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AN IBM 7090 FORTRAN PROGRAM FOR ASME UNFIRED PRESSURE
VESSEL DESIGN AND PRELIMINARY COST ESTIMATION

C. E. Prince
R. P. Milford

ABSTRACT

An IBM 7090 Fortran program was written for the prelim-
inary design and cost estimation of unfired pressure vessels
with or without a jacket. Both vessel and Jjacket designs
conform to the 1059 ASME Boiler and Pressure Vessel Code,
Section VIII, Unfired Pressure Vessels. Vessels and Jackets
from 5 in. pipe through 84 in. o.d. and 1/4 in. through 1-1/2
in. in metal thickness may be designed by this program as
written. Total vessel cost is the sum of metal and fabrica-

tion costs, each on a weight basis.

INTRODUCTION

The design of an unfired pressure vessel under external pressure
using the ASME Cocde is a trial and error process involving several cal-
culations and the use of charts. This process can become tedious and
time consuming 1f several vessels are to be designed. The increasing
availability and use of modern high speed computing machines have re-
duced the time and effort required for problems of a similar nature to
a hminimum. With this in mind, & Fortran progrsm was written for use
with the IBM 7090 computer which will make the necessary design and
cost estimation calculations for these vessels,

DESIGN EQUATTONS AND CALCULATION TECHNIQUES

The calculations in this program are consistent with the rules set
forth in the 1959 editlion of the ASME Boiler and Pressure Vessel Code,
Section VITII, Unfired Pressure Vessels, Tor the calculation of wall and
head thickness of thin shelled vessels subjectzd to internal or exter-
nal pressure. Schematlc diagrams in Fig. 1 and Fig. 2 show the type

vessels this program will design.
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Fig. 1. Vessel with straight side/outside diameter ratio equal to or less than 4.0.
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Fig. 2. Vessel with straight side/outside diameter ratio greater than 4.0.



Internal Pressure

From Ref. (1), par. UA-1 (1), the equation used for determining the

shell thickness was:

PR,
YT SE+0.Lkp’ (1)
where

t = minimum required thickness of shell plates, exclusive of

corrosion allowance,

P = design pressure, pounds per square inch,
RO = outside radius of shell course,
S = maximum allowable stress value, pounds per square inch,

E = efficiency of longitudinal welded joints (Par. UW-12). (For

seamless shells, use E = 1.0.)

From Par. US-4 (&), the equation for calculating the head thickness
of an ASME type (torispherical) head was:

0.5
P L (0.25 (3 + (L) /)

£ = =
= 2SE -0.2 7P

(2)

t = minimum required thickness of head after forming, inches

(exclusive of corrosion allowance),

P = design pressure, pounds per square inch,
L = inside spherical head radius, inches,
r = inside knuckle radius, inches,

55

=
it

. same as in Equation (1).

External Pressure

The charts in Appendix V of Ref. (1) show the relationship of ratio
of the compressive stress to tangent modulus of elasticity‘(S/E) to the
dimensicnal ratios of length to outside diameter (L/D) and thickness to
cuteide diameter (t/D), The latter two are properties which depend upon

the geometry of the system and are the same for all materials. The
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portion of the chart in the range of this study lies between the L/D
ratios of 0.8 and L.0. Vessels in this area are below the critical
length and failure takes place at the yield stress which is assumed to
be constant. These curves can be represented by the following equation,
Ref. (2):

1.5

s _ 1.30 (/D)

B L/D - 0.k5 (£/D)°"°

wnere

t = minimum required shell thickness in inches, exclusive of cor-
rosion allowance,

S = compressive stress, psi,

E = tangent modulus of elasticity and must be essentially constant
throughout the range in question,

D = outside dismeter, inches,

L = design length of a vessel section, taken as the largest of the
following:

(1) the distance between head bend lines plus 1/3 of the
depth of each head if there are no stiffening rings;

(2) if stiffening rings are required, the design length was
taken as four times the outside diameter. Neither the
center-to-center distance between any two adjacent
stiffening rings nor the distance from the center of the
first stiffening ring to the head-bend line plus 1/3 the
depth of the head may exceed this distance. All measure-
ments are taken parallel to the axis of the vessel, in

inches.
Alsc shown on the chart are the properties that are dependent upon

the material itself. These may be represented by the equation, Ref.

(2):
/5 - S ()

vwhere
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S, E, D, and t are the same as in the above geometry dependent
formula (Equation 3), and
P = maximum allowable working pressure (includes safety factor of

4), psi.

The thicknesses of ASME type heads are calculated from equations
(5) and (6). Equation (5) was developed from the charts in Appendix V
of Ref. (1) and equation (6) from the same reference and its similarity

to equation (4), Ref. (1):

Ll
and
’ S/E _ 27 Iy (6)

Bty

where

8, B, and P are the same as in equation (L),

Ll = inside spherical radius of the head, inches,
th = minimum head thickness, exclusive of corrosion allowance,
in inches.

To determine the required shell or head thickness for a given set
of conditions, 8/E values are calculated starting with a thickness of
1/6k in. and increasing the thickness by 1/64 in. until the S/E value,
based on the geometry of the system, exceeds the S/E value based on the
pressure of the system.

Jacket Design

This program will design two types of vessel jackets. They are
shown in Fig. 3. The first type covers all or part of the straight
side portion of the vessel but not the head. The second type covers
all or part of the straight side portion of the vessel and the head of
the vessel with an ASME type head. Jacket design calculations are the
same as for the vessel. Connection of the jacket to the vessel on the

end opposite the ASME head and on both ends of a straight side Jjacket
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Notes: (1) Jacket may extend any length along vessel straight
side length.
(2) Stiffening rings on jacket are located 4 x jacket
OD apart.

8

Fig. 3. Jacket types.



5.

is accomplished by welding to a washer type ring. The thickness of
this ring is taken as twice the jacket shell thickness. However, a
lover 1limit of 0.25 in. and an upper limit of 1.0 in. were assigned to
this thickness.

A program flow diagram 1s given in Appendix € and a program card
listing in Appendix D. Sample data sheets and deck setup are given in
Appendices E and F, respectively. A sample problem showing input and
output is given in Appendix G.

LIMITATIONS AND ASSUMPTIONS

Qutside Diameter Range

The range of vessel outside diameters is from 5.563 inches (5 in.
NPS Sch. 4O pipe) through 84 inches. These diameters are supplied as a
list in the second data card. Jacket outside diameters for the type
with one head are also taken from this list. A Jacket on the straight
side of the vessel only does not have to match a head and therefore is
not restricted.

Metal Thicknesses

After the addition of corrosion allowance, the final thickness is
chosen as the next greater size from an internal list of standard thick-
‘aesses supplied in the third data card. However, provision is included
for accepting the first standard thickness under the required size if
the excess is not greater than a certain fraction of that standard
thickness. This allowable excess may be included in the input data as
a decimal fraction of the standard thickness. The above feature is not
included for the four pipe sizes. Their thickness is based on Sch. 40
pipe size and the ablility of that thickness to withstand the design
pressures. Corrosion allowance is not considered for the four pipe .
sizes.

Freeboard Ratio Variation

The initial volume estimated is based 6n a list of internal dia-
meters (input data card No. 1); each i.d. is slightly less than the '
corresponding o.d. in the o.d. list. After an i.d. is selected which
meets the volume requirement, the next larger o.d. is sgelected for the
vessel. This will increase the freeboard ratio slightly above 1ts in-

put value.



Straight Side Length/o.d. Range

This length/outside diameter ratio was taken as 0.8 to 4.0 because

one equation could be used to represent the line obtained by plotting
length/outside diameter versus stress/modulus of elasticity for a given
diameter/thickness ratio. For length/diameter ratios larger than 4.0,
stiffening rings must be used every four diameters distance along the
side of the vessel or Jjacket.

Modulus of Elasticity

This program is limited to the range in which the modulus of
elasticity can be considered constant.

Head Dimension Approximations

Several approximations were used to obtain values of various head
dimensions. Three of these values--the head dish volume, the head dish
radius and the head knuckle radius--are printed as output and can be
easily compared to manufacturer's literature. The inside depth of dish

of the head-~-not printed as output--was estimated from the eguation,
Y = 0.1545 X +1.4158, (7)

vhich was obtained by plotting the inside dish depths versus outside
diameter and drawing a straight line through the field obtained. This
development is shown in Fig. 4, Appendix A. Data were taken from the
1955 Lukens Spun Heads Data book. Calculated head dimensions should be
compared ‘with manufacturer's literature and the Jjacket head depth of
dish should be compared to the vessel head to ensure a correct fit.
Head dish volume and weight will also vary due to the equations used
for estimating these values. The head dish volume was estimated from

the following equation:

V= (0.6k) 1.d.3 (8)
V = volume in U.S8. gallons,
i.d. = inside diameter in inches,

0.6k = constant obtained by averaging eight selected heads using data
from Buffalo Tank Corporation, Ref. (5).

The head weights were estimated from equations obtained on p. 32 of Ref.

().
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All pipe cap dimensions used were taken from Ref. (3) and represent
standard ellipsoidal type caps rather than ASME torispherical caps. This
will result in a conservative estimate of required thickness of about
13% (based on calculations using a 12-in. pipe cap and a 12-in. dished
head).

External Pressure~Thickness Check

It is possible to check the thickness required by the external

- pressure on the vessel, or Jacket, shell and head by a rapid hand cal-
culation using the charts in Appendix V of Ref. (1). The safe working
pressure may be calculated using the thickness determined by the program
and compared to the design pressure. This is recommended for any design
as a final step since the metal property-dependent lines in the external
pressure charts of Ref. (1) deviate rapidly from straight lines for high

L/o.d. ratios and o.d./thickness ratios below 100.
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OD + 1,1458,

1 i 1 { i 1 I { ]

16

24 ’ 32 40 48 56 64 72 80 88
OUTSIDE DIAMETER (OD), in.
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APPENDIX B
Iist of Variables Used in Calculations

Variable Name Variable

A Used to float index integer

Al, A2 Working value of thickness, in.

A5, A6, AT Used to input material of construction
of vessel

A8, A9 Vessel identification

A5J, ABJ, ATJ Used to input jacket material of con-
struction

BL Working value of head thickness, in.

B6 Working value of shell thickness, in.

CAPY Design capacity, cu %

CFPP Cost of fabrication, $/1b

CMPP Cost of vessel metal, $/1b

CMPPJ Cost of jacket metal, $/1b

COR Corrosion allowance, in.

COSTB Cost to fabricate vessel, $

COSTM Cost of vessel metal, $

COSTMT Cost of jacket metal, $

DENS Vessel metal density, 1lb/cu ft

DENSJ Jacket metal density, 1b/cu ft

DENSQ Vessel metal density, lb/cu in.

DENSQJ Jacket metal density, 1b/cu in.

DI Working value of vessel shell inside
diameter, in.

DIH Inside diameter of head, in.

DIJ Inside diameter of Jacket shell, in..

DIs Final vessel ghell inside diameter, in.

DO Working and final vessel outside dia-
meter, in.

DOJ Jacket outside diameter (working value

under internal pressure and final
value), in.

DOJEP Jacket outside diameter (working value
under external pressure), in.

B Vessel metal modulus of elasticity, psi

EJ Jacket metal modulus of elasticity, psi

FER Freeboard ratio, (vessel volume/design
volume )

H Vessel shell length, in.

HSEPC Unsupported vessel shell length used in
required thickness calculation, in.

HSEPCJ Unsupported jacket shell length used in

required thickness calculation, In.
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APPENDIX B (continued)

Variable Name Variable

I Index or integer value

J Input - if vessel is to have a Jacket,
this variable is "one” |

JHED Input - if jacket has a head, this vari-
ble is "one"

JLOD Internal egquivalent of a sense switch,
set if jacket L/o.d. is greater than 4

kK, L, L, L2 Index value

PEX Design external pressure for vessel, psi

PEXJ Deslgn external pressure for Jacket, psi

PIN Design internal pressure for vessel, psi

PINJ Design internal pressure for Jjacket, psi

Ql, Q2, Q3, Qb Working values used in average calcula-
tions (see 41, L486)

RADH Vessel head spherical dish radius, in.

RADHJ Jacket head spherical dish radius, in.

RADK Vessel head knuckle radius, in.

RADKJ Jacket head knuckle radius, in.

RK2, RK3 Working values vessel knuckle radius, in.

RK2J, RK3J Working values Jacket knuckle radius, in.

RLOD Vessel straight side length/outside dia-
meter

S Maximum allowable stress in vessel metal,
psil

SJ Maximum allowable stress in Jacket metal,
psi

SEGH S/E due to geometry of head, vessel

SEGHJ S/E due to geometry of head, jacket

SEGS S/E due to geometry of shell, vessel

SEGSJ S/E due to geometry of shell, Jjacket

SEPH S/E due to pressure on head, vessel

SEPHJ S/E due to pressure on head, jacket

SEPS S/E due to pressure on shell, vessel

SEPSJ S/E due to pressure on shell, Jjacket

SF Length of head straight flange, in.

SPACE Min. space between Jjacket i.d. and ves-
sel o.d., in.

SSL Vessel straight side length, in.

SS8LJ Jacket straight side length, in.

SSLRJ SSLJ/SSL

TCOST Cost of vessel only (metal + fabrica-
tion), $

TCOSTB Total fabrication cost, $

TCOSTM Total metal cost, $

TCOSTT Total unit cost, $

TEIEPJ Thickness of end plate, in.

TEMP Design temperature for vessel, OF



APPENDIX B (continued)

Variable Name

TEMP.J
TH

THC
THCAST
THEP
THEPJ
THIP
THIPJ

THT

T5, TSC, TSCAST,
TSEP, TSEPJ, TSIP,
T8IPJ, TSJ

TSEPJT

TWJ

TWJIV

TWV
VOHD
VOLH

VT
Vil
Ve
WELD
WELDJ
WJE
WJH
WJS
WIH

WIS
WTSR

WISRJ

XG8TA

Variable

Design temperature for jacket,oF

Vessel head thickness (no corrosion al-
lowance), in.

Vessel head thickness plus corrosion
allowance, in.

Vessel head thickness plus corrosion
allowance as standard thickness, in.

Vessel head thickness due to external
pressure, in.

Jacket head thickness due to external
pressure, in.

Vessel head thickness due to internal
pressure, in.

Jacket head thickness due to internal
pressure, in.

Final jacket head thickness, in.

The following eight variable are shell
counterparts of above head values

Jacket - Sch. 40 NPS pipe thickness, in.

Weight of jacket, 1bs

Total weight of unit (vessel plus jacket),
1bs

Weight of wvessel, 1lbs

Volume of one head dish, gal

Volume of two pipe caps (not including
straight flange), cu Tt

Total volume of vessel, cu ft

First estimate of total volume of ves-
sel, cu %

Ratio of VTL/VT

Weld efficiency, vesgel, decimal frac-
tion

Weld efficiency, Jacket, decimal frac-
tion

Weight of one Jjacket end, lbs

Welght of one Jjacket head, 1lbs

Weight of Jacket shell, lbs

Weight of one vessel head, lbs

Weight of vessel shell, 1bs

Distance from head weld to first stiffen-
ing ring, vessel, in.

Distance from head weld to first stiffen-
ing ring, Jjacket, in.

Excess thickness allowable above a
standard plate size before requiring
the next larger standard thickness,
expressed as a decimal fraction of
the standard size
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Start

Input
Diameters and Thicknesses

10*
L I nput
Data
]
12,100,200 Calculote Vessel Volume,
(.D., and Required O.D.
Yes Is No
Length/O.D.
1 > 4
Set Length of Set Length of
Shell for Shell for
Calculations Calculations
2026
Yes < No
oD = 10.75
203 | Set Head Radius, 208 Calculate Shell
Thickness, Volume Thickness due
to External
Pressure

’ |

*Fortran Statement Number 8

SHEET 1 OF 7

APPENDIX C

PROGRAM FLOW DIAGRAM
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|

Calculate Shell

Thickness under

Required External
Pressure

211

Is
Pipe Shell
Thick Enough
under External
Pressure

Yes

Print:
Output
Forman
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UNCLASSIFIED

B ORNL-LR-DWG 71759

{

Shell Thickness
due to External
Pressure

Does
Thickness Exceed
Internal List Range

Print:
"Shell Thickness Too
Small"

¥

Go To
"Input Data”
(10) 306
300 Pipe Cap v
Thick E h und es
ick Enough under 320

Required External
Pressure

Go To
"Input Data™

(10)

Determine Head
Spherical Radius
of Selected OD

1

Colculate Head
Thickness due to
External Pressure

Does
Thickness Exceed
Internal List Range

Print:
"Head Thickness Too
Small”

SHEET 2 OF 7



400

4001

403 |

Yes

404 Set Head
Thickness

Equal to
Shell Thickness

~18.

C

!

Calculate Shell
Thickness due
to Internal Pressure

1
Set Head Knuckle
Radius Based on
Controlling Pressure

i

Calculate Head
Thickness due to
Internal Pressure

Is
Head
Thickness Less
than Shell Thickness
due to Internal
Pressure

Yes

406

Does Shell
Thickness Exceed
Sch 40 Pipe

Yes

Print:
"Required
Thickness"

Go To

"Input Data”
(10)

"Pipe Thickness

405

No

oD £10.75

420

Print:
"External Pressure
Controls Shell"

Print:

OKII

Does Internal
Pressure Control
Shell Thickness

UNCLASSIFIED
ORNL-LR-DWG 71760

Yes

Print:
"Internal
Pressure Controls

Sheli"

SHEET 3 OF 7



409
Yes

Print:
“Required
Thickness”
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Head Thickness
Exceed Sch 40

Pipe

Does

Internal Pressure

Control Head

UNCLASSIFIED
ORNL-LR-DWG 71761

Yes

1

Print:
"Internal Pressure
Controls Head"

Print: Print:
Go To "Pipe Cop "“External Pressure
"Input Data" Thickness Controls Head"
(10)
480
I Tes oD < 10.75
490 | cet Pipe and
Cap Size to
Std. Sch 40 4800 Add Corresion
Thickness Allowance
P Select Std,
w ';";’ch Shell Thickness
esse
40 Pipe”
Select Std,
Head Thickness
i
}
500 | Calculate Vessel Volume, Freeboard
Ratio, Weights, and Costs

Print:
Vessel Results

SHEET 4 OF 7
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Print: \
| Go [1;: "Distance Between
"input Data” Stiffening Rings"

(10) |
597 | Clear All
Variables
3
Pril;xt':
"Jacket for Vessel . ., ."
6001 | Density Conversion
601 Does
Yes

Jacket Cover

i

602

Shell Thickness
due to Internal
Pressure

604

Shell Thickness
due to External
Pressure

Does
Internal Pressure

Control Shell

Yes

Vessel Heod

§

Shell Thickness
due to Internal
Pressure

630

OD < 10.75

s
Set Thickness Equal
to Sch 40 Pipe; Set
Heat Spherical Dish
Radius

1

SHEET 5 OF 7
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641

Print:
"Internal Pressure
Controls Shell"

Set Shell Length; OD;
Calculate Thickness due
to External Pressure

Print:
“External Pressure
Controls Shell”

Min. Spoce
Requirement
Satisfied

o1 Caleulate
End Thickness

613 Caleulate
Weights and Costs
Print:
Results
Go To 597 No
“Clear All Variables”
Set Equal and Recaleulate
Thickness due to Internal
Pressure
652
oD < 1075 No
A
Set Head Spherical
Dish Radius
Neo Is
Required Thickness
€ Sch 40 Pipe
y
| Set Knuckle Radius
Print:

"Required Thickness* 679 Calculate Head
Thickness due to
l Internal Pressure

Go To 597 l

“Clear All Variables"
J

SHEET 6 OF 7
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‘ J
680| Calculate Head

Thickness due to
External Pressure

687 Choose Controlling
Shell and Head Thicknesses

Yes <
OD = 10.75
Is No
Required
Shell and Cap &
Sch 40 Pipe

Print:
“Controlling Pressures
for Shell and Head"

Print:
“Sch 40 Pipe OK®

3
720] Calculate End Thickness w

/ Print:
"Required

Thickness"

Go To 597 \

*Clear Variables™ 7240 | Calculate Weights
and Costs

Print:

734
Results

Go To 597

"Clear Variables”

Note: Program Ends After All Data Has Been Read.

SHEET 7 OF 7
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(SHEET 1 OF 2)

APPENDIX E
WRITTEN BY: REQUEST NUMBER DATE
COH'TOI Cards: T
1
*!nlo||5|H|||||H|I||||||||||||||||||I|I|Illll!l|l||1||||!H_II|!IIIIIIIIHI
1
lclulalelcle[d TTT D]

l‘ITIAlPlEI( [o], Talulr[elult] [ i fol, [ INe[ulsD)]
< [(DoTol ool Tz lalelol ol ] LI [ LI TTI I TELIT O T I L L L LTI I T I T
el WAL

Dlu

NOTES:

1. ID: SHOULD HAVE JOB DESCRIPTION OR TITLE, NAME, AND ADDRESS.
CHARGE: 4-DIGIT NUMBER SUPPLIED BY COMPUTER OPERATIONS,
DUMP: ADDITIONAL TYPES OF DUMP MAY BE SPECIFIED.

TYPE: IF FORTRAN DECK 1S TO BE RUN, CHANGE BINARY TO FORTRAN,

SETUP: PLACE THESE CARDS IN FRONT OF BINARY DECK (OR FORTRAN) N
THE ABOVE ORDER, FOLLOW WITH DATA CONTROL CARD, THE THREE DATA
CARDS WHICH CONTAIN THE DIAMETER AND THICKNESS LISTS, AND THE
VESSEL DESIGN DATA CARDS.

b ol o o

-ga_



APPENDIX E (CONT'D)

UNFIRED PRESSURE VESSEL DESIGMN DATA SHEET

UNCLASSIFIED
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NOTES:

1. Al decimal points are coded to the extreme right of the field and do not toke up o spoce.
Heod-straight flonge in card No. 1),

{See:

. Use any Fortron characters.

2
3. Only one density value required.

4. The final shell and head thicknesses of the vessel ore selected from an internal list by selecting the next larger size.

next larger size, imert allowoble excess as decimal fraction of std. thickness.
5. Al four data cards must be included for eoch vessel.

[T
7. H:

If o jacket is to be designed, insert "17,
If o jacket is to have a heod, insert "1,

Jacket may have no more thon one head.

However, a decimal point may be located in any other spoce and will override the printed point.

To oliow o small overoge above one std. thickness before choosing the

WRITTEN BY: REQUEST NUMBER: DATE: (SHEET 2 of 2)
Vessel Design Dato:
. Head- Modul i . Desi H
Capocity, N S's'i‘;'eg;'* Straight of e Detign Externol P
cu ft Raﬁ'o D Ratio Flenge, Elosﬁ‘ciry, Tensile, Stress eon;p., Prem'qre, Press.ure,
1 " 14 u ! 39 pei 49 s o a0
EEREERNEPREEEDRRNREERDRRORORRRNRRPERIRRRNERRRRPERRRRPARENRREDRRRREEN (]
Weld . Allowance . Metal Metal
Metal Fabricati C M I of Vessel . A
cf:: ¢ EZ::,'M ;gg Allowance, ‘T’;"fc’k:'ei Comtruetion Identity sz/":l"’yf" ‘Es"/’::'l}’;‘_
3/l $/1b Fruc;. in. Dec. Froc; @ @ (3) (3)
1 9 17 21 26 31 49 57 &5
HEEEEEDEENRNEEVRIEPEERRVER AR RRRERN R RN ENNENENINENEREEEEREREEE (2]
Jacket Design Data:
H J
Jaf:ket Straight Mé:;wﬁe:::e ) EL:::?;I B::g; Design Mzdfu'us rd?;:::l:re Metal :ﬁld ()
Sstlizgl'\v,tes;iec:e Vessel OD and Pressure, Pressure, Ti:p" Elosticity, Tensite, Stress gzli:' Dec;t
Jucket 1D psi psi psi psi Fract.
i 9 i i7]18 25 32 38 48 57 45 ot 69
HEEEERPREREEEEDERREREEDIIREREPRERREREREREV IR ERRPERNNRRERERRY s
Metal Metal
Material of . .
Comcion A AN
T 7 ©
EEEEREEREEERERRNRNENERREPREREE! [+]
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APPENDIX D
Listing of Fortran Deck

UNFIREC PRESSURE VESSEL DESIGN PROGRAM, R.P. MILFCRD, C.E. PRINCE
DIMENSICN DIAI{27),DIAQI27),THIK{ 1Y)
IOREACLINPUTTAPEIQ 2, (CIALIT)»IHI,27),(DIACCIY181,27),
PATHIKUT) 2 TR, 1)
2 FCRMAT(27F2.0/U4F5.3,23F2.0/14F4. 1)
9 REAC IN CATaA
J0CREAC INPUT TAPE 10, 11y {CAPY FBR,RLOD ySFE+S,TEMPPEX,PIN,CMPP,CFPP
JoWELCsCCRyXSTA,AS, A AT 4 ABL A9y DENS,DENSC,SSLRY,SPACE, JHED,PEXJ,PIN
2J2TEMPULEJy STy CMPPUYWELL S J»ASIsALI4ATI,DENSS,DENSC )
TICFORMATIFID.O4F5.0,FB8.0,F5.0,E610.0,FIC.0,F6.0,F8.0,FR.0/
1FB8 0 FBuOsFULO,FSe Dy FS.04386,2AU,F8.C,FB.0/F8.0,F8.0,L1,F7.0,F7.0,
2F64CrEIT.0¢F9.CoFBL0FUu.0,11/546,FB8.0,F.0}
12 CALCULATE VESSEL VOLUME
VT#CAPY=FBR
99 SELECT INSLUE DIAMETER FOR REQUIRED vCLUME
100 DCI99IAL,27
DIACLAIC(L)
SSLHACI=RLOD
VT IH2. 101500 »s2aSSL/ L 1728.24.)+1.28%DI%%3/(1728.%7,481)
IF{VI-VyTII01, 102,103
ICI DISDIAILI-1
102 GCTC2CC
103 vizavTi/svg
IF{vT2-C.97)199,2CC,20C
199 CONTINUE

CI1990 SELECT NEXY GREATER STANDARC QUTSIDE DIAMETER

200 DC2011#1,427
DORCIAC(I)
IF{CC-CIY201,20242C2

201 CCNTINUE

C201C SET LFNGTH CF SIDE FOR ULSE IN CALCULATICNS

202 SSLACC=RLOC

2020 HHASSL-3.

2C2) IF(RLOC-4.)2022,2022,2024

2022 HSEPCHSSL+2.#(.1545«00+1.,1u58)73,
2023 GC TC 2026

2024 HTEPCAL.»DO

2025 WTISRHUHSEPC~1.5~{.15U45#CC+1,U5E])/3.
2026 IF(CO-10.75)203,207,208

€2027 IF VESSEL IS PIPE, SET SHELL THICKNESS EQUAL TO SCHEDULE 4D PIPE,
C2028 ALSC SET HEAD CISH RADLLS ANDC VCLUME.

203 IF(C0-6.625)20L,205,206

204 TSEPHTHIKI(I]
RACHAL.42
VCLF#32.B/1728,
RACK#.BL
GCTC211

205 TSEPH#THIK{2)
RAQF#S5.31
VCLEH#ET . B/1728.
RACK#1.0!
GCTC211

206 TSEPHTHIK(3)
RACHH#LH.98B
VCLFEBIUT./1728.
RACK#1.433
GCTIC211

207 VSEPATHIK(L)
RACHH#B.TT
VOLF#354,.871728,

DO N E NN - )
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APPENDIX D {continued)

c 210
C21C0
2

2115
2116
212
213

214

215

C208A
cacsae
208

2082

2085
2086
2087

209

¢ 298
C 299
300

3Cns
3c0ce
acor

301
302

303
C 304
C 305
iCé
3av

RACK#Y.&7

CALCULATE S/E VALUES BASED ON GEGCMETRY CF SYSTEM AND PRESSURE T0
SEE L1F SCH 4C PIPE IS TRHICK ENOUGH UNDER EXTERNAL PRESSURE

DC 2115 1#1,96

AL#I

At#AI%,01562S

SEGSH#1.3#(A1/DO}2s| 5/ (HSEPC/DO-.45eSQRTFIA]/D0))
SFPSH2.#PEXDO/{E=AT)

IF{SECS-SEPS)2115,2116,2116

CCNTINUE

IF{TSEP-AL}212,300,3C0

WRITE CUTPUT TAPE 9,213,A}
OFORMATLIFT ,EXBIHSCHECULE 40 PIPE TOO THIN FOR VESSEL SHELL UNDER E
IXTERNAL PRESSURE. REQUIRED THICKNESS IS F7.4, 1X THINCHES.///)
CWRITECUTPUTTAPED 215,AE,A9,AS0A6,A7,TEMP,CAPY FBR,RLODC,DC,SF,
IDENSDENSCEySsCCRy XSTALZWELL yCMPPCFPPPEX,PIN
CFCRMAT{IH ,UX)3HVESSEL NUMBER 28XZAL/5X2UHMATERIAL CF CONSTRUCTION
UTX3P6/SXTHTEMP. F FU3.0/5X2iHCESIGN CAPACITY CU FT F31.2/5X15HFREE
2BCARC RATIO F37.2/5X21HSTRAIGHT LENGTKH TO OUTSIDE DIAM F22,3/5X16H
30UTSICE DLAM IN. F37.3/5%X8HS.Fa. IN. FU3.1/5X26HMETAL DENSITY LB PE
LR CU FY F27.3/5X2THMETAL DENSITY LB PER CU IN. F28.5/5X21HMCCULUS
SOF ELAST. PSI 27XE11.5/5X32FMAX ALLCWABLE TENSILE STRESS PSI F18.0
6/5X23HCORROSICN ALLOWANCE IN. F31.4/5X3SHALLCWANCE CVER STD THIK.
TDEC.FRACT. F19.4/5X2LHWELD EFFICIENCY FRACTION F29.3/5X22HCOST OF
BMETAL & PER LB F22.4/5X22HCCST TO BUILD $ PER LB F32.4/5XI8HEESIGN
9 EXT PR. PSI F34.2/5X18+DESIGN INT PR, PSI F34.2)

GCTCIC

CALCULATE WALL THICKNESS FOR A DIAMETER LARGER THAN 10 IN. PIPE
UNDCER EXTERNAL PRESSURE

DO 209 1#1,5¢

A#1

TSEPHA=U.015625

SEGS#1.3a(TSEP/DOYex] 5/{HSEPC/CC-.u45#«SQRTF{TSEP/CC)}
SEPS#2.#PEX#CO/(E=TSEP)

TF{SEGS-SEPS12085,30¢,3C6

IF(1-961209,2086,208¢

WRLITE CQUTPUT TAPE 9,2087,A8,A9

FORNMATUIHT o SXUITHSHELL THICKAESS TOO SMALL FGOR VESSEL NO. 2A4)
CONTINUE

GCTC306

TEST SCH 40 PIPE CAP UNCER EXTERNAL PRESSURE FOR UP THROUGH

t0 IN. PIPE

DC 3005 1#1,96

A241

A2#4292,015625

SEGH#.12#A2/RACH

SEPHH2.#PEX®#RACH/{Eap2)

IF{SECK~SEPL)I3CO5, 3006, 32006

CCNTINUE

IFLTSEP~AZ) 201 ,35007,30C7

THEPHTSEP

GC 70 uCO

WRITE CUTPUY TAPE 9,302,A2
OFCRMAT{IHI ,5X92HSCHECULE 40 PIPE CAP TOC THIN FCR VESSEL HEAL UNDE
IR EXTERNAL PRESSURF,., REQUIREC THICKNESS 1S F7.u4, X THINCHES.///)
GOT0214

SQRT CIAMETERS AND SET HEAD DISH RACIUS FOR DIAMETERS LARGER THAN
10 IN. PIPE

IF(C0-48,3307,315,316

IF(CO~12.1300, 311,308
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308
ice
310
3

312
313

314
315

316
v
318
¢ 319
C21%90
320

3221
3222
3223
3224
3225
323
12y
325

C 399
w00
CuCC+

Loon
w00}
4C02
KCC3
400y
4C05

40

uc2
cug29
4C3

404
405
cugse
CuCs59
uCé
4C7
4070

IF{CO-2L4.2312,3211,3C9

IF{CO-30.0313,211,321C

IF(C0-36.)313,311,312

RACHECC

GCTC220

IF{CO~16.)313,%514,313

RADHECG-2.0

Gere22ar

RACHHADC~1.0

GOTC320

RACHACC~6.0

GCT1C320

IF(CO~8L,1317,311,311

IF{TSEP-0.57311,311,318

RACHHCO=-6.0

CALCULATE HEAD THLCKNESS FOR VESSEL DLAFETERS LARGER THAN
10 IN. PIPE UNDER EXTERNAL PRESSURE

DC 323 1H#H1,9¢6

THEP#I

THEPHTHEP*.CI15625

SEGHAO. 1 2¢THEP/RADH

SEPHKEZ , #PEX«RADM/ {E*THEP)

IF{SEGH~SEPF13222,324,324

[F{1-96)323,3224,3224

KRITE QUTPUT TAPE 9,32225,A8,A9

FORMAT{ IH],5XU0OHHEAE THICKNESS TCQC SMALL FOR VESSEL NO. 2A4L)
CCNTLNUE

IF{THEP=~TSEP)325,400,40C

THEPHTSEP

CALCULATE THICKNESS GF SHELL UNDER INTERNAL PRESSURE ALL UIAMETERS
TSIPH(PIN®DC/2.)/(S#WELC+. UePIN)

CESTIMATE HEALD KNUCKLE RADIUS BASED CON CCNTYROLLING THICKNESS
IF{CC-11.)uC3,403,4CC0

RK2#.06=D0

IF{TSEP-TSIPYUCOU,u0C2,4002

BORTSEP

GC TO 4005

B6HTSIP

RK3#3.%B6

IF{RK2-RK3)uC2,ul]1,4C}

RACKAERKZ

GOTCHCSE

RACKHRK 2

CALCULATE HFAD THLCKNESS DUE TO INTERNAL PRESSURE
THLPHPIN®RACH®{ ,25#% (3, +SORTF{RACH/RACK)} 1/ (2. #SeWELC~.2#PIN)
IFITHIP-TSIPIUDOU, 405,405

THIPETSIP

IF{CC~-10.75)u06,u06,420

CCMPARE REQUIREE SHELL AND HEAD THICKNESS TO SCH 40 PIPE FQR
DIAMETERS EQUAL TO QR LESS THAN 10 In, PIPE
IF{TSIP~TSEPIUOT,H0O7,408

TS#TSEP

WRITECUTPUTTAPE? U407

LOTIOFCRMAT{IHI ,SXTOHSCHECULE 40 PIPE SHELL THICK ENCUGH FOR INTERNAL A

L8

INC EXTERNAL PRESSURE /)

GOTCLL?
WRITECUTPUTTAPED,u4C8C

HOBOCFORMAT L IH] 4 SX56HSCHECULE 40 PIPE TOO THIN FOR REQUIRED INTERNAL PR

408}

{ESSURE// /)

WRITE QUTPUT TAPE 9,k082,TSIP

120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
(X3
142
143
by
145
lué
Fu7
148
tu9
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
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YOB20FCRMAT(IH L UuX24HREQUIREC SHELL THLCKNESS F30.u4/7/)
GCTC21 N
4OCQ IF{THIP-THEPILIC, 41,41
Y10 THHETHEP
BICN WRITECUTPUTTAPEZ Uil
GIDICFORMATLIH ,S5X68HSCHECULE 40 PIPE CAP THICK ENQOUGH FCR INTERNAL AND
| EXTERNAL PRESSURE //)
GCTCLRC
il WRITEQUTPUTTAPED,412
UI20FORMATUIHE  SX6CHSCHEDULE 40 PIPE CAP TOC THIN FOR REQUIRED INTERNA
L PRESSURE///)
4120 WRITEFCUTPUTTAPEG,4i21,THIP
4121 FORMAT{IH ,S5X23HREQUIREL HEALD THLCKNESSZ2u4XF7.4}
GOCTC21u
CU198 CHOCSE CCNTROLLING THLCKNESS OF SHELL AND HEAD FOR CIAMETERS
Chi99 GREATER THAN 1IC IN PIPE
420 [F{TSIP-TSEP)IU2),L421,422
421 TSHETSEP
4210 WRITEQUTPUTTAPEG, 4211
4211 FORMAT(IHI +S5X47HSHELL THICKNESS CONTROLLED BY EXTERNAL PRESSURE/)}
GOTCu23
422 TSHETSIP
4220 WRITEQUTPUTTAPED, 4221
4221 FCRMAT{IHI,S5XU7THSHELL THICKNESS CONTROLLED BY INTERNAL PRESSURE/)
U23 IF{THIP-THEPIUZ2L4,42L,425
24 THRETHEP
L2400 WRITECUTPUTTAPES,L2LI
B2} FORMAT{IH ,S5XLU6HHEAD THICKNESS CONTRCLLED BY EXTERNAL PRESSURE/Z/Z)
GCTCuan
4265 THRTHIP
4250 WRITECUTPUTTAPED 425!
4251 FORMAT({IH ,S5XU6HHEAD THICKNESE CCONTRCLLED BY INTERNAL PRESSURE//)
480 LFICC~-10.75)49C,490,u480C
C4B8C+ ACC CORROSICN ALLOWANCE TO VESSELS OF GREATER THAN 10 IN. PIPE
4BCO TSCHTS+COR
THCHTH+COR
CuBL2 SELECT NEXT LARGER STANDARD THICKNESS OVER REQUIRED THICKNESS FOR
CuUC83 BOTH SHELL AND HEAD
DCUB3IES5, 14
LFLTSC~-THIK{L)Y 482,482,481
LET QIAITSC-TRIK{IIY/THLIKLII)
Q2EXSTA#THIKLII)
LBI1 LF{Q2-g1)4821,L482,u482
B2 TSCASTHTHIK(L)
GOTOLBS
BB21 IF{I~14)483,u4822,4822
BE22 TSCASTH#TSC
483 CCNTINUE
L85 DOLERIHEDH, Ik
IF{THC-THLK(L)ILEBT7, 487,486
LB6 QIHITHC-THIK(III/THIK{L)
QUEXSTASTRIK{I)
LB6] IF(Qu=CR)uBTI,487,L87
487 THCASTHTHIK(I])
GCTCS00
4871 [FUI-1L)uB8,4872,4872
4ET2 THCASTHTHC
488 CCNTINUE
GCT0O50N
490 TSCASTHTS

180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
2346
237
238
239
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THCASTHTH
LOC) WRITE QUTPUT TAPE 99,4902
LOD2OFORMAT(IH ,UXIOUHBASIS CF ANSWER IS SCH 40 PIPE WITH CORROSICN ALL
1Q0WANCE (F DIFFERENCE BETWEEN REQUIRELC AND STD THICKANESS//)
C 499 CALCULATE FINAL VESSEL VOLUME ANC FREEBCARD RATIC
500 DISHLO-2.2TSCAST
[F(CC-1C.75)501,501,502
SOt VIH3 LIS »LISss2uSSL/ (U, #1728, )+VOLKF
GCTCS503
502 DIKECO-2.»THCAST
5C20 VTHI I U590 S#n2uSSL/ (U, #1728, )+ 1,280 H#»3/(3728. 7,481}
S5C3 FBRAVT/CAPY
C503+ CALCULATE WELIGHTS ANLC CQSTS
5030 IF(DENS)S031,5031,5039
5031 DENSHDENSQ=I1728.
5039 WISH3I.14199#DENS#H={CO*CO-DIS*0IS)/{L,»]728.)
IFLTHCAST=-14)50u4,50%,5C5
S50k WTHHCENSSTHCAST#(OC+00/2U.+3.4+2.%RACK/ 3. )»u2%3, 1L159/01728.%4,)
GCTCH06
SUSOWTHHDENS#THCAST#{DO+00/ 284+ 3442, #RADK/ 3. +THCAST ) w223, 14 159/(1728.
I#4.)
506 TWVHWTS+2.%wTH
CCSTMACMPP#TRY
COSTBACFPP#THWY
TCOSTRCCSTM+COSTB
510 IFICC~10.75)511,.511,512
511 VOHD#VOLH#T 48172,
GCT0S13
512 VCHLCH.6u#{DIH/i2.,)%n2
C5129 WRITE CUT RESULTS
S13CWRITEQUTPUTTAPE 94514 ,8A8,A9,A5,A6,A7,TEMP,CAPYFBR,VT,VCHD,RLOD,DC
P s TSCAST  Hy THCAST yRADH ,RADK s SF¢WTS WTH
SILUCFCRMATLIH JUXI3HVESSEL NUMBERZBX2AH/5XZUHMATERIAL COF CONSTRUCTICN?
I1X346/5X )1 3HDESIGN TEMP FF37.0//5%X2HOESLGN CAPACITY CU FTF32.3/5x15
2HFREERCARD RATIGF37.2/5X20HVESSEL VCLUMF Cu FTF33.3/5X24HONE HEAD
3 DISH VOLUME GALF2B.2/5X29HSTRAIGHT LENGTH /CUTSIDE DIAMF24,.3/75X20
YHOUTSIODE ULAMETER INLF34 U/5XT9HSHELL THICKNESS INLF3S5.4/75X]4HSHEL
50 LENGTH INJF37.3/5X1BHHEAD THICKNESS INJF36.47/5X20HHEAD DISH RADI
6US INLF33,.3/5X23HHEAD KNUCKLE RADIUS INLF30L3/5X24HHEAD STRAIGHT F
TLANGE INLF2B.2/5X)9HWELGHT COF SHELL LBSF3L,3/5X22HWEIGHT OF (NE HE
8AC LRSF31.3)
SISOWRITEQUTPUTTAPED 5163 THVDENSyDENSQ,PEX¢PINLE1S CCRyXSTALWELD,CMPP
1sCFPP,COSTM4COSTH,TCOST
SI60FCRMATCIH JUXZ26HTOTAL WEIGHT CF VESSEL LBS F2743/ S5X26HMETAL DENSI
ITY LB PER CU FT F27,.3/ SX2THMETAL DENSITY LB PER CU IN. F27.47 S5%x2
28HDESIGN EXTERNAL PRESSLRE PSI F23.1/ S5X2BHDESIGN INTERNAL PRESSUR
3B PSI F23.1/7 5X25HMCCULLS OF ELASTICITY PSI E34.5/7 SX32HMAX ALLOWA
YBLE TENSILE STRESS PSI FiIB.C/ 5X23HCORROSION ALLOWANCE IN. F3t.4/
55X3SHALLCWANCE OVER STO THIK. DECLFRACT. FI9.4/ SX26HWELL EFFICIEN
6CY CEC.FRALT,., F27.3//7 SXIQHMETAL COST $ PER LB F35.4/7 5X25HFABRICA
TTICN COST $ PER LB F29.4/7 SXI9HMETAL COST TOTAL ¢ F3L.3/ 5X25HFAB
BRICATION COST TOTAL % F28,3/7/ SXIBHTCTAL UNITY COST & F35.3//77)
5160 WRITE QUTPUT TAPE 9,5161
SI16ICFCRVMAT I JUXSUH{THE ARCVE CALCULATICN IS FCR ASME TQRISPHERICAL H
1EAC))
520 IF{RLOD-4.1593,590,52}
521 WRITE CUTPUT TAPE 945210 ,HSEPC,wTSR
5210CFCR¥MAT{IH L4XICOHTHE ABCVE RESULTS ASSUNE THAT STIFFENING RIANGS AR
IE PLACED NO GREATER THAN 4 CQUTSIDE DIAMETERS APARTL F7.3,1X 7HINCH
2ES)/ 5X 9BHAND ALSO NGO FURTHER THAN 4 CUTSIDE DIAMETERS MINUS (1.5

240
241
242
2u3
24y
245
2h6
2u7
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265

267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296

298
299
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3+1/3 ¥WEAC IDD) FROM THE HEAC-TG-SHELL WELD( F7.3,1X 7HINCHES)) 3o

560 1F{J)597,597,6C0 301
597 DO 598 1#15,13y4 302
598 TRIK{I1})#0. 303
599 GC T1C IC 304

C JACKET CESIGN CALCULATICNS 305
600 WRITE QUTPUT TAPE 9,60CC,A8,A9 306
6000 FCRMAT{IRI,S5X2ERJACKET FOR VESSEL NUMBER 2AML/77) 307
6CCT 1F{(CENSJI60C2,6C02,6C1 308
6002 DENSJHDENSQJ=1T728. 309
601 IFTJHEDYS6OI1,6011,63C 310

c JACKET CN STRAIGHT SIDE OF VESSEL ONLY 311
C JACKET SHELL THICKNESS, INTERNAL AND EXTERNAL PRESSURE 312
6011 DIJADC+2.8#SPACE 3t3
602 TSIPJYHIPINI2DIJ/2.)/(SI#WELD I~ 6#PINY) 3L
603 SSLJ#SSL=SSLRY 315
604 DO 605 1#1,96 316
6040 TSEPJHI 347
60L1 TSEPJATSEPY*.015625 3|8
60LU2 DOJHCIJ+2.#TSEPY 319
6043 IF{SSLI/DOJ-4.)5085,6085,60ub 320
6044 SSLJUKU.»D0Y 32
HSEPCJHSSLY 322
JLOC#1 323
WTSRJIHD, 324

6045 SEGSJ#1.3«(TSEPJ/DCI)#»1.5/1SSLI/DCI-US*SQRTIFITSEPJ/DOJ) )} 325
6CUu6 SEPSIH2.4PEXJ®DOJ/IEJRTSEPY) 326
6047 IF{SEGSJ~-SEPSJI6CS5,6L6,606 327
605 CCATINUE 328
606 IF(TSIPU-TSEPJIGOT, 607,409 329
607 TSJIKTSERY 330
6070 WRITE CUTPUT TAPE 9,608 331
608 FCRMATUIH ,S5XU2HEXTERNAL PRESSURE CONTROLLING JACKET SHELL/) 332
GC TG &1 333

6C9 TSJETSIPY 33y
6090 WRITE GUTPUT TAPE 9.46iC 235
610 FORMAT{IH ,S5XU2HINTERNAL PRESSURE CONTRCLLING JACKET SHELL/) 336

C END THICKNESS 337
611 TEIEPJ#2.4T5J 338
IFITEIEPI-.25)€11046110,6111 339

6110 TELEPJ#.25 3.0
GC TQ 613 341

6111 TF{TEIEPI-1.)8613,6132,6112 32
6112 TEIEPJK!I. 3u3
C WEIGHTS AND COSTS FOR JACKET, AND JACKET PLUS VESSEL 3Luu
613 WJISHCENSI®SSLU#3. 14159 (DOJeDOJ-DIS*CLI)}/ (L1728, 345
614 WJIJEHCENSJU=TEIEPJ#3. 14159 (DIJaCIJ~DO#00)/ (4 .#)1728.) 3u6
615 TWIBWIS+2. %W JE 347
616 TWIVHTAV+TWY 348
617 CCSTMUATWIRCMPPY 349
618 TCOSTBH#TWIV=CFPP 350
619 TCOSTMECGSTNM+CCSTMY 351
620 TCOSTIH#TCOSTB+TCOSTHM 352
€21 GC TC 734 353

c JACKEY wITH CNE HEAD 354
C JACKET SHELL THICKNESS CUE TO INTERNAL PRESSURE 355
630 DCJHCC 356
LI#] 357

631 DC 634 L#L,27 358

L2#L 359
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632
633

634
C

b4l
6410

642
6420
6u21
6422
6u23
6u2y

643

b4k
645
6450
6451
6u52

649
652

6520
6521

6522

6523

6524

653
654

6550FCRMAT(1H

6550
656

C

C
657
658
659
660

IF(CCJ-CIAO(L)I633,63U,¢634

DOJHDIACIL)
TSIPJH(PINJ#CO0J/2.)/(SUWELC I+ 4#PINJ)
IF{{CCJ-2.#TSI[PJ-DO)-(2.#SPACE) ) 634, EH4],06ul]
CCNTINUE

JACKET SHELL THICKNESS CUE TO EXTERNAL PRESSURE
SSLJASSL=*SSLRY

DCJEPHDC

DO 6u9 1#I1,27

IF{COJEP-DIAO(L))6U21,649,6U9

DCJEPH#DIAO(L)
HSEPCJ#SSLJ+(.15u5#DCJEP+1.145€)/3.
IFIHSEPCJ/DCJUEP-L,)6U3,6L43,6424
HSEPCJ#U4.#DCJEP
WISRJUH#HSEPCJ—1.5—{+15S452D0JEP#).1458)/3.
JLCE#I

DO 64y KHLI,96

TSEPJHK

TSEPJHTSEPJ=.015625

SEGSJH1 3= TSEPJ/DOJEP)#%] .5/ (HSEPCJ/DOJEP—.U5S#SQRTF(TSEPJ/DCIEP))
SEPSJ#2.#PEXJ#DOJEP/ (EJ#TSEPJ)
IF{SEGSJU-SEPSJ)b6UU,6US,EU5

CCNTINUE
IF((DCJEP~2.#TSEPJ—D0)-(2.#SPACE)})6Uu9,6450,6450
IFTABRSF(COJEP-COJ)—45)652,6U5),6u5]
IF(CCJEP-DCJ)I6U9,6U52,6u52

DCJHDOJEP
TSIPJH(PINI#DOJU/24)/(SISWELCI+.4=PINJY)

GC TO 652

CCNTINUE

SET SCH 40 PIPE THICKNESS, PIPE CAP CISH RADIUS AND KNUCKLE RADIUS
IF(CCJ-1C.751€520,6524,657
[F(CCJ-6.625)652146522,6523

TSEPJIHTHIKI( 1)}

RACHJRL .42

RACKJ#.84

GC TG 653

TSEPJI#THLK(2)

RACHJ#5. 31

RACKJ#1 .01

GC TC 653

TSEPJIATHIK(3)

RACHJ#6.98

RACKJ#1.33

GC TC 653

TSEPJIHATHIK(L)

RACHJ#8.77

RACKJ#1.67

IF(TSEPJ-TSEPJI1)656,656,654

WRITE QUTPUT TAPE 9,655,TSEPJ

GG TC 734

TSEPJHTSEPJ)

HEAC THICKNESS DUE TO IANTERNAL PRESSLRE
SET UP CISH RADIUS AND KNUCKLE RADIUS
IF(CCJ-10.75)612,672,65¢
IF(CCJ-U4BRLIESTP, 667,668
IF(DCJ-12.1672,663,0660
IF(CCJ-2U.)E6U,663,06061

»SXBIHSCHECULE 40 PIPE TCC THIN FOR JACKET SHELL UNDER E
IXTERNAL PRESSURE. REQUIRED THICKNESS IS F7.u4, IX THINCHES.)

360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382

384
385
386
387
388
389
390
391
392
393

395
396
397
398
399
400
ug|
up2
403
40y
405
406
4a7
408
409
410
b
412
413
Ly
415
416
w17
418
419
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APPENDIX D {continued)

6t 1
662
663

664
665

t66
667

668
669
670
671
672
6720
673
674

675
676
677

678

IF{CCJ-~3041665,663,0662
IF{C0JU~36.1665,663,6£5
RACHJACCU
GC TC 672

[FICCJI~16.1665,666,665
RACHJEDOJ-2.

GG TC 672

RACHJADCJ-1.

GC 10 672

RACHJHECCU-6.

GC TC 672

IF{CCJ—BU,1669,663,663
IF(TSEPJ-TSIPUIGTC671,6T71
IFITSIPU-.51662,663,€67
[F{TSEPJ~.51662,663,6067
RK2J#.C62DCY
[FICCJ-11.)679,679,673
IF{TSEPJ-TSIPIIOTL,6T54£75
RK3JH#3.=TS1IPY

GO TO 476

RK3J#2.%»TSEPU
TF{RK2J-RK3J1678,677,677
RADKJHRK2J

G0 Y10 679

RACKJHRK3Y

STCTHIPJIHPINI#RADHI* {225 { 3. +SQRTF(RADHJ/RADKII NI/ {2, #SI%WELDJ~.2%PIN

681

682
683
684
685
686

687
6e8
689

N

THICKNESS OF HEAD DUE TC EXTERNAL PRESSLRE
DC 686 [#1,96

Bi#l

Bi1#81%.015625

THEPJRRI

SEGHJ#.12%THEPJ/RADHY
SEPHJ#2.#PEXJ*RADHJ/(EJ#THERY)
IF{SEGHJ-SEPKHJI 686,687,687

CCNTINUE

CHOOSE CCNTROLLING SHELL ANE HEAD THICKNESS
[F{CCU~10.75)688,688,697
[IF{TSEPJ-TSIPJI6EBT,689,¢€91

WRITE OUTPUT TAPE 9,69C,TSIPJ

690CFCRMAT(IH ,5X89HSCHECULE &0 PIPE TOQO THIN FOR JACKET SHELL UNDER I

691

INTERNAL PRESSURE. REQUIRED THICKNESS 1S F7.4, IX THINCHES.)
GC TC 734
WRITE CUTPUT TAPE 9,692

6920FORMAT(IH 4 5XBCHSCHECULE 40 PIPE THICK ENQUGH FOR INTERNAL AND EXT

693
6930
6931

TERNAL PRESSURE ON JACKET SHELL /)
IF{TSEPJ~THEPJII694,6930,693C
IF(TSEPJ-THIPJ)IOF3]1,69£4696
WRITE QUTPUT TAPE 9,6932,THIPJ

6932UFCRMAT(IH ,5X92HSCHECULE 40 PIPE CAP TOC THIN FCR JACKET HEAC UNDE

694

IR INTERNAL PRESSURE. REGQUIREL THICKNESS IS F7.4, IX THINCHES./)
GQ TC 734
WRITE CUTPUT TAPE 9,695, THEPJY

695CFCRMAT(IH ,5X92HSCHECULE 40 PIPE CAP TOO THIN FCR JACKET HEAC UNDE

6950
696
6960

6961}

IR EXTERNAL PRESSURE. REQUIRED THICKNESS IS F7.u4, IX THINCHES./)

GO TC 734

WRITE QUTPUT TAPE 9,£696C

FCRMAT(IH 4 5X79HSCHEDULE 40 PIPE THICK ENQUGH FOR INTERNAL AND EXT
TERNAL PRESSURE ON JACKET HEAD //)

THEPJHTSERY

420
W21
422
423
L2y
25
426
42T
428
429
4 30
431
432
433
L3y
435
436
w37
438

w0
uit
uy2
uu3
yhl
uu5
TS
T
uug
uu9
450
451
u52
453
Y5k
455
456
us7
us8
459
h
noi
n62
463
Boh
465
B66
uo7
468
469
470
471
u72
473
§TYy
475
576
477
u78
479
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C

TSJHTSEPY
THJETSEPJ
6964 IF({CCI~2.%TS)~CCI-(2.#SPACE)IT7C30,720,720
697 I1F(TSEPJI~-TSIPI)E99,698,€98
698 TSJHTSEPY
Go 1O 7C0
699 TSIHTSIPY
700 DC 702 145,14
IFCTSY~-THIKET )70, 7C1,702
701 TSJETHIK(LD)
GC 10 703
702 CONTINUE
703 IF{(DCJ~-2.#T5J=D0)~{2.#SPACE))TL30,7CH, 70U
7030 LiALZ2+d
GC TC 641
TCH IF{TSEPI-TSIPIITOS,705,707
7C5 WRITE CUTPUT TAPE 9,7C6
TO6OFCRMAT(IH 4S5XS5UHJACKET SHELL THICKNESS CONTROLLED BY INTERNAL PRES
ISURE }
60 YO 709
707 WRITE CUTPUT TAPE 9,708
TOBCFORMAT{IH ,SXSUHJACKET SHELL THICKNESS CONTROLLED BY EXTERNAL PRES
ISURE )
TC9 IF{THEPU~-THIPJITL],7IC, 710
710 THJIHTHEPY
GC TC 712
711 THJHTHIPY
712 DC 714 [45,1u4
IF(THI-THIK(LY}T13,713,71h
713 THJIFTHIR(T)
IF(THI-TSUITIH, 715,715
714 CONTINUE
715 IF{THEP.=-THIPJITIB, 718,716
716 WRITE CUTPUT TAPE 94717
TITCFGRMATLIH , 5XS53HJACKET FEAD THICKNESS CCNTROLLED BY EXTERNAL PRESS
TURE /7)
GC T0 720
718 WRITE QUTPUT TYAPE 9,719
TIQUFCRMAT(IH o5X53HJACKET HEAD THICKNESS CCNTROLLED BY INTERNAL PRESS
tURE /7))
ENC THICKNESS
720 TELEPJH2.#TSJ
IF{TEIERPU~.25)721,721,722
72 TEIEPJH.2H
GG 10 724
722 IFITEIEPJ~1.)724,724,722
723 TEIEPJAIL.
724 DIJHC0J~2.#T5J
WEIGHTS AND COSTS
7240 WJSHOENSI#{SSLU=1,.5)#3,10159=10CI»DCY~-DIJ*DII)/ (L. »1728.)
725 WJEHCENSJI#TEIEPJ#3, 14159 (0IJn0IJ-DCeD0)/(L.n1T728.)
[F{THU=1.)726,727,727
726 WIHHCENSI#THJUw (DOJ+CCI/ 204342, 0RACKI/ 2,1 #u23, 1059/ (U.x)T728,)
7260 GC TC 728
T27TCWIHHCENS U THY# {CCU+DCI/28.4 342, #RACKI/ 3. 4THI ) nu223,14159/11728. %k
le)
728 ThJHWIS+WJIE+WIH
729 TWJIVATWV+THY
730 CCSTMIETWI#CMPPY
731 TCOSTRATWJIVHCFPP

480
gl
b82
483
L84
u8s
486
487
488
489
weao
uol

493
uou
495
46
497
498
499
500
501
502
503
50u

506
507
508
509
510
541

512
513%
Stu
515
516
517
518
519
520
521

522
523
524
525
526
527
528
529
530
531

532
533
534
535
536
537
538
539
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132
133
734

135

136

137

738
139

7390
7391
7392

1393
7394
740
L}
750

TCOSTMHCOSTMALCSTMY

TCOSTIATCOSTB+TCOSTM™
CWRITE CUTPUT TAPE 9,735,A5J,A6J,ATJ,TEMPJ,SSLRJ,0CJ,TSJ,CI1J,C0,
ITEIEPJ, THJ,RADHJ yRACKJI « SFLOENSJDENSQUILPINJZPEXJSEY
CFORVMAT{IH ,u4X2UHMATERIAL OF CONSTRUCTION 7X3A6/ S5X 13HDESIGN TEMP
IF F37.07 S5X 3uKSTRAIGHT SIDE/VESSEL STRAIGHT SIDE FI9.3/ 5X 20HQUT
2SICE DIAMETER IN. F34.4/ S5X I9HSHELL THICKNESS IN. F35.4/ 5X 20HEN
30 CUTSIDE DIAM IN. F2h.4/ 5X 19HEND INSIDE CIAM IN. F35.4/7 5X 7THE
UNC THICKNESS IN. F37.47 5X 1BHHEAD THICKNESS IN. F36.4/ 5X 20HHEAD
5 DISH RADIUS IN. F33.3/ 5X 23HHEAD KNUCKLE RACIUS IN. F30.37 5X24H
6HEAL STRAIGHT FLANGE LN. F28.2/ S5X 23HMETAL DENSITY LRS/CU FT F30.
737 5X 2UHMETAL OCENSITY LBS/CU IN. F3C.u4// 5X 28HDESIGN INTERNAL PR
BESSURE PSI F23.17 5% 28rDESIGN EXTERNAL PRESSURE PSI F23.1/ 5X 25H
IMCDULUS CF ELASTICITY PSI 22XEI1.5]
CWRITE QUTPUT TAPE 9,737 ,SJsWELCI s WIS WJEsWIH TWI o TWIV,CMPPJ,COSTMY
1+ TCCSTH,TCCSTRB, TCOSTI
CFORMATEIH 44X 22HMAX ALLOWABLE TENSILE STRESS PS1 Fi8.0/ 5X 26HKEL
1D EFFICIENCY DECLFRACT. F27.3//7 5X 19HWEIGHT OF SHELL L8S F34.3/ 5
2X 21HWEIGHT OF CONE END LBS F32.3/ 5X 18HWEIGHT CF HEAD LBS F35.3/
35X Z6HTGTAL WEILIGHT OF JACKET LBS F27.3/7 5X 33HTOTAL WEIGHT OF JACK
LET+VESSEL LBS F20.3// 5x 22HJACKETY METAL COST /08 F31.3/7 5X 20HJA
SCKET METAL COST 8¢ F33.3/7 5X Z27HJACKET+VESSEL METAL CQOST & F26.3/
65X 25HTCTAL FABRICATION COST 8 F28.37 5X 33HTOTAL UNIT COST{JACKE
TTH+VESSELY ¢ F20.3 /7)

WRITE QUTPUT TAPE 9,739
CFCRMATUIH JUX92H{JACKET END ASSUMED TC BE TWICE THE SHELL THICKNES
IS BUT LIMITED TO BETWEEN D.25 AND 1.0 IN.Y)

IF{JHEC)IT391,7291,7393

WRITE QUTPUT TAPE 9,7392

FORMATOIH ,uX UOH{JACKET CON STRAIGHT SICE OF VESSEL ONLY)}

GC TC 740

WRITE CUTPUT TAPE 99,7394

FCRMAT{IH 24X LCH(JACKET HAS ONE ASME TORISPHERICAL HEAD))
IF{JLCCIS97,597, 741

WRITE CUTPUT TAPE 9,521C,HSEPCJwTSRY

GC TC 597

ENC

540
541

542
543
54y
545
546
547
548
549
550
551

552
553
554
555
556
557
558
559
560
561
562
563
56U
565
566
567
568
569
570
57t
572
573

575
576



-35 -

APPENDIX F

Deck Betup for Central Data Processing Facility, ORGDP

*1D
*Charge
*TAPE (9, OUTPUT) (10, INPUT)
*DUMP *(1000, 77460, D)
*EXECUTE
*TYPE (BINARY)

(Binary Deck of Cards)
*DATA

List of inside diameters (first card)
List of outside diameters (second card)
List of thicknesses (third card)

(Data cards for vessel design)

Note: Fortran deck may be used by changing TYPE card to
FORTRAN and using Fortran deck.
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APPENDIX G UNFIRED PRESSURE VESSEL DESIGN DATA SHEET ORNL-LR-DWG 71757
warten o.M Ford REQUEST NUMBER: X X X X patE: 7/6/62. (SHEET 2 of 2)
Vessel Design Dato:
. Head- Modul s . Desi i
Capacity, free Sroisht | Syight of i Design Exrerne) iorerael
cu ft Ratio OD Ratio Fl(fnge, Elmﬂ.c;w' Tersile, Stress eoﬂ':P-. Pressure, Pressure,
in. . . .
1 1 1 u e - 39 et 49 s s
[T T T el TTAIS TTT T2l i T Isi [ [ Blel. [delolel T T T 1/l2lal#lal TT T3l TTTT TR TTT [Tk [
Metal Fabrication \E’inf Corrosion ’:i:r’;?ie Material .of Vessfl Dh:::?*‘y, D:‘::::,
Cost, Cost, Dec Allowance, Thickness Construction Identity tos/cy ft fhs/cy ine
/b $/1b Fract. in. Dec. ch; @ @ [} 3)
1 b4 17 21 26 31 49 57 &5
[ 11 1ollslsel TTT12l1slol lol.l8ldl.1/12[5d [o].[ol4] T T Tslal-laf#lol 1 [3lelale [ sls] elxdabdAda] TTT T Islold TTTTT11] [2]
Jacket Design Daoto:
M‘ S H . De 0 Mw | . J
Jot:kef Straight B':;we:)ce gﬂgn. lm’*s"l Design Ofu . rﬁmmm" Metal Weld
St | S PRI | | o
acket iD, psi psi psi psi Fract.
1 K n. 17|18 25 32 38 48 57 65 69
L Dol 7l LT ol lZd AT TT TIAL TT T lod [T 131024 T [2lelLZelole] [ 11 1/l2lgl4ldl 111 lol.[6lg lof. 18]/ 5]
Morerial.of Dh::s“i’:y, Dh:: :?'lY'
Com(r;;.vchan Ibs/cu ft Ibs/cu in.
1 19 (3) 27 (3)
[ [ TslAl-[2falo], [ [3le4le] [s[s| T E 1T [sfolg TTTTTT]T [4]
NOTES:
1. All decimal points ore coded to the extreme right of the field ond do not take up a spoce. However, a decimol point may be locoted in any other space and will override the printed point,
(See: Heod-straight flange in card No. 1).
2. Use any Fortran characters.
3. Only one density value required.
4, The final shell and head thicknesses of the vessel are selected from an internal list by selecting the next larger size. To allow o small overoge above ane std, thickness before choosing the
next lorger size, insert ollowable excess as decimal fraction of std. thickness.
5, Al four doto cords must be included for each vessel.
6. 1 If o jocket is to be designed, ingert *17,
7. H: |If a jocket is to have o head, insert "1". Jacket may have no more than one head.

_92-
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APPENDIX G (continued)

SHELL THICKNESS CONTROLLED 8Y ExTERNAL PRESSURE
HEAD THICDKNESS COnNTRUOLLED By EXTERNAL PRESSURE

VESSEL NUMBER EXAMPLE
MATERIAL OF CONSTRUCTION SA-240, 304L SS
NDESIGN TEMP F 32,
DESIGN CAPACITY C¢U FT 60,000
FREEBOARD RATIO .43
VESSEL VOLUME Cu FT 85,949
ONE HEAD DISH VOLUME GAL 25,06
STRAIGHT LENGTH /QuTSIDE DIAM 2.500
OUTSIDE DIAMETER 1IN, 42,0000
SHELL THICANESS N, §.6250
SHELL LENGTH 1IN, 102.080
HEAD THICKNESS IN. 0.6250
MEAD DIsH RADIUS IN, 40,000
HEAD KNUCKLE RADIUS 1IN, 2,220
HEAD STRAIGHT FLANGE IN, 130
welGHT OF SHELL LBS 2402.49 1
welGHT OF ONE HEaD |LBS 333,805
TOTAL WEIGHY OF VESSEL LRBS 3p70.100
METAL NENSITY LB PER CU F7T 201,000
METAL DENSITY wa PER CU N, LA
DESIGN gxTERNAL PRESSURE PSI 95.0
DESIGN INTERNAL PRESSURE PSI 20.0
MODULUS OF ELASTICITY PRSI N.26700E 08
MAX ALI.OWABLE TENSILE STRESS PSI 12648,
CORROSTION ALLOWANCE IN, De1250
ALLOWANCE OVER S§TD THIK, DEC,FRACT, 0.0400
WELD EFFICIENCY DEC.FRACT, 0.800
METAL COST § PER LB 0,6500
FABRICATION COST $ PER LB 2.5000
METAL COST TOTAL § 1995,565
FABRICATION COST TOTAL % 7675,250
TOTAL uUNIT cOST & $670,.,815

(THE ABQVE CALCULATION IS FOR ASME TORISPHERICAL HEAD)
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APPENDIX G (continued)

JACKET FOR VESSEL NUMBER EXamPLE

JACKET SHELL THICKNESS CONTROLLED BY EXTERNAL PRESSURE
JACKEY HEAD THICKNESS CONTROLLED BY INTERNAL PRESSURE

MATER]AL OF CONSTRUCTILON SA-240, 304L SS
DESIGN TEMP F 312,
STRAIGHT SINE/VESSEL STRAIGHT SIDE 0,750
OUTSIDE DIAMETER 1IN, 48,0000
SHELL THICKNESS [N, Ds2500
END OUTSIDE DIAM [N, 47.5000
END INSIDE DIAM N, 42,0000
END THICKNESS IN, 3.5000
HEAD THICKNESS IN. 3.3750
HEAD DISH RADIUS N, 42,000
HEAD KNUCKLE RADIUS IN, 2.880
HEAD STRAIGHT FLANSE 1IN, 1450
METAL DENSITY LBS/CU FT 501,000
METAL DENSITY LBS/CU 1IN, =0
DESIGN INTERNAL PRESSURE PSI Byueo
DESIGN EXTERNAL PRESSURE PSI 5.0
MODULUS OF ELASTICLITY PS] B+26700E U8
MAX ALLOWABLE TENSILE STRESS PSI | 2B41,
WELD EFFICIENCY DEC.FRACT, 0.800
WEIGHT oF SHELL LBS B39,954
WEIGHT OF ONE END LBS 56,045
WEIGHT oF HgAD LRS 257,558
TOTAL WEIGHT OF JaCKET LBgSsS 113,557
TOTAL WwEIGHT OF JACUKET+VESSEL LBS 4223,657
JACKET METAL COST %/LB 0650
JACKET METAL COST % 749,82
JACKET+VESSEL METAL COST % 2745,377
TOTAL FABRICATION COST ¢ 10599,143
TOTAL UNIT COST(JACKET#VESSEL) & 13304,527

(JACKET END ASSyUMED TO BE TWICE THE SKELL THICKNESS BUT LIMITED
TO BETWEEN 0,22 AND 140 INe) (JACKET HAS ONE ASME TORISPHERICAL HEAD)
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