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AN IBM 7090 FORTRAN PROGRAM FOR AS:ME UNFIRED PRESSURE 
VESSEL DESIGN AND PRELIMINARY COST ESTIMATION 

C. E. Prince 
.R, p, Milford 

ABSTR.I\crI.' 

An IBN 7090 Fort.ran program was written for the prelim-

inary and cost estimation of unfired. pressure vessels 

with or without a jacket" Both vessel and jacket designs 

conform to the 1959 ASME Boiler and Pressure Vessel Code) 

Se~tion VIII) Unfi.red 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 

Tb.e design of an unfired. pressure vessel under external pressure 

using the ASME Code is a trial and error process involving several cal

culations and the use of charts. This process can become tedious and 

tLm.e 'consuming if several vessels are to 'be designed.. 1'he increaSing 

':tvailabili ty a.nd use of modern h:igh speed computing machines have re

d:ueed the time and effort required for pro'blems of a similar nature to 

a minimum. With this in mind) a Fort.ran program was written for use 

with the IBM 7090 computer which will make the necessary design and 

cost estimation calculations for these vessels. 

DESIGN EQUATIONS AND CALCULATION TECHNIQUES 

'T'he calculations in this program are eonsi.stentwi th the rules set 

forth in the 1959 edition of the AS:ME Boiler and Pressure Vessel Code) 

section VIII) U:c.fi.red Pressure Vessels) for the calculation of wall and 

head. thickneps of thin sb.elled. vessels subjected to internal or exter

nal preseur'e. Schematic d.iagrams in Figo 1 ana. Fig. ? show the type 

vessels this p:rogramwtll d.esign. 
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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-l (1), the equation used for determining the 

shell thickness was: 

+ 
" 

P R 
o 

8E + 0, 4 P , 

\'ihere 

t minimum required thickness of shell plates, exclusive of 

corrosion allowance, 

P design pressure, pounds per square inch, 

R 
o 
8 

E 

outside radius of shell course, 

maximum allowable stress value, pounds per square inch, 

efficiency of longitudinal welded joints (Par. DW-12). 

seamless shells; use E l.o. ) 

(1) 

(For 

From Par. u8-4 (d), the equation for calculating the head thickness 

of an A8ME type (torispherical) head ,vas: 

t 

where 

8, 

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, 

E same as in Equation (1) . 

Extp rnal Pressure 

(2) 

The charts in Appendix V of Ref. (1) show the relationship of ratio 

of the compressive stress to tangent modulus of elasticity (8/E) to the 

d.imensional ratios of length to outside diameter (LID) and thickness to 

Qu.+,eide diameter (tiD), 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 LID 
ratios of 0.8 and 4.0. Vessels in this area are below the critical 

length and failure takes place at the 

be constant. These curves can be 

stress which is assumed to 

by the following equation, 

Ref. (2): 

s 

\]here 

1. 30 (tiD) L 5 

LID - 0.45 (t/D)0.5 

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 diameter, 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. 

Also shown on the chart are the 

the material itself, These may be 

that are dependent upon 

by the equation, Ref. 

(2) : 

(4 ) 

where 



( 5 ) 

of 

to 

and 
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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 

4), psi 

factor of 

The thicknesses of ASME type heads are calculated from eQuations 

and (6) . EQuation (5) was developed from the charts in Appendix V 

ReL (1) and eQuation (6) from the same reference and its similarity 

equation ( 4), Ref. (1) : 

(6) 

where 

S, E, and P are the same as in eQuation (4), 
inside spherical radius of the head, 

th minimum head thickness, exclusive of corrosion allowance, 

in inches 0 

To d.etermine the reQuired shell or head thickness for a given set 

of conditions, S/E values are calculated with a thickness of 

1/64 in. and increasing the thickness by 1/64 in. until the S/E value, 

based on the geometry of the system, exceeds the 

pressure of the system. 

Jacket Design 

'rhis program will design two types of vessel 

value based on the 

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 calculations are the 

SEl.me as for the vessel. Connection of the jacket to the vessel on the 

end opposite the ASME head and on both ends of a side jacket 
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Straight Side 
length 

UNCLASSI FI ED 
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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 
00 apart. 

Fig. 3. Jacket types. 



is accomplished by -welding to a -washer type ring The thickness of 

this ring is taken as t-wice the jacket shell thickness. Ho-wever, a 

lo\·rer limit of 0, in. and an upper limit of LO in. vJere assigned to 

this thickness. 

A program flo-w diagram is given in Appendix C and a program card 

listing in Appendix D. Sample data sheets and deck setup are given 1n 

Appendices E and F, respectively. A sample problem sho-wing input and 

output is in Appendix G, 

LIMITATIONS AND ASSU~WTIONS 

Outside Diameter Range 

The range of vessel outside diameters is from 5.563 inches (5 in. 

NPS Sch. 40 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 l:'st. A jacket on the straight 

side of the vessel only does not have to match a head and therefore s 

not restricted. 

Metal Thicknesses 

After the addition of corrosion allo-wance, the final thickness is 

chosen as the next greater slze from an internal list of standard thj_ck-

. ~1esses supplied in the third data card. Ho-wever, 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 allo-wable 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 ability of that thickness to vii thstand the design 

pressures. Corrosion allo-wance is not considered for the four 

sizes. 

Freeboard Ratio Variation 

The initial volume estimated is based on 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 oed, is selected for the 

vessel. This -will increase the freeboard ratio slightly above its in

put value. 
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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 jacket. 

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 yalues--the head dish volume, the head dish 

radius and the head knuckle radius--are printed as output and can be 

compared to manufacturer!s literature. The inside depth of dish 

of the head--not printed as output---was estimated from the equation, 

y ~ 0.1545 X +1.4158, 

-which -was obtained by plotting the inside dish depths versus outside 

diameter and dra-wing a straight line through the field obtained. This 

development is sho-wn 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 jacket 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 '" (0.64) 1. d. 3 

v = volume in U.S. gallons, 

i.d. = inside diameter in inches, 

0.64 = constant obtained by averaging eight selected heads using data 

from Buffalo Tank Corporation, Ref. (5)· 
The head -w'eights were estimated from equations obtained on p. 32 of 

( 4) . 

(8) 
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All pipe cap dimensions used 'Were taken from Ref. (3) and represent 

standard type caps rather than ASME torispherical caps. This 

'Will result in a conservative estimate of required thickness of about 

13~ (based on calculations 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 or 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 the thickness determined by the program 

and compared to the pressure. This is recommended for any design 

as a final 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 ratios belo'W 100. 



• 
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Variable Name 

A 
Al, A2 
A5, A6, A7 

A8, A9 
A5J, A6J, A7J 

Bl 

CMY 
CFPP 

• CMPP 
CMPPJ 
COR 
COSTB 
COSTM 
COSTMJ 
DENS 
DENSJ 
DENSQ 
DENSQJ 
DI 

DIH 
DIJ 
DIS 
DO 

DOJ 

DOJEP 

E 
EJ 
FBR 

H 
HSEPC 

HSEPCJ 

• 
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APPENDIX B 

List of Variables Used in Calculations 

Variable 

Used to float index 
Working value of thickness, in. 
Used to input material of construction 

of vessel 
Vessel identification 
Used to input jacket material of con-

struction 
Working value of head thickness, in. 
Working value of shell thickness, in. 
Design capacity, cu ft 
Cost of fabrication, $/lb 
Cost of vessel metal, $/lb 
Cost of jacket metal, $/lb 
Corrosion allowance, in. 
Cost to fabricate $ 
Cost of vessel metal, $ 
Cost of jacket $ 
Vessel metal density, lb/cu ft 
Jacket metal density, lb/cu ft 
Vessel metal density, lb/cu in. 
Jacket metal density, lb/cu in. 
Working value of vessel shell inside 

diameter, in. 
Inside diameter of head, in. 
Inside diameter of jacket shell, in. 
Final vessel shell inside diameter, in. 
Working and final vessel outside dia-

meter, in. 
Jacket outside diameter (working value 

under internal pressure and final 
value), in. 

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

Vessel metal modulus of psi 
Jacket metal modulus of psi 
Freeboard ratio, (vessel volume/design 

volume) 
Vessel shell length, in. 
Unsupported vessel shell length used in 

required thickness calculation, in. 
Unsupported jacket shell length used in 

required thickness calculation, in . 



APPENDIX B (continued) 

Variable Name 

I 
J 

JHED 

JLO") 

K, L, L1, L2 
PEX 
PEXJ 
PIN 
PINJ 
Ql, Q2, Q3, Q4 

RADH 
RADHJ 
RADK 
RADKJ 
RK2, RK3 
RK2J, RK3J 
BLOD 

S 

SJ 

SEGH 
SEGHJ 
SEGS 
SEGSJ 
SEPH 
SEPHJ 
SEPS 
SEPSJ 
SF 
BPACE 

SSL 
SSLJ 
SSLRJ 
TCOST 

TCOS'I'B 
~'COSTM 

TCOSTI 
TEIEPJ 
TEMP 

Variable 

Index or integer value 
Input - if vessel is to have a jacket, 

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

ble is "one" 
Internal equivalent of a sense switch, 

set if jacket L/o.d. is greater than 4 
Index value 
Design external pressure for vessel, psi 
Design external pressure for jacket, psi 
Design internal pressure for vessel, 
Design internal pressure for jacket, psi 
Working values used in average calcula-

tions (see 41, 486) 
Vessel head spherical dish radius, in. 
Jacket head spherical dish radius, in. 
Vessel head knuckle radius, in. 
Jacket head knuckle radius, in. 
Working values vessel knuckle radius, in. 
Working values jacket knuckle radius, in. 
Vessel straight side length/outside dia-

meter 
Maximum allowable stress in vessel metal, 

psi 
Maximum allowable stress in jacket metal, 

psi 
S/E due to geometry of head, vessel 
S/E due to geometry of head, jacket 
S/E due to geometry of shell, vessel 
S/E due to geometry of shell, jacket 
S/E due to pressure on head, vessel 
S/E due to pressure on head, jacket 
S/E due to pressure on shell, vessel 
S/E due to pressure on shell, Jacket 
Length of head straight flange, in. 
Min. space between jacket i.d. and ves-

sel o.d., in. 
Vessel straight side length, in. 
Jacket straight side length, in. 
SSLJ/SSL 
Cost of vessel only (metal + fabrica-

tion), :I; 

Total fabrication cost, :I; 

Total metal cost, :I; 

Total unit cost, :I; 

Thickness of end plate, in. 
Design temperature for vessel, of 

f 



APPENDIX B (continued) 

Variable Name 

TEMPJ 
·TH 

THC 

'.rHCAST 

THEP 

THEPJ 

THIP 

THIPJ 

THJ 
TS, TSC, TSCAST, 
TSEP, TSEPJ, TSIP, 
TSIPJ, TSJ 
TSEPJI 
TWJ 
TWJV 

TWV 
VOHD 
VOLH 

ITT 
VTl 

VT2 
WELD 

WELDJ 

WJE 
WJH 
WJS 
WTH 
WTS 
WTSR 

WTSRJ 

XSIJ:1A 

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 
The following 

counterparts of 

thickness, in. 
variable are shell 

above head values 

Jacket - Sch. 40 NPS thickness, in. 
Weight of jacket, Ibs 
Total weight of unit (vessel plus jacket), 

Ibs 
Weight of Ibs 
Volume of one head dish, gal 
Volume of two caps (not including 

straight ), cu ft 
Total volume of cu ft 
First estimate of total volume of ves-

sel, cu ft 
Ratio of VTl!VT 
Weld efficiency, ves decimal frac-

tion 
Weld efficiency, jacket, decimal frac-

tion 
Weight of one end, Ibs 
Weight of one jacket head, Ibs 
Weight of jacket Ibs 
Weight of one vessel head, Ibs 
Weight of vessel Ibs 
Distance from head weld to first stiffen-

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

ing ring, jacket, in. 
Excess thickness allowable above a 

standard size before requiring 
the next standard thickness, 
expressed as a decimal fraction of 
the standard size 
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Set Length of 
Shell for 

Calculations 

Yes 

Yes 

203 Set Head Radi us, 
Thickness, Volume 

A 

*Fortran Statement Number 
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Input 
Diameters and Thicknesses 

Calculate Vessel Volume, 
I. D., and Requ ired O. D. 

Is No 

UNCLASSI FI ED 
ORNL-LR-DWG 71758 

Length/O.D. >-----------, 
>4 

2026 

Set Length of 
Shell for 

Cal cu lations 

No 
00 < 10.75 :>------..., 

208 

SHEET 1 OF 7 

APPENDIX C 

PROGRAM FLOW DIAGRAM 

Calculate Shell 
Thickness due 

to External 
Pressure 

B 

" 
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A 

211 Calculate Shell 
Th ickness under 

Requ ired Externa I 
Pressure 

Is 
Pipe Shell 

Thick Enough 
under External 

No 

Print: 
Output 
Formal 

Go To 
"I nput Data" 

(\0) 

Print: 
Output 
Format 

Go To 
"Input Data" 

(10) 

Yes 
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No 

306 

Yes 
320 

No 

C 

SHEET 2 OF 7 

B 

Shell Thickness 
due to External 

Pressure 

UNClASSI FI ED 
ORNl-lR-DWG 71759 

Does 
Thickness Exceed 

Internal list Range 

Pri nt: 
"Shell Thickness Too 

Small" 

Determine Head 
Spherical Radius 
of Selected 00 

Calculate Head 
Thickness due to 
External Pressure 

Does 
Thickness Exceed 

Internal list Range 

Print: 
"Head Thickness Toe 

Small" 



404 

Yes 

Go To 
"Input Data" 

(10) 

406 
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C 

400 
Thickness due 

to Internal Pressure 

4001 r-s;t. Head Knuckle 

403 Calculate Head 

Yes 

Does Shell 
Thickness Exceed 

Sch 40 Pipe 

Thickness due to 
Internal Pressu~ 

Thickness Less 
than Shell Thickness 

due to Internal 
Pressure 

No 

405 

OD '£ 10.75 

No 

Print: 

No 

420 

No 

Pri nt: 

UNCLASSIFIED 
ORNL-LR-DWG 71760 

Does Internal 
Pressure Control 
Shell Thickness 

Yes 

Print: 
"Pipe Thickness 

OK" 
"External Pressure 

Controls Shell" 
"Internal 

Pressure Controls 
Shell" 

D 

E 

SHEET 3 OF 7 

• 
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Pri nt: 
"Required 
Thickness" 

Go To 
"Input Data" 

(10) 

490 Set Pipe and 
Cop Size to 
Std. Sch 40 

Print: 
"Vessel Sch 

40 Pipe" 

D 

Does 
Head Thickness 
Exceed Sch 40 

Pipe 

Yes 
480 
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No 

Pri nt: 
"Externa I Pressure 

Contra Is Head" 

OD < 

4800 ,--_--L __ -, 

500 Calculate Vessel Volume, Freeboard 
Ratio, Weights, and Costs 

Print: 
Vesse I Resu Its 

F 

SHEET 4 OF 7 

E 

I nterna I Pressure 
Control Head 

UNCLASS1FI ED 
ORNL-LR-DWG 71761 

Yes 



597 

Go To 
"Input Data" 

(10) 

No 

Shell Thickness 
602 due to Internal 

Pressure 

604 Shell Thickness 
due to External 

Pressure 

No 
Does 

Internal Pressure 
Control Shell 

G 

Yes 

H 

No 
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F 

520 

L!OD > 4.0 

590 

No 

Jacket 
Design? 

Pri nt: 

Yes 

Print: 

UNCLASSIFIED 
ORNL-LR-DWG 71762 

"Distance Between 
Stiffening Rings" 

"Jacket for Vesse I " 

6001 

601 Does 

Jacket Cover 
Vessel Head 

630 Shell Thickness 
due to Internal 

Pressure 

635 

OD < 10.75 

/ 
Set Thi ckness Equal 
to Sch 40 Pipe; Set 
Heat Spherical Dish 

No 

Radius 

SHEET 5 OF 7 



G 

Print: 
"External Pressure 

Controls Shell" 

613 

H 

Print: 
"Internal Pressure 

Controls She II" 

Go To 597 
"Clear All Variables I. 

No 

Print: 
"Required Thickness" 

Go To 597 
"Clear All Variables" 

Yes 

Is 
Requ ired Th i ckness 

'£ Sch 40 Pipe 
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Yes 

652 

641,-----~L-----~ 

Set Shell Length; OD; 
Calculate Thickness due 

to External Pressure 

Is 
Min. Space 

Requirement 
Satisfied 

UNCLASSIFIED 
ORNL-LR-DWG 71763 

No 

Yes 

OD ~ 10.75 
No 

Yes 

679 

~~~'-----
! Set Head Spherical 
. Dish Radius 

Calculate Head 
Thickness due to 
Internal Pressure 

J 

SHEET 6 OF 7 



No 

Pri nt: 
"Required 
Thickness" 

Go To 597 
"Clear Variables" 

Is 

She I~e~~~e~ap < 
Sch 40 Pipe 

Yes 
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J 

680 Calculate Head 
Thickness due to 
External Pressure 

UNCLASSIFIED 
ORNL-LR-OWG 71764 

687 Choose Contro II i ng 

Yes 

Shell and Head Thicknesses 

720 

7240 

Print: 
"Contro II i ng Pressures 

for Shell and Head" 

Go To 597 
"Clear Variables" 

Note: Program Ends After All Data Has Been Read. 

SHEET 7 OF 7 

10 
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UNFIRED PRESSURE VESSEL DESIGN DATA SHEET 
APPENDIX E 

UNCLASSIFIED 
ORNL-LR-DWG 71756 

'NRITTEN REQUEST NUMBER DATE (SHEET 1 OF 2) 

Control Cards: 

5 

[UTI I I I I I I [ I I I I I [ I I I I ITTTTTT I I [ I LLLLLL I I I I I I I I I I I I I [ I [ I [ [ [ I [ I [ I [ [ I I I [ I 

11~lvl.v\lrl 1(1.lvlvlvl,I,[iJ .. loluIJDlduLUuLUTTTIOJlLLW] ITTTTTIII11ITTTTTTIIIII IIIIII111 

NOTES, 

I. ID, SHOULD HAVE JOB DESCRIPTION OR TITLE, NAME, AND ADDRESS. 

2. CHARGE: 4-DIGIT NUMBER SUPPLIED BY COMPUTER OPERATIONS. 

3. DUMP, ADDITIONAL TYPES OF DUMP MAY BE SPECIFIED. 

4. TYPE, IF FORTRAN DECK IS TO BE RUN, CHANGE BINARY TO FORTRAN. 

5. SETUP, PLACE THESE CARDS IN FRONT OF BINARY DECK (OR FORTRAN) IN 
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. 

I 
I\) 
UJ 

I 
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APPENDIX E (CONT'D) 

WRITTEN BY, 

Vessel Doto, 

Capacity, 
cu It 

Jacket Design Dota: 

Jacket Straight 
Side/Vessel 
Straight Side 

free 
Board 
Ratio 

Min. Space 
Between 

Vessel OD and 
Jacket 10, 

Materiol of 
Construction 

(2) 

NOTES: 

Straight 
Side/ 

OD Ratio 

De,ign 
External 
Pressure, 

psi 

Metal 
Density, 
Ibs/cu ft 

(3) 

UNfiRED PRESSURE VESSEL DESIGN DATA SHEET 

Head
Straight 
Flange, 

Modulu. 

in. 

of 
Elasticity, 

Design 
Internal 
Pressure, 

psi 

Metal 
Density, 
Ibs/cu in. 

(3) 

psi 

Design 
Temp., 

OF 

I" 

REQUEST NUMBER, 

Maximum Design 
Allowable Temp., 

Tensi Ie, Stress of 
psi 49 

Modulus Maximum 
of Allowable 

Elasticity, Tensne, Stress 
psi psi 

Design 
External 
Pressure, 

psi 

DATE: 

Metal 
Cost, 
$/Ib 

Design 
Internal 
Pressure, 

psi 

Weld 
Eff., 
Dec. 

Froet 

.J 

K6 

6 

UNClASSIFI ED 
ORNl-lR-DWG 71757 

3 

4 

l. All decimal paints are coded to the extreme right of the field and do not take up a spoce. However, a decimal point may be located in any other spoce and will override the printed point. 
(See: Heod-stroight 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 a small overage above one std. thickness before choosing the 

next larger size, insert allowable excess as decimal fraction of std. thickness. 
5. All four dota cards must be included for each vessel. 
6. J: If Q jacket is to be designed, insert "11'. 
7. H: If 0 iacket is to have a head, insert "lit. Jacket may have no more than one head . 

I 
[\) 

+
I 
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APPENDIX D 
Listing of Fortran Deck 

C U~FIREC PRESSURE VESSEL DESIG~ PROGRA~, R.P. ~ILFORD, C.E. PRI~CE 0 
Oll'ENSICN DIAI(27),DIAOI27),TH[KII4) I 

IOREACINPUTTAPEIO,2,(CIAlll),INI,27),(oIAOI}I,IIII.27), 2 
I!Tt-'IK(II,IIII,14) 3 

2 FCR~ATI27F2.o/4F5.3,23F2.0/14F4.4) 4 
C 9 REAC IN CATA 5 

IDCREAC INPUT TAPE IC,JI,ICAPy,FBR,RLOD,SF,E,$,TEMP,PEX,PI~.CMPP,CFPP 6 
1,~ELC,CCR,XSTA.A5,A6,A7,A8,A9,0E~S,DENSC,SSLRJ,SPACE,JHED,PEXJ,PIN 7 
2J,TE~PJ,EJ.SJ,CMPPJ,~ELCJ,J,A5J,A6J,A7J,OENSJ,OENSCJI 8 

IICFCRPAT(FIC.D.F5.0,FB.D,F5.0,EID.D,FIC.O,F6.0,F8.o,F 8.01 9 
IF8.C.F8.0.F4.O,F5.0,F5.C.3A6,2A4,F8.C.F8.0/FB.O,FB.0.11 ,F7.0,F7.0, 10 
2F6.[.EI8.o,F9.C,F8~0,F4.n,Il/jA6,F8.0,F8.01 II 

C 12 CALCULATE VESSEL VOU.:ME 12 
VT/ICAPY-FBR 13 

C 99 SELECT INSLOE DIAMETER FOR REQUIRED VCLUME 14 
ICn OC1991111,27 15 

DII/CtAI! II 16 
SSL#CI*RLOD 17 
VT J /I 3.14 I 59 *0 1** 2*$ S LI I 172 B. *4. ) + I .2 B *D} ** 3/1 I 728. * 7 .481 ) 1 B 
IFIVT-VTIIICI,IC2,IC3 19 

10IOIl/DIAIII-I) 20 
IC2 GCTC20C 21 
IC3 VT2/1VTl/VT 22 

IF(VT2-C.97) 199,2CC,20C 23 
199 CONTI~UE 24 

CI990 SELECT ~EXT GREATER STA~OARC OUTSIDE DIAMETER 25 
200 002011111,27 26 

DOIICIAC!I) 27 
IF(CO-CI)201,202,2C2 28 

201 CONT INUE 29 
C2010 SET LFNGTH Of SIDE FOR lSE IN CALCULATIONS 30 

202 SSLIICC*RLOC 31 
2020 HIISSL-3. 32 
2C21 IFIRLOC-4.12022,2C22,2024 33 
2022 HSFPCIISSL+2.*(.1545*CO+I.14581/3. 34 
2023 Gt TO 2026 35 
2024 H~EPCI/4.*DO 36 
2025 WTSRUHSEPC-I.5-1.1545*CC+I.14SEI/3. 37 
2026 IFICO-IC.751203,207,208 38 

C2027 IF VESSEL IS PIPE, SET SHELL THICK~ESS EQUAL TO SCHEDULE 40 PIPE, 39 
C2C28 ALSC SET HEAD CISH RADLlS A~C VCLUME. 4n 

203 IFICO-6.6251204,205,206 41 
2[14 TSEP#THIKlll 42 

RACb#4.42 43 
VCU"I/.~2.8/1728. 44 
RACK#.A4 45 
GCTC211 46 

205 TSEP#TrIKI21 47 
RAOr#5.31 48 
VCLrN67.8/1728. 49 
KACKIII.OJ 50 
GOTC211 51 

206 TSEPI/THIKI31 52 
R4C .... 1I6.98 53 
VCLrNI47./1728. 54 
RACKNI.j3 55 
GOTC2 I I 56 

207 TSEP~THIK(4) 57 
RACr1/8.77 58 
VCLr#354.8/1728. 59 
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APPENDIX D (continued) 

RACK III .67 60 
C 210 CALCULATE S/E VALUES BASED ON GEOMETRY OF SYSTEM AND PRESSURE TO 61 
C21CO SEE iF SCH 4C PIPE IS ThiCK ENOUGH lNDER EXTERNAL PRESSURE 62 

21 I DC 2115 ltII,96 63 
AI#I 64 
AIIIAI*.015625 65 
SEGSIII.3*{AI/D01**1.5/(HSEPC/DO-.45*SQRTFIAI/D01) 66 
SFPSI/2.*PEX*DOIIE"Al) 67 
I F I S E G S- S E P S ) 2 I I 5, 2 I I 6, 2 I 16 68 

2115CCII<TlNUE 69 
2116IFITSEP-AI1212,3CO,3CO 70 

212 WRLTE CUT PUT TAPE 9,213,Al 71 
2130FOR~AT( 1~I,5X89HSCHEDULE 40 PIPE TOO THIN FOR VESSEL SHELL UII<DER E 72 

IXTERNAL PRESSURE. REQUIRED THICKNESS IS F7.4, IX 7HINCHES.III) 73 
214C"RITECUTPlJTTAPE9,215,AE,A9,A5.A6.A7,TEMP,CAPY,FBR,RLOD,DC,SF, 74 

IDEII<S,DE~SC,E,~,CCR.XSTA,WELC.CMPP,CFPP,PEX,PIN 75 
215CFOR~ATI IH .4X13HVESSEL NUMBER 28X2A4/5X24HMATERIAL CF CONSTRlCTION 76 

17x3A6/5X7HTEMP. F F43.0/5X21HDESIGN CAPACITY CU FT F31.2/~XI5HFREE 77 
2BCARD RATIO F37.2/5X3IHSTRAIGhT LENGTH TO OvTSIDF DIAM F22.3/5X16H 76 
30UTSIDE DLA~ IN. F37.3/5XBHS.F. IN. F43.1/5X26HMETAL DENSITY LB PE 79 
4R cu FT F27.3/5X27HMETAL DENSITY LA PER CU IN. F28.5/5X2IHMCCULUS 80 
50F ELAST. PSI 27XEII.5/5X32hMAX AlLCWAHLE TENSILE STRESS PSI Fl8.0 81 
6/5X23hCORROSICN ALLOWANCE IN. F31.4/5X35HALLGWANCE CVER STD THIK. 82 
7DEC.FRACT. F19.4/5X24H"ELD EFFICIENCY FRACTION F29.3/5X22HCOST OF 8~ 

BMETAL $ PER LB F32.4/5X22HCCST TO BUILD $ PER LB F32.4/SXI8HDESIGN 84 
9 EXT PRo PSI F34.2/5XI8hDESIGN INT PRo PSI F34.2) 85 

GeTCIC 86 
C208A CALCULATE WALL THICKNESS FOR A DIAMETER LARGER THAN 10 IN. PIPE 87 
C2C8B UNDER EXTER~AL PRESSURE 88 

208 DO 209 1111,96 89 
AliI 90 
TSEPNA .. C.015625 91 

2082 SEGSIII.3-(TSEP/D01".1.5/IHSEPC/DG-.45*SQRTF(TSEP/DCll 92 
SEPSN2."PEX .. DO/IE"TSEP) 93 
IF(SEGS-SEPSI2085,306,3C6 94 

2085 IF! 1-96)209,2086,2[86 95 
2086 WRLTE CUTPUT TAPE 9,20E7,A8,A9 96 
2C87 FOR~AT( IHI.5X4IHSHELL THICKHSS TOO SMALL FOR VESSEL NO. 2A4) 97 

209 COr-\! INUE 98 
GCTC306 99 

C 298 TEST SCH 40 PIPE CAP UNCER EXTERNAL PRESSURE FOR UP THROUGH 100 
C 29.9 10 IN. PIPE 101 

300 DC 3CO':) 1# I ,96 102 
A2#1 103 
A2I1A2".OI5625 104 
SEGH#.12*A2/RADH 105 
SEPHI/2.*PEX*RACH/IE .. A2) 106 
IFISEGH-SEPh}3C05,30C6.3006 107 

3C05 CCNT LNUE 108 
3C06 IFITSEP-A2)~Old007.30C7 109 
3[07 THEPNTSEP 110 

GC TO 4CO I I I 
301 WRITE OUTPUT TAPE 9dD2,A2 112 
3D20FOR~AT(IHI ,5X92HSCHEOULE 40 PIPE CAP TOO THIN FCR VESSEL HEAD UNDE 113 

IR EXTER~AL PRESSURE. RE~UIRED THICKNESS IS F7.4, IX 7HINCHES.III) 114 
303 GOT0214 115 

C 304 SORT DIAMETERS AND SET hEAD DISH RADIUS FOR DIA~ETERS LARGER THAN 116 
C 305 10 IN. PIPE 117 

3[6 IF(CO-48.}301,315,316 IIA 
307IFICO-12.1300,3l1dDfl 119 
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APPENDIX D (continued) 

308IFICO-24.)312,311,309 120 
3Q9 IF ( CO- 30. ) 3 J 3,3 1 J ,31 C 12 J 
310 IFICO-36.l313,311,313 122 
311 RACI-'#CC 123 

GCTC~20 124 
312 IF(CO-16.1313,314,313 125 
313 RADI-'I/CC-2.D 126 

GCTC32[, 121 
314 RACl-'liDO-I. 0 128 

GOTC 320 129 
315 RACHI/CC-6.0 130 

GCTC320 131 
316IF(CO-84.1311,311,311 132 
311IF(lSEP-0.513I),3l1dlfl 133 
318 RACH#CO-6.0 134 

C 319 CALCULATE HEAD TnLCKNESS FOR VESSEL DLA~ETERS LARGER THA~ 135 
C3190 10 IN. PIPE UNCER EXTERNAL PRESSURE 136 

320 DO 323 1#1,96 131 
TI-'FP#I 138 
THFPliTnEP*.CI5625 139 
SEGrI/0.12*THEP/RADH 140 

3221 SEPI-'#2.*PEX*RADH/IE*THEPI 141 
3222 IFISEGH-SEPI-'13223,324,324 142 
3223 IFII-96)323,3224,3224 143 
3224 WRITE OUTPUT TAPE 9,3225,A8,A9 144 
3225 FOR~AT( JHI,5X40HHEAC 1HICKNESS TCO S~ALL FOR VESSEL NO. 2A4) 145 

323 CCNTLNUE 146 
324 IFITHEP-TSEP)325,400.40[ 141 
325 THEPIHSEP 148 

C 399 CALCULATE THLCKNESS OF SHELL UNDER INTERNAL PRESSURE ALL OIA~ETERS 149 
400 TSIP/iIPIN*DC/2.I/IS*hELC+.4*PINl 150 

C400+ ESTI~ATF HEAD KNUCKLE RADIUS BASED C~ CCNTROLLING TI-'ICKNESS 151 
IF{CC-II.14C3,403.4CCO 152 

4000 RK2/i.06*DO 153 
4001 IF(lSEP-TSIP)4C04,4D02.4002 154 
4002 B611TSEP 155 
40C3 GC TO 4005 156 
4004 B6ltTSIP 151 
4[05 RK3li3.*B6 158 

IFtRK2-RK3)4D2.401.4CI 159 
401 RACKI/RK2 160 

GOTC4[3 161 
402 RACKNRK3 162 

C4029 CALCULATE HEAD THLCKNESS DuE TO INTERNAL PRESSURE 163 
4C) THLP#PIN-RACH*C.25*(3.+SQRTF(RADH/RACK)11/12.*S*WELC-.2*PINI 164 

IFITHIP-TSIP)404,405,4(5 165 
404 THIPtiTSIP 166 
405 IF(CC-IC.15J406,406.420 161 

C4058 CC~PARE REQUIRED S~ELL AND HEAD THICKNESS TO SCH 40 PIPE FOR 168 
C4[59 DlAfJETERS EQUAL TO OR LESS THAN 10 11'1. PIPE 169 

4[6 IFtTSIP-TSEPI401.401,qOe 110 
qC1 TS/iTSEP 111 

4010 WRLTECUTPUTTAPE9,4011 112 
401ICFCR~ATI IHI.5X10HSCHECULE 40 P(PE SHELL THICK ENCUGH FOR INTERNAL A 113 

INC EXTERNAL PRESSURE I) 114 
GOTC4C9 115 

408 WRITECUTPUTTAPE9.4C8C 116 
4080CFOR~AT(IHJ.5X56HSCHECULE 40 PIPE roo THIN FOR REQUIRED INTERNAL PR 111 

I ESSUREI! Il 118 
q08J WRITE OUTPUT TAPE 9.4082.TSIP 179 

t 
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APPENDIX D (continued) 

40820FCR/IATIIH ,4X24HRECUIREC Si-IELL Ti-ILCKNESS F30.4/1l 180 
GCTC214 IAI 

4C9IFITHIP-THEP14IC,41C,411 182 
410 TH#THEP 183 

41Cn WRITECUTPUTTAPE9.4JOI IB4 
4ICICFOR,...ATI1H ,SX68HSCHECULE 40 PIPE CAP THICK ENOUGH FeR INTERNAL AND 185 

I EXTERNAL PRESSLRE II) 186 
GCTC4HC 187 

411 WRlTEOUTPUTTAPE9.412 188 
4120FOR,...ATlIHI,SX6CHSCHEDULE 40 PIPE CAP TOC THIN FOR RE(~UIRED INTERNA 189 

IL PRESSURE/II} 190 
4120 WRITECUTPUTTAPE9,4121,T~IP 191 
4121 FOR,...Af( IH ,5X23HRECUIREC HEAC THLCKNESS24XF7.4} 192 

GOT0214 193 
C4198 CHOCSE CCNTROLLING THLCKNESS OF SHELL A~D HEAD FOR DIAMETERS 194 
C4199 GREATER THAN 10 IN PIPE 195 

420 IF(TSIP-TSEP142I,42I,422 196 
42 J TSIITSEP 197 

4210 WRlTEOUTPUTTAPE9,4211 198 
4211 FORf'AT(IHI.SX47HSHELL THICKtl.ESS CONTROLLED BY EXTERII.AL PRESSURE/} 199 

GOTC423 200 
422 TSIITSIP 201 

4220 WRITEOUTPUTTAPE9.4221 202 
4221 FOR,...ATI IHI,SX47HSHELL THICKNESS CONTROLLED BY INTERNAL PRESSLREI} 203 

423 IF(THIP-THEP}424,424,425 204 
424 THNTHEP 205 

4240 WRITECUTPUTTAPE9,4241 206 
4241 FORf'ATlIH .5X46HHEAD THICKNESS CONTRCLLED 8Y EXTERNAL PRESSURE/I} 207 

GCTC480 208 
425 THIITHIP 209 

4250 WRITEOUTPUTTAPE9.42~1 210 
4251 FOR/IATIIH ,5X46HHEAD THICKNESE CONTROLLED!:IY INTERNAL PRESSURE/I} 211 

480 IF(CO-IO.7S149C,490,48CC 212 
C48C~ ACC CORROSICN ALLOWANCE TO VESSELS OF GREATER THAN 10 IN. PIPE 213 

4800 TSCNTS+COR 214 
THC#TH+CDR 215 

C48C2 SELECT NEXT LARGER STANDARD THICKNESS OVER REQUIRED THICKNESS FOR 216 
C4083 BOT~ SHELL AND HEAO 217 

DC48jI#5,14 216 
IFITSC-THIK(L)}482.482,481 219 

481 QI#ITSC-THIK(I))/THlK(II 220 
Q2I1XSTA*THIK! I 1 221 

11811 LFIC2-(J)1482I,482,482 222 
482 TSCASTIlTHIK(ll 223 

GOT0485 224 
4821 IF(I-1414B,,1I822,1I822 225 
4822 TSCAST#TSC 226 

483 CC~TINUE 727 
1185 D0488INS,14 228 

IF!THC-THLKIL1)487,487,486 229 
486 Q3#(fI-'C-THIK(IlIITI-'IK(ll 230 

QI,IiXSTA"THIK(11 231 
4861 IF(C4-C3}4871,481.1I87 232 

487 THCAST#THLK(I} 233 
GCTC500 234 

4871 IF(I-1414S8,4872,4872 235 
4872 THCASTNTHC 236 

488 CCtl.TINUE 237 
GOT0500 238 

490 TSCASTNTS 239 



APPENDIX D (continued) 

THCASHTH 240 
49Cl WRITE OUTPUT TAPE 9,4902 241 
4902oFOR~AT( IH ,4Xl04HBASIS CF ANSWER IS SCH 40 PIPE wITH CORROSICN ALL 242 

IO~A~CE OF DIFFERENCE BETwEEN RECUIRED AND STC TH[CK~ESSII) 243 
C 499 CALCULATE F1NAL VESSEL VOLU~E AND FREEBOARD RATIO 244 

500 DISNDO-2.*TSCAST 245 
IFICC-IC.75150I,50I,502 246 

501 VTR~.14159*DtS •• 2*SSL/(4.*1728.)+VOL~ 247 
GCTC503 248 

502 DI~#CO-2.*THCAST 249 
5020 VTN~.14159*CIS**2*SSL/(4.*1728.)+1.28*DIH.*3/(1728.*7.481) 250 

5C3 FBRIiVTlCAPY 251 
C503+ CALCULATE WEIGHTS ANC COSTS 252 

5030IF(OENS)S031,5031,5C39 253 
5031 DENS#DE~SQ*1728. 254 
5039 WTSN3.14159*DENS*H*ICO*CO-OIS*OlS)/(4.*1728.J 255 

IF(THCAST-I.1504,50~.5[5 256 
504 WTHNCENS*THCAST*IDC+OO/24.+3.+2.*RACK/3.1.*2*3.14159/11728.*4~) 257 

GCTC506 258 
5[50WTHNDENS*THCAST*(DO+OO/24.+3.+2.*RADK/3.+THCAST)*.2*3.14IS9/11728. 259 

1*4.1 260 
506 TWVNWTS+2.*WTH 261 

CCST~#C~PP*ThV 262 
COSTBNCFPP*TWV 263 
TCOST#CCSTM+COSTB 264 

510 IFICC-10.7S)SII.511,512 265 
511 VOHD#VOLH*7.481/2. 266 

GCTOSI3 267 
512 VCHCU.64*IDIH/12.J**3 268 

C5129 WRITE CUT RESULTS 269 
513CWRITEOUTPUTTAPE 9,514,Ae,A9,AS,A6.A7.TE~P,CAPY.FBR,VT.VCHD.RLOD,DO 270 

I,TSCASr,H,THCAST,RADH,RADK,SF.WTS,wTH 271 
514CFCR~AT( IH ,4XI3HVESSEL NUMBER28X2A4/5X24HMATERIAL CF CONSTRUCTION7 272 

IX3A6/5XI3HDESIGN TEMP FF37.[IISX2/HOESLGN CAPACITY CU FTF32.3/SXI5 273 
2HFREEBOARD RATIOF37.2/SX20HVESSEL VCLUME C~ FTF33.3/5X24HONE HEAD 274 
3 DISH VOLUME GALF28.2/SX29HSTRAIGHT LENGTH IOUTSIDE DIA~F24.3/SX20 275 
4HO~TSIC~ u[AMETER IN.F34.4/5XI9HSHELL THICKNESS IN.F35.4/5XI6HSHEL 276 
~L LENGTH IN.F37.31~XI8HHEAD THICKNESS IN.F36.4/5X2CHHEAC DISH RADI 277 
6US IN.F33.3/5x23bHEAC K~UCKLE RADIUS IN.F3U.3/5X24HbEAD STRAIGHT F 278 
7LANGE IN.F2e.2/5X/9HwELGHT OF SHELL LBSF34.3/5X22HwEIGHT OF CNE HE 279 
8AC LRSF31.3) 2BO 

5IS0wRITEOUTPUTTAPE9,516.TWV.DENS,DENSQ,PEX,PIN,E.S,CCR,XSTA,wELD,CMPP 281 
I,CFPP,COSTM,COSTe,TCOST 282 

5160FCR~AT( IH .4X26HTOTAL ~EIGHT OF VESSEL LBS F27.31 5X26H~ETAL DENS I 283 
ITY LB PER CU FT F27.31 5X27HMETAL DENSITY LO PER CU IN. F27.41 5X2 284 
28HDESIG~ EXTERNAL PRESSLRE PSI F23. II Sx28HDESIGN INTERNAL PRESSUR 285 
3E PSI F23.11 5X2SHMCCULLS OF ELASTICITY PSI E34.51 5x32HMAX AlLOwA 286 
4BLE TENSILE STRESS PSI FI8.CI 5x23HCCRRCSION ALLOWINCE IN. F31.41 287 
55X35HALLCWANCE OVER STD THIK. DEC.FRACT. F19.41 SX26HWELC EFFICIEN 288 
6CY CEC.FRACT. F27.311 5XI9H~ETAL COST $ PER LB F3S.41 5X25HFABRICA 289 
7TICN COST $ PER LB F29.41 5XI9HMETAL COST TOTAL $ F34.31 5X25HFAB 290 
8RICATION COST TCTAl $ F2A.311 5XI8HTOTAL UNIT COST $ F35.3111) 291 

5160 WRITE OUTPUT TAPE 9,5161 292 
516IQFCR~AT( IH ,4X54H(THE AeCVE CALCULATICN IS FOR ASME TORISPHERICAL H 293 

IEAC)) 294 
520 IF(RLOD-4.1590,590,521 295 
521 WRITE CUTPUT TAPE 9,52IC,HSEPC,wTSR 296 
S2/0CFCR~ATI IH ,4X10CHTHE AeCVE RESULTS ASSU~E THAT STIFFENING RI~GS AR 297 

IE PLACEC NO GREATER THIN 4 OUTSIDE DIA~ETERS APART! F7.3,IX 7HINCH 298 
2ES1I 5X 98HAND ALSO NO FURTHER THAN 4 CUTSIDE DIAMETERS MINUS (1.5 299 

• 
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APPE:fjlJIX D (continued) 

C 

C 
C 

c 

3+1/3 ~EAD lOCI FROM THE HEAD-TO-SHELL kELDI F7.3,IX 7HINCHES») 
590 IF(J1597,597,6CO 
597 DO 598 1#15,134 
598 THIK(IJIJO. 
599 GC TO IC 

JACKET DESIGN CALCULATIONS 
600 WRITE OUTPUT TAPE 9,600C,A8,A9 

6000 FCR~ATI IHI,5X2EHJACKET FOR VESSEL NU~BER 
60CI IF(DENSJ)6002,6CC2,6CI 
6C02 DFI\SJIIDfNSQJoll28. 

60IIFIJHED)601I,6CII,63C 
JACKET ON STRAIGHT SIDE Of VESSEL ONLY 

2A4/11l 

6011 
602 
6C3 
604 

JACKET SHELL THICKNESS, INTERNAL AND EXTERNAL PRESSLRE 
DIJIIDC+2.oSPACE 

6040 
6041 
6042 
6043 
6044 

TSIPJII(PLNJ*CIJ/2.J/ISJoWELCJ-.6*PINJJ 
SSLJ~SSL*SSLRJ 
00 605 1111,96 
TSEPJIII 
TSEPJIITSEPJ*.015625 
DOJIIDIJ+2.*TSEPJ 
IF(SSLJIDOJ-4.)b045,6045,6o44 
SSLJII4.*OOJ 
HSEPCJIISSLJ 
JLOClil 
hTSRJIIC. 

6045 SEGSJIII.3*(TSEPJ/CCJI**1.5/ISSlJ/DOJ-.45*SQRTFITSEPJ/OOJ)) 
6C46 SEPSJII2.*PEXJ*DOJ/IEJ*TSEPJI 
6047 IFISEGSJ-SEPSJ)6C5.6C6,606 

605 CCf\. TINUE 
606 IF(TSIPJ-TSEPJI607,607,609 
607 TSJIiTSEPJ 

6070 WRITE OUTPUT TAPE 9,608 
608 FOR~AT(IH ,5X42HEXTERNAL PRESSURE CONTROLLING JACKET SHELL/) 

GC TO 61 I 
6C9 TSJIHSIPJ 

6090 WRLTE OUTPUT TAPE 9,610 
610 FOR~ATI IH ,5X42HINTERNAL PRESSURE CONTROLLING JACKET SHELL/) 

END THICKNESS 
611 TEIEPJII2.*TSJ 

IF ( TE I E P J- .25 ) 6 I 10, () I I 0 ,61 I I 
6110 TEIEPJII.25 

GO TO 613 
I FIT E I E P J- I • 16 I .3 , 6 I :3 , 6 1 I 2 
TEIEPJIII. 

61 J I 
6112 

C WFIGHTS AND COSTS FOR JACKET, AND JACKET PLUS VESSEL 
613 WJSIIDENSJ*SSLJ*3.14159*IOOJ*OOJ-DIJ*OLJ)/14.*1728.) 
614 ~JE#DENSJ*TEIEPJ*3.14159.(DIJ.CIJ-DO*CO)/{4.*1728.) 
615 TwJNWJS.2.*hJE 

C 
C 

616 TWJVNTWV+TWJ 
617 CCST~JIITWJ*CMPPJ 
618 TCOST8HTWJV*CFPP 
619 TCOST~IICCST~+CCSTMJ 
620 TCOSTI#TCOST~+TCOST~ 
t21 GC TO 734 

JACKEf wITH ONE HEAD 
JACKET SHELL THICKNESS CUE TO INTERNAL PRESSURE 

630 DOHOO 
LIlli 

631 DO 634 LlIlI,27 
L2#L 

300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
.335 
336 
337 
3311 
339 
340 
341 
.;42 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
35.1 
354 
355 
356 
357 
358 
359 
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APPENDIX D (continued) 

632 IFICCJ-CIAOIL»6~3,634,634 360 
633 DOJNDIACIL) 361 

TSIPJIIIPINJ-COJ/2.)/ISJ-WELCJ+.4-PINJl 362 
IF( IDCJ-2.-TS[PJ-DO)-12.-SPACEJ )634,641 ,641 363 

634 CCNTINUE 364 
C JACKET SHELL T~ICKNESS CUE TO EXTERNAL PRESSURE 365 

641 SSLJ~SSL-SSLRJ 366 
6410 DCJEPIIDO j67 

642 DO 649 1111,27 368 
6420IF(COJEP-CIAO(L»6421.649,649 369 
6421 DCJEPIlDIAOI I) 370 
6422 HSEPCJIISSLJ+(.1545*DCJEP+I.145el/3. 371 
6423 IFlhSEPCJ/DCJEP-4.J643,643,6424 372 
6424 HSEPCJ~4.-DCJEP 373 

WTSRJllhSEPCJ-I.5-(.1545.DOJEP+I.1458l/3. 374 
JLCCIII 375 

643 DO 644 KIiI,96 376 
TSEPJIIK 377 
TSEPJIITSEPJ*.015625 378 
SEGSJIII.3*(TSEPJ/DOJEPl--1.5/IHSEPCJ/DOJEP-.45*SQRTF(TSEPJ/DCJEP» 379 
SEPSJN2.-PEXJ-DOJEP/(EJ-TSEPJ) 380 
IF(SEGSJ-SEPSJ)644,645,645 381 

644 CONTINUE 382 
645 IF( (DCJEP-2.-TSEPJ-DO)-(2.*SPACE) )649.6450,6450 383 

6450 IFIAPSFICOJEP-COJ)-.5)652,6451,6451 384 
64'iIIFICCJEP-DOJ)649,6452,6452 385 
6452 DCJIIDOJEP 386 

TSIPJIIIPINJ-DOJ/2.)/ISJ-WELCJ+.4-PINJ) 387 
GC TO 652 388 

649 CCNTINUE 389 
C SET SCH 40 PIPE THICKNESS. PIPE CAP CISH RADIUS AND KNUCKLE RADIUS 390 

652 IFIOOJ-IO.75)6520,6524,657 391 
6520 IFICCJ-6.625l6521,6522,6523 392 
6521 TSEPJIIiTHIKII) 393 

RAC~JII~.42 394 
RACKJII.84 395 
GC TO 653 396 

6522 TSEPJIIITHLKI2J 397 
KADHJII5.31 398 
RACKJIII.OI 399 
GO TC 653 400 

6523 T~EPJ1I1THIKI3l 401 
RACHJI/6.98 402 
RACKJIII.33 403 
GO TO 653 404 

6524 TSEPJIIiTHIKI~l 405 
RACHJII8.77 406 
RACKJIII.67 407 

653 IFITSEPJ-TSEPJIJ656,656,654 408 
654 WRITE OUTPUT TAPE 9,655,TSEPJ 409 
6550FOR~ATI IH .5X89HSCHECULE 40 PIPE TOO THIN FOR JACKET SHELL UNDER E 410 

IXTERNAL PRESSURE. REQUIRED THICKNESS IS F7.4, IX 7HINCHES.J 411 
6550 GO TO 734 412 

656 TSEPJIITSEPJJ 413 
C HEAC THICKNESS DUE TO I~TERNAL PRESSLRE 414 
C SET UP CISH RADIUS AND KNUCKLE RADIUS 415 

657 IFICCJ-10.75)672,672,65E 416 
658 IFICOJ-4R.J659,667,668 417 
659IFIDOJ-12.)672,663,660 418 
660 I F I CO J- 24. ) 664,66.3,66 I 4 I 9 
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APPENDIX D (conti,nued) 

661 IF(COJ-30.1665,66.3.662 420 
66 2 1 F ( CO J- 36. '66 ':l , 66.3. 66 5 42 1 
663 KACHJHDCJ 422 

GC TO 672 423 
664 IF(CCJ-16.1665,666.665 424 
665 RADHJNDOJ-2. 425 

GO Te 6'2 1126 
666 RACI-JHDCJ-I. 427 

GO TO 672 428 
667 RADI" J HCC J- 6. 429 

GC TO 672 430 
668 IF{COJ-84.)669,663,663 431 
669 IF(TSEPJ-TSIPJ)670.671,671 432 
670 IF(TSIPJ-.5j66~f663.667 433 
671 IFITSEPJ-.5166~,663,667 434 
672 RK2JN.C6*OOJ 43~ 

6720 IF(CCJ-II.1679,679,673 436 
673 IF(TSEPJ-TSIPJ)674,67S,675 437 
674 RK3JH3.*TSIPJ 438 

GO TO 676 439 
675 RK3JN3.*TSEPJ 440 
676 IF{RK2J-RK3JI678,677,677 441 
677 RADKJNRK2J 442 

GO TO 679 443 
678 RACKJHRK3J 444 
679CTHIPJNPINJ*RADHJ*{.25*13.+SQRTFIRADHJ/RAOKJ})J/{2.*SJ*WELDJ-.2*PIN 445 

IJJ 446 
C TI"ICKNESS OF HEAD CUE Te EXTERNAL PRESSLRE 447 

681 DO 686 1#1,96 448 
HINI 449 
RIN8J*.OI5625 450 

682 TI-EPJNfll 451 
683 SEGhJN.12*TI-EPJ/RADHJ 452 
684 SEPI-J#2.*PEXJ*RADI"J/IEJ*THEPJ) 453 
6A5 IFISEGHJ-SEPHJJ686.687,687 454 
686 CCNTINUE 455 

C ChOOSE CONTROLLING ShELL AND HEAD THICKNESS 456 
687 IFICOJ-IO.7S)68B,688.697 457 
68H IF(TSEPJ-TSIPJ)689,689,691 458 
689 wRITE OUTPUT TAPE 9,69C,TSIPJ 459 
690crOR~ATI IH ,5X89HSCHECULE 40 PIPE TOO THIN FOR JACKET SHELL UNDER 460 

INTERNAL PRESSLRE. REQUIRED THICKNESS IS F7.4, IX 7HINCHES.) 461 
GC TO 734 462 

691 WRITE OUTPUT TAPE 9,692 463 
6920FOR~ATI IH ,5X8CHSCHEDULE 40 PIPE THICK ENOUGH FOR INTERNAL AND EXT 464 

IERNAL PRESSLRE ON JACKET SHELL IJ 465 
693 IF(TSEPJ-THEPJJ694.6930,693C 466 

6930 1 FIT S E P J- r H t P J J 693 I , 696 , 696 467 
6931 WRITE OUTPUT TAPE 9,6932,THIPJ 468 
69320FCR~AT(IH ,5X92HSCHECULE 40 PIPE CAP TOC THIN FCR JACKET HEAC UNDt 469 

IR INTEKNAL PRESSURE. RECUIREC T~ICKNESS IS F7.4, IX 7HINCHES./l 470 
GO TO B4 471 

694 WRITE CUTPUT TAPE 9,695,THEPJ 472 
695CFCR~AT(IH .5X92HSCHECULE 40 PIPE CAP TOO THIN FCR JACKET HEAC UNDE 473 

IR EXTERNAL PRESSURE. REQUIRED THICKNESS IS F7.4. IX 7HINCHES.I) 474 
6950 GO TO 734 475 

696 ~RITE OUTPUT TAPE 9,696C 476 
6960 FCR~AT(IH ,5x79HSCHECULE 40 PIPE THICK ENOUGH FOR INTERNAL AND EXT 477 

IERNAL PRESSURE ON JACKET HEAD II) 478 
6961 TI-'EPJIHSEPJ 479 
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APPENDIX D ( 

C 

TSJ/lTSEPJ 
Tf-,JIHSE PJ 

6964 IF((COJ-2.-TSJ-CC1-(2.-SPACEIJ7C30.720.720 
697 IF(TSEPJ-TSIPJI699,698,t98 
69t1 TSJIITSFPJ 

GO TO 7[0 
699 TSJIHS I PJ 
700 DC 702 Ili5,14 

I F ( T S J- T H I K I I I ) 70 1 • 1 [ I , 102 
701 TSJNThlKIl J 

GC TO liB 
1[2 CONTINUE 
103 IFI(OOJ-2.-TSJ-OOI-12.*SPACElllC30,lC4,104 

1030 LINL2+1 
GC TO 6~1 

lC4 IFITSEPJ-TSIPJI10~,lC~,701 
105 WRITE CUTPUT TAPE 9.106 
lo60FCR~AT(JH ,5X54HJACKET SHELL THICKNESS CONT~OLLEO BY INTERNAL PRES 

ISURE J 
GO TO 7(.9 

101 WRITE OUTPUT TAPE 9,108 
lo8[FOR~AT( IH ,5X54HJACKET SHELL THICKNESS CONTROLLED BY EXTERNAL PRES 

ISURE I 
1 C 9 IF ( THE P J- T HIP J J 7 I 1 , 7 Ie, 7 1 0 
710 TI-'.JIITI-'EPJ 

GC TC 712 
111 THJIHHIPJ 
712 DC 714 IIi~,14 

IF(THJ-THIK(L))713,713,714 
713 THJIITHIK(I) 

IF(THJ-TSJJ714,715,715 
714 CGNT1NUE 
715 IF(THEP.~THIPJJ718,718,716 

116 WRITE OUTPUT TAPE 9,717 
7170FOR~AT( IH ,5X53HJACKET hEAD THICKNESS CCNTROLLED PY EXTERNAL PRESS 

lURE III 
GC TO 720 

71B WRITE OUTPUT TAPE 9,719 
7190FCR~AT( IH ,5X53HJACKET hEAD THICKNESS CCNTROLLED BY INTERNAL PRESS 

lURE III 
E'NC THICKNESS 

720 TEIEPJII2.*TSJ 
IFITEIEPJ-.2S1721,72I,722 

721 IE I EPJ#.25 
GO TO 124 

722 IF(TEIEPJ-I.1724,724,72! 
723 TEIEPJItI. 
724 DIJltDOJ-2.*TSJ 

C 
7240 

725 

WFIGhTS AND COSTS 
WJSIICENSJ*(SSLJ-I.51*3.14159*CDCJ*OCJ-OIJ*OIJ)/14.*1728.) 
WJEIICFN\J*TEIEPJ*3.14159*(CIJ-OIJ-DC-DO)/(4.*1728.} 
IF(THJ-I.)726,727,727 

726 wJHIICENSJ*ThJ*IDOJ+CCJ/24.+3.+2.-RACKJ/!.)**2-3.14159114.*1728.) 
7260 GC TC 128 

727CWJHIICENSJ*THJ*(CCJ+DCJ/24.t3.+2.*RACKJI3.+ThJ)*-2*3.14159/11728.*4 
I • ) 

728 T~J#WJS+wJE+~JI-' 

729 TWJV!lTWV+TWJ 
730 CCSTMJNTWJ*CMPPJ 
731 Tcas TI'll. TWJV*CFPP 

480 
481 
482 
483 
484 
485 
486 
1181 
488 
IIB9 
490 
491 
492 
493 
1194 
495 
496 
497 
498 
499 
500 
501 
502 
503 
5011 
505 
5116 
507 
508 
509 
510 
511 
512 
513 
5111 
515 
51/) 
')17 
518 
519 
520 
521 
522 
523 
5211 
52~ 
526 
527 
528 
529 
530 
')31 
532 
533 
534 
')35 
536 
5.31 
538 
53? 
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l\I?ENUIX D (continued) 

732 TCCST~.COST~+CCSTMJ 540 
733 TCOSTI#fCOSTB+TCOST~ 541 
734CWRITE CUTPUT TAPE 9,735,A5J,A6J,A7J,TEMPJ.SSLRJ,OCJ,TSJ,CIJ.CO. 542 

ITElEPJ,THJ,RADHJ,RACKJ.SF,DE~SJ.OENSQJ.PINJ,PEXJ.EJ 543 
735[FOR~AT{IH ,4X24HMATERIAL OF CONSTRUCTION 7X3A61 5x !3HOESIGN TEMP 544 

IF F37.01 5X 34HSTRAIGHT SLOE/VESSEL STRAIGHT SIDE F19.31 5X 20HOUT 545 
2SlCE DIAMETER IN. F34.41 5X 19H5HELL THICKNESS IN. F35.41 5x 20HEN 546 
30 Cl;TSICE DIAM IN. F~4.41 5X 19HEND INSIDE CLAM l!". F35.41 5X 17HE 547 
4NC THICKNESS IN. F37.41 5X IBHHEAO THICKNESS IN. F36.41 5X 2DHHEAD 548 
5 DISH RACIUS IN. F33.31 5X 23HHEAD K~UCKLE RACIUS I~. F30.31 5X24H 549 
6HEAC STRAIGHT FLANGE LN. F28.21 5X 23HMETAL DENSITY LAS/CU FT F30. 550 
7~1 5X 24HMETAL CENSLTY LAS/CU IN. F3C.411 SX 2BHDESIGN INTERNAL PR 551 
BESSl;RE PSI F23.11 5X 28HDESIGN EXTER~AL PRESSURE PSI F23.11 5X 25H 552 
9MCDULUS OF ELASTICITY PSI 23XEI 1.5) 553 

736CWRITE OUTPUT TAPE 9,737,SJ,WELCJ,WJS,WJE,WJH,TWJ,TWJV.C~PPJ,COSTMJ 554 
I,TCOST~.TCCSTB,TCOSTI 555 

737CFORI"AT! IH ,4X 32HMAX ALLOWABLE TENSILE STRESS PSI FIB.OI 5X 26HWFL 556 
10 EFFICIENCY DEC.FRACT. F27.311 5X 19HwEIGHT OF SHELL LBS F34.31 5 557 
2X 21HWEIGHT OF ONE END LBS F32.31 5X IBHWEIGHT CF HEAO LBS F35.31 558 
35X 26HTGTAL WELGHT OF JACKET LqS F27.31 5X 33HTOTAL WEIGHT OF JACK 559 
4ET+VESSEL LBS F20.311 5X 22HJACKET METAL COST $/LA F31.31 5X 2DHJA 560 
5CKET METAL COST $ F33.31 5X 27HJACKET+VESSEL ~ETAL COST $ F26.31 561 
65X 25HTOTAL FA8RICATION COST $ F28.31 ~X 3JHTOTAL l;NIT COST(JACKE 562 
7T+VESStL) $ F20.3 II) 563 

738 WRITE OUTPUT TAPE 9,739 564 
7390FCRI"ATlIH ,4X92H(JACKET E"lD ASSU~EO TO 8E TWICE THE SHELL THICKNES 565 

IS eUT LIMITED TO BETWEEN 0.25 AND 1.[ IN.)) 566 
7390IFIJHEC)7391.7391,7393 567 
7391 WRITE OUTPUT TAPE 9.7392 568 
7392 FORI-'AT(IH .4X 40HIJACKET ON STRAIGHT SrCE OF VESSEL ONLY)) 569 

GO TC 740 'l7f) 
7393 WRITE OUTPUT TAPE 9,7394 571 
7394 FCR~AT(IH .qX 4CH(JACKET HAS ONE AS,..E TORISPHERICAL HEAO)) 572 

740 IF(JLOC)597,597,741 573 
741 WRITE CUTPUT TAPE 9,52IC,HSEPCJ,wTSRJ ')74 
750 GC TO 597 575 

ENe 576 
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APPENDIX F 

Deck setup for Central Data Processing Facility, ORGDP 

*rD 
*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 • 



.. 

APPENDIX G 
UNFIRED PRESSURE VESSEl DESI GN DATA SHEET 

WRITTEN /e p ;vj, I/'o X X X 

Vessel Design Data: 

Capacity, 
cu It 

Jacket Design Data: 

Jacket Straight 
Side/Vessel 
Straight Side 

NOTES: 

Free 
Boord 
Ratio 

Min. Space 
Between 

Ve .... I 00 and 
Jacket ID, 

H 

\7) 

Straight 
Side/ 

00 Ratio 

Design 
External 
Pressure, 

osi 

Heod
Straight 
Flange, 

in. 

Design 
Internal 
Pres$urel 

psi 

Modulus 
of 

Elosticity, 
psi 

Design 
Temp., 

OF 

39 

t.Aaximum 
Allowable 

Tensile" Stress 
psi 

Modulus 
of 

EiasticitYI 
psi 

49 

Design 
Temp., 

of 

Maximum 
Allowable 

Tensite, Stress 
psi 

D ... ign 
External 
Pressure, 

psi 

Metal 
Cost, 
$lIb 

Design 
Internol 
Pressure, 

psi 

Weld 
Eff., 
Dec. 

J 

~6 

UNCLASSIFIED 
ORNL-LR-DWG 71757 

3 

4 

1. All decimal paints are coded to the extreme right of the field and do not take up "space. However,,, decimal paint may be locoted in any other .pace and will override the printed paint. 
(See: Heod ... troight flange in card No. 1). 

2. Use any Fortron characters. 
3. Only one density value required. 
4. The final shell and head thicknesses of the vessel are selected from on internal list by selecting the next larger size. To allow 0 smoll overage above one std. thickness before choosing the 

next lorger siLe, insert allowable excess 0$ decimal fraction of std. thickness. 
5. All four dota cords must be included for each vessel. 
6. J: If 0 jacket is to be designed, insert "11\ 
7. H: If a iacket is to have a head, insert "1". Jacket may have no more than one head • 

* 

I 
\..AJ 
0'\ 
I 
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APPENDIX G (continued) 

S~E~L THICKNESS CONTROLLED BY EXTERNAL PRESSURE 
HEAD THICKNESS CO~TROLLEO By EX1ERNAL PRESSURE 

VESSEL NUMBER 
MATERIAL OF CONSTRUCTiON 
DESIGN TEt''!? F 

DESIGN CAPACITY CU FT 
FREEBOARD RATIO 
VESSEL VOLUME CU ~T 

ONE HEAD DISH VOLUME GAL 
STRAIGHT LENGTH IOUTSIDE OIAM 
OUTSIDE DIAMETER IN. 
SHELL THICKNFS~ TN. 
SMELL LENGTH I'~. 
H~AD T~IC~~ESS IN. 
MEAD DISH ~AOIUS I~. 
HEAD KNUCKLE R~DIU5 IN, 
HEAD STRAIGHT FLANGE IN, 
w~lGHT OF SHEL~ LBS 
~EIGrlT OF ONE HEAD L8S 
TOTAL WEIGHT OF vESSE~ LSS 
METAL DENSITY LB PER CU FT 
METAL DE~SITY ~a PER ~u IN. 
DESIGN ExTERNAL PRESSURE PSI 
DESIGN INTERNAL PRESSURE PSI 
MODULUS OF ELASTICITY PSI 
MAX ALLOWABLE TENSILE STRESS PSI 
CORROSION ALLOWANCE IN. 

EXAMPl.E 
SA-240 .. 3Q4L SS 

312. 

60.000 
1.43 

85.949 

25~06 
2.500 

42.0[)00 
0. 0 250 

102.000 
0.6250 

40.000 
2.520 
I .50 

2402.491 
333.805 

3070.100 
501.000 
·0, 
95.0 
20.0 

U.26700E 08 
12!:S48. 

ALLOWANCE OVER STO THIK. DEC.FRACT. 
wELD EFFICIENCY DEC.fR~CT, 

O. 1250 
0.040U 
0.800 

METAL COST 3; PER 
FABRICATION COST 
METAL COSl TOTAL 
FABRICATION COST 

TOTAL UN IT COST 

LB 
$ pER 

ji 

TOTAL. 

:h 

LB 

'f; 

0.6500 
2,5000 

1995,565 
7675.250 

9070.815 

(THE ABOVE C~LCULATION IS FOR ASME TORlSPHERICAL HEAD) 
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APPENDIX G (continued) 

JACKET FOR vESSEL NUMBER EXAMPLE 

JACKET SHELL THICKNESS cONTROL~EU BY EXTERNAL PRESSURE 
JACKET HEAn THICKNESS CONTROLLED By INTERNAL PRESSURE 

MATERIAL OF CONSTRUCTiON SA-24Q, 
DESIGN H:MP F 
STRAIGHT SloE/VESSEL STRAIGHT S!OE 
OUTSIDE DIA~ETER IN~ 
SHELL THICKNESS TN. 
END OUTSIDE OIAM IN. 
END INSIDE DIAM IN. 
END THICKN~SS IN. 
HEAD THICKNESS IN. 
HEAD DISH RADIUS IN, 
HEAD KNUCKLE RADIUS IN. 
HEAD STRAIGHT FLANGE IN. 
METAL DENSITY LHS/CU fT 
METAL DENSITY LSS/Cu IN. 

DESIGN INTERNAL PRESSURE PSI 
DESIGN EXTERNAL PRESSURE PSI 
MODULUS OF ELASTIClTY PSI 
MAX ALLOWABLE TENSILE STRESS PSi 
WE~D EFFICIENCY DEC.FRACT. 

WEIGHT OF SHELL LBS 
wEtGHT OF ONE END L8S 
WEIGHT OF HEAD LBS 
TOTAL WEIGHT OF JACKET LSS 
TOTAL WEIGHT OF JACKET.VtSSEL lES 

JACKET METAL COST $/LB 
JACKET METAL CuST $ 
JACKET+vESSEL METAL CUST $ 

TOTAL ~A8klCATlON COST i 
TOTAL IJNIT COST(JACKEr+VESSEL) 6 

304L SS 
312. 

0.750 
48.0000 

0.2500 
47.5000 
42.0000 

O.SQOO 
0.3750 

42.000 
2.880 
1 ,50 

501.00U 
-D. 

Bu.O 
15.0 

U.267DlJE US 
12c;48. 

0.800 

839.954 
56,045 

257,558 
1153.557 
422';.657 

0,650 
749,812 

2745,377 
10559.143 
13"304,52T 

(JACKET END ASSUMED TO 8E TWICe THE SHELL THICKNESS BUT LIMITED 
TO BEtWEEN 0,25 AND 1.0 IN.) (J~CKET HAS ONE ASME TORISPHER1CAL HEAD) 

• 
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