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- ABSTRACT/SUMMARY:
This documentation contains an enginering stress analysis of the window assembly and the
window testing fixture. The result of this was a base for starting the vacuum, impact,
hydrostatic and long term creep testing. The conclusion of these tests is an essential

- approval element of using the window ssembly in the KTEV experiment. -




January 19, 1993

TO: R. Dixon - Research Division Head
FROM:  J. Misek - KTEV Mechanical Safety Review Panel Chairman XYW
SUBJECT: KTEV Mechanical Safety Review - Window Test Vessel C

Pursuant to the Panel's charge given to us on 30 June 92 by
Peter Garbincious to review, "all significant mechanical components
for relevant safety standard compliance,” the Panel has reviewed
documentation on the KTEV 1.8 m. dia. window test vessel. While
this vessel is exempt from any specific requirements of the Fermilab
Safety Manual, the Panel has reviewed documentation submitted to
us and has concluded that adequate engineering analysis has been
done to ensure its safe operation. The Panel has no objections in
allowing fabrication to proceed on the test vessel per the drawings
submitted to us. '

Testing of the full size window will take place when this test
vessel is ready. The window design appears to be consistent with
existing window design and the upcoming test program should
provide assurances to its safety and design limitations. Unless you
feel it is necessary, the Panel will not make any recommendations to
you regarding the window testing program. The Panel will review
this activity and respond directly to the project engineer. A formal

recommendation will be made by the Panel to you before production
window operation.

Other aspects of the KTEV review will require review activity
by the Panel. The Panel will make recommendations to you as they
are warranted. Please let me know if you require any additional
response or review by the Panel.

cc:

R.Currier

J. Kilmer

A. Szymulanski

Panel Members:
R. Bossert

J. Haggard

P. Hurh
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APPENDIX 2 — MANDATORY

—11 o min. < q : : | ) —
< AN y e e

less than 1/4 wn.

max.=c+ 1/4 in, {Ba) (] (9s}
@) min. =0, 7¢

o S - —
| —— |

{10) {10a)

Fuil penetration and backchip
[see Fig. UW-13.2 sketches (m)
and (n) and UG-93 {(d} (3}]

an

GENERAL NOTES (Optionai Typs Flanges):
i " {a) Optionai type flan may be caiculated as aeither ES\QW -
(b} Coadiings and dimensions not shown in sketches {B), {Ba), (37, (9a), (10), and are the same as shown in sketch (2)
§ when the flange is caiculated as a ioose type flange and as shown in sketch (7) when the flange is caicuiated as an

intagral type flange.

(cj The groove and lilivi weits Letweuan e Tiange back face and tne sneil yiven in sketcn (5) aiso appiy to sketches (da),
(9), (2a), (10}, and (10a).

Optionai Type Fianges

] i I
| htl—— |nside !
[.Q—.h — dismeter l
For integraily [} r=Y%in. ' e inside
reinforced — I‘_ 36 in. r=3/8in. dismeter
mﬂm Ie:.“ut \\\\(/_— Subtype {a) shs 99—
n. - in.
height + 1/4 1,,_**, \\(—'- Subtype (b}
21 ¢ ,
Subtype (c) =y—a ) /
¢ I All other details as
(Wl — |<— shown in sketch (128)
Subtype {d) _/ . Yo
jal—— Nut stop diameter
For Flanged Noxzies 18 in, and Smalier Nominal Sixe For Flanged Nozzies Over 18 in. Nominai Size
{(12) (12a)

GENERAL NOTE {Flanges With Nut Stops}:
For subtypes (a) ard (b, g, is the thickness of the hub at the smati enct, For subtypes (c) and (d), gp = 29.

Flanges With Nut Swops

FIG. 2-4 TYPES OF FLANGES (CONT'D)
W e —— J—— -- - - R -
: 315 :
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APPENDIX Y — NONMANDATORY 'Y-6.1

TABLE Y-6.1
SUMMARY OF APPLICABLE FORMULAS FOR DIF-
\ FERENT CLASSES OF ASSEMBLIES AND DIFFERENT
" CATEGORIES OF FLANGES

Category
Class [Note (1)) Applicable Formuias
1 1 (52), (7)-(13), (14a), (158), (162)
1 2 (5b), (7)=(13), (14b), (15b), (16b)
1 .3 (50, (T)-(13), (140, (15e), (16
2 Al " See Y-6.2
-3 1 (13-44). (6a), (17)~(31). (32a).
_ (33a), (34a), (35)38)
3 2 (1)(4), (6b), (17031}, (32b),
(33b), (34b), (35)<38)
3 3. (13-(4), (6c), (17I—{31), (32¢),

(33c}, (34c}, (35)-(38)

NOTE: o o
(1) Of the nonreducing flange in a Class 2 or Class 3 assembly.

DUTR(DE DIA OF FLANGE= A = 77,2587
FLANGE THICIKLANESS 4 = 27
Y DROSTATIC PRESSL R = P s_/?Sz'
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qm&) Designation: A 574 - 87

Standard Specification for

Alloy Steel Socket-Head Cap Screws’

FERRY CAp cbn 20

MATERIAL

N

This standard is issued under the fixed designation A 574: the number immediately foliowing the désignation indicates the year of
original adoption or. in the case of revision. the year of last revision. A number in parentheses indicales the year of last reapproval, A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope
1.1 This specification covers the requirements  for
quenched and tempered alloy steel hexagon socket-head cap

screws, 0.060 through 4 in. in diameter where high strength is
required. '

NOTE |—A complele metric companion: 10 Specification A 574 has
peen developed—A §74M: thercfore no metric equivalents are presented
in this specification.

7. Referenced Documents

2.1 ASTM Standards:

A 370 Methods and Definitions for Mechanical Testing of
Steel Products®

AS574 Sgeciﬁcation for Alloy Steel Socket-Head Cap

e s e S

A 751 Methods, Practices, and Definitions for Chemical
Analysis of Steel Products®

E 3 Methods of Preparation of Metallographic Specimens®

F 606 Test Methods for Determining the Mechanical
Properties of Externally and Internally Threaded Fas-
teners, Washers, and Rivets®

F 788 Specification for Surface Discontinuities of Bolis,

_ Screws, and Studs, Inch and Metric Series®

2.2 ANSI Standards?

ANSI B1.! Unified Screw Threads

ANSI B18.3 Socket Cap, Shoulder, and Set Screws

2.3 Federal Standard®

Fed. Std. H28

3. Definitions

3.1 Definitions of discontinuities covered by 8.2 follow:

3.1.1 crack—a clean crystalline break passing through the
grain or grain boundary without inclusion of foreign ele-
ments.

3.1.2 seam or lap—a noncrystalline break through the

metal which is inherently in the raw material.
3.1.3 inclusions—particles of nonmetallic impurities, usu-
ally oxides, sulfides, silicates, and such, which are mechani-

! This specification is under the jurisdiction of ASTM Commitice F-16 on
Fasteners and is the direct responsibility of Subcommitiee F16.02 on Steet Bolts,
Nuts, Rivets, and Washers. .

Current edition approved Aug. 28, 1987. Published October 1987, Originaily
published as A 574 - 67. Last previous edition A 574 - 83,

2 gpnuai Book of ASTM Standards, Vols 01.01 10 01.05.

3 gnnual Book of ASTM Standards. Vot 15.08.

4 gnnual Book of ASTM Siandards, Vol 03.01.

$ ‘Available from American National Standards Institute, 1430 Broadway, New
York, NY (0018,

6 Available from General Services Adminisiration, Specification and Consumer
Information Distribution Branch, Bldg. 197, Washington Navy Yard, Washington.
DC 20407.

cally held in the steel during solidification.

3.1.4 nicks or pits—depressions or indentations in the
surface of the metal.

4. Ordering Information

4.1 Orders for socket head cap screws under this specifi-
cation shall include the following:

4.1.1 ASTM designation and year of issue,

4.1.2 Quantities (number of pieces by size),

4.1.3 Size and length.

4.1.4 Specify if inspection at point of manufacture is
required,

4.1.5 Specify if certified test reports are required (12.2),
and

4.1.6 Specify additional testing {12.3) or special require-
ments.

5. Material and Manufacture

S.1 The screws shall be fabricated from a steel which has
been made by the open-hearth, basic-oxygen, of electric-
furnace process.

5.2 Unless otherwise specified, the heads of screws
through 1.500-in. diameter shall be fabricated by hot or colid
forging. Over 1.500-in. diameter, the heads may be fabri-
cated by hot or cold forging or by machining. Sockets may be
forged or machined.

5.3 Unless otherwise specified, threads of screws shall be
rolled for diameters through 0.625 in. and for screw lengths
through 4 in. For diameters and lengths other than this,
threads may be rolled. cut, or ground.

5.4 The screws shall be heat treated by oil guenching from
above the transformation temperature and then tempering at
a temperature not lower than 650°F.

6. Chemical Composition

6.1 The heat analysis of the screw material shali conform
to the chemical composition specified in Table 1.

6.2 Product analyses may be made by the purchaser from
finished material representing each lot. The chemical com-
position, thus determined, shall conform to the requirements
prescribed for product analysis in Table 1.

6.3 One or more of the following alloying elements:
chromium. nickel, molybdenum, or vanadium shall be

AR it - -
LLTTVN

TABLE 1 Chemical Requirements

s Compositiorn, %
," Element Heat Product
Analysis Anatysis
Carbon, min 033 0.3
Phosphorus, Max 0.040 0.045
\ Sulfur, max 0.040 0.045

e
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FIG. 2-71 VALUESOF T, U, Y, AND Z
{Terms Involving K)
W =W, 3 able boit load A, S, , the ffange may be designed on the basis of this
{atter quantiry.
For gasket seating,
o (An + A5, . 2-6 FLANGE MOMENTS _
2 @) In the caiculation of flange stress, the moment of a

5, used in Formuia (4} shall be not less than that tab-
ulated in the stress tables (see UG-23). In addition to
the minimum requirements for safety, Formuia (4) pro-
vides a margin against abuse of the flange from over-
bolting. Since the margin against such abuse is needed
primarily for the initial, boilting-up operation. which is
done at atmospheric temperature and before application
of internal pressure, the flange design is required to
satisfy this loading onlv under such conditions
Note 2).

CTHEn
e

NOTE 2: Where additional safety against abuse is dcs.i:ed, ot where
it is necessary that the flange be suitable to withstand the full avaii-

319

!

load acting on the flange is the product of the load and
its moment arm. The moment arm is determined by
the relative position of the bolt circle with respect to
that of the load producing the moment (see Fig. 2-4).
No consideration shall be given to any possible re-
duction in moment arm due to cupping of the flanges
or due to inward shifting of the line of action of the
bolts as a resuit thereof.

For the operating conditions, the total flange moment
M, is the sum of the three individuai moments M,,
My, and M., as defined in 2-3 and based on the flange
design load of Formula (3) with moment arms as give'
in Table 2-6.

For gasket seating, the total flange moment M, is
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lowing formuias:

. (a) for integral type flanges [Fig. 2-4 sketches (5),
(6), (6a). (6b). and (N)]; for optional type flanges cal-

culated as integral type {Fig. 2-4 sketches (8). (8a).

(9), (9a), (10), (10a), and (11)]; and for loose type

flanges with a hub which is considered (Fig. 2-4

sketches (1), (1a), (2), (2a), (3), (3a), (4), and (4a)]:

320

_ {b) for loose type flanges without hubs and loose
type flanges with hubs which the designer chooses to
calculate without considering the hub {Fig. 2-4 sketches
(1), (ta), (2), (2a), (3), (3a), (4), and (4a)] and op-
tional type flanges calculated as loose type {Fig. 24
sketches (8), (8a), (9), (9a), (10}, (10a), and (1)}

B S
_ I
B N 1010 L 1
0.9. \J"‘— +0.20
B e —10.25 : ans
\\_]"—-__‘ —t .30 T L
\ o 0.35 = 1 !
\ N~ ] —0.40 1 I
3 \\".\ t 10.45 —
AN SSSns=== T
038 \\\\\E\IE —— I l IREE
| AN \I\\\\\\\ B 080 L
. \N \N i-‘.-'“-""—-l 080‘ iR ! \
0.7 \\\d"\ 4 . B ) - P !
1T N 100 T — ]
- —~-i1.25 B L]
' i ‘-.-' . ‘--J""' L l 1 [ 1]
1 ~— "’750 =
= i e i M
1 } h h - ; L =
NOTE: See Table 2-7.1 for formuias h—o- /E'g_a ' et ]
05 M i ! —t ol § r
1 : 15 2 25 3 35 4 45 8
91/%0
FIG. 2-7.2 VALUES OF F
{Integral Flange Factars)
based on the flange design bolt load of Formula (4), Longimdinal hub stress
which is opposed only by the gasket load, in which
case ™,
SH = Lglz (6)
(€C-G)
My=W——"— 5
° 2 ) Radial flange stress
(1.33re + DM,
=L @
2.7 CALCULATION OF FLANGE :
' STRESSES .
Tangential flange stress
The stresses in the flange shall be determined for
both the operating conditions and gasket seating con- P ™, ®)
dition, whichever controls, in accordance with the fol- ™" B ®
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FI1G. 2.7.3 VALUES QOF V¥
(Integrai Fiange Factors)
S = ™, 9) (9a), (10), (10a), and (11)}], also integral type [Fig. 2-
T °B 4 sketch (7)] where the neck material constitites the
hub of the flange;

Sg=0 Su=0 (b} longitudinal hub stress Sy not greater than
the smaller of 1.55, or 2.5, for integral type flanges
with hub welded to the neck, pipe or vessel wall [Fig.
2-4 sketches (6), (6a), and (6b)].

2.8 ALLOWABLE FLANGE DESIGN s (6), (62), and (6b)]

STRESSES

{a) The flanges stresses calculated by the formulas
in 2-7 shall not exceed the following values:

{1 longltudmal hub stress Sy not greater than S,

for cast iron' and, except as otherwise limited by (1)(a)

and (1)(b) below, not greater than 1.5 S, for materials

other than cast iron:

(a) longitudinal hub stress S, not greater than

the smaller of-1.55, or 1.5S, for optional type flanges

designed as integral [Fig. 2-4 sketches (8), (8a), (9),

- 'When the flange material is cast i~on. particular care shouid be taken
.. when tightening the boits to avoid excessive stress that may break

the flange. The longitudinal hub stress has been limited to S, in order
to minimize any cracking of flanges. An atempt shouid be made to
apply no greater torque than is needed 10 assure tightness during the

- hydms:auc test,

K73

{2} radial flange stress Sg not greater than S;

(3) tangential flange stress Sy not greater than Sy,

{4) also (5S4 + Sg)/2 not greater than S, and (5
+ S7)/2 not greater than §;.

(b) For hub flanges attached as shown in Fig. 2-4
sketches (2), (2a), (3), (3a), (4), and (4a), the nozzle
neck, vessel or pipe wall shall not be considered to
have any value as a hub.

{c¢) In the case of loose type flanges with laps, as
shown in Fig. 2-4 sketches (1) and (la), where the
gasket is so located that the lap is subjected to shear,
the shearing stress shall not exceed 0.8 §, for the ma-
terial of the lap. as defined in 2-3. In the case of weld-
ed flanges, shown in Fig. 24 sketches (3), (3a), (4),
(4a), (7, (8), (8a), (9), (9a), (10), and (1Q0a) where
the nozzle neck, vessel, or pipe wall extends near to
the flange face and may form the gasket contact face,
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FiG. 2-7.4 VALUES CF =, 175

{Loose Hub Flange Factors)

the shearing stress carried by the welds shall not exceed
0.8 S,. The shearing stress shall be caiculated on the
basis of W, or W,, as defined in 2-3, whichever is
greater. Similar cases where flange parts are subjected

to shearing stress shail be governed by the same re-
quirements.

2.9  SPLIT LOOSE FLANGES*

Loose flanges split across a diameter and designed
under the rules given in this Appendix may be used
under the following provisions.

(a) When the flange consists of a single split flange
or flange ring, it shail be designed as if it were a solid
flange (without spiits), using 200% of the total moment
M, as defined in 2-6. T -

(b) When the flange consists of two split rings each

*Loose flanges of the type shown in Fig. 2-4 sketch (1) are of the
spiit design when it is nevcssary 10 install them afier Geat reatment
of a stainless steel vessel. or when for zny reasonm it is desired to
have them compictely removable from the nozzle neck -or vessel.
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F1G. 2-7.5 VALUES QF V,
{Loose Hub Flange Factors)

ring shall be designed as if it were a solid flange {with-
out splits), using 75% of the total moment M, as de-
fined in 2-6. The pair of rings shail be assembied so
that the splits in one ring shall be 90 deg. from the
splits in the other ring.

(c) The splits should preferably be midway between
bolt holes. :

2.10 NONCIRCULAR SHAPED FLANGES
WITH CIRCULAR BORE

The outside diameter A for a noncircular flange with
a circular bore shall be taken as the diameter of the
largest circle, concentric with the bore, inscribed en-
tirely within the outside edges of the flange. Bolt loads
and moments, as well as stresses. are then calculated
as for circular flanges, using a bolt circle drawn
through the centers of the outermost boit holes.




. the design may be based on external pressure. and auxiliary devices

such as clamps may be used during the apphcauoa of the rnquned
test pressure. -

323

LT2 7,
e Tl
! e TEV
211 APPENDIX 2 — MANDATORY T2
-]
L
1
f =1 (minimum) . 1
f =1 for hubs of uniform thickness {gﬁlgo =1) . o,
f =1 for ioose hubbed flanges 4 P
18 NOTE: See Table 2-7.1 for formuias yO.V.0 84
4' 574 V. e+
Y AL
!/_ yd r /’;/
. 10 j ,I 'I If II
9 v £z |,‘f ’I e
8 yAV4 4
_A’I'"r j{ r A A 4 ,/ -
7 AT
8 %‘“ XXXV 7y "1 4
| o7 F 2 1/ / 7116
- 5 I ‘e o AL LA A4 5
L — . 4. )r&'l — 7 rd L
7'0@@ ra WA O 7 -
v ML\
¢ 1 4 Q.Q’:P'f’ - 4 -
;’ 0'0.'?0'5(’ . // !1
¥ £ i) AT
3 r - YAAAAA AR oA At/ 3
- 23 A2 -4 o 7 T
28 ——— ,’{;i{,( = /0;?9'_" dwdk 1A 25
. o Py o o o 4 .
FAWAWAW ¥ Q
/I /l - Z Ir Z v q’g 7 w ~
2 . AV APV 7z 4 . 2
yd y . y.i ri
LA WAV AW '
y - o 7 T
15 Vs yAVAVd 7 o ~L S 15
: P LAV EE. V. A Y 4 711/ — .y
VATV &V4v4 d A y, 4 )
PAL Y A y S ARFaNY, T 171 17 ~AS
LA LAALY 4 ARVARW AW, [~
NI IVE T VIS ARV ARY 4 71,
1 15 2 3 4 5
4 fﬂ'a
FIG. 2-7.6 VALUES OF f
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2-11 FLANGES SUBJECT TO EXTERNAL My = Whg (1D
PRESSURES
{a) The design of flanges for external pressure oniy where .
[see UG-9%(f)}’ shall be based on the formulas given
in 2-7 for internal pressure except that for operating W= Am T Ay S, (11a)
conditions: 2
— 2
Mo = Holhp - ) + Hrlhr ~ k). (10) Hp = 0.7858°P, (W
For gasket seating, Hr=H~-Hp (11c}
) - ‘ . H = 0.785G°P, (11d)
When internal nressure occurs oniy dunng the required pressure test. -

P,=external design pressure, psi
See 2-3 for definitions of other. symbols. S, used in

28
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2-11

" TABLE 2-6
MOMENT ARMS FOR FLANGE LOADS UNDER
OPERATING CONDITIONS

ho hy hs

Integrat type flanges (see R + 059, R+ ¢ + A
Fig. 2.4 sketches (5), 2
(&), (ba), (6b), and
{7)1; and optionai type
flanges caicuiated as
integrai type (see Fig.
2-4 sketches (8), (8a),
(9), (9a), {10}, {10a),
and (11}]

cC—4a
2

Loose type, except fap- c—8 hy + hg t— G
joint flanges [see Fig. 2 2 ]
2-4 sketches (2), (2a),

(3}, (3a), {4), and
{4a)); and optional
type flanges caicuiated
as loose type (see Fig.
2-4 sketches (8), (8a),
(9), (ga), (10}, (10a),
and (11)]

Lap-type flanges (see Fig. c—18 c—-aG
2-4 sketches (1) and 2 2
(1aii

c—-G

Formula (11a) shail be not less than that tabulated in
the stress tables (see UG-23).

(b) When flanges are subject at different times dur- -

ing operation to extemnal or internal pressure. the de-
sign shall satisfy the external pressure design require-
ments given in (a) above and the internal pressure
design requirements given eisewhere in this Appendix.

NOTE: The combined force of external pressure and bolt loading
may ptastically deform certain gaskets to result in loss of gasker
contact pressure when the counection is depressurized. To maintain
a tight joint when the unit is repressurized. consideration shouid be
given 1o gasket and facing details so that excessive deformation of
the gasket wiil not occur. Joints subject to pressure reversais. such
as in heat exchanger floating heads. are in this type of service.

2-12 FLANGES WITH NUT-STOPS

{a) When tlanges are designed per this Appendix. or
are fabricated to the dimensions of ANSI B16.5 or oth-
er acceptabie standards (see UG-+d{a)|, except that the
dimension R is decreased to pruvide a uut-siop, the
fillet radius relief shail be as shown in Fig. 2-4 sketches
(10a) and (10b) except that: ey

1992 SECTION VII — DIVISION 1

2-13

(1) for flanges designed to this Appendix, the di-
mension g, must be the lesser of 2¢ (¢ from UG-27)
or 4r, but in no casc less than '/, in.. where

r=the radius of the undercut

(2) for ANSI B16.5 or other standard flanges, the
dimension of the hub g, shali be increased as necessary
to provide a out-stop.

2-13 REVERSE FLANGES

{a) Flanges with a configuration as indicated in Fig.
2-13 shall be designed as reverse flanges, in confor-
mance with the rules in 2-3 through 2-8, but with mod-
ifications as described in the following. Mandatory use
of these rules is limited to £ = 2. When K > 2, results
become increasingly conservative and U-2(g) may be
used,

The symbols and definitions in this paragraph pertain
specifically to reverse flanges. Except as noted in (b)
beiow, the symbols used in the equations of this para-
graph are defined in 2-3. :

The formulas for Sy, Se, and Spy correspond, re-
spectively, to Formulas (6), (7), and (8) in 2-7, in di-
rection., but are jocated at the flange ousside diameter.

" The sole stress at the flange inside diameter is a w@an-

324

gential stress and is given by the formula for Sra.
" {b) Noration

B=inside diameter of shell, in.

'= inside diameter of reverse flange, in.

dr = Urhﬁrg():/v
e, =Flhy,
F=factor (use hy, for ho in Fig. 2-7.2)
f=factor (use hq for ho In Fig. 2-7.6)
H=total hydrostatic end force on attached com-
ponent, lb
=0.785G*P

Hp =hydrostatic end force on area inside of flange,
ib

=0.785B*P
Hy = difference between hydrostatic end force on
attached component and hydrostatic end force

un arca inside of flange, ]

=H—HD

AN
9
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Case 1. Aanular plate with a uniform annular line load of w ib/in at a radius 1, . i
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dels

for and sh

13

General

»? r3 s
=1, + 0 + M"BFZ + QhEFa - w-E'Ga

rt r¥
#=8,F, + M:r—ﬁ + Qo wipGe
M = aa"r-F'r + Myfy + Qyfy — wrGy

DL — A + i

M, = -

Q=@ = wtir = 1)

Far the numerical data given below, v =0.3

wa?

1]

Note: {M, ;| > | M| if bia > 0.385)

wa® . .
r=K v o 8= K.—D— M= Kywa ! @ = Kyu
TABLE 24 Formulas for flat circular plates of constant thickness (Cont.)
Case no., cdge restraints . . Boundary values
te. Outer edge fixed, inner edge free | M, =0 Q=0 =0 #,=0
_ - wa? (ClLs L )
] I =""p C, 3|
. 0
H w wa®
1 _ w
I Crl
M, = —wa (L9 - )
Ca
- Wr, -
Q= : ’
a
=2
' Speciai cases
[ If r, = & (load at inner edge),
b/a 0.1 0.3 0.5 0.7 0.9
K,. —0.0143 —0.0330 —0.0233 —-0.0071 —0.0003
K,. 0.0254 0.0825 0.0776 0.0373 0.0048
Ky —0.0528 ~0.1687 —0.2379 -0.2124 Z0.0911
Ky 0.2307 0.2503 0.1412 0.0484 :
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using 0.6P instead of 0.5P, where £ is the Code weid joint efficiency and § is
the allowable Code stress. See aiso reference 169.

Both o, and oy, are principal stresses, without any shear stress on the side of
the differential element. However, at other section planes the shear stress ap-
pears as in the following exampie.

Example 3.1. IF a spiral-welded pipe (Fig. 3.5) is subjected to internal pressure
P, determine the normai and shear forces carried by a linear inch of the butt
weid.

At point O,
Iy =PR{2 and [, =PRIbjin.
Normal tension is

lp = (e +L,)2+ [(e - 1) cos 2a] /2
= (PR/4)(3 - cos 24).

Shear is
ly={{Ix - I,)sin 22}/2 =- (PR/4) sin 20
As a practical rule the minimum thickness of carbon sreel cylindrical shells is

not less, for fabrication and handling purposes, than the thickness obtained from
the following empirical formula:

min. ¢ = [(D; + 100)/1000] in. -

where [; is the shell inside diameter in inches.

Under Uniform External Pressure

To compute membrane compressive stresses in a cylindrical shell under uniform
external pressure the internal pressure formulas can be used, if the pressure P is

Py

o+l en

vl
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port on each side of stiffener
i = depth of head

Fig. 3.6.

replaced by -P. However, thin-wall vessels under external pressure fail at stresses
much fower than the yield strength due to instability of the shell. In addition
to the physical properties of the construction material at the operating tempera-
ture, the principal factors governing the instability and the critical (collapsing)
pressure P, are geometrical: the unsupported shell length L, shell thickness ¢,
and the ourside diameter D,, assuming that the shell out-of-roundness is within
acceptable limits (see Fig. 3.6).

The behavior of thin-wall cylindrical shells under uniform external pressure £
differs according to cylinder length.

1. Very Long Cvlinders. Subjected to a critical pressure £,, the shell collapses
into two lobes by elastic buckling alone (see Fig. 3.7), independent of the
supported length L. The stiffeners or the end closures are too far apart to exer-
cise any effect on the magnitude of the critical pressure. The only characteristic
ratio is /D, and the collapsing pressure is given by the following equation [118]:

P, = [ZIE/(I - v (D, )

Fig. 3.7. Two-lobe collapse of a pipe under external pressure. The
i _ lobes may be irreguiar. .
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where £ is the modulus of elasticity and for v = 0.3:

P, < 22E(/D,). : @

The minimum unsupported length beyond which P, is independent of L is called
the critical length L, and is expressed by the equation

L. =1.14(1 - 4D, (D, /D)"?
and for vy =0.3

Le=1.11D,(D, /)42,

2. Intermediate Cylinders with L < L.. If the length L is decreased below the
critical distance L., the critical pressure P, and the number of lobes in a com-
picie circunnlerendial beit at collapse # will wend to increase and wiil Yevome
dependent on two characteristic ratios (¢/D,) and (L/D,).

In the formula for P, from reference 106.

P.=KE{t[D,)® psi

the value of the collapse factor X and the number of lobes n that would produce

the minimum P, for given D,/ and L/R, can be read from the charts plotted
for carbon steet shells (for » = 0.3) in refs. 120 and 121.

W—

3. Short Cylinders. 1f L becomes short enough the cylinder will fail by
plastic yielding alone at high stresses close to the yield strength of the material.
The ordinary membrane stress formulas can be used: P, = (S, ¢/Ro)- This type

of failure is common only in heavy-wall cylindrical shelis. At this point the in-
fluence of L on P, becomes very small or negligible. In the design of the vacuum
thin-wall pressure vessels only the cases | and 2 have practical significance.

The theoretical elastic formulas for the critical pressure P, at which inter-
mediate cylinders would collapse under radial uniform externat pressure or
under uniform radial combined with uniform axial pressure, are derived in refs.
25 and 118. However, their solutions depend on 7, the number of lobes at
collapse, and they are cumbersome for a routine design. R

To eliminate the dependency on n and to simplify the whole procedure of
computation for the wall thickness ¢ for the vacuum vessels at different design
temperatures. the Code adoots the following pracedure (UG -28). For cvlindrical
shells with £ < L. the more accurate elastic formulas are replaced by the US.
Experimental Model Basin formula, which is independent of # and is of sufficient
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accuracy:

_ mE | /D) ]
¢ (1 - v ((LID,) - 045(:{D,)"*

where 0.45(1/D,)°% can be disregarded and for all practical cases, using»=0.3,
P can be simplified to

P, = 260E(t[D,)**[(LIDo). (b)

If equations (2) and (b) are substituted for pressure in the tangential stress

formula P =2S(t/D,), we obtain a set of two equations giving the tangential
i stress S, at coilapse:

SJE=110DY (1

for cy-li.nders with L > L, and

h So/E = 1.30(t/Dg) S /(LIDy) (2)

( for cylinders with L < L,. Both equation (1) (vertical) and (2) (slanting) are
plotted with S,/E vaiues as variables on the abscissa and (L/D,) values as vari-
ables on the ordinate for constant ratios (¢/D,) in Fig. UG0-28.0 (see Appendix
A2). For better clarity the plot is labeled as (D,/1).
Since S,/E is here treated as a variable factor 4, this geomerric chart can be
used for all materials. To introduce the particular physical properties of the

material. an additional material chart is required. relating the value of the

collapsing ratio S./E to the collapsing pressure P, for the particular material.
The material chart is actually a strain-stress curve (Sg/E)-(S. = PcD/21) for
the material at a design temperature. To obtain the coordinate in terms of the

allowable working pressure P, =P./4 with a safety factor of four, the hoop
formuia is again employed:

Se=P.Dof2t = (4Pg) Dol 2t
and
P,D,[t=5./2.
The material chart is then piotted against the same abscissa S./E, called factor 4

(see Fig. A2.2 in Appendix A2), for a specific material and design temperature
as ordinate P, D,/t, called factor B. Factor A4 ties the two plots together. Since
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CHECLING THE BOTTON PLATE
- THICKNES S

26

INTERNAL OR EXTERNAL PRESSUIRE
FORMULAS

NOTATION

[nside diamecter of shell, incites

--,‘-:_—-*mn.-u
H oW il

o

[nternal or external design pressure PSI

E = Joint effiency

Maximum allowabie stress vaiue of materiai, PSI, Page 159

Minimum required thickness of head, exclusive of corrosion allowance. inches
Actual thickness of head exclusive of corrosion allowance, inches

Minimum required thickness of seamiess sheil for pressure. inches

Actuzi thickness of shell, exclusive of corrosion allowance, inches

)

CIRCULAR FLAT HEADS

O N
| \Le bt rw

L — |

t=d+/0.13P/SE

This formula shail be applied:
i. when d does not exceed 24 incnes
2, ty/d is not less chan 0.05

nor greater than ¢.25

“\ﬂ\g:hesd thickness t, is not less than
\

tRessheil thickness 1,

1t, min. not less than 1.25t,
[ need not be greater than t

45* max
R

2 d_ |

L3

I

d x ‘V CP/SE

¢
C=1033 X ;_s'

t =

C MIN. = 0.20

If a vaiue of trsty leas than | is used in
calculating v, the shell thickness t; shall be

maintained along a distance inwardly from the
inside face of the head equai to at least 2V de,

Non-circuiar, bolted flat heads. covers, biind flanges Code UG-34;other types of closures Code UG-35
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VI. DRAWINGS SPECIFICATION

1.8m Window Assembly

9220.832.MD-285394

Vacuum Window Upstream Flange

9220.832.MD-285389

Vacuum Window Upstream Flange

Vessel Assembly

Test Vessel

" Vacuum Vessel Flange

Flange Bolt Plug

9220.832.MD-285390
9220.832.MD-285351
9220.832.MD-285386
9220.832.MD-285387

9220.832.MB-327687
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