
1700 = 0487 0.5810 0.2221 =0.0458 0.5808 .5836 86-01 18760 4235 18700 - 0458 0,5808
1800 - om 0.6126 002”7 - !03” -6124 - - - - - - 2812 102756
1900 - 0007 oom 2010 + 0m9 cﬂm - - L - - - t"tj% lcm
2000 = 0641 0.729 .2511 - .0605 .7293 - - - - - - 7452  3.1196
w - 0600 Oo‘m .2101 - .0567 -6”‘ il - e - e - om 3-2m
2150 - .0648 O.7€77 .2941 - .0610 .7€74 - - - =  -1.036 5.3378
m -..m 0.“ 1007 - -01“ Ow - - -~ — e . Qm ACM
1700 - 0552 0.6031 .235 - .0%22 .6028 - - - ~ - =1.02%8 5.17R
2200 - .0888 0.8357T .3172 - .0846 .8353 - . - - - =1.0363 5.3448
2300 = 0333 0.9655 .36713 - .0285 .9653 - - - - - ~1.3724 8.2622
2400 - 0485 0.9982 .3958 - .0435 .9980 - S - - =1.8190 10.7686
2m - -m 1&”” 0‘3” et -m 1905” - - - - e -20“53 12-?%3
2600 - 0889 1.1337 .4893 - .0832 1.1333 - - - - - =297 15.1911
2800 - 0841 NG « 5448 - - - - - - - - -

000 ~,.1180 Ha  .63%0 - - - - - - - - -

250 -.31 Ha B0 - - - - - - - - -

3
Pressures and stresses in 1b./eq.in. Straing given in inches per inch x 10



TABLE IV
Test I Position §4 Oages 10,11,12

- =t ¢ —p &

,[
|

Press., Axial Teng. Disg. 4xial Tmg. Princ, & Prine. Axial Tang. Axisl Tang,
500 039 1582 L1411 L0377 (1384 1723 -17=51 5916 2805 5,90 0377 1584
?” omﬁ - m} .2070 -m‘ -M uZMB ‘20‘” 8”9 m 7’.& 50576 nﬂ!ﬁ

1“ o"“ 'm -m -W“ smlﬁ .3533 "lm m‘“ ﬂ” 1105” om nw‘
1250 L9996 37T 46T 006 3982 L4274 -16-40 14808 7290 14,120 1016 .3982
lm -1150 -m .5240 .11?4 ;“% -m’? "‘1‘"3‘ m” mo 17,2!0 ;117‘ .489‘
1600 JA502 L5220 L4620 (1528 5228 L5611 -17-D4 19632 10190 18,710 (1528 5228
].m 091549 Q.m 0.4@ .1577 om -m ""1&'28 2%55 1%” 19.7” clm -5m
1800 .1‘29 05“1 .51“ -u’ -ﬂ o - - = i tlm -5'33
1900 1595 L6040 5370 1625 6048 - - - - - JA532 6169
2000 Ilm ® ﬁ“ * 5” .m . 6172 - g = - poed tlm .'?743
m .17’ Qﬁ33 -% 1769 oﬂ“ " - - - -~ -1‘22 t”ﬂ
21” 11”’ om om le .6?” - - - e - clm 1.3”’
m nm 2287 12.57 « 0661 -m ™ - e ~ - .m 0.9547
1700 1481 AR 4655 1507 5139 - - - - 1148 1.2396
2200 .1944 om -9?90 L1977 -65“ - - - e e «1725 1:”
2m .1821 o’m !5”5 cm om - - - - - m 2.52‘5
2@ -m -m cm‘ .ﬂ95 .mj - o - - - sm 2-76”
2m .24‘9 46392 6210 .291 .&m - - o= b = <9061 ch
w M -7040 cﬁﬂ .2702 .7053 . - e - .t 1.0%9 3-92%
2800 om am ¢6m M o T2 - - - - - 1-53” 5!”’7
m -m «T730 5“33 3 CW“ - - - - - 2.1718 6pm
3250 D”w 00555 .aﬂ -m’ @Bm - e aa - e 2-“31 3-&78

Prossures and stresses in 1b./sq.in. Strains given in inches per inch x 108



TABLE V

Test I Position #5 _ Gages 13,14,15
e R — - A€ - < -
Along lormal

Press., Axial Weld ¢o Weld Axlal Tang. Prine., & Prine. Axial Tenge Axial Tang.
500 0,2150 0.1288 0.2170 0.2210 0,1293 .2344 &6~45 8847 8474 6420 0,210 ,1293
750 0.3265 0.1955 0.3286 0.335 0.1970 .3555 €7-01 13415 12816 9758 <3356 .19
1000 0,4380 0.2633 0,4440  .4503 0.2655 .4783 66-31 18070 17306 13158 4503 2655
125 0.5324 0.3163 0.5420 SAT3 L3190 5834 66716 21996 21076 15892 S54T3 3190
1500 0.6515 0.3854 0.6590 0.6698 .3887 7120 6643 26814 25634 19350 6608 3887
1600 0,7020 0.4150 O0.7140 0.7216 .4185 . 7694 66-19 28979 27748 20880 L7206 4185
1700 0.7370 0.4330 0.7580 0.7576 .4343 .8128 6532 30596 29381 21917 T576 433
m O.W 0.“'5” 00” om o‘m - - - e - ¢”33 e“%
lm o.m OQM o- m -m L m - - i - - 1. 1027 N 4711
2000 U.g otm Ole -w 0m5 g - - - = lom -‘510
2050 0. 0.5203 0.9001 9092 5245 - - - i - 14455 4866
2150 0.9243 0.5438 0.9376  .9502 .5486 - - - - - 1.8839 .6597
m 0.312’ OQIm Oom .m -ml i = - = Lot 102“‘ lm
1?“) 0.71“ 0041” OQW o?ﬂ -41!7 - = - - o 1.6701 . 52”
2200 oom 0. 53“ 0.9331 ogm ‘m - = - e [ 109&9 -m
2300 0.9648 0.5649 1.,0095 IR0 5700 - - - - - 2.9586 1.1058
2400 11,0026 0.5841 1.0292 1.0307 .5615 - ”* e - - 3.6251 1.3387
Zm lcm o.m 1.m9 1.0391 .m e ”» - - - 4021” 1.7047
2600 1.0683 0.6475 1.0510 11,0980 .6229 - " - - - 5,0013 1.83820
2800 11,0585 0.6775 1.0585 1.0884 .6829 - - - - - 6.8464 2.4601
3000 1.0871 0. 7703 1.0629 11,1180 7770 - - - - - 8.9184 2.9686
250 1.1626 0.9040 1.0636 1.1956 .9095 > - - - - 10,7605 3.5506

Pressures snd stresses im 1b./sq.in, Strains given in inches per inch x 103



Test 1 Position #6
e R > - A€ >
Press, Axial ‘Tang, Diag. Axial Tang, Prine.

-.mm- .20” -0429 ‘-om .m .M

?” =-.0127 .m om -.0112 'w ® Jm

lm ".0141 0.4170 0.055" --Ow .m Jlﬁ.5

12% -.Olu 0. m 0- m7 --0101 . m - m

lm -.0126 .6235 amj e o&" .w

1600 "0“3 0.€720 oom s 6720 .74*

1700 -.0162 0.T7100 o.m " < T099 . TBE2
m - 0.7‘95 001074 e t?“ .
lm -.MJ Otm O-M ‘-.mjj 8001 -
2000 .m 0.‘5’5 0.1” 0099 0‘535 -
m vm’ 0-”5 0.1‘3‘0 .m l’m =
2150 -m 00”“ 0.15& .m -92’07 Zas
750 L0063 .2957 . 0078 2957 -
lm um’ -m? .12'1 00293 om. -
2200 00”5 -m 1609 om -m -
2300 0632 1.0085 .1958 .06é82 1.0088 -
m 01191 lolm . Om I-M -
2” QW‘ 1017& tm. olm 1.17“ =
m .m 1-2m cm -2333 1-2m -
2800  .3148 1.3137 .3051 .34 13153 2 -
. 3.3‘ 1¢ n“ < m‘ o”m lom o
3250 <306 KO ITT9 3106 - -

TABLE VI

. a

& Prine. Axial
128 @970 1725
16~47 10651 2650
17=04 14655 3730
17=03 17920 4700
17=14 22012 5850
17=-20 23780 6450
17=11 25042 6610

Pressures and stresses in 1b,/sq.in. Strains given in inches per inch x 10°

=

[.-snu-"""'gggggig g

Oages 16,17,18

-+ —
Axial Tang,

-cm .m
--0112 .m‘
--0120 .413
-, 0101 . m
b 0&34
™ 6720
-.0126 cm

0332 . 6588

«2527 1.0209

1.8874 s5.2142
2.23537 6.2563
2.5M8 7.4738
2.9M4 9.8/
2.7935 12.0549




TABLE VII

Test 1 Position §7
< R S ol Zope
Along liormal : oE
Press, ixial Weld to Weld Axial Tang. Primc.
m om ™ o” om . m ™ m .1015
750 .10‘5 --m’ -1253 .10“ -om -M
1000 340 -,0818 1759 1372 -.0809 2019
12” nIm -.-10‘0 2082 1772 =-,1029 -24..
1” « 2276 -.lw 02633 -232' - 1“ om
m sz --lm .m .2‘37 -om 03”
lm .2477 " rlm .m -25“ e 1‘” . 3”
lm .2“9 -olm - M -m - lm .
1900 2690 =, 15& € 3# -2753 -,1525 G
2000 -ﬂ” -lw . 35“ 2817 ~-. u’,’ -
m .m "'01”1 .“’5 Imo -olm -
2'150 .M b l‘n . m . 3135 " e
7” -1011 "Om om -103‘ L 00&3 oy
1700 2411 ~.0599 2942 24TL -, -
2200 cﬁ?’ --i;} -ﬁ . ig -oig -
m lm, ™ ® ® ~e e
2400 oﬂ -.m4 om « 3”4 -.1595 .
25m .m -.15“ --‘109 .33“ -Olm -
2600 ojm ".1““ 0‘311 nm -01523 =
2800 ° m ™ 1‘” ™ m ™ 35’2 e u’s -
3000 .”33 ‘llﬂ’ oﬂ’ om "'-13“ -
3250 om ™ 1@- o m - ‘m -tm -

&

T 7t
oo SERRSER
oo zageges oo

Pressures and stresses im 1b./sq.in. Strains given in inches per inech x 103

=139
~1917

B

ZEARENERS TN A

0716 "om
1069 -.0608
olm -, 0809
olm -, 1029
«2328 -.1386
-2‘37 -.1‘42
025% -.1&,
«3051 -.1899
<3469 -.2175
o‘m -m
4235 ~.3159

. e

-2m -:m
0”39 -‘M
!m "'.&1(9
.4601 -05”
.m "06319
49T =.TA9
5333 -.8354
.6613 "'1'“1‘
<7355 =1.3375

(Al



TABLE VIII
Test I . Position #8 Gages 22823
- R — - A€ > - o P L
Press, Axial Teng. Dlag., Axial Tang, Prine, © Prine. 4xisl Teng. Axisl Tang.

m om’ -Om - .m ‘-mﬁ -m 0 "'415 415 "1%5 tm '-.m,
750 0054 -,0875 - 0054 ~-,0875 .0054 0 -686 -686 -2832 .0054 -,
1000 0018 -, - .0018 -.1263 .0018 0 -11%0 =-1190 =4148 0018 -.1263
1250 118 -.1675 e 0118 “e 0118 0 =«1266 =-1266 -‘5&0? L0118 -.1675
1500 L0218 ~.1956 - L2188 -,1956 .0218 0 =-1216 ~-1216 =-6235 .0218 -.19%
m .m -.ﬂw - 00352 ".21w . 052 0 -916 -91‘ .m‘ " 03'52 -.21@
1700 L0419 -.2280 - L0419 =-,2280 .0419 0 =874 ~874 «7102 0419 =-.2280
1200 .m’ -nw5 = 00417 -.2425 - e - - - -101’ e
1900 D474 ».2563 - L0474 ~,2563 - - L - - 469 -,2941
2000 .om -m - .om e - - - - o 021“ -'Jm
m .w -.2696 - .0“0 -, 2696 - - e - s om --3m
2150 L0720 -.2891 - 070 -89 - - = - - .3098 ~-.38%
7% =-.0003 -.0825 - =.0003 -.0828 - - - - - 25 -amel
Im .w’ - 2000 e om3 “e = s - - - 2661 -,
2200 cm - - om e e - - o ™ cn‘. -035“
m L0789 -, b 0789 ".2942 - - - - - ./01“ e
2400 .m e =~ -0903 -e o - e - o '5‘37 -, 6020
zm Q060 -, 32” R «1060 -lﬁ” e o "~ i o . "om
m .m - ad -m ~e - - - — - Om -.‘m
2800 .1&1 ‘0331. - .1% -CJBM - - - - _— 'm -loa”
m .ms -o’” e o”” e = o = = - 1.141‘0 -1.7719
1250 .m’ - - om, o - - . - - 1.2880 -2,.0626

Pressures and stresses im 1b./sq.in. Strains given in inches per imch x 10°



| TABLE IX

Teat I Position §#9 Gages
Press, Axiel Teng, Disg., Axial Teng., Prinec. & Prine, Axial Tang. Axlal
500  0.0468 0.2245 - 0,0468 0.2245 0.2245 090 7860 762 T80 .04ES
750  0.0646 0.% - 0.0646 0.3290 0.3290 090 11500 5385 11500 0646
m 0.05” 0‘ - 0-05'5 ocw On‘w m lm “40 lm tms
1250 0.1178 0.5720 - 0.1178 0.5720 0,5720 090 20000 9535 20000 <1178
1600  0.1235 0.7580 - 0.1235 0.7580 0,7580 090 26200 11560 26200 <1235
1700 0.1310 0.8120 - 0.1310 0.8120 0.8120 090 28050 12350 28050 «1310
m 0.1441 0.“12 - 01“1 Oom - = il - o 01246
1%00 oom 0.9786 - 01“ 0.9786 - = - = - QMB
2000  0.1198 1.0962 - «1198 1.0962 - - - - - <2643
m 0.1“‘ 1.10” - .1“4 101037 L . L - - .ﬁﬁ
n” 0.1140 1.1909 i .11-‘0 1.1809% e - = - - «5995
m OCM .3310 - -03“ .33]-0 e - . - -~ -m
1700 .095. -ll?O e tm 8170 - - b - = .”]J
2200 cn” 1.0619 - 1198 1,0619 - L = = G 5911
2m .m WG - 0827 - - - - - - -”ﬂ
2400 1373 KO - 1373 - - - - - - Lla
2500  .1609 NG - a9 - - - - - - 115%
2600 « 1669 RO - « 1665 - - G i - - 1.0149
2800 Jd644  HQ - <1644 s ~ o - - o ~ALT8
3000  .1006 NG - 1006 - - - - - - =209
R0 L0175 KNG - 0175 - - - - * R
1

%

Pressures and stresses in 1b./sq.in. Strains given in inches per inch x



Test II

EEEN N e EaaEEEEnns {

|

TABLE NO.X

VARIATION OF TANGENTIAL AND AXTAL STRAINS WITH VARIATION OF INTERNAL PRESSURE

LI I I N D A I A N O N I AN DN BN A A |

Fl
LN R U O R D D N O D RO B B DN RN A A

oo g B
o gy 1

Position #1
$ R g A€ et
Axisl m Diag. Axisl Tang. Prine,
.m 01”5 o -wm 01” -
.m’ 1970 - 0825 01,?‘ -

. tm - .1155 -m -
BE:EE
olm -m - .1577 am -
Jm om - 31745 '4191 -
J.“l t‘n‘ " -1'70 0‘325 -
nm -% o ogg 016“5 -
olw -4794 = .19“0 .g‘ s
m om‘ - v2255 .5&5 =
L0869 .27 A .0880 2175 -
1718 04&1 - .1740 .“” -
.1”9 Im - -2019 tw -
th .8185 - 02“3 -&“ -
.“23 -m i <2668 -9091 -
2727 1.0532 - 2780 1.0546 -
2848 1.1135 - «2904 1.1149 -
«2852 NG =3 " o -
and stresses in 1b./sq.in, Strains given in inches per inch x 107

Gages 2,3
Axizl Tang,
0670 1388
L0825 1974
1155 .2686
«1392 .3305
1553  .3685
<1795 .87
«1905 .3906
2070 3978
0913 .1289
J465 2678
2531 3806
'3‘”’4 .3339
«2099 ~-,0261
«2959 1994
£174  1.7911

1.1349 4.1168
1.4475 6.6002
1.7004 9.4359
1.8471 12,5249

otv



Test II Position #2 | C Gages 4s5,6

Press, ixial Tang. Disg. Axial Teng. Prine. € Prine, Axial Tang. Axisl Tang.
400 012 ,1296 .0739 0118 .1297 .1296 ~1-28 4401 1672 4352 0118 1297
600 LOL72 1824 1164 0181 (1825 (1841 -5-41 &34 2404 @9 0181 1825
800 L0228 2475 1564 0240 2476 297 ~-5=21 34 8i0 L0240 2476
1000 0284 .3047 .1918 .0299 .3048 3070 -5-11 10397 3999 10346 0299 .3048
1100 0307 3374 2152 L0324 L33T6 3408 =5-45 11524 4408 11450 0324 3376
m tm 'm e2357 oom cmo - i L - e -0247 om
1250 0375 .3804 . L0394 3806 - - - - - 0246 3TN
Im - .M .m om c”“ - - - - - QMG .m

m lm.m -lm - .01“ clm - - - - - -.Wﬂ olm

m cM’ cm .17& -m -2’74 i - - - - 0088 .m
m .m . om .“13 .‘1“ = - - - - 0087 .4”
1600 .0“3 o“ .3925 .M .m - - - - - '.501‘8 « 8006

€00 0166 .17’1 -1109 om-"’ llm b - ] - " . .29”
1200 .m o’ﬂﬁ -21“ '@4 lm‘ - - - - - -.Oﬁl .4‘724
1800 -m’ 122 .m 0679 -5124 - - - - - e om3
2000 .W t"” -m cm 0633‘ - - - - -~ -.2413 II'.M
m ;1129 -?”3 Qm ou“ om - el . = - e 6.m
2400 1365 8720 583 1409 8727 - - - - - -.6110 9,2633
2600 -m9 om .ﬁ)ﬂ -1464 -%29 - - o = - --6156 11.1987
m .lm .m .m -1820 -9627 - i - e - -.5%5 u.£117

Pressures snd stresses in 1b./sq.in, Straims given in inches per inech x 10°

v



888

1000
1100

1250
1300

S

R

g " g

Axial Teng. DMag.
-.0145 1962 .0762
-0211 .2798 .1095
-.0284° .84 .145
"-om -4‘796 <1862
-m - w .m
=«0475 6036 .2287
-.0“5 o?: .%
.'lm - 3 -
-, 0186 .235‘ .09‘!
-.0386 .A492 1706
) .7153 02‘31
-.1002 L9984 .3850
".om on% -1’52
-00“3 t“” «2583
- 1563 RO 4931
<1540 W6 .3516
-.180% NG «T002
-.w ) (3] 8117
-.1979 BG ¥a
-.0874 5 NG

TABLE X1II

Position #3
Axial ‘ang, Prime., € Prine,

=.0135 .1961 .1972 t86~02 6356
-0197 .2797 .2811 +86-14 9058
- 384T 3863 +86=19 12459
=, 0445 003& = Yy o
"00514 .ﬂBS

e tm

=.0174 2353

e Dﬂ tm

-.“16 .'n.ﬁ)

e <9979

-.0287 .319‘

-00551 o“”

L JNN TN N DO LN A O B A DA N
LI I AN DO O BN O B N R IR AN
(SN I A D B T O e O

Gages 7,8,9

' — f—Y

1491 6334
2117 9027
2931 12420
3548 15446
3943 17325

3
Pressures and stresses in 1b./sg.in. Strains given in inches per inch x 10

0

=.0135
=.0197
- 0265
b | 03&
--0‘19
-olm
-+2109
~e3137
-02756

bl

-,8225
=2.0917
=2,0252
=-2.0516

U I I A




Test II
-+ R >
40 L0366 1817 .1698
m 'm .2“ .2“1
m ‘m’ -3511 cm
1000 0924 .‘” LA087T
1100  .1023 L4780 4473
1200 Jd162 L5226 4847
1250 J212 L5345 4993
lm .1'2” Osm .m?
500 L0462 2125 1975
900 L0864 .3%890 .34
lm sl“ .m’ .m’
1600 JA927 6107 5T01
@0 L0649 2404 2N
m Dlm -4710 .4”
1800 «2279 .gl& 5814
2000 E A o
2400 4330 9358 6742
2600 L4897 1.0230 6909
2800 L5078 1.0089 .T735

Pressures =nd stresses in 1b./sq.in. Strains given in inches . - "o

TABLE X111

Position #4 Gages 10,11,12
“ pe— - F—>
Axiel Tang. Prine, 8 Prine. Aixial ' Tang. Aixlal ‘refg.
L0375 1819 2038 -19=-57 &87) 303% 6366 0775 <1819
-om .Zm 'm =20=18 w “7‘ 9110 nom .2’9
0946 A3 L4860 -20-30 16418 7385 15156 .0946 <4713
L1047 L4785 5354 -15-58 8186 16811 1047 4T85
.m .52” __J = - e L .102 . 51“
1239 5351 - - - - . 1017  .5217
.12“ -5“7‘ - - - - - .09” -m
0“73 <27 - - - = e .0135 clm
om .ﬂ - - - - - 905” Im
01‘33 .5‘2‘ . - b o = L0795 -m5
«1958 6117 - - - il - ""005“ -m’
0661 .Zm .- -~ i - e "clnj 1707
01” 0‘7‘7 g o oo I ~ "‘ulm ."047
«2313 -m5 e e » - i s“” 20“”
ey B - - - T 1At 488
043'" -9m - - o - - 305”’ 9.91n
049” 1.02“ - - e - e 4.&” 13‘2”’
5128 1.0114 - - - - - 6.9492 18.8651
=X 103

18 4



Teat II
-+ R »

Press. Axial Teng. Disg.
400 2625 L1332 2447
m om 01923 - 3520
800 5032 L2584 4749
1000 JR92 L3195 5919
1100 6009 . 3459 6490
1200 7570 .3778 .T105
1250 JTIO0 3827 7258
1300 TS L3898 T4
500 <3039 .Jd523 2876
900 S5T6 2826 .52TT
1400 - 8687 4258 8154
1600 9385 .49 8862
600 .3R9 186 3163
1200 > 3559 .6259
1800 <9330 .5298 8630
2000 9076 .5814 .81
2200 L9146 7028 8174
2400 9861 8362 .8385
2600 1.0498 .9176 .9190

Pressures snd stresses in 1b,/sq.in., Streains given in inches por inch x 10°

Gages 13,14,15

Tang.

<1345
1942
«2609

Position #5
- A€~ »> e el il
Axial Teang. Prine. € Prine, Axiel Tang, Axial
2632 (1345  .2783-+72-02 10356 10010 7039 «2632
L3738 1942 (3841 +T1-32 14481 14246 10099 <3738
5045 L2609 L5364+ T1-13 19950 19215 13594 « 5045
€926 3494 .TI6LITI=26 27302 26290 18I .6926
.?m -3.16 - - - - - -m‘
«T719  .3866 - - - - - - 9568
.m - ﬁ” - - - - - lom
tM -153‘ = el = L - v 5m
-55” '2.“ - - - e - amll
8708 4301 - - - - - 1. 4479
9409 4766 - - - - - 3.0029
«3338 .1878 = " e o = 2.3958
6543 3592 - - - - - 2.7163
'93“ '53‘5 = = —- - - 4.70‘72
<9105 5859 - - - - - 6.2507
091.1 .'7074 el — s o - 8.7857
«9903 a“ll - - - - - 11.937
lum om‘ - .- - - - 1&0‘w

v



Test II

Press,

400
600
800
1000
1100
1200
1250
1300
500
900
1400
1600
600
1200

Axial Tmg. Disg.
-,0112 -zm 0228
-.0327 .3616 .0356
-'m" nm -m
‘.m -w tom
-.0267 -“13 0670
-GM” -7516 -07“
".023‘ «TT00 nm
e cw -m
-,0123 .3002 .0269
-.0200 .5619 .0592

L0063 5046 1094

0938 11515 .1934

0223 0.3995 .0636

.0383 0,7923 .l262

JAT779 1.3328 2289

.2632 1.,4870 .2820

<3718 NO <3126

4696  HO <3324

«5635 NQ 2928

6773 N0 <1957

TABLE XV

Position #6 Gages 16,17,18
-+ Aé > A——— T >
Axial Tmg. Princ. & Prine. Axisl Tang., Axial Teng.
s .2512 02.33 +1"1‘ m 2160 ‘1'3 ™ ' 2512
- .m‘ .m +16‘” MB 2555 llm -.0” om
- 4903 5494 +17-50 17320 4161 15957 «.0209 .4503
- .61'3 .6962 +1m 21%9 532‘ 201“ ".0240 061“
-.0233 .6812 7663 18-10 24192 5971 22228 =-,0233 (6812
-'mol ims o - = _ -~ .ws o9lﬁ
-001* .7”9 o - - Lo - -lw -9“2
-.0116 .8064 - - - -- - <1944 1.0455
-.0108 3001 - - b - - 1952 5352
-10172 Isﬂ-‘ - — s - - .1‘“ lm
0108 .90“ - e = s - 05171 1.5”‘
105 1.1520 - - = - - 2.1334 5.4698
.0343 139“ = e = e - 2.0521 4. T174
0423 7925 - - - - - 2.0701 5.1103
1846 1.3337 - - - - - 2.6365 10.6465
2706 1.4883 - - - - - 2.9129 16.1530

Pressures and stresses im 1b./sq.in.

Strains givea in inches per

inch x 10°

-
-
-

3



Test II
-* R >
Prese. Axial Tang. m.
m ~a -003” .0‘25
€00 e i .Oﬂ.‘p
m "-0175 ‘.m .m
1000 ‘om -OW” .1013
1100 =.0244 -.0838 .1132
m e ™ .ms
12” e ".m .1236
1300 -.0276 -.0930 .1269
m "omoJ -003” -W
900 -Dm -.0678 .0938
1400 =-.0333 ~-.1031 .1334
m -.w’ -lm tlﬂ
m -00-1” -om .Om
m ".“1’ -.0802 -1015
1800 ~=,0743 =.1020 1379
2000 '.1085 "’.m“ .1229
2200 -01139 -.0573 «1440
2‘“3 -.1261 ".0255 1821
m -'-1211 -01“ -2@3
2300 -.m‘f -0710 -2“6

TABLE XVI

Position #7 Gages 19,20,21
< A€ —> -+ o > -~ & —>
Axial Tang. Prine. & Prine, Axial Tang. Axial Tang.

- -.03” l“” ‘\'M - w’ .5ﬂ .117‘ -.m ".0336
-.0114 -.0476 .0626+39=21 - B&2 -847 -1681 =-.0114 ~-.0476
"‘.0178 ‘.wl Qm” +39-29 -1118 =1220 -2288 -.0178 --%‘1
-, 0228 --m& -m+39’5' "'1391 -1”3 -m -, 0228 '.W&
™ ".“39 .m? ‘?‘39'58 "Im ‘M "'mo "om -om”
—.m -tm -~ v - - g ‘-w "'.1“‘
- -.0861L - - - - - -.0318 -.1169
-.0281 -.0931 - - - - - =-.0316 «.1277
-.0105 =,0360 - - - - - -, 0140 =.0706
-, 0206 ~-.0679 o = = e an -.m -, 1025
-.0338 ~.1033 - - a - - -.0387 ~.1686
-.0i98 -,1000 - - = - - -.063h -.2847
-.0158 =090 - - - - - =029 -.2237
-.0417 -.0804 = = = - - -.0553 =.2651
-.0748 ".1024 - - = . - - -.23)6 "'aAm
-.1089 -.08% - - - - - =3 =576
~1142 -0579 - - - - - .86k -.9176
-1262 - - - = - - ~1.0256 -.847T0
-.1210 .0148 - - - - - =1.1384 ~.6243
-.0843 .0706 - - = - - =l.5323 -.1973

Pressures and stresses in 1b,/sq.in.

Streins given in inches per imeh x 10°

9TV



Test I1

Presas,

400
€00
800
1100
1100
1200
1250
1300
500
$00
1400
1600

Position j8

- R—> = sM—>

Axial Tang, Disg. Axial ‘Tang, Prine,
"-03” "'ow - ".Om '.Om L™ Oj.ﬂ
"'-Om -oo“n - "'oom "'co“jz o“ﬁ
-m -‘om - -vm —aU7 - om
-.0934 e m‘l - bt W}‘ - fﬂ"l 00741
-.1&3 -.m - -.1023 ‘.m m
-, 1083 =, - -.1083 ~-,0856 -
--IM -, 0826 - -.1145 - 0896 -
-1171 =-.0918 - = 1171 =,0918 -
=o0443 =.0353 = =.0443 -.0353 -
-.m -QNTI‘ .- ™ ".0674 -
- nR” "-m - "‘01255 "'00%3 3
--1‘79 --0923 i b -.0923 -
-.0635 =.0361 i ™ “3 5 =.0361 o
-m ‘om . e ~w W“ ki
-1697 -.07187 - -1697 -.0787 -
‘01%5 -.mB - -1% 5 .m3 -
-,1808 -,0€10 - -.1808 -.0610 -
"-1527 '.m - ' m "nom -
'01“7 -, 0276 = e 1“7 -, 0276 -
--n” "'.0113 - --nj" - 0113 -

TABLE XVII

SEEREEEEEEEEEEEE RN

®

Qages 22 8§ 23
- a > < c—>
Prine, Axial m. Axlal Tang.
- =1589 13987 —0390 =-.0307
- -2338 ~-1998 -, =.0432
= "29?? "m --Cﬂﬁ = om
- =-3811 ~-3366 =-.0934 =-.0741
- "‘16" -”53 01023 -, 0801
= = i «.1270 =,
e e - l13§5 -.m
= o - "clm ’0833
- - = -cm --0263
- - . - . 10ET --m
- - - "'01“5 -om
™ o - -.2295 -.0248
- - - ';1‘51 0031“
= - - - 206‘ -
- ny - 03453 om)
- - S e 43& -.0032
i) ke e "-ﬂm 'm
o e - "'o?“ olm
= o - -993” . «2580
- - -  «1,237 5097

Pressures and stresses in 1b,/sg.im. Strains given in inches per

inch x 10°

e

4TY



Test II
“——R

Press. Axial feng.

400 037 2609 -

60 .0586 TR0 -

800 07T 528 -
1000 023 .6519 -
1100 1174 ,7238 o
1200 -0953 .m’ =
1250 .01 .8575 -
lm .0774 5016 -

500 ,0483 .7181 -

m om -m "~
m 111“ 1«054) =
1600 ,1198 NG -

&0 .0375 Ha -
1200 0563 G -
1800 .1484 WO -
m . lﬂ e
2200 0468 RG -
m -.m NG -
2600 -, 0440 NG -
2800 =0856 NG -

Pressures and stresses im 1b,/eq.in. S$rains given in inches per imeh x 10

2.

TABLE XVIII

Poaition #9
< € > -+ g >
Axial Tang, Prine. 6 Princ. Axlal Tang.
079 L2609 2609 - - 3831 8978
005“ -m .m - - m 130’6
L0790 tm OM - " 7675 17638
1023 L6819 .69 - - 9822 22505
J174 0 7238 T8 - - 11028 25024
0@53 -8185 b -t - - o
091 8575 - - - - -
om“ 9016 - - - - -
.0‘03 .m - - g - -
.m im = . - - -
1186 1,050 - - - - -
.11” - o - - - s
o - = = = = =
uoﬁj el - - - - -
<1484 - - - - - -
om o et - - - -
-M - s o - e -

3

Gages 1 & 24
Axial Teng,
L0379 2609
L0586 3790
L790 .5128
10237 6519
L1740 7238
2061 1.1963
#2821 1.4422
146 1.8942
3858 1,3107
cz‘m lom
¢3126 4.1393

1. 3072 -
1,220 =
1&241? e
1.4052 w
am g
‘-lcm -

8TV
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1000
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1600
1700

1900
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Test

A8

PABLE NO. XIX
Relation of 16ad %o p.5
Test I: {a j:-?- 8.6
Tost IIs % = 5-:-?- 12.8

1
»2 P
4800 400
7200 600
92600 800
12000 1000
14400 1100
15360 1200
16320 1260
17280 1300
18240 1400
19200 16800
19880 1800
20640 2000
21120 2200
2400
2600
2800

i

Test I1I

P
t
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Fig. 1 Tirst specimen and test setup.



Fig. 2 Closeup view of first specimen showing rupture.



Fize ? Second specimen and test setup,
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Fig. 4 Closeup view of second specimen showing rupture,
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