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ABSTRACT

Four cylindrical web-stiffened sandwich models were
tested under external hydrostatic pressure. Experimental
strains were recorded on both outside and inside shells
and compared with theoretical strains computed from
existing formula developed at the David Taylor Model Basin.
The differences between experimental and theoretical results
were within the range of experimental error.

ADMINISTRATIVE INFORMATION

This investigation was conducted under the sponsorship of the Bureau

of Ships, Code 442, Project No. S-F013 03 02, Task 1956.
INTRODUCTION

In recent years, the Navy has shown great interest in the explor-
ation of the depths of the ocean by means of deep-diving manned sub-
marines. Since the pressure hulls of these submarines are weight critical
and often involve the use of thick plates, new types of structures are
being investigated to reduce fabrication difficulties and to produce hulls
with improved strength-to-weight ratio characteristics. One of these
structures is a cylindrical sandwich shell consisting of two concentric
cylinders connected by annular webs; this type is illustrated in Figure 1.

To evaluate the structural strength of a cylindrical sandwich shell,
the locations and magnitudes of maximum stresses must be determined. Anal-
yses for stress distribution in sandwich shells loaded under external
hydrostatic pressure were carried out in References 1 and 2.* The maximum
stresses occur in the shells at locations next to the webs and midway be-
tween adjacent webs. The stresses in these locations are of interest for

the purposes of structural design. A graphical analysis for determining

*
References are listed on page 13.



these stresses is also shown in Reference 2. From the stresses obtained
by use of this analysis,2 theoretical strains can be computed and com-
pared directly with observed data.

To evaluate the theoretical analysis, four sandwich-type models
were fabricated from epoxy resin and tested under external hydrostatic
pressure. Strains were recorded at locations next to the webs and midway
between the two webs on both outside and inside shells. A longitudinal
strain distribution along a web spacing was also measured in one model.
This report presents the experimental strains and a comparison of observed

and theoretical values.
DESCRIPTION OF MODELS

Four models, designated SER-1, SER-2, SER-3, and SER-4, were
fabricated from epoxy resin. The composition of the epoxy resin was 50
percent Versamid 125 and 50 percent Epon 828. A sandwich-type con-
figuration for the models was constructed by joining a series of channel-
shaped rings together. These rings were individually formed by pouring
liquid resin into a mold, allowing the resin to harden at room temperature
for 24 hr, and then post curing the rings in an oven for 8 hr at a tem-
perature of 130 F. Each ring was then machined to the final required
dimensions. The dimensions of these rings are shown in Figure 1.

Specimens were made to determine the material properties of the
epoxy resin. A Young's modulus of 328,000 psi and a Poisson's ratio of
0.4 were determined from separate tests using a compressometer, deflectom-
eter, and a Tuckerman optical strain gage. These values were used for
determining the theoretical strains presented in this report.

The design of the four models was oriented to study the effects of
shell lengths on stress distributions in the sandwich shells. The basic
design of the shell thicknesses and the radii was fashioned after a
geometry for a proposed deep-diving oceanographic hull structure.3 On
each of the four models, the outside radius was 5.40 in., the inside
radius was 4.11 in., the outside and inside shell thicknesses were 0.163
in., and the web thickness was 0.138 in. Only the web spacing in the four
models varied. The spacings (dimension Lf shown in Figure 1) were 0.75 in.
for Model SER-1, 1.00 in. for Model SER-2, 1.25 in. for Model SER-3, and
1.50 in. for Model SER-4.



INSTRUMENTATION AND TEST PROCEDURE

Each model was instrumented with foil-type strain gages 0.063 in.
in length. These gages were located on the two shells of each model in
areas of critical stress. The middle ring (Ring 5) on each model was in-
strumented at locations next to the web and midway between adjacent webs
on the 0- and 180-deg orientation. Check points were instrumented at
locations midway between the webs on an adjacent ring (Ring 6). Additional
gages were also placed on the outside surfaces of the models next to the
webs at the 45-, 90-, and 135-deg orientations on Ring 5. Model SER-2
was instrumented with additional longitudinal gages covering the area be-
tween midbay and the web juncture. After the models were instrumented,
the rings were bonded together with the same type of epoxy resin used in
the models.

Figure 2 shows the four models before testing. The models were
tested hydrostatically in a pressure tank to obtain elastic strain data.
Two pressure runs were made on each model to a pressure of 100 psi, and

strains were read at each 10-psi increment.
TEST RESULTS

The strain recordings obtained during the second run of each test
were used to compute strain sensitivities. These strains were plotted as
a function of x/% (where x is the distance from the web to the center of
the strain gage and % is the unsupported length of the bay) and are shown
in Figures 3 through 10. The solid line represents theoretical strains
computed by utilizing Reference 2. The dotted vertical lines in these

figures represent the fillet at the intersection of the web and shell.
DISCUSSION

The primary purpose of this investigation was to establish experi-
mental verification for the analysis of deformations in web-stiffened sand-
wich cylinders.

In general, excellent agreement was obtained as shown in Figures 3
through 10. Data on the longitudinal strain gradient between webs pro-
vided by the additional longitudinal gages on SER-2 agreed well with the

theoretical values.



The largest discrepancies occurred at the intersection of the shell
and web where the fillet was located. This fillet (Figure 1) was incor-
porated to reduce the effects of shear and possible stress concentrations
due to undercutting or voids that could have developed during fabrication.
Observation of the experimental strains suggested that a portion of the
fillet acted as a stiffener. This effect is less noticeable or negligible

on the two models with longer bay lengths.

CONCLUSION

Theoretical analysis as given in Reference 2 will adequately predict
the elastic axisymmetric behavior in web-stiffened cylindrical sandwich

shells subjected to hydrostatic pressure.



HUODNISISIONSINSN

NSSINININNNN/

| RING5_b 4/,
} RING 6

a °2

S w

_('I) N

MoDEL_LENGTH] o] [Hogact 3 1
MODEL | L¢(IN) |
SER-I | 0.75
~ [ser-2 | 1oo |
SER-3 | 1.25
SER-4 | 1.50 1

Figure 1 - Model Dimensions

Figure 2 - SER Models after Instrumentation



STRAIN IN 4 IN/IN/PSI

O EXPERIMENTAL
e REFERENCE 2

SER-4

SER-3

- e e B -

SER-2

e SER- |

0 0.04 008 0.12 0l 020

0.24

X
1

0.28

0:32 0.36

0.40

0.44

048 050

Figure 3 - Circumferential Strains on Outer Surface of Outside Shell



O EXPERIMENTAL
=== REFERENCE 2

SER-4

- o e - e - s o

!
1%
b

I
173
(=]

1]
n

o SER-3

N
N2

STRAIN IN & IN/IN/PSI

-30 ¥

1 e}
-26 1] o SER-2

1
el 1
-28

|
-24 !
Q SER-|
-20
04 I a2 0.16 0.20 0.24 0.28 032 036 0.40 0.44 0.48
X

Figure 4 - Circumferential Strains on Inner Surface of Outside Shell

50



STRAIN IN i IN/IN/PS!

STRAIN IN & IN/IN/PSI

O EXPERIMENTAL
—— REFERENCE 2

J

SER-4

——L—-.--;—

SER-3

SER-2

-— g w— aife

SER-1

Y S I R

0.04 008 0.12 0.16 0.20 0.24 0.28

X

2

0.32

0-36 0.40

0.44

048 050

Figure 5 - Circumferential Strains on Outer Surface of Inside Shell

Oo

T
O EXPERIMENTAL
= REFERENCE 2

SER-4

hoae e el e e ey

SER-3

r.._ j S

— ]

o

wn
m
P
)]

o®

SER-|

o
e

0.04 0.08 0.2 0.16 0-20 0.24 0.28

X

2

0.32

0.36 040

0.44

048 0.50

Figure 6 - Circumferential Strains on Inner Surface of Inside Shell



STRAIN IN A& IN/IN/PSI

-50

_40

o EXPERIMENTAL
— REFERENCE 2

-30

SERj_/

+10

+20

)

\ 9

+30

+40

- 30

~20

SER-3 — |

+10

+2

-30

-20

SER-2

(o1e]

+10

-20

-10

(¢} 004 0.08 o.2 o.16 0.20 0.

3 028 0.32 0.36 0.40 0.44
X
£

Figure 7 - Longitudinal Strains on Outer Surface of Outside Shell

0.48 0.50



STRAIN IN 4 IN/IN/PSI

70

60|

O EXPERIMENTAL
- REFERENCE 2

[

~30

-2

-10

O SER-2
° S —]

|
!

T —— SER-|

|

o] 004 008 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.40 0.44

X
)4

Figure 8 - Longitudinal Strains on Inner Surface of Outside Shell

10

0.48 0.50



STRAIN IN Z IN/IN/PSI

O EXPERIMENTAL
— REFERENCE 2

IR SN S S o—/— e
/

o

IS

//

/

+10

=30

-10,

+10

SER-1 o

(0] 004 008 Oel2 0.16 0.20 0.24 0.28 0.32 0-36 0-40 0.44 0.48 0.50

X
£

Figure 9 - Longitudinal Strains on Outer Surface of Inside Shell

11



STRAIN IN & INAN/PSI

© EXPERIMENTAL
—REFERENCE 2

—40

-30

—

=20

-0

+10

+20

\

\

\

+30

SER-3

\o

R

foXe]

-2
o SER-20f

+10

\

-3

-2

-10

SER-1

pp

|
I

0.04 o o8 0.12 0.16 020 0-24

>o|x

0.28

0.32

0.36 0.40 0.44

0.48 0.50

Figure 10 - Longitudinal Strains on Inner Surface of Inside Shell

12



REFERENCES

1. Pulos, John G., "Axisymmetric Elastic Deformation and Stresses
in a Web-Stiffened Sandwich Cylinder under External Hydrostatic Pressure,"
David Taylor Model Basin Report 1543 (Nov 1961).

2. Nott, James A., "Graphical Analysis for Maximum Stresses in
Sandwich Cylinders under External Uniform Pressure,' David Taylor Model

Basin Report 1817 (May 1964).

3. Hom, Kenneth and Blumenberg, William F., "Hydrostatic Tests of
Structural Models for Preliminary Design of a Web-Stiffened Sandwich
Pressure Hull,'" David Taylor Model Basin Report 1763 (Sep 1963).

13






Copies
14

N
F S e S S S S A O T e

S T T e S T T S T R — N Y

INITIAL DISTRIBUTION

CHBUSHIPS

Sci & Res Sec (Code 442)
Lab Mgt (Code 320)

Tech Lib (Code 210L)
Ships Res Br (Code 341)
Appli Sci Br (Code 342)
Prelim Des Br (Code 420)
Prelim Des Sec (Code 421)
Ship Protec (Code 423)
Hull Des Br (Code 440)
Hull Struc Sec (Code 443)
Sub Br (Code 525)

CHONR, Head Struc Mech (Code 439)
CNO (Op 07TB)

CDR, USNOL

CDR, USNRL (2027)

CDR, USNOTS, China Lake
Co, USNUOS

CO, USNUSL

CHBUWEPS, SP-001

CDR, DDC

NAVSHIPYD PTSMH
NAVSHIPYD MARE
NAVSHIPYD CHSN
NAVSHIPYD NY

USNASL

SUPSHIP, Groton

P e e e e e (N =N

=

Elec Boat Div, Genl Dyn Corp
SUPSHIP, Newport News

NNSB & DD Co

SUPSHIP, Pascagoula

DIR DEF R § E
Attn: Tech Lib

CO, USNROTC & NAVADMINU, MIT
0 in C, PGSCOL, Webb
DIR, APL, Univ of Wash, Seattle

15

Copies
1

N

NAS, Attn: Comm on
Undersea Warfare

DIR, WHOI
Dr. R. DeHart, SWRI

Prof. J. Kempner,
Brooklyn Polytechnic Inst

Mr. J. L. Mershon, AEC






UNCLASSIFIED
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified)

1. ORIGINATIN G ACTIVITY (Corporate author) 2a. REPORT SECURITY C LASSIFICATION
Unclassified
David Taylor Model Basin 2b GROUP

3 REPORT TITLE

Evaluation of Stresses in Web-Stiffened Cylindrical Sandwich Shells Subjected to
Uniform External Pressure

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

5. AUTHOR(S) (Last name, first name, initial)

Nott, James A.
Ward, Gerald D.

6. REPORT DATE 7a. TOTAL NO. OF PAGES 7b. NO OF REFS
September 1965 15 3
8a. CONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUMBER(S)
b. PROJECT NO. S-F013 03 02 2092
c. Task 1956 95b. g'}r;lreeﬁongORT NO(S) (Any other numbers that may be assigned
d.

10. AVAILABILITY/LIMITATION NOTICES

No Limitation

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Bureau of Ships
Department of Navy

13. ABSTRACT

Four cylindrical web-stiffened sandwich models were
tested under external hydrostatic pressure. Experimental
strains were recorded on both outside and inside shells
and compared with theoretical strains computed from
existing formula developed at the David Taylor Model Basin.
The differences between experimental and theoretical results

were within the range of experimental error.

DD .79, 1473 UNCLASSIFIED

Security Classification




UNCLASSIFIED

Security Classification

KEY WORDS

LINK A LINK B LINK C

ROLE wT ROLE WT ROLE wT

Sandwich Construction
Web-Stiffened Sandwich
External Hydrostatic Pressure
Stresses in Sandwich Cylinders

Concentric Cylinders

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the report.

2a. REPORT SECURITY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whether
“Restricted Data’ is included. Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200, 10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

S. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle initial.
If military, show rank and branch of service. The name of
the principal author is an ahsolute minimum requirement.

6. REPORT DATE: Enter the date of the report as day,
month, year; or month, year. If more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, i.e., enter the
number of pages containing information.

7b. NUMBER OF REFERENCES: Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written.

8b, 8¢, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.

9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity. This number must
be unique to this report.

9b. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator
or by the sponsor), also enter this number(s).

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

imposed by security classification, using standard statements
such as:

(1) “‘Qualified requesters may obtain copies of this
report from DDC.”’

(2) ‘“Foreign announcement and dissemination of this
report by DDC is not authorized.’’

(3) *“U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

(4) “‘U. S. military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall request through

"
.

(5) *¢All distribution of this report is controlled. Qual-
ified DDC users shall request through

”
.

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known.

11. SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12. SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of the report, even though
it may also appear elsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet shall
be attached. -

It is highly desirable that the abstract of classified reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (TS), (S), (C), or ).

There is no limitation on the length of the abstract. How-
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Identi-
fiers, such as equipment model designation, trade name, military
project code name, geographic location, may be used as key
words but will be followed by an indication of technical con-
text. The assignment of links, rales, and weights is optional.

UNCLASSIFIED

Security Classification



T DUPL

T

T

Lib-26-67







