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Abstract

This report presents mechanical and chemical
test data from the three pressure hulls fabricated
for the Deep Research Submarine, ALVIN. The data
is discussed briefly., the low Charpy V-Notch values
after stress relief noted, and recommendations made
for further testing reguired for design and evalua-
tion. The three hulls are compared with reference
io failure criteria.
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Introduction

The information contained herein was compiled during the calen-
dar year 1963 concurrent with the design and fibrication of the
submarine ALVIN. Some of the information was reguired by the speci-
fications, Ref. 19 and 20. Socme was not. The principal sources
are as follows:

1) Lukens Steel Co., Coatesville, Pa.

2) Hahn and Clay, Houston, Texas

3} Southwestern Lab., Houston, Texas

4) Isaacson Iron Works, Seattle, Wash.

5} McKay Co., Pittsburgh, Pa.

6) Cook Heat Treating Co., Houston, Texas
7) General Welding Co., Houston, Texas

8) U.S. Navy Inspector, Houston, Texas

9) WHOI Resident and Field Inspectors
10) David Taylor Model Basin

a1 gl

A substantial amount of specimen stock from the ALVIN hulls
was sent to the David Taylor Model Basin, Naval Research Laboratory,
U.S. Navy Materizals Laboratory, NYNS, and WHOI for analysis. The
data included in this report was used by the above activities in
establishing test programs making use of the ALVIN material. As
discussed in section 2B, the hulls have less fracture toughness than
was anticipated early in the design stage, but preliminary results
from testing at NRL indicate satisfactory drop weight tear energy.

The information in this report is limited to mechanical and
chemical properties. It is planned to report the detailed fabri-
cation chronolegy including guality assurance and evaluation
inspection separately. This information is, of course, vital to
a meaningful interpretation of the material incliuded in this report.
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i. Chemical Analvsis

Chemical analyses, all from test drilling chips except for
Lukens heat B0O091 which is a ladle analysis., are reported in
Table 5. A check analysis was made from window insert drops
from each of the hemispheres before stress relief. It is noted
that the reported molybdenum content increased from 0.60% to
values up to 0.69%. Unfortunately no check analysis of the
Lukens plate was made so that the original value of 0.60% 1is
suspect. The maximum value permitted by MIL-16216 (SHIPS) on
check analysis is 0.63%.

2. Mechanical Properties

A. Tension and Compression Properties are reported in
Table 6 with load-deflection curves from tensile and compressive
tests presented in Fig. 10-1 through 10-28. The curves are pre-
sented as reproductions of the original records and have not been
reduced to stress vs. strain. Fig. 11 indicates a typical rela-
tionship between tensile and compressive data. The sybstantial
difference in proportional limit makes possible an increase in
anticipated collapse depth above the preliminary design value.
Fig. 12 indicates some increase of static strength as a result
of stress relief. The difference in edge vs. drop data is consis-
tent with the greater working near the hemisphere rim.

B. Charpy V-notch data is presented in Table 6 and in Fig.
4, 5, 6, and 7. There is clearly a large gap between the properties
of the stress relieved hemispheres and the plate of Ref. 12 and 13.
Fig. 7 shows the ALVIN stress relieved and not stress relieved data
superimposed on MATLAB curves of Ref. 12 and 13. The NDT for the
material of Ref. 12 was -190°F. The V-notch Charpy transition
curve from a proprietary steel {Ref.15) is also shown with a cor-
related NDT of -70%F. from drop weight tear tests.

Realizing that any extrapolation of toughness data can
be made only with great care, it appears. nevertheless, that the
NDT of the ALVIN spheres may be in the neighborhood of 0°F. 1t has
been recommended that "Accident case loading" as defined in Ref. 1%
be allowed only above NDT +60°F. It is noted that the Charpy-
temperature curve of the heat affected zone of an HY100 weld (Fig.ll
Ref.25) is above that of ALVIN as stress relieved.

It is fortunate that a considerable amount of stock from
the ALVIN hulls is available for test.
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3.0 Weld Procedure and Welder Qualification
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3.1 Electrode

-‘The welding electrodes were manufactured by the McKay Co.
of Pittsburg . Pa. to meet the requirements of Specification
MIL-E-22200/1B(SHIPS), type MIL-11018. The chemical analysis data
is presented in table (5). Tensile and Charpy V-notch test data

per Fig. 3, MIL-F-22200/1B, was as follows: %

Y.S. {psi) U.S. ipsi} % Elong. in 2" Chargy Vlnotch %

- -60°F. ft.lbs. £

As Welded 106,000 118,000 27 45,2 £

Stress Relieved 88, 375 110,500 24 32.8 %

: As Welded 98,625 110,250 24 42.5 E
- Stress Relieved 97,0090 107,000 25 27.8 %
. As Welded 105,123 113,000 24 46,5 g
: Stress Relieved 93,000 101,060 22 28.0 E

Table I {(Ref.l) Welding Electrode Prorperties

e ——— e
———— ————

H

The qualification tests werZ made using plate from the
Sheffield Div.. Armco Steel Corp., Houston, Texas, manufactured
and certified to meet the reguirements of Specification MIiL-S-"¢ 5F
for HY100 steel. The chemical analysis is presented in tabls | .
The plate was austenitized at 1650°F, 120 minutes soak time., wrter
spray qguenched, and tempered 120 minutes at 1170°F. The plate w.
2 inches thick. Physical properties were as follows:

oM

% Elong. % Charpy V-notch
Heat Test ¥.S. {psi) U.S.{psi) to 2" Red.Area -120°F ft.lss.
;56433 2BT 167.4G0 120,700 21.9 65.2
56432 28R 106,500 118,700 21.0 71.2 84. 84. B&

Table 2 (Ref.2 and 3) Weld Qualification Plate Properties

Explcsion bulge test specimens were submitted to the Materidl Labora-
tory. New York Naval Shipvard. (Ref. 3)

SOt

3.3 Welder Qualification Results

Five welders were gualified per NAVSHIPS 250-637-3,
J.L. Cross. Joe Mattern, Ike Gurka, Jones, J.D. Puddy.

Sample physical data follows [(Ref.4).
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Stress
Test Relief Y.3. {psi) U.S.{psi} ¥ Elong.
in 2% Charpy V-notch ft 1ibs
67SR-1 Yes 103,139 121,450 26.0\, 16.0, 24.5, 19.00L120%)
67SR~-2 Yes 164,281 121,374 26.0
43 No 105,000 120,577 32.0  24.0, 21.0, 24.0F207)
1 Yes 69.5 (+72°F)
2 " 49.0 (0°F})
3 " 16.0 {-60°F1}
4 " 24.5 {(-60°F)
5 " 13.5 {-60°F)
6 " 18.0 {-60°F}
7 " 12.0 {-120°F)
8 " 7.0 {-120°R)
S " 10.5 {-120°F)
All failures in parent metal
Stress relief at 1025 #25°F for 3 1/2 hrs.
Table 3 (Ref.4) Weld Qualification Results

During fabrication, an additional sample weldment was made
using the Sheffield plats discussed in paragraph 3.2 in order to
furnish more data on the effect of stress relief orn physical proper-
ties. The stress relief in this instance was 1025 #25°F for 3 1/2
hours. Physical data from this weldment follow:

Stress % Elong. C‘arpy V-acich
Specimen Relieved ¥.S. (psi} U.S.{psi}) in 2" ~120°F ft. 1bs
1-17 No 101,496 117,877 20.0
1-18,19,20 No 30.0, 238.0. 30.0
1-21 ¥Yes 106,728 126,063 - 20.0
1-22,23.24 Yes 17.5. 16.5 17 .=%
All faiiure in the parent metal
Table 4 {Ref.10) Weld Qualification Resulis A4d4'1l.

A hardness survey of the above specimens 1-17 and 1~21 is inc udec
in Fig. 2 and 3. {Ref.11l) It is noted that the harénes; in the heat
affected zone is iess than that indicated in a weldment of Fig. 4
Ref. 25).

The weld procedure was prepared by the fabricator, Hahn & Clay.
Houston, Texas, after consultation with General Mills, Inc., WHOI,
and the Bureau of Ships, U.S. Navy. ’




Failure of

on the basis of
lapse, and two,

strength and toughness. Hull #3 is sli
basic shell than hulls #1 and 2 but Hul

the pressure hull can be judged to have occurred
two independent criteria. One, catastrophic col-
substantial local yielding which would make the
hull unfit for further use.

Fracture toughness which affects both criteria of failure
places Hull #3 the best and #1 the least superior of the 3 hulls.
The static strength of the forgings and welds influences the yield
mode of failure.
mate collapse pressure 1is probably a function of basic shell

All three hulls are egual in this respect. Ulti-

£3 is the toughest.

In summary, on the basis of mechanical properties, Hull #2
#3 are considered superior to Hull #i.

Recommendations

1)

2}

3)

4)

Tear and Explosion Bulge Tests should be run

; hemisphere drops after stress relief at 1025°

A program similar to that repgorted in Ref. 15 should be
<carried out to evaluate the expected performance cf the ALVIN
null welds using welds made from ALVIN material with ALVIRN

welding rod.

ty

or

stress relief heat treated and given Charpy V-notch and Drop

=

ging slab specimens presently at DT!I3 and WHOI should be
=

eight Tear test.

that enough test information can be accumulated
F =3

he fracture analysis diagram (Ref.14) for th
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VIEW FROM PORT

PORT
WINDOW,

VIEW FROM BOW

WINDOW HEMISPHERE

HATCH HEMISPHERE

HULL NO. | 3Bl 481
HULL NC. 2 282 28l
HULL NO. 3 482 382
EQUATOR WELD IS WELD NO.I
FORGINGS HULL NO. 1 HULL NO. 2 HULL NO. 3
WELD NO.|] PIECE | SLAB | PIECE | SLAB | PIECE | SLAB
FRONT WINDOW INSERT 3 ! 2 i0 5 7 4
PORT " " 4 3 2 6 4 9 S
BOTTOM s = 5 2 2 12 5 5 4
ST80D. " a 6 4 2 i 5 8 4
HATCH INSERT 2 I ! 2 l 3 1
n PLUG - i 3 2 3 3 3
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Fig. 4 V-Notch Charpy Data Hull No. 1
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Fig. 5 V-Notc:: Charpy Data Hell Ne. 2
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Fig. 6 V--Notch Charpy Data Hull No. 3
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Load Deflection Curves

10-1
10-2
10-3
1.0-4
10-5
10-6
10-7
10-8
10-9

10-10
10-11
10-12
10-13
10-14
10-15

10-16
10-17
10-18
10-19
10-20
10-21
10-22
10--23
10-24
10-28%
10-26

10-27
10-28

Hem.

3Bl Long.
3B1 Trans.
4Bl Long.
4Bl Trans.
2B2 Long.
2B2 Trans. }
281 Trans
3B2 Lonrg.
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882
TENSILE STRENGTH, i32,700 PSI —_— = —

YIELD STRENGTH, / /
114 500 PSS} — — — — — — — 761

/ uvioo
;' MELT B00SI
ORDER 77867 -2
/' ELONG. IN 2 IN.= 23 %
/ RA:6.8%
/ GA., 94 -25
Loc. LT

'/ SPUN HEMISPHERE
3Bl LONG.
FIRST HEAT TREAT
FINAL, AUGUSY 19, 1363

STRAIN

Fig. 10-1 Load Deflection Curve
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STRESS

YIELD STRENGTH,

110,509 PSt

TENSILE STRENGTH,

853

—— — o —

130,800 PSI

724

HY100
/ MELY BOO9I

/ ORDER
/ ELONG.
, R A. > 64.1%
/ GA. 94-35
/ Loc. 1Y

778682
IN, 2 iN. = 24 %

SPUN HEMISPHERE
3Bl TRANS.
FIRST HEAT TREAT

FINAL, AUGUST 19, 1963

STRAIN

Load Deflection Curve
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817
TENSILE STRENGTH, 126,500 PSI — — —
/ /
YIELD STRENGTH, / /
107,600 PSI — — — ,
/ 695
/
/ HY100
/ MELT B800S!
n ORDER 77868-2
:3 / ELONG. IN 2 IN. = 22 %
P R.A. = 60.2 %
~ / BHN = 255
« / GA. 84-35
/
L/
s/
s/
/ */
& SPUN HEMISPHERE
/ / 481 LONG.
FOURTH HEAT TREAT
V/ / FINAL, AUGUST 19, 1963
/ /
7
J /
o /
L<———coz x&-——aJ
STRAIN

Fig. 10-3
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TENSILE STRENGTH, 127,200 PFS1 — — —
/ /
YIELD STRENGTH, / /
108,400 PSI — — == y -
/ 681
/
/
/
/ HYI00
MELT BO0OS!
/ ORDER 77868-2
/ ELONG. IN 2 IN. = 22 %
!/ R.A. = 58.1%
/ BHN = 255
/ GA. $4-35
I 4
o/
&
&
<& /
Oll
Q?/ SPUN HEMISPHERE
*/ 4BI TRANS.
/ FOURTH HEAT TREAT
FINAL, AUGUST 9, 1963
7
/
/4 /
/ /
g !
l—— 002 IN. —3]
STRAIN

Fig.

10-4 Load Deflection Curve
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STRESS

~-28-

YIELD

STRENGTH,

TENSILE STRENGTH, 132,800 PSt — ——
/ /
/ /
/ /
113,100 PSi _
/
HYi00
MELT 80091
CROER 77868-2
ELONG. IN 2 IN. = 21 %
R.A. = €84.7 %
BHN = 2862
GA. 94 - 35
LOC. LT

735

o SPUN HEMISPHERE
o 2R2  LCNG.
FIAST HEAT TREAT
/ FINAL, AUGUST 13, 1963
Fi
/
y /
¥/
/ /
/ /
l<—— 002 IN. ——>
STRAIN
Fig. 10-5 Load Deflection Curve
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STRESS

HYI00

MELT 80091
ORDER T778€F-2
ELONG. IN 2 1IN,

R.LA, = 57.3 %
BHN = 241
GA, 94-35
Loc, 717

YIZLD STRENRGTH,

= 21%

/ /.’
4 7
/ /7 638
TEMSILE STRENGTH, 130,000 PSS} — — —
; /
y .
/
t 4
114,500 PSI s62
/7
7
y

SPUN HEMISPHERE
282 THANS.

FIRST HEAT TREAT
FINAL, AUGUST 19,

1964

H
i
i
Fe——.002 IN.—~

Fig.

STRAIN

10-6 Load Deflection Curve
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Lin

TENSILE STRENGTH, 131,800 #PS1 — — —

YIELE STRENGTH, 719

HYI00
MELT B0OSI
ORDER 77668-2
ELONG. IN 2 IN. = 21 %
/ : R.A&. = 56.2 %

/ BHN = 255

R Yo e 1 e e e A 111 A A O R (O

*/ SPUN HEMISPHERS .
oy 281 TRANS.

-/ FOURTH HEAT TR T
FINAL, AUGUST 39, 1963

STRAIN

Fig. 10-7 Ionad Deflection Curve
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STRESS

810
TENSILE STRENGTH, 123,000 PSI — — —
/ /
/ /
YIELD STRENGTH, / /
105,600 PS| — — — —f -
/ 695
/
/
/
/ /
Y/ HY100
/ MELT BOOS!
/ / ORDER 7786F -1
ELONG. IN 2 "= = 22 %
/ R.A. = 64.5%
/ GA. 2-5/16
LoC. LT
/
A
m/
&
oe/ SPUN HEMISPHERE
v 382 LONG.
/ FOURTH HEAT TREAT
/ FINAL, AUGUST 19, 1963
/
/
/
/
/
/
—~— .002 ;N.———,J
STRAIN

Fig. 10-8 Load D=flection Curve




STRES S

YIELD STRENGTH,
102,200

PSi

784
TENSILE STRENGTH, 1i9,000 #PS!I — — —

/ /
/ /
/ /

—_——— T —
/ 872

/

/ HYI00
/ MELT B0O9I
) ORDER 77863~
/ ELONG. IN 2 iN. = 22 %
/ R.A. = 66.0%
GA. 2-5/18
/ Loc. TT

SPUN HEMISPHERE

3B2 TRANS.

FOURTH HEAT TREAT
FINAL, AUGUST 1i9, 1963

—<——.002 IN.

Fig.

STRAIN

10-9 Load Deflection Curve
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OFFSET)
P.L. = 21,000 .
ALVIN
HEM. 48B! ~
HATCH DROP
DTMB FOLDER 344 -
FR-FS-PC4M-1I
18,000 - 24,000
B-16-63
SPECIMEN NORTH 34-1 -
i i ] 1 i 1
222 444 666 888 1110 1332 1554

STRAIN, INJIN. x [0%

Fig. 10-10 Load Deflection Curve
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LOAD,
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- — Y.P. = 23,550 (17,574

P.L. = 20,700

DTMB

HATCH DROP — HEM. 48]

CIRCUM, - EAST

NOT STRESS RELIEVED
COMFRESSIVE STRENGTH
DIA. ©.505! N,

AREA 0.2003 S4Q. iN.

i i 3

PSl1)
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666 888 1o

STRAIN, INJIN. x 10°

Fig. 10-11 ILoad Deflection Curve
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Fig. 10-12 Load Deflection Curve
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B DTMB ;
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: ! i L 1 1 1
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Fig. 10-13 Load Deflection Curve

!
i

|

|

B it ol TR, O R AN ST SRt

el T

DT T S

L3

A s

}

el

I
[N

e O

1
{




-37-

E§ 30 r\‘_\,\\'\_’_\___

27

!

Moty

1
i

24 |

;i!l!!!:I!l!l!ﬂi{M{’III!!f#fﬁli!ﬂ.’ﬁiﬂﬁﬁ!ﬂ!.’a’ﬂil.‘!ﬂﬁ.’!ﬂ!fimIﬁm{!l

S T T PiL= 24,900

NoT STRESS RELIEVED

””"’i"'7“"l':‘“‘f'Ilfh'ﬂﬁ;’ﬂWﬂ!ﬂw#)xﬂ!lt!"rﬂmmm
LOAD, LBS, » /0~

COHPRESS!VE S'fRENSTH N
DiaA, 0.505; IN.
ARE 5 0.2003 SQ. in.

3 —

0 K { ] 1 ! I L i
0 222 444 666 888 Hio 1332 {1554

STRAN, u TN x oS




10 =9

X

LES.

LOAD,

30

27

24

21

4

- 3=

1

P.L. = 21,900

DTMB

HATCH DROP - 3B2
MERID. - NORTH

NOT STRESS RELIEVED
COMPRESSIVE STRENGTH
DIA. 0.5051 IN.

AREA 0.2003

H 1 1 ]

222

444

Fig.

666 888 1110 1332

STRAIN, IN/IN. x 10°

10-15

I.oad Deflection Curve

1554

|

b

ﬂnh
1]

]




DAIND UOTIDDTIOA pPeoT 9T~0T *hra

-39-

cO! x NI/ NI ONIVYLS
A N N I o ] 6 8 4 9 G t £ e | 0
1 T T T T 1] T O
' - G
¢£96l 91 LSNONnv
Syx3lL ‘NOLSNOH
s3lyoLvHOBY NY3ILS3IMHLNOS " Ol
- ]|
LSV3 'dO¥MO HOLVH / ~
03A3IN3Y S$S341S LON .
18v "W3IH - / -l 02 W
N\\ *
I m / ~
- - 62 W ,
!
4 og X |
/ L
Q
|
' L9P'621 : 15d ' " " = - GE b
$224°'GZ 'S8 ‘HLONIMNLS FAVNILIN
NCISNIL £2291 : 1Sd ' = "
0Ll'22 @ 'SEN 'LNIOd Q3AA " 1 op
LB61° NI DS 'vayv
G2-1 ‘ON N3IWID3IJS
ALVSd 13315 O00IAH MOIHL NI €€71
V=260 ~%5 AVID ¥ NHUH : NOILLVYDI4ID3dS B 1 S6¢
Il 1 1 1 1 L 1 1 t [} i O@




Yo

~40-

%

[

)t

A0 o A AT A0 e oo A

Wy

P Ll L L

BAIND UOTIDDTIDA PrROT  LT-0T BT
L0l x NIZN ‘NIVYLS
el 1 0ol 6 8 4L 8 vt € 2 0
- T 1 Y T T T T T \.
/
€961 ‘91 1snony i / i
SvXx3L ‘NOLSNOH /
SIYOLVYHOHYT NYILSIMHLNOS L -
/
i / |
HLHON ‘dO¥0 HOLVH
03A31N34 SS3¥LS JLON /
18 °'W3H - .
VA
4
P —\‘ \ ol
|
vLG'621 ¢ 1Sd " " - -
068°'GZ : °$@7 'MLONIYLS ILYWLLIN
NOISN3L 842" Isd ¢ "
002'22 : S8B1 'UINIDd 07FIA " .
G661° ¢ NI 'DS ‘v3INV
62-1 'ON N3IWIDIIS
J1VId  M3ILS  OOIAH DMDIHL ‘Nl E€°1
Y=~2L61-AS AVTID 8 NHYM : NOILVDIJIDIIS ™ "
] J 1 J. I /| 4 ] d

Ol

Gl

0e

G2

og

19

Cv

Gb

0%

'$87 ‘avo7

c-0l x

o A

"
o

i




-41-

V-2461~3S

G2 ~2 'ON NAIWIDAJS
TI3FLS  OOIAH MOIHL NI &€ |
AVTIO 8 NHVH ! NOILVYIIFIDAdS

DAIND UOTADDTIO PrOT 8T-0T *bH1d
Ol X NI/ NI NIVYLS
a1 It 0l & B 4 2 6 v € 0
) 1 I \ 1 1
7061 ‘91 1sSnonv B )
SYX31l 'NOLSNOM
SIIYOLYHOAY T NdILSIMHLNOS .. "
LSVv3 'dOMI HOLVH
G3A31IT13Y SS3¥LS LON /
182 "W3IH ™ -
/

i / ]
giL'ez2l : 18d ' “ " e -]
GLL'G2 $817 "HLONYHLS JLVALLIN

ve6'2Nn 18Sd ' w "
osv'2e : 's687 'LNIOd Q3IA . .
L861° © NI 05 'vauv |

0

0l

Gl

02

6e

03

Ge

Ov

GY

Qs

sg87 ‘gvo7

c-01 x




| e
st PR ) ] cecm ammidIadn g

DAIND UOTADATIAA PROT  GT~0T "HTA

£0/ x NI/ NI NIVYLS

et 11 0ol 6 8 & 9 § ¢+ € ¢ {+ O

1 1 1 1 4 ¥ O
4 o n.w
£96! ‘91 LSNONYVY
SYXIL "NOLSHUOH
STHOLYHOSYT NUHILSIMHLNOS - 0l
- Gl
HLHON ‘dOMU HOLVYH
J3A31738 SS3HLS LON /
182 "W3H - Qe
/
= / i Ge
" - Q¢
GL0°0€1 1+ 18g ! " " - - GF
066'G2 58" "HLIONDIWLS BLYWILIN
zo_mzwb. _QN—N_- : _mwQ ' " "
oov'z2 : 'san 'AINIOd UNAA . - OV
G661 @ NI 08 'viyy
62 ~0 'ON NIWIDHIS
JLVTId  13HLS 00IAH  ANIHL NI €€°) a
V-2.60 =3NS AVND 9§ NHYH ¢ NOILYDIAID3dS - 1Y
1 L ] L L 1 L [ [{ { 1 Oa.‘a

‘ovo7




-4 3=

2AIND uOT3IOBTISQ PROT  0Z-0T °*HB1d

cOl x NI/'NI ‘NIVYLS

] 6 8 < 9 g t € Z

H 1 H 1 ¥ 1 1 |4 \

/

€96/ ‘€1 1Snonv /
SYX3L ‘NOLSNOH \
S31¥doLYHOBY NHILSIMHLINGS \
/
1Sv3 ‘d4OoMO MOAN!M LNOYA /
03A3113Y SS3HILS LON \
282 °"W3H \
8g2'121 : 1Sd ' « "
" 001'$2 @ °S897 '"HLONIHLS JLVWILIN
NOISNL vel‘col : 1sd ' - "

00607 : 'S8 ‘LNIOd GTIIA
L8611 : "Nl DS ‘vIyv
€1-2 'ON N3W!I3dS
F1IVId  133ILS  OOIAH  MNDIHL °NI £€°1
W=29L1-%S AVID § NHVH : NOILYDIFID3d5

0]

Gl

02

62

o

1%

ot

34

°87 ‘avo7

¢-0f «x




~44~

aAIND UOTADDTISG peor

12-0T °"b1a

0/ x NI/ N/ ‘NiVYLS
21 1l O 6 8 L 9 v € o)
h 1 1) T 4 ¥ [ ]
[
€961 ‘¢l 1sSnonv [ / 7
SYX31 ‘NOLSNOH ;
SAIHNOLVHOBYT NHILSIMHLNOS i \. .
/
HLMON *dO¥J MOGNIM LNO¥J /
Q3A31738 SS53ULS /
i8¢ ‘W3H - / ~
/
- / T
gee'igl  1s8d " " .. .
NCZ'92 :°S87 '"HLIONIHLIS 3LYWILLON
NOISMIL egz ‘et 16d © o "
009'22 :°s87 ‘LNIOd QT3 N N
GE61° ¢ NI 'DS ‘viNdv
-1 "OM NIWID3AS
ALV Id 1F31LS  OO0IAR MIOIHL NI €€71
V=29L1 =S AVID 8 NHVH : NOILVYDI141D34dS B 7
] 1 ] 1 1 L L )|

Ol

Gi

02

1K

101

1°1%

ot

['¢]
<

0¢

Cwn ol
o,




2AIN) UOTIODTISA pPrOTI

¢ec-0T1

cO!

bty

X

NI/ N

‘NIVSELS

S3yolvyoevn

lsv3

L28'0€!

NOISNZL ool’se

31vd
v~-29L1-AS

£€96! ‘€1 18Snonv
S¥X3L °‘NOLSNOH
NYILSIMHLNOS

''dOMA MOONIM  LNOMA
A3aA3IT38 SS3HLS
lgde 'W3H
i 15d ' " o
587 “HLON3HLS 3JLVYWILIN
292211 5 18d ' » "
006'22 : 's81 'INIOd O0TFIA
G661° : NI DS ‘viuy
G-l 'ON NIWID3dS
T3FLS O0IAM  MNIIHL NI E€°1

AVID 8 MHVYH ! NOILVIIJID3dS

og¢

G¢

ot

Sv

0s

'$87 ‘gvo7

5-0/ X




-46-

g T gy

il dliSie iU

LR TG

2AIND UOTIOSTIBA PeoT

A SRR g,

~orn ynnI QAN

£Z~-0T “bT4

cOl X NI/NI O NIZYLS
ol 6 8 2 9 & & € 2 1 ©
) ¥ 1 T T T T T T \ T O
/
€961 '€1 1snonv / 1°¢
S¥X3L 'NOLSNOH /
SINYOLYHOEYT NYILSIMHLNOS / d o
/
/ -4 Gl
HLMON ‘ dONQ MOUNIM LNOMJ y
g3A3IN3Y  S$S3IYLS y
282 ‘W3H , -1 0¢
/ - ¢2
4 o¢
L8921 1684 ¢ w“ " -1 G¢
GL8°P2 & 'SHT 'HLIONIYLS ILVWILN
NOISN3L G20'0I11 : 184 ¢ » "
066'12 1 's87 ‘1NIOd me_> 4 ov
G6861° + "Nl 'DS "v3uv
j~2 "ON NIWIDIJS
34vd 13318 OOIAH  MDIHL ‘NI EE€'t
V-29L1-3S AVID ® NHYH : NCILVDIJIDIJS 4 S¢
1 1 4 1 i J ] 1 1 J] " O@

'S8T ‘avo7

9_0/ X

i

]
s

P 11 L1111 0118 3




-47-~

DAIND UOTIDBTI2Q PROT +2-0T

*btd

‘«

8

NI/ N

‘NIVYLS

O/
21 11 0l 6
¥ T T
€961 ‘g€l Llsnony B
sSvxal ‘ NOLSNOH
S3ANHOLYHOAYN NHMILSIMHLNOS .
LSV3 'dOMO MOGNIM LNOMA
Q3A3IN3H  S§S3HILS
282 °"NiAH -
gig'sdl ¢ 184d ! " " -
- P00 6T 'S8T 'HADNIELS ILVWILIN
NOISN3L §20'0H : 1Sd ' » "
066'12 : 's87 ‘LNIOd Q73IA s
G661° ! 'NI DS 'v3Nv
-2 °'ON NIWIDIJLS
3LVv1d  133LS  OO0IAH MIIHL NI £€°1
¥—29LI-MS AVID 8 NHVH : NOILVDI41D3dS B

=

0¢

Gge

103

Ge

ov

St

‘587 ‘gvo7

c-0l x




-48-

"

AOBABRBBUEEGLALIT L 1 L1 4 v B MeRTRIRABEAMABASRABREER K

Yl X g S+ ol ;_:_:_::.?_,_: e PN I~
BAAND UCTIDBIIOA PeOT GZ-01 °*BTd
g0/ x NI/'N/ ‘NIVYLS
¢t 1t O & 8 & 9 & v ¢ )
A 1 A ] T 1 1 1 4
/
£961 ‘g1 lsnonv ™ / 7
SYX3L ‘NOLSNOH
S3lYolvyoavn NH31LSIMHILNOS . / -
/
i / i
HLIYON ‘dOY¥Q MOONIM LNONJ /
Q3A31T13H  SS3YLS \
28 "W3H ™ , "
7
i / i
€90'621 : 184 ' " " - -
066°¢2 'S8 '"HLIONIHLS 31YWILIN
NOISN3L 916'501 : 1Sd * n .
\ 062'12 ¢ 'SET 'INIOd OT3IA B _
GE6I° t NI 'DS ‘viyv
I-€ "ON N3IWID3ILS
JL¥d 13348 OOLAH  MDIHML NI €€
V=29L1=XS AVID 8 NHUM : NOILVYDIA'DIJS 8 N
| il 1 L 1 ] 1 i 1

v

Ql

Gl

02

‘avo7

G2

587

og

c-0l x

GE

0] 4

Sv

06




—49-

BAIND UOTIDATIBA PrROT  9z-0T *BTd
g0/ NI/ N NIVYLS
21 0l 6 8 & 9 ¢ 0
T I T T 1 1 |
€961 ‘€l 1lsnony B ]
SVX3L ‘NOLSNOH .
S3IMoLVYEO8YT NMILSIMHLNOS ... -
LSV3 ‘dO¥O MOONIM LNOHJ4 /
J3AZI13Y SS3YLS
28t "W3H B "
£90'621 : 15d ' " u - -
068 'v2 ¢ °S$87 'HLIONTHLIS IJLVYWILIN
zo_mzml—. ¢mw .wo_ : _w& i “" n
002 '12 :'S87 'LNIOd QN3IA " N
LB6I1° : °NI 'DS ‘v3yvy

6~¢€ 'ON N3IWID3IJS
31VId  133LS O0IAH HMIIHL "NY €€°
V~-2941=-XMS AVTID 8 NHVYH : NOILVDI41D3dS

J 03

Ol

Gl

0¢é

62

o¢

19

ov

St

0s

's87 ‘ovo?

c-01 x




-50-

(TR

[

Lt i

I RPN T Y b ¢ ST ) et pBal) R e

DAIND UOTIADOTIBG PROT LZ-0T

penens

Coww ok ok it IR

*Bb1ty

ot Y, [,

Rt L LT TR G T

cOl X “NI/'NI ‘NIVYLS
02 8l ol
) !
n
)
I1Sd I; 18d 1Sd
000'¥0) 808'001 006'501 00550l
- el
- -
B HLON3T 39NVO 'Nl 2 N
$10246 "ON 'OMQ
" WoLL08 - 8 ‘§Dd ¥ 3INVAN OL -
d0L - V¥ v 'ON 8VvIS
¥ 'ON 8v1S Q35804
B NOSDYVSI vBOZ AA N
| l | l l | 1 |

og

Oov

04

03

s871 ‘avo7

:_01’. P ¢

alig




_.
gl

0¢

£-0/ «x

/1Sd ‘SSIYHLS

BAIND UOTIDBTIBQ PROT  8Z-0T °*HTd
g0l x NI/NI ‘NIVYLS
8l 9l q 2! o] 8 9

1Sd
o0o0'gol

ISd
000'50!

nouLLO08 -8

dOl -V

S 'ON 8v1S (39404
NOSOVVSI

I1Sd
000'¢0!

1Sd
000'#0! -

/

H1ON3T

3onvo ‘NI ¢
€102b5 "ON "OMQ
S 'ON 8VS

PU0E AA

.....

o¢

ov

0§

09

‘avo7

§q7

0l x




X 10"

PSS!

STRESS,

160

140

120

100

80

60

40

20

-52—
7 T T T T T
HEM. 4B1 EAST, NOT STRESS RELIEVED. n
REF. FIG. 10-11, COMPRESSION.
P.L.=
103,500 PS!I
HEM. 4BI EAST, NOY STRESS =
RELIEVED. REF. FIG. 10-16,
TENSION.
— —P.L.= 84,500 PSI
;. i 1 i . | A
.02 004 .C06 .008 .010 012 .014

Fi

b
-

STRLAIN, IN.Z/IN.

g. 11 Comparison of Compression and Tensile Properties

sfttetsasgitue it St SO R0t 0

nt

1 Ayt e

T

TR s @ypiss by

Rl




I R

AL IS g

160 T T T T ! T
140 F -
FIG. 10-5, LONG. EDGE
NOT STRESS RELIEVED
FIG. 10-6, TRANS. EDGE
{20 |- NOT STRESS RELIEVED ]
"
H
Q
S~
100 L FIGS. 10-23 & 10-24, i
x WINDOW DROP, NORTH &
- EAST, STRESS RELIEVED
2
Q 80 L Fi6. 10-20, WINDOW DROP, EAST, _
NOT STRESS RELIEVED
n
n
Wy
E 60 1) LUKENS SPECIMENS FROM EDGE =
1)) RELATIVE TO PLATE (Fi35. 10-5 & 10-6)
2) WINDOW DROP SPECIMENS RELATIVE
TO HEMISPHERE CROWN
40 A)NOT STRESS RELIEVED -
(FIG. 10-20)
B)STRESS RELIEVED (FIGS. 10-23
a 10-24)
20 =
o i { i } -
0 002 .004 006 .008 .010 .012 014
STRAIN, IN.JIN.

Fig. 12 Compariscn of Tensile Data for Hemisphere 2B2




General and Specific References

1}

2)

3)

4)

6)
7)

8)

9)

10)
11)

12)

13)

14)

’-.-I
Ut
Nt

McKay Co. Certificate of Electrode Performance, Jan. 8, 1964

Sheffield Div. Armco Certificate of Alloy Steel Plate, Nov. 9,
1962.

Sheffield Ltr. to L.F. Megow, Feb. 22, 1963.

Scuthwestern Laboratories weld qualification certificates to
Hahn & Clay of 11/21/62, 11/26/62, 12/1/62, 12/6/62, 12/7/62,
and 6/20/63.

Cook Heat Treating Co. Certification to Hahn & Clay, #11568
of 11/19/62.

Lukens Test Certificate for Melt B0O091 of Mar. 14, 1963.

Southwestern Lab. Tests on Steel Drillings from Forgings 10/3/63.

i 1" 11 111 1" 11 1"

10/3/63.

Hemisph._res

"Procedure & Welder Qualification Results for ALVIN Project
Pressure Hulls", Hahn & Clay, 4/5/€3.

Southwestern Lab. Certificates Job 65255, Hull 1, 8/10/63,Spec.1l-17.

113 14 12 ” H1] n " i

Spec.1-21.

Letter from NYNS to Chief BuShips (210L) (3) 29 Mar. 1963,
Subject, "HY 100, Weldability of 2" thick rolled plate”.

"Charpy V-notch properties of Rich Analysic HY 80 plate material
re-heat treated to a Y.S. of 100,000/120,C00 psi", by F.Ginsberg
and I.A. Schwartz, MATLAB, NYNS, 14 Aug. 1959.

"Fracture Analysis Diagram Proceduxes for the Fracture Safe
Engineering Design of Steel Structures"”, by W.S. Pellini and
P.P. Puzak, NRL Report 5920, Mar. 15, 1963.

"Explosion Bulge Test Performance of Quenched and Tempered Steel
Weldments", by P.P. Puzak, NRL Report 4918, May 17, 1957.

~54-




General and Specific rReferences {continued)

16)

17)
18)
19)

20)

21)
22}
23)
24)

25}

Southwestern Labk. Certification Lab. No. 130601, Aug. 16, 1963

“ " " » % 130519, " 13, "
" " . » " 130523, " 10, "
" " " “ 130520, " 13, "
" g " “ " 130524, " 8, "
" " " » * 130521, " i3, "
" " " " % 130525, " 8, "
" " " “ v 130822, * 13, "
" " " " % 130526, * 13, "
" " " “ % 130527, * 13, @ °
“ " " “ " 130529, " 10,

" " " “ * 130528, * 13, "
" " " “ » 130530, " 8, "
" " " “ % 130531, “ 13, "
" " " " 130533, " 10, "
" " " “ " 130532, " 13, "
" " " “ % 130534, " 13, "

" " " " " 125983, Nov. 26, 1962

" " " " " 130596, Aug. 16, 1963

1" is L1 1® 11} 130600' " 14' 14

L1} i1 1" " " 1305 99 . 1] 14' 1%

1 " H it 1 130595 . 1% 16 . i
Hahn & Clay Quality 2Assurance Report for Hull No. 3, Oct. 14, 1963.
Hahn & Clay Quality Assurance Report for Hull No. 1, Sept.26, 1963.
WHOI Specificaticns for 6,000' Submarine, May 1962.

Special Provisions Schedule B of WHOI-GMI Contract compiled by
BuShips, USN. )

NAVSHIPS 25G-637-3
MIL-E-22200/R Ships
MIL-S-16316F Ships
MIL-8-23009 ships
"The Practicability of Fabricating a Full-Scale Submarine Hull

Section from Steel with a Minimum Y.S. of 100,000 psi".
EGdited by S.R. Heller, PNW Project S-R-007-01-01, Feb. 1961.

~55-

O AR M 71 i

e T R




UNCLASSIFIED TECHNICAL REPORTS DISTRIBUTION LIST

Project 3484

Technical Information Office

2 Commander Naval Ordnance iaboratory
Waite Oak, Silver Spring, Maryland
Attn: Librarian

2 Superintendent
U.S. Naval Academy
Annapolis, Maryland

2 Director
Southwest Research Institute
San Antonio, Texas

No. of No. of
Copies Copies
2 Command.ng Officer 1 Chief, Bureau of Ships
Office of Naval Research Department of the Navy
495 Summer Street Washington 25, D.C.
Boston 10, Mass,.
Chief, Bureau of Ships
3 Director Department of the Navy
Naval Research Laboratory washington 25, D.C.
Attn: Technical Services 1 Attn: Code 410
Information Officer 1 341 A
Washington 25, L.C. 1 300
2 420
2 Oceanographer 2 Department of Meteorology
U.S. Navy Oceai sgraphic Ofiice and Oceanography
Wwashington 25, BD.C. U.S. Naval Postgraduate School
Attn: Library {Code 1640) Monterey, California
2 Chief, Bureau of Weapons 1 Director
Department of the Navy Cecast & Geodetic Survey
Washington 25, D.C. U.5. Department of Commerce
Washington 25, D.C.
U.S. Navy Electrcnics Laboratory Attn: Office of Oceanography
San Diego 52, Cilifornia
1 BAttn: Code 31409 1 Director ]
1 4320 National Oceanographic Data Center :
2 U.S. Navy Electronics Laboratory Washington 25, D.C. i
San Diego 52, California
Attn: Librarian, Code 2400 1 Director

Narragansett Marine Laboratory
University of Rhode Island
Kingston, Rhode Islangd

Director

Lamont Geoclogical Observatory
Torrey Cliff

Palisades, New York

Director

U.S. Naval Underwater Sound
Laboratory

New London, Connecticut




-

PPN IUUAE S TP R i+
Distributicn List -

No. of
Copies

10 Armed Services Technical
Iinformation Agency
Arlington Hall Station
Arlington 12, Virginia

1 Director
Ordnance Research Labcratory
Pennsylvania State College
University Park, Pennsvlvania

Office of Naval Research
Undersea Programs
Code 466

41g

439

467

463
Bureau of Commercial Fisheries
Department of the Interior
Washington 25, bB.C.

IR S Y

2 U.S. Naval Engineering
Experimental Station
Annapolis, Maryland

2 Oceanographic Programs Branch
Office of the Chief of Naval
Operations
Department of the Navy
Washington 25, D.C.

2 Commander Submarine Forces
Atiantic Fleet
U.S. Naval Submarine Base
New London, Connecticut

Director

Budson Laboratories
145 Palisades Street
Dcbbs Ferry, New York

et

1 ONR Scientific Liaison Officer
Woeds Hole Oceanographic
Institution
Woods Hole, Massachusetts

{ccnt inued)

No. of
Copies

1

Director, Marine Laboratory
University of Miami

1 Rickenbacker Causeway
Virginia Key

Miami 49, Florida

Director

Marine Physical Laboratory of

Scripps Institution of
Oceanography

La Jolla, California

Mr. R. Wilkinson

Electric Beoat Division
General Dynamics Corporation
Grcton, Connecticut

Davigd Taylor Mcdel Basin
Department of the Navy
Washington 7, D.C.

Attn: Code 721

ALUMINAUT Project Coordinator
Reynolds Metals Company
Reynolds Metals Building
Richmond 18, Virginia

Dr. Edward Wenk, Jr.

The Office of Science and
Technology

washington 25, D.C.

Defense Research Laboratory
University of Texas

Austin, Texas

Attn: Dr. C.M. McKinney

Commander

U.S. Naval Ordnance Test Station
China LaXke, California

Attn: Tech. DRirector

Director
Applied Physics Laboratcry

-University of Washington

Seattle 5, Washington




Distribution List -

No.

3484

of

Copies

1

National Academy of Sciences
National Research Councii
2101 Constitution Avenue
¥Washington 25, D.C.

President
Bell Telephone Laboratories
Whippany, New Jersey

Commanding Officer
U.S. Naval Submarine Base

New London, Connecticut

Commander

Submarine Development Group TVO

c/o Fleet Post Office
New York, New York

Commander, Submarine Forces
Pacific Fleet
Pearl Harbor, Hawaii
Naval Material Laboratory
New York Naval Shipyard
Brookliyn, New York

Department of Naval Architecture

and Marine Engineering
M. I. T.
Cambridge, Massiachusetts

Commanding Officer
Portsmouth Naval Shipyard
Portsmouth, New Hampshire

Bydrospace Systems Division
Engineering Department
Republic Aviation Corporation
Farmingdale, L.I., Yew York

Mr. Murray H. Schaffer
Bureau of Naval Weaporns
Dep't. ©f the Navy
Wasnington 25, D. C.
Attn: RU 222)

{continued)

No.

of Re

Copies Cc

1

NN

[

H.I. Thompson Fiber Glass Co.

1600 west 135th Street

Gardena, California

Attn: Supervisor,Structural
Development, Materials Research
Division

U.S. Naval Applied Science
Laboratory, Code 9360

Naval Base

Brooklyn 1, New York

Hational Academy of Sciences
2101 Constitution Avenue
Washington 25, D.C.
Cormmittee on Undersea warfare
Mine Advisory Committee
Material Advisory Board

Applied Science Division
Litton Industries, Inc.

2003 East Hennepin Avenuse
Minneapolis 13, Minnesota

Office of the President
Litton Systems, Inc.

Lititcon Industries
3236 XNorth Foothill
Beverly Hills,

Road
California

Hahn & Clay Machine & Boiler Works
5100 Clinton Drive
Houston 20, Texas

tn: Bugene Clay

U.S.X¥aval Electronics
Sarr Diego 52, Cali forﬁia
Attn: The TRISSTE Gr
traza Industries

790 Greenfield Drive
California

Mr. H.W. Volberg

Edgerton Germeshausen & Grier
160 Brookline Avenuse
Boston 15, Massachusetts




Distribution List - 3484 {continued)
No. of
Copies
1 Benthos Company
014 .Main Road
North Falmouth, Mass.

(g

[ 2]

Attn: Mr. Samuel Raymond

No. of
Copies

1
EN

Oceanographic Engineering Corporation

P.O. Box 1560
La Jolla, California
Attn: Mr. George Hatchette

Marine Advisers, Inc.
7440 Girard Avenus
La Jolla, California

- Attn: Mr. John Kenny

Mr. Herbert Fields
294 Washington Street
Boston 8, Massachusetts

world Tool & Engineering Company

2611 North 2nd Stre=at
Minneapolis, Minnesota
Attn: Mr. Milton Munsch

Custom Tool & Manufacturing Company

2430 N. Winnetka Avenue
Minneapolis 27, Minnesota
Attn: Mr. Cecil Behringer

General Mills, Inc.

89200 wayzata Boulevard
Minneapolis 16, Mirnesota
Attn: Mr. James Summer
Naval Ordnance Test Station
Pasadena, California

Attn: Code P 8083)

Naval Ordnance Test Station
China Lake, (California
{Attn: Dr. ¥.B. Mclean)}

. <

attn: {apt.

~ - .
Chester, Pennsylivania

Jod

|

[

fout

[

Junl

Chief, Bureau of Ships
Department of the Navy
Washington 25, D. C.
Attn: Code 440

525

Lukens Steel Company
Coatesville,
Pennsylvania

Special Projects Off.ics
Code sP-001

Department of the Navy
Washington 25, D. C.

International Nickel Co.
67 Wall Street

New York, New York
Bttn: A. Tuthili

Capt. C.B. Momsen {USN Ret_;
General Motors Corporation
Santa Barbara, Californisa

essor T. P. Torda
p’t. of Mechanical En
1iinois Institute of Techndoay
Illinois

vt
1

lectric Corgp.

N

g (b
g
)
%I
"
]
Q)
L]

O (|
0
r’u

ORI w]
i :
ot SI) fh
e
o]
Lﬂ
'&
Q
33
}-J
m
<
)
H
Q

....:

tw
w

I::erageqcv Commaittee on

20390
Kenneth V. MacKenzie
USXEL Cogds 3119
San Diego, California 92152




ORI ORI X oRT S ERARTE RO KL Xk

v

FHIATHAVEING 4% para v

DAL TN TF AN T 7L TR {

buTanaUADUE TeasunyDg '
KBy Eveqng 'y

MIATY 'L

B W

NP AGALAY IR YY)
(B RURY NP ITE T LRCTINITN RS TUNE W R LTV YR (LY )
LR T R G T O S E PR YR ot § DN R LR R TR TR FILY]
A BPCS @iy JCPUGWIO VK J UL P JON JDE YR KNI
JPEO NADTRA e ATATYS At oNT TAT AT AR NG
IR BT UM UL CHNIY TONEEsuang Y aedway dag
WD AG) PRIV VD LI DANYER G SOy Y WO R) v
TH L PO TWOED PUC Y XITRNGDNMG AR RE 1D Wy

(G R LTI BN

RCLTS SRTIURRY (VI B AT T S PO VTP XY TR ST F L]
(00 HIATY CDULICWARE DI Jo Y IME wanwed by 0ot Al
PO J0 AL TERABE PRATRAD DUV S RNIOVEhe g

Yukd) TON WRES )Y
HOY AT ANOT DY DOUNI Y D LON PO

UL PN A1 | ALD g

TR I T A T T L A |

DUy ey by teayuawieg '
sy ewing '

NINTY 'R

'wRARNYAD minyyw)

OF HBWRABIRA QATM (e TwdE AR BTN AN euL

SR ML UAD PO UHY KB OJ PeRYabed Ay Yeed deyiing

Ar) BPRS WL HAI e L Y TPRYOM JR1 el el

FU)Y wanTeA QI0UeA AR AGT WY CATIRYI NG PRNEnD

wHIE ST ORIV MUY THEACNY CRMBIewiIng Adavewey e

WY A0) PRANDIARC) WITOY pInesedd dedY BT Wd) Ve
TR TEDIMIYD PUY DTN s 3Dendd At wYNQ

PRy YN ER TN

PENGT THRE TruhEy 4 A g T A CanARN tl wuep) A
(N1 REATY "OMYAveIng oY JO w1EIN ddnesedd GOV AN
U J0 M R Ied kg (YDTMRD DU T NI YL

T "Opt WOUBANE Y
EE LS ST TR T DAY ST S Y PTRE TiY

2

GALATUSYIDNA 0t ¢

LR PO S T U T Y Y]

GU YN ART (NS FUE DM
BRLE INUKINE

’IAY

LYSIE A

URT Y FR Y] Y AT
CREEERYE L S T R A TR R P (T T R TF TUR R | (TR NI TR Y 1Y1
TUBEIVAIVAN PUY UHEHE AG) PRAYHDOL DT aNe deyyan
AO) DUNM SUGTIRPSIDWNRINNE PUY TRDTON JOrTeT NehINY
JIPIE BADTRA DO A ABIES w1 ) A1 aata peend
WRRP R RANE DN CHIATY COUN Eemang qavesing deeg
O AOF PRI AN BTN BINENNR G DIy BYY WS elep
AL IR TS VT T A I RTINS TR DI RIS X T I KT A T AR IR |

PO IR DY

LNRT CURE CORRTY R A L) TP CHOAVN tw sbuer AR
(0) HIATY "ouURICuang B 30 NYENE dIneanag noY AN
R R IR R [ X R o TP TR T AR Y 11 VT YUY R TY )

Lokl CON BRI N
UIG S LSRR TITR ISR VT I T THYT IR S TR TY Y ST YA

GERERRA N E 1 N RN IELT RLTEY

L TR R T T U [T UV |

DUEADEHEINE (e Moy

L2 N TTTTLY

NIATY "X

PRI wanY YY)
AN BSARERE PP PRAVIWOD B WL IR ey e
THOLAEALI AL P WASNEE DG PRAYRbED BULIeRd Jayan)
L BT A T T I ey R T T IR R A A T Y ¥ L1
IRYI0 SAB{eA QOTOMeA A BUD a0y BN PAETeL @ pResihid
SHYP HY NP BIS CATAY UL ewng NDaIviesn e
BHY B0y e CIRe) wEImyg wannse bl dp Iyt #yY wod) wavp
T O T N A R I TR A VT R RS L Y B AT

UYL LAEL Y

L TA ST R T Y T F R [} BT TR VUL [T UV T T U]
() HIATY DY VSN 4 e WY YL wateinhg DL AN
R L TR I T P T TC LI R A R T T TR

Lot TOH BN b
HOVINYIEE DYV RED) Y pOON




UNCLASSIF

Security Classification

e

DOCUMENTY CONTROL DATA - R&D

{Security ~lasaitication of titls, bodyv of shstract ang indszing anratatiss sl be antersd ~vhen the overeii ivport is class:fisd)

1 ORIGINATING ACTIVITY {Corporats author}

1
oty

]

e PEPORT SESUR:TY € LASSIF:LATION

UNCLASSIFIED
Woods Hole Oceanographic Institution 25 cmoup

muntasa

3 REPORT TITLE

THE MECHANICAL AND CHEMICAL PROPERTIES OF THE HY 100 PRESSURE
HULLS OF THE SUBMARINE ALVIN

SRR B O R a0

4. DESCRIPTIVE NOTES {Type of report and inclusive dates)}

Technical Report

S. AUTMOR{S} (Laat name. tiret name, iniiial)

Mavor, James W., Jr.

A

i

6. REPOAT DATE 78. TOTAL NO. OF PACES T;?br NO. OF REPS
January 1265 65 i 25
88 CONTRACY OR GRANT NC. 98 CRISINATOR'S RLCPORT -n:uisz}
Nonr-3484 (00) XKR260-107 Reference No. 65-1
& PROJECT KRO.
c. 32 DTHER REFPORY NO'S) {Any oher rumbers Dot mey e sssigned
i repoil}
d.
: 10. AVAIL AaBILITY/LIMITATION ROTICES
11. SUPPL ENEXTARY NOTES 12- SPONSORING MILITARY ACTIVITY

Vdvagm s

Ofiice of Naval Research {Code 466) .
: Department of the Navy :
Was?! ington 25, D.C.

13. ABSTRACY

RRCIUTTT

This report presents mechanical and - .i=mical test data from the
three pressure hulls fabricated for t:- {- p Research Suvbmarine,
ALVIK. The data is discussed briefly, i Charpy V-aotch -
values after stress relief noted, anc : :

Zations made for

further testing required for design & -« : zzuen, The three
hulls are compared with reference tc :i  [urgs Crinsria, :

LT, (LT LN R UG

{

{
{
Pt

< } ::‘_E

DD .5, 1473 UNCLASSIFIED
Seccety Classification




Unclassified
Security Classification

14. LINK A LINK B LINK C
i KEY WORDS ROLE | wT ROLE wT ROLE wT
INSTRUCTIONS
1. ORIGINATING ACTIVITY: Enter the name and address imposed by security classification, using standard statements
of the contractor, subcontractor, grantee, Department of De- such as:
fense activity or other organization (corporate avthor) issuing (1) *‘Qualified requesters may obtain copies of this
the report. report frcm DDC.*?
2a. REPORT SECURTY CLASSIFICATION: Enter the over a“ . i i i
all security classification of the report. Indicate whether @ reig:tﬂbg; égng%gc:ge:étgsi:;issmmaﬁon of this
‘‘Restricted Data’ is included Marking is to be in accord-
ance with appropriate security regulations. (3) '*U. S. Government agencies may obtain cg{sgiezsbc:f
256. GRCUP: Automatic downgrading is specified in DoD Di- :xhs‘:r;e:l?:ltldr:qefxtei:t f;r;rr:uD}?C - Other qualifi DC
rective 5200. 10 and Armed Forces Industrial Manual. Enter & .
the grop number. Also, when applicable, show that optional o
fnar:mgs have been used for Group 3 and Group 4 as author- (4) “U. S. military agencies may obtain copies of this
ized.

report directly from DDC. Other qualified users

3. REPORT TITLE: Enter the complete report title in all shall request through

capital letters. Titles in all cases should be vnclassified.

’
If 3 meaningful title cannot be sclected without classifice- . )
tior. show title classification in all capitals in parenthesis (5) *“All distribution of this report 1s controlied Qual-
immediately foliowing the title. ified DDC users shall request through
4. DESCRIPTIVE NOTES: If appropriate, enter the type of
r?port, e.g., inténm, progress, summary, annual, or final. . If the report has been furnished to the Office of Technical
Give ::; inclusive dates when a specific reporting period is Services, Department of Commerce, for saie to the public, indi-
covered.

cate this fact and enter the price, if known.

5. AUTHOR(S): Enter the name(s) of author(s) as shown on 1L SUPPLEMENTARY NOTES: Use for additional explana-

or in the report. Enter last name, first name, middle initial.

t

If military, show rank and branch of service. The name of ory notes.
the principal suthor is an ahsolute minimum requirement. 11’21-’- dSPONwRITG MILITA!}EY ACPSTW Enter the name of

. the departmental project office or laboratnry sponsoring /pay~
6. REPORT DATE: Enter the date of the report as day, ing for) the research and development. Include address.
month, year; or month, year. If more than one date appears L. .
on the report, use date of publication. 13. ABST?&C'I“; Enter an dabstmct g;v;ng & brief and ﬁ;lctus;

i summary o e document indicative of the report, even thoug

7a. TOTAL NUMBER OF PAGES: 'l;‘};e total page CO“ﬂ; it may also appear elsewhere in the body of the technical re-
should follow normal pagination procedures, i.e., enter the port. If additional space is required, a continuation sheet shail
number of pages containing information. be attached.

7b. NUMBE.R OdF REFERENCES: Enter the total number of It is highly desirable that the abstract of classified reports
references cited in the report. be unclassified. Esch paragraph of the abstract shall end with
85. CONTRACT OR GRANT NUMBER: If appropriate, enter an indication of the military security classification of the in-

the aoplicsble number of the contract or grant under which formation in the paragisph, represented as (TS). (). (C). or (U).
the report was written. There is no limitation on the length of the abstract. How-

85, 8, & 8d. PROJECT NUMBER: Enter the appropriate ever, the suggested length is from 150 to 225 words.

military devartment identification, such as project number, , i

sx:bsm?ecaunber system numbers, task m?mb)er, ete. 14. KEY WORDS: Key words are technically meaningful terms
g * . or short phrases thrt characterize s report and may be used as

9s. ORIGINATOP 'S REPORT NUMBER(S): Enter the oifi-

index entries for cataloging the report. Key words must be

: ' . selected 30 that no security classification is requirec. Identi-
and controlled b, -r= originating activity, This number must fiers, such as equipment model designation, tracz name, military

be unique to this report. project code name, geographic location, may be used as key
95, OTHER REPORT NUMBER(S): If the report has been words but will be Jollowed by an indication of techanical con-
assigned any other report numbers (either by the originator text. The aszignment of links, rales, and weights is optional.
or by the sponsor), aiso enter this number(s).

10, AVAILABILITY/LIMITATION NOTICES: Enter any lim-
L itations on further dissemination of the report, other than those

cial report numb— *» which the document will be identified

Unclassified

Yoty LTI NG B

R

I————RELT 1o L T

Security Classification

e et = > - e puwe E—— = R R g e e e ——_
frasiea— s et - F} =




