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PREFACE 

Eighth Edition - 1999 

The Eighth Edition of the TEMA Standards was prepared by the Technical Committee of the Tubular Exchanger 
Manufacturers Association. A compilation of previously proven information, along wtth new additions to the Flow 
Induced Vibration, Flexible Shell Elements and Tubesheet Design sections is presented for your practical use. 

Design methods for Floating Head Backing Devices have also been added and the scope has been changed to 
accommodate a larger range of sizes and pressures. Metric untts and tables have been included wherever possible. 
Suggested methods have been included for support and lifting lug design in the RGP section. 

This edition of the TEMA Standards is dedicated to the memory of Wayne Schaefer of the Nooter Corporation for his 
years of dedicated service to the TEMA Technical Committee. 

The Edttor also wishes to acknowledge the contributions to the Eighth Edition by the following past members of the 
Technical Committee: Victor J. Stachura, Joseph H. Kissel, Robert C. Moscicki and Harry W. Saultz. 

Jim Harrison EDITOR 
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NOTES TO USERS OF 

THE TEMA STANDARDS 

Three classes of Mechanical Standards, R.C and B, reflecting acceptable designs for various service applications are 
presented. The user should refer to the definition of each class and choose the one that best fits the specific need. 

Corresponding subject matter in the three Mechanical Standards is covered by paragraphs identically numbered 
except for the prefix letter. Paragraph numbers preceded by RCB indicates that all three classes are identical. Any 
reference to a specific paragraph must be preceded by the class designation. 

The Recommended Good Practice section has been prepared to assist the designer in areas outside the scope of the 
basic Standards. Paragraphs in the Standards having additional information in the RGP section are marked with an 
asterisk (*). The reference paragraph in the RGP section has the identical paragraph number, but with an "RGP" prefix. 

It is the intention of the Tubular Exchanger Manufacturers Association that this edition of its Standards may be used 
beginning with the date of issuance, and that its requirements supersede those of the previous edition six months 
from such date of issuance, except for heat exchangers contracted for prior to the end of the six month period. For 
this purpose the date of issuance is June 1,1999. 

Questions on interpretation of the TEMA Standards should be formally addressed to the Secretary at TEMA 25 North 
Broadway, Tarrytown, NY 10591. Questions requiring development of new or revised technical information will only 
be answered through an addendum or a new edition of the Standards. 

Upon agreement between purchaser and fabricator, exceptions to TEMA requirements are acceptable. An exchanger 
may still be considered as meeting TEMA requirements as long as the exception is documented. 
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HEAT EXCHANGER NOMENCLATURE SECTION 1 

N-l SIZE NUMBERING AND TYPE DESIGNATlON--RECOMMENDED PRACTICE 

It is recommended that heat exchanger size and type be designated by numbers and letters as described 
below. 

N-l.l SIZE 

Sizes of shells (and tube bundles) shall be designated by numbers describing shell (and tube bundle) 
diameters and tube lengths, as follows: 

N-l.l1 NOMINAL DIAMETER 

The nominal diameter shall be the inside diameter of the shell in inches (mm), rounded off to 
the nearest integer. For kettle reboilers the nominal diameter shall be the port diameter 
followed by the shell diameter, each rounded off to the nearest integer. 

N-l.12 NOMINAL LENGTH 

N-l.2TYPE 

The nominal length shall be the tube length in inches (mm). Tube length for straight tubes 
shall be taken as the actual overall length. For U-tubes the length shall be taken as the 
approximate straight length from end of tube to bend tangent. 

Type deSignation shall be by letters describing stationary head, shell (omitted for bundles only). and 
rear head, in that order. as indicated in Figure N-l.2. 

N-l.3 TYPICAL EXAMPLES 

N-l.31 

N-l.32 

N-l.33 

N-l.34 

Split-ring floating head exchanger with removable channel and cover, single pass shell. 
23-1/4" (591 mm) inside diameter with tubes 16'(4877 mm) long. SIZE 23-192 (591-4877) 
TYPEAES. 

U-tube exchanger with bonnet type stationary head, spl~ flow shell, 19" (483 mm) inside 
diameter with tubes 7'(2134 mm) straight length. SIZE 19-84 (483-2134) TYPE BGU. 

Pull-through floating head kettle type reboiler having stationary head integral w~h tubesheet, 
23" (584 mm) !lort diameter and 37" (940 mm) inside shell diameter w~h tubes 16' (4877 mm) 
long. SIZE 23/37-192 (584/940 - 4877) TYPE CKT. 

Fixed tubesheet exchanger with removable channel and cover, bonnet type rear head, two 
pass shell, 33-1/8" (841 mm) inside diameter with tubes 8'(2438 mm) long. SIZE 33-96 
(841-2438) TYPE AFM. 

N-l.35 
Fixed tubesheet exchanger having stationary and rear heads integral with tubesheets, single 
pass shell, 17" (432 mm) inside diameter with tubes 16'(4877 mm) long. SIZE 17-192 
(432-4877) TYPE NEN. 

N-l.4 SPECIAL DESIGNS 
Special designs are not covered and may be described as best suits the manufacturer. For example, 
a single tube pass, fixed tubesheet exchanger w~h conical heads may be described as "TYPE BEM 
with Conical Heads'. ~_pull-through floating head exchanger with an integral shell cover may be 
described as ''TYPE AET with Integral Shell Cover". 
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SECTION 1 HEAT EXCHANGER NOMENCLATURE 
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HEAT EXCHANGER NOMENCLATURE SECTION 1 

N-2 NOMENCLATURE OF HEAT EXCHANGER COMPONENTS 

For the purpose of establishing standard terminology, Figure N-2 illustrates various types of heat 
exchangers. Typical parts and connections, for illustrative purposes only, are numbered for identification in 
Table N-2. 

TABLE N-2 

1. Stationary Head-Channel 
2. Stationary Head-Bonnet 
3. Stationary Head Flange-Channel or Bonnet 
4. Channel Cover 
5. Stationary Head Nozzle 
6. Stationary Tubesheet 
7. Tubes 
8. Shell 
9. Shell Cover 

10. Shell Flange-Stationary Head End 
11. Shell Range-Rear Head End 
12. Shell Nozzle 

21. Floating Head Cover-External 
22. Floating Tubesheet Skirt 
23. Packing Box 
24. Packing 
25. Packing Gland 
26. Lantern Ring 
27. Tlerods and Spacers 
28. Transverse Baffles or Support Plates 
29. Impingement Plate 
30. Longttudinal Baffle 
31. Pass Partttion 
32. Vent Connection 

13. Shell Cover Flange 33. Drain Connection 
14. Expansion Joint 
15. Floating Tubesheet 
16. Floating Head Cover 
17. Floating Head Cover Range 
18. Floating Head Backing Device 
19. Spltt Shear Ring 
20. Slip-on Backing Flange 

34. Instrument Connection 
35. Support Saddle 
36. Lifting Lug 
37. Support Bracket 
38. Weir 
39. Liquid Level Connection 
40. Floating Head Support 

FIGUREN-2 

AES 

Standards Of The Tubular Exchanger Manufacturers Association 3 



SECTION 1 HEAT EXCHANGER NOMENCLATURE 

FIGURE N-2 (continued) 
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HEAT EXCHANGER NOMENCLATURE SECTION 1 

FIGURE N-2 (continued) 
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SECTION 2 HEAT EXCHANGER FABRICATION TOLERANCES 

F·1 EXTERNAL DIMENSIONS, NOZZLE AND SUPPORT LOCATIONS 
Standard tolerances for process flow nozzles and support locations and projections are shown in Figure 
F-l. Dimensions in ( ) are millimeters. 

FIGURE F·l 
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HEAT EXCHANGER FABRICATION TOLERANCES SECTION 2 

F-2 RECOMMENDED FABRICATION TOLERANCES 

Fabrication tolerances normally required to maintain process flow nozzle and support locations are shown 
in Figure F-2. These tolerances may be adjusted as necessary to meet the tolerances shown in Figure F-1. 
Dimensions in ( ) are millimeters. 

FIGURE F-2 

(3.2) 

I 
± 1 /S"(3.2) 

I 
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j i l' 
I 
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1 I ~ 1 r -H 
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± 1/4"(64) ± 1 /S"(3 2) 
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SECTION 2 HEAT EXCHANGER FABRICATION TOLERANCES 

F-3 TUBESHEETS, PARTITIONS, COVERS AND FLANGES 

The standard clearances and tolerances applying to tubesheets, partitions, covers and flanges are shown in 
Figure F-3. Dimensions in ( ) are millimeters. 

ALTERNATE 
TONGUE AND GROOVE 

JOINT 

c 9 

" 11 c 
• c 

FIGURE F-3 

STANDARD CONFINED JOINT CONSTRUCTION 

c 
11 

o 

STANDARD UNCONFINED PlAIN FACE JOINT CONSTRUCTION 

DIMENSIONS TOLERANCES 
A +1/4" -1/8" (+6.4 -3.2) 

O'.O'.OJ.0,.05'0& tl/32" (to.8) 
t tl/16" (tl.6) 

R, ~ 3/16" (4.8) +0" -1/32" (+0 -0.8) 

R,=1/4" (6.4) RJ.l/4" (6.4) +1/32" -0" (+0.8 -0) 

R, = 3/16" (4.8) -1/32" (-D.8) (SEE NOTE 1) 

W,.w,.WJ t1/32" (to.8) 

1. SECTION 2 IS NOT INTENDED TO PROHIBIT 
UNUACHINEO TUBESHEET FACES AND FLAT 
COVER FACES. THEREFORE NO PLUS 
TOLERANCE IS SHOWN ON R4. 

2. NECATNE TOLERANCES SH.II.L NOT BE 
CONSTRUED TO YEAN THAT FINAl 
DIMENSIONS CAN BE LESS THAN THAT 
REQUIRED BY DESIGN CAlCUlATIONS. 

3. FOR PERIPHERAL CASKETS. "CONFINED" 
MEANS "CONFINED ON THE 00". 

4. DETAILS ARE TTPICAI. AND 00 NOT 
PRECLUDE THE USE OF OTHER DETAILS 
WHICH ARE FUNCnoNALLY EQUIVALENT. 

5. FOR UNITS OVER 50" (1524) TO 100" (2540) 
OWImR. TOLERANCES "0" AND "W" IlAY BE 
INCREASED TO tl/16"(1.6). 
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HEAT EXCHANGER FABRICATION TOLERANCES 

FIGURE F-4 

PERMISSIBLE IMPERFECTIONS IN FLANGE FACING FINISH 
FOR RAISED FACE AND LARGE MALE AND FEMALE FLANGES 1,2 

Maximum Radial Projection of 
Imperfections Which Are No Deeper Than 

the Bottom of the Serrations. in. (mm) 

Maximum Depth and Radial Projection of 
Imperfections Which Are Deeper Than the 

Bottom of the Serrations, in. (mm) 

1/8 

1"1 
1/16 f'61 1/8 3.2 1/16 1.6 

1/8 3.2) 1/16 1.6) 
1/8 3.21 1/16 f1.61 
1/8 3.2 1/16 1.6 

1/8 t21 1/16 r.61 1/8 3.2 1/16 1.6 
3/16 4.81 1/16 1.6) 

1/4 f6.4 1/8 f3.21 
1/4 6.4 1/8 3.2 

1/4 6.41 1/8 3.21 
1/4 6.4 1/8 3.2 

5/16 7.9) 1/8 3.21 5/16 7.91 3/16 4.8 
5/16 7.9 3/16 4.8 

5/16 f7.91 'I" 1"1 3/8 9.5 3/16 4.8 
1/2 r2.7) 1/4 6.41 
1/2 12.71 1/4 6.4 
1/2 12.7 1/4 6.4 

(1) Imperfections must be separated by at least four times the permissible radial projection. 
(2) Protrusions above the serrations are not permitted. 

FLANGE PERIPHERY ------

\ 
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~ 

~~~~;ERR.ATED (RAISED) 

Sketch showing Radial Projected Length (RPL) serrated gasket face damage 
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8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

GENERAL FABRICATION AND PERFORMANCE INFORMATION SECTION 3 

DEFINITIONS 
Baffle is a device to direct the shell side fluid across the tubes for optimum heat transfer. 

Baffle and Support Plate Tube Hole Clearance is the diametral difference between the nominal tube 00 and 
the nominal tube hole diameter in the baffle or support plate. 

Consequential Dama~es are indirect liabilities lying outside the heat exchanger manufacturer's stated 
equipment warranty 0 ligations. 

Double Tybesheet Constryction is a type of construction in which two (2) spaced tubesheets or equivalent are 
employed in lieu of the single tubesheet at one or both ends of the heat exchanger. 

Effective Shell and Tube Side Design Pressures are the resultant load values expressed as uniform pressures 
used in the determination of tubesheet thickness for fixed tubesheet heat exchangers and are functions of the 
shell side design pressure, the tube side design pressure, the equivalent differential expansion pressure and 
the equivalent bolting pressure. 

Equivalent Boltinljl Pressyre is the pressure equivalent resulting from the effects of bolting loads imposed on 
tubesheets in a fixed tubesheet heat exchanger when the tubesheets are extended for bolting as flanged 
connections. 

Equivalent Differential Expansion Pressure is the pressure equivalent resulting from the effect of tubesheet 
loadings in a fixed tubesheet heat exchanger imposed by the restraint of differential thermal expansion between 
shell and tubes. 

Expanded Tube Joint is the tube-to-tubesheet joint achieved by mechanical or explosive expansion of the tube 
into the tube hole in the tubesheet. 

Expansion Joint "J' Factor is the ratio of the spring rate of the expansion joint to the sum of the axial spring 
rate of the shell and the spring rate of the expansion joint. 

Flange Load Concentration Factors are factors used to compensate for the uneven application of bolting 
moments due to large bolt spacing. 

Minimum and Maximum Baffle and Support Spacings are design limitations for the spacing of baffles to provide 
for mechanical integrity and thermal and hydraulic effectiveness of the bundle. The possibility for induced 
vibration has not been considered in establishing these values. 

Normal Operating Conditions of a shell and tube heat exchanger are the thermal and hydraulic performance 
requirements generally specified for sizing the heat exchanger. 

Pulsating Fluid Conditions are conditions of flow generally characterized by rapid fluctuations in pressure and 
flow rate resulting from sources outside of the heat exchanger. 

Seismic Loadings are forces and moments resulting in induced stresses on any member of a heat exchanger 
due to pulse mode or complex waveform accelerations to the heat exchanger, such as those resulting from 
earthquakes. 

Shell and Tube Mean Metal Temperatures are the average metal temperatures through the shell and tube 
thicknesses integrated over the length of the heat exchanger for a given steady state operating condnion. 

Shut-Down Conditions are the conditions of operation which exist from the time of steady state operating 
condnions to the time that flow of both process streams has ceased. 

Start-Up Condnions are the conditions of operation which existfrom the time thatflow of either or both process 
streams is initiated to the time that steady state operating conditions are achieved. 

Sypport plate is a device to support the bundle or to reduce unsupported tube span wnhout consideration for 
heat transfer. 

Tubesheet Ligament is the shortest distance between edge of adjacent tube holes in the tube pattern. 

Welded Tube Joint is a tube-to-tubesheet joint where the tube is welded to the tubesheet. 
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FIGURE G-5.2 
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FIGURE G-S.2M 
HEAT EXCHANGER SPECIFICATION SHEET 
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G-l SHOP OPERATION 

The detailed methods of shop operation are left to the discretion of the manufacturer in conformity with 
these Standards. 

G-2 INSPECTION 

G-2.1 MANUFACTURER'S INSPECTION 

Inspection and testing of units will be provided by the manufacturer unless otherwise specified. The 
manufacturer shall carry out the inspections required by the ASME Code, and also inspections 
required by state and local codes when the purchaser specHies the plant location. 

G-2.2 PURCHASER'S INSPECTION 

The purchaser shall have the right to make inspections during fabrication and to witness any tests 
when he has so requested. Advance notification shall be given as agreed between the manufacturer 
and the purchaser. Inspection by the purchaser shall not relieve the manufacturer of his 
responsibilities. 

G-3 NAME PLATES 

G-3.1 MANUFACTURER'S NAME PLATE 

A suitable manufacturer's name plate of corrosion resistant material shall be permanently attached to 
the head end or the shell of each TEMA exchanger. Name plates for exchangers manufactured in 
accordance with Classes "R" and 'B" shall be austenitic (300 series) stainless. When insulation 
thickness is specHied by the purchaser, the name plate shall be attached to a bracket welded to the 
exchanger. 

G-3.11 NAME PLATE DATA 

In addition to all data required by the ASME Code, a name plate shall also include the 
following (H provided): 

User's equipment identification 
User's order number 

G-3.12 SUPPLEMENTAL INFORMATION 

The manufacturer shall supply supplemental information where it is pertinent to the operation 
or testing of the exchanger. This would include information pertaining to differential design 
and test pressure conditions, restrictions on operating conditions for fixed tubesheet type 
exchangers, or other restrictive conditions applicable to the design and/or operation of the 
unit or its components. Such information can be noted on the name plate or on a 
supplemental plate attached to the exchanger at the name plate location. 

G-3.2 PURCHASER'S NAME PLATE 

Purchaser's name plates, when used, are to be supplied by the purchaser and supplement rather 
than replace the manufacturer's name plate. 

G-3.3 TEMA REGISTRATION PLATE 

The TEMA organization has adopted a voluntary registration system for TEMA members only. When 
a heat exchan\ler is registered with TEMA, a unique number is assigned to the heat exchanger. A 
TEMA registration plate, showing this number, is affixed to the heat exchanger and the ASME Code 
data report is placed on file at the TEMA office. By referencing this registration number, a copy of 
the ASME Code data report may be obtained by the purchaser from the TEMA office. 

G-4 DRAWINGS AND ASME CODE DATA REPORTS 

G-4.1 DRAWINGS FOR APPROVAL AND CHANGE 

The manufacturer shall submit for purchaser's approval three (3) prints of an outline drawing 
showing nozzle sizes and locations, overall dimensions, supports and weight. Other drawings may 
be furnished as agreed upon by the purchaser and the manufacturer. It is anticipated that a 
reasonable number of minor drawing changes may be required at that time. Changes subsequent to 
receipt of approval may cause additional expense chargeable to the purchaser. Purchaser's 
approval of drawings does not relieve the manufacturer of responsibility for compliance with this 
Standard and applicable ASME Code requirements. The manufacturer shall not make any changes 
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on the approved drawings without express agreement of the purchaser. Shop detail drawings, while 
primarily for internal use by the fabricator, may be furnished to the purchaser upon request. When 
detail drawings are requested, they will only be supplied after outline drawings have been approved. 

G-4.2 DRAWINGS FOR RECORD 

After approval of drawings, the manufacturer shall furnish three (3) prints or, at his option, a 
transparency of all approved drawings. 

G-4.3 PROPRIETARY RIGHTS TO DRAWINGS 

The drawings and the design indicated by them are to be considered the property of the 
manufacturer and are not to be used or reproduced without his permisSion, except by the purchaser 
for his own internal use. 

G-4.4 ASME CODE DATA REPORTS 

After completion of fabrication and inspection of ASME Code stamped exchangers, the manufacturer 
shall furnish three (3) copies of the ASME Manufacturer's Data Report. 

G-S GUARANTEES 

G-S.1 GENERAL 

The specific terms of the guarantees should be agreed upon by the manufacturer and purchaser. 
Unless otherwise agreed upon by the manufacturer and purchaser, the following paragraphs in this 
section will be applicable. 

G-S.2 PERFORMANCE 

The purchaser shall furnish the manufacturer with all information needed for clear understanding of 
performance requirements, including any special requirements. The manufacturer shall guarantee 
thermal performance and mechanical design of a heat exchanger, when operated at the design 
conditions specified by the purchaser in his order, or shown on the exchanger specification sheet 
furnished by the manufacturer (Figure G-5.2, G-S.2M). This guarantee shall extend for a period of 
twelve (12) months after shipping date. The manufacturer shall assume no responsibility for 
excessive fouling of the apparatus by material such as coke, silt, scale, or any foreign substance that 
may be deposited. The thermal guarantee shall not be applicable to exchangers where the thermal 
performance rating was made by the purchaser. 

G-S.21 THERMAL PERFORMANCE TEST 

A performance test shall be made if it is established after operation that the performance of 
the exchanger is not satisfactory, provided the thermal performance rating was made by the 
manufacturer. Test conditions and procedures shall be selected by agreement between the 
purchaser and the manufacturer to permit extrapolation of the test results to the specified 
design conditions. 

G-S.22 DEFECTIVE PARTS 

The manufacturer shall repair or replace F.O.B. his plant any parts proven defective within the 
guarantee period. Finished materials and accessories purchased from other manufacturers, 
including tubes, are warranted only to the extent of the original manufacturer's warranty to the 
heat exchanger fabricator. 

G-S.3 CONSEQUENTIAL DAMAGES 

The manufacturer shall not be held liable for any Indirect or consequential damage. 

G-S.4 CORROSION AND VIBRATION 

The manufacturer assumes no responsibility for deterioration of any part or parts of the equipment 
due to corrosion, erosion, flow induced tube vibration, or any other causes, regardless of when such 
deterioration occurs after leaving the manufacturer's premises, except as provided for in Paragraphs 
G-5.2 and G-5.22. 
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G-S.S REPLACEMENT AND SPARE PARTS 

When replacement or spare tube bundles. shells. or other parts are purchased. the manufacturer is 
to guarantee satisfactory fit of such parts only if he was the original manufacturer. Parts fabricated to 
drawings furnished by the purchaser shall be guaranteed to meet the dimensions and tolerances 
specified. 

G-6 PREPARATION OF HEAT EXCHANGERS FOR SHIPMENT 

G-6.1 CLEANING 

Internal and external surfaces are to be free from loose scale and other foreign material that is readily 
removable by hand or power brushing. 

G-6.2 DRAINING 

Water. oil, or other liquids used for cleaning or hydrostatic testing are to be drained from all units 
before shipment. This is not to imply that the units must be completely dry. 

G-6.3 FLANGE PROTECTION 

All exposed machined contact surfaces shall be coated with a removable rust preventative and 
protected against mechanical damage by suitable covers. 

G-6.4 THREADED CONNECTION PROTECTION 

All threaded connections are to be suitably plugged. 

G-6.S DAMAGE PROTECTION 

The exchanger and any spare parts are to be suitably protected to prevent damage during shipment. 

G-6.6 EXPANSION JOINT PROTECTION 

External thin walled expansion bellows shall be equipped w~h a protective cover which does not 
restrain movement. 

G-7 GENERAL CONSTRUCTION FEATURES OF TEMA STANDARD HEAT EXCHANGERS 

G-7.1 SUPPORTS 

All heat exchangers are to be provided w~h supports. 

*G-7.11 HORIZONTAL UNITS 

The supports should be designed to accommodate the weight of the unit and contents, 
including the flooded weight during hydrostatic test. 

For units w~h removable tube bundles, supports should be designed to withstand a pulling 
force equal to 1-1/2 times the weight of the tube bundle. 

For purposes of support deSign, forces from external nozzle loadings, wind and seismic 
events are assumed to be negligible unless the purchaser specifically details the 
requirements. When these add~ionalloads and forces are required to be considered, the 
combinations need not be assumed to occur simultaneously. 

The references under Paragraph G-7.13 may be used for calculating resulting stresses due to 
the saddle supports. 

Horizontal un~s are normally provided w~h at least two saddle type supports, w~h holes for 
anchor bolts. The holes in all but one of the supports are to be elongated to accommodate 
axial movement of the un~ under operating cond~ions. Other types of support may be used if 
all design cr~eria are met, and axial movement is accommodated. 

*G-7.12 VERTICAL UNITS 

Vertical units are to be provided with supports adequate to meet design requirements. The 
supports may be of the lug, annular ring, leg or skirt type. If the unit is to be located in a 
supporting structure, the supports should be of suffiCient size to allow clearance for the body 
flanges. 
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G-7.13 REFERENCES 
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(2) Vinet, R., and Dore, R., "Stresses and Deformations in a Cylindrical Shell Lying on a 
Continuous Rigid Support," Paper No. 75-AM-1, Journal of Applied Mechanics, Trans. ASME. 

(3) Krupka, V., "An Analysis for Lug or Saddle Supported Cylindrical Pressure Vessels," 
Proceedings of the First International Conference on Pressure Vessel Technology, pp. 
491-500. 
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(5) Bijlaard, P. P., "Stresses from Local Loadings in Cylindrical Pressure Vessels," Trans. ASME, 
Vol. 77, No.6, (August 1955). 

(6) Wichman, K. R., Hopper, A. G., and Mershon, J. L., "Local Stresses in Spherical and 
Cylindrical Shells due to External Loadings," Welding Research Council, Bulletin No. 107, 
Rev. 1. 

(7) Rodabaugh, E. C., Dodge, W. G., and Moore, S. E., "Stress Indices at Lug Supports on 
Piping Systems," Welding Research Council Bulletin No. 198. 

(8) Brownell, L. E., and Young, E. H., "Process Equipment Design," John Wiley & Sons Inc. 

(9) Jawad, M. H., and Farr, J. R., "Structural Analysis and Design of Process Equipment," John 
Wiley and Sons, Inc., 1984. 
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*G-7.2 LIFTING DEVICES 

Channels, bonnets, and covers which weigh over 60 Ibs. (27.2 Kg) are to be provided wah lifting lugs, 
rings or lapped holes for eyebolts. Unless otherwise specffied, these lifting devices are designed to 
lift only the component to which they are directly attached. 

Lugs for lifting the complete unit are not normally provided. When lifting lugs or trunnions are 
required by the purchaser to lift the complete unit, the device must be adequately designed. 

(1) The purchaser shall inform the manufacturer about the way in which the lifting device will be used. 
The purchaser shall be notified of any limitations of the lifting device relating to design or method 
of rigging. 

(2) Liquid penetrant examination of the lifting device attachment weld should be considered on large 
heavy unas. 

(3) The design load shall incorporate an appropriate impact factor. 

(4) Plate-type lifting lugs should be oriented to minimize bending stresses. 

(5) The hole diameter in the lifting device must be large enough to accept a shackle pin having a load 
rating greater than the design load. 

(6) The effect on the unit component to which the'lifting device is attached should be considered. It 
may be necessary to add a reinforcing plate, annular ring or pad to distribute the load. 

(7) The adequacy of the exchanger to accommodate the lifting loads should be evaluated. 

*G-7.3 WIND & SEISMIC DESIGN 

For wind and seismic forces to be considered in the design of a heat exchanger, the purchaser must 
specny in the inquiry the design requirements. The "Recommended Good Practice" section of these 
Standards provides the designer with a discussion on this subject and selected references for design 
application. 
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E-l PERFORMANCE OF HEAT EXCHANGERS 

Satisfactory operation of heat exchangers can be obtained only from units which are properly designed and 
have built-in quality. Correct installation and preventive maintenance are user responsibilities. 

E-l.l PERFORMANCE FAILURES 

The failure of heat exchanger equipment to perform satisfactorily may be caused by one or more 
factors, such as: 

(1) Excessive fouling. 

(2) Air or gas binding resulting from improper piping installation or lack of suitable vents. 

(3) Operating conditions differing from design conditions. 

(4) Maldistribution of flow in the unit. 

(5) Excessive clearances between the baffles and shell and/or tubes, due to corrosion. 

(6) Improper thermal design. 

The user's best assurance of satisfactory performance lies in dependence upon manufacturers 
competent in the design and fabrication of heat transfer equipment. 

E-2 INSTALLATION OF HEAT EXCHANGERS 

E-2.1 HEAT EXCHANGER SETTINGS 

E-2.11 CLEARANCE FOR DISMANTLING 

For straight tube exchangers fitted with removable bundles, provide sufficient clearance at the 
stationary head end to permit removal of the bundle from the shell and provide adequate 
space beyond the rear head to permit removal of the shell cover and/or floating head cover. 

For fixed tubesheet exchangers, provide sufficient clearance at one end to permit withdrawal 
and replacement of the tubes, and enough space beyond the head at the opposite end to 
permit removal of the bonnet or channel cover. 

For U-tube heat exchangers, provide sufficient clearance at the stationary head end to permit 
withdrawal of the tube bundle, or at the opposite end to permit removal of the shell. 

E-2.12 FOUNDATIONS 

Foundations must be adequate so that exchangers will not settle and impose excessive 
strains on the exchanger. Foundation bolts should be set to allow for setting inaccuracies. In 
concrete footings, pipe sleeves at least one size larger than bolt diameter slipped over the 
bolt and cast in place are best for this purpose, as they allow the bolt center to be adjusted 
after the foundation has set. 

E-2.13 FOUNDATION BOLTS 

Foundation bolts should be loosened at one end of the unit to allow free expansion of shells. 
Slotted holes in supports are provided for this purpose. 

E-2.14 LEVELING 

Exchangers must be set level and square so that pipe connections may be made without 
forcing. 

E-2.2 CLEANLINESS PROVISIONS 

E-2_21 CONNECTION PROTECTORS 

All exchanger openings should be inspected for foreign material. Protective plugs and covers 
should not be removed until just prior to installation. 

E-2.22 DIRT REMOVAL 

The entire system should be clean before starting operation. Under some conditions, the use 
of strainers in the piping may be required. 

Standards Of The Tubular Exchanger Manufacturers Association 17 



SECTION 4 INSTALLATION, OPERATION AND MAINTENANCE 

E-2.23 CLEANING FACILITIES 

Convenient means should be provided for cleaning the unit as suggested under "Maintenance 
of Heat Exchangers," Paragraph E-4. 

E-2.3 FITTINGS AND PIPING 

E-2.31 BY-PASS VALVES 

It may be desirable for purchaser to provide valves and by-passes in the piping system to 
permit inspection and repairs. 

E-2.32 TEST CONNECTIONS 

When not integral with the exchanger nozzles, thermometer well and pressure gage 
connections should be installed close to the exchanger in the inlet and outlet piping. 

E-2.33 VENTS 

Vent valves should be provided by purchaser so units can be purged to prevent vapor or gas 
binding. Special consideration must be given to discharge of hazardous or toxic fluids. 

E-2.34 DRAINS 

Drains may discharge to atmosphere, if permissible, or into a vessel at lower pressure. They 
should not be piped to a common closed manifold. 

E-2.35 PULSATION AND VIBRATION 

In all installations, care should be taken to eliminate or minimize transmission of fluid 
pulsations and mechanical vibrations to the heat exchangers. 

E-2.36 SAFETY RELIEF DEVICES 

The ASME Code defines the requirements for safety relief devices. When specified by the 
purchaser, the manufacturer will provide the necessary connections for the safety relief 
devices. The size and type of the required connections will be specified by the purchaser. 
The purchaser will prOVIde and Install the required relief devices. 

=-3 OPERATION OF HEAT EXCHANGERS 

E-3.1 DESIGN AND OPERATING CONDITIONS 

Equipment must not be operated at conditions which exceed those specified on the name plate(s). 

E-3.2 OPERATING PROCEDURES 

Before placing any exchanger in operation, reference should be made to the exchanger drawings, 
specification sheet(s) and name plate(s) for any special instructions. Local safety and health 
regulations must be considered. Improper start-up or shut-down sequences, particularly of fixed 
tubesheet units, may cause leaking of tube-to-tubesheet and/or bolted flanged joints. 

E-3.21 START-UP OPERATION 

Most exchangers with removable tube bundles may be placed in service by first establishing 
circulation of the cold medium, followed by the gradual introduction of the hot medium. 
During start-up all vent valves should be opened and left open until all passages have been 
purged of air and are completely filled with fluid. For fixed tubesheet exchangers, fluids must 
be introduced In a manner to minimize differential expansion between the shell and tubes. 

E-3.22 SHUT-DOWN OPERATION 

For exchangers with removable bundles, the units may be shut down by first gradually 
stopping the flow of the hot medium and then stopping the flow of the cold medium. If it is 
necessary to stop the flow of cold medium, the circulation of hot medium through the 
exchanger should also be stopped. For fixed tubesheet exchangers, the unit must be shut 
down in a manner to minimize differential expansion between shell and tubes. When shutting 
down the system, all units should be drained completely when there is the possibility of 
freezing or corrosion damage. To guard against water hammer, condensate should be 
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drained from steam heaters and similar apparatus during start-up or shut-down. To reduce 
water retention after drainage, the tube side of water cooled exchangers should be blown out 
with air. 

E-3.23 TEMPERATURE SHOCKS 

Exchangers normally should not be subjected to abrupt temperature fluctuations. Hot fluid 
must not be sUddenly introduced when the unit is cold, nor cold fluid suddenly introduced 
when the unit is hot. 

E-3.24 BOLTED JOINTS 

Heat exchangers are pressure tested before leaving the manufacturer's shop in accordance 
with ASME Gode requirements. However, normal relaxing of the gasketed joints may occur in 
the interval between testing in the manufacturer's shop and installation at the jobsite. 
Therefore, all external bolted joints may require retightening after installation and, if 
necessary, after the exchanger has reached operating temperature. 

E-3.2S RECOMMENDED BOLT TIGHTENING PROCEDURE 

It is important that all bolted joints be tightened uniformly and in a diametrically staggered 
pattern, as illustrated in Figure E-3.25, except for special high pressure closures when the 
instructions of the manufacturer should be followed. 

FIGURE E-3.25 

START 
I 16 

4 13 

15 2 

E-4 MAINTENANCE OF HEAT EXCHANGERS 

E-4.1 INSPECTION OF UNIT 
At regular intervals and as frequently as experience indicates, an examination should be made of the 
interior and exterior condition of the unit. Neglect in keeping all tubes clean may result in complete 
stoppage of flow through some tubes which could cause severe thermal strains, leaking tube joints, 
or structural damage to other components. Sacrificial anodes, when provided, should be inspected 
to determine whether they should be cleaned or replaced. 

E-4.11 INDICATIONS OF FOULING 

Exchangers subject to fouling or scaling should be cleaned periodically. A light sludge or 
scale coating on the tube greatly reduces its efficiency. A marked increase in pressure drop 
and/or reduction in performance usually indicates cleaning is necessary. The unit should first 
be checked for air or vapor binding to confirm that this is not the cause for the reduction in 
performance. Since the difficulty of cleaning increases rapidly as the scale thickness or 
deposit increases, the intervals between cleanings should not be excessive. 
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E-4.12 DISASSEMBLY FOR INSPECTION OR CLEANING 

Before disassembly, the user must assure himself that the unit has been depressurized, 
vented and drained, neutralized and/or purged of hazardous material. 

To inspect the inside of the tubes and also make them accessible for cleaning, the following 
procedures should be used: 

(1) Stationary Head End 

(a) Type A, C, D & N, remove cover only 

(b) Type B, remove bonnet 

(2) Rear Head End 

(a) Type L. N & P, remove cover only 

(b) Type M, remove bonnet 

(c) Type S & T, remove shell cover and floating head cover 

(d) Type W, remove channel cover or bonnet 

E-4.13 LOCATING TUBE LEAKS 

The following procedures may be used to locate perlorated or split tubes and leaking joints 
between tubes and tubesheets. In most cases, the entire front face of each tubesheet will be 
accessible for inspection. The point where water escapes indicates a defective tube or 
tube-to-tubesheet joint. 

(1) Units with removable channel cover: Remove channel cover and apply hydraulic pressure 
in the shell. 

(2) Un~s w~h bonnet type head: For fixed tubesheet units where tubesheets are an integral 
part of the shell, remove bonnet and apply hydraulic pressure in the shell. For fixed 
tubesheet units where tubesheets are not an integral part of the shell and for units with 
removable bundles, remove bonnet, re-bolt tubesheet to shell or install test flange or gland, 
whichever is applicable, and apply hydraulic pressure in the shell. See Figure E-4.13-1 for 
typical test flange and test gland. 

-E~~':f' -- --
-E-- --- --- --

FIGURE E-4.13-1 
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(3) Units with Type S or T floating head: Remove channel cover or bonnet, shell cover and 
floating head cover. Install test ring and bolt in place with gasket and packing. Apply 
hydraulic pressure in the shell. A typical test rinll is shown in Figure E-4.13-2. When a test 
ring is not available it is possible to locate leaks In the floating head end by removing the 
shell cover and applying hydraulic pressure in the tubes. Leaking tube joints may then be 
located by sighting through the tube lanes. Care must be exercised when testing partially 
assembled exchangers to prevent over extension of expansion joints or overloading of 
tubes and/or tUbe-to-tubesheet joints. 

(4) Hydrostatic test should be perlormed so that the temperature of the metal is over 60° F 
(16" C) unless the materials of construction have a lower nil-ductility transition temperature. 
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FIGURE E-4.13-2 
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E-4.2 TUBE BUNDLE REMOVAL AND HANDLING 

To avoid possible damage during removal of a tube bundle from a shell, a pulling device should be 
attached to eyebolts screwed into the tubesheet. If the tubesheet does not have tapped holes for 
eyebolts, steel rods or cables inserted through tubes and attached to bearing plates may be used. 
The bundle should be supported on the tube baffles, supports or tubesheets to prevent damage to 
the tubes. 

Gasket and packing contact surfaces should be protected. 

E-4.3 CLEANING TUBE BUNDLES 

E-4.31 CLEANING METHODS 

The heat transfer surfaces of heat exchangers should be kept reasonably clean to assure 
satisfactory performance. Convenient means for cleaning should be made available. 

Heat exchangers may be cleaned by either chemical or mechanical methods. The method 
selected must be the choice of the operator of the plant and will depend on the type of 
deposit and the facilities available in the plant. Following are several cleaning proced ures that 
may be considered: 

(1) Circulating hot wash 011 or light distillate through tubes or shell at high velocity may 
effectively remove sludge or similar soft deposits. 

(2) Some salt deposits may be washed out by circulating hot fresh water. 

(3) Commercial cleaning compounds are available for removing sludge or scale provided hot 
wash oil or water is not available or does not give satisfactory results. 

(4) High pressure water jet cleaning. 

(5) Scrapers, rotating wire brushes, and other mechanical means for removing hard scale, 
coke, or other deposits. 
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(6) Employ services of a qualified organization that provides cleaning services. These 
organizations will check the nature of the deposits to be removed, furnish proper solvents 
and/or acid solutions containing inhibitors, and provide equipment and personnel for a 
complete cleaning job. 

E-4.32 CLEANING PRECAUTIONS 

(1) Tubes should not be cleaned by blowing steam through individual tubes since this heats 
the tube and may result in severe expansion strain, deformation of the tube, or loosening 
of the tube-to-tubesheet joint. 

(2) When mechanically cleaning a tube bundle, care should be exercised to avoid damaging 
the tubes. 

(3) Cleaning compounds must be compatible with the metallurgy of the exchanger. 

E-4,4 TUBE EXPANDING 

A suitable tube expander should be used to tighten a leaking tube joint. Care should be taken to 
ensure that tubes are not over expanded. 

E-4,5 GASKET REPLACEMENT 

Gaskets and gasket surfaces should be thoroughly cleaned and should be free of scratches and 
other defects. Gaskets should be properly pOSitioned before attempting to retighten bolts. It is 
recommended that when a heat exchanger is dismantled for any cause, it be reassembled with new 
gaskets. This will tend to prevent future leaks and/or damage to the gasket seating surfaces of the 
heat exchanger. Composition gaskets become dried out and brittle so that they do not always 
provide an effective seal when reused. Metal or metal jacketed gaskets, when compressed initially, 
flow to match their contact surfaces. In so doing they are work hardened and, ff reused, may provide 
an imperfect seal or result in deformation and damage to the gasket contact surfaces of the 
exchanger. 

Bolted joints and flanges are designed for use with the particular type of gasket specified. 
Substitution of a gasket of different construction or improper dimensions may result in leakage and 
damage to gasket surfaces. Therefore, any gasket substitutions should be of compatible design. 

Any leakage at a gasketed joint should be rectified and not permitted to persist as it may result in 
damage to the gasket surfaces. 

Metal jacketed type gaskets are widely used. When these are used with a tongue and groove joint 
without a nubbin, the gasket should be installed so that the tongue bears on the seamless side of the 
gasket jacket. When a nubbin is used, the nubbin should bear on the seamless side. 

E-4.6 SPARE AND REPLACEMENT PARTS 

The procurement of spare or replacement parts from the manufacturer will be facilitated if the correct 
name for the part, as shown in Section 1, Table N-2, of these Standards is given, together with the 
serial number, type, size, and other information from the name plate. Replacement parts should be 
purchased from the original manufacturer. 

E-4,7 PLUGGING OF TUBES 

In U-tube heat exchangers, and other exchangers of special design, it may not be feasible to remove 
and replace defective tubes. Defective tubes may be plugged using commercially available tapered 
plugs with ferrules or tapered only plugs which mayor may not be seal welded. Excessive tube 
plugging may result in reduced thermal performance, higher pressure drop, and/or mechanical 
damage. It is the user's responsibility to remove plugs and neutralize the bundle prior to sending it 
to a shop for repairs. 
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RCB-l SCOPE AND GENERAL REQUIREMENTS 

RCB-l.l SCOPE OF STANDARDS 

RCB-l.ll GENERAL 

The TEMA Mechanical Standards are applicable to shell and tube heat exchangers which do 
not exceed any of the following criteria: 

(1) inside diameters of 100 inches (2540 mm) 

(2) product of nominal diameter, inches (mm) and design pressure, psi (kPa) of 100,000 
(17.5 x 106) 

(3) a design pressure of 3,000 psi (20684 kPa) 

The intent of these parameters is to limit the maximum shell wall thickness to approximately 3 
inches (76 mm), and the maximum stud diameter to approximately 4 inches (102 mm). 
Criteria contained in these Standards may be applied to units which exceed the above 
parameters. 

R-l.12 DEFINITION OF TEMA CLASS "R" EXCHANGERS 

The TEMA Mechanical Standards for Class "R" heat exchangers specify design and 
fabrication of unfired shell and tube heat exchangers for the generally severe requirements of 
petroleum and related processing applications. 

C-l.12 DEFINITION OF TEMA CLASS 'C" EXCHANGERS 

The TEMA Mechanical Standards for Class 'C' heat exchangers specify design and 
fabrication of unfired shell and tube heat exchangers for the generally moderate requirements 
of commercial and general process applications. 

B-l.12 DEFINITION OF TEMA CLASS "B" EXCHANGERS 

The TEMA Mechanical Standards for Class "B" heat exchangers specify design and 
fabrication of unfired shell and tube heat exchangers for chemical process service. 

RCB-1.13 CONSTRUCTION CODES 

The individual vessels shall comply with the ASME (American Society of Mechanical 
Engineers) Boiler and Pressure Vessel Code, Section VIII, Division 1, hereinafter referred to 
as the Code. These Standards supplement and define the Code for heat exchanger 
applications. The manufacturer shall comply with the construction requirements of state and 
local codes when the purchaser specifies the plant location. It shall be the responsibility of 
the purchaser to inform the manufacturer of any applicable local codes. Application of the 
Code symbol is required, unless otherwise specified by the purchaser. 

RCB-l.14 MATERIALS-DEFINITION OF TERMS 

For purposes of these Standards, "carbon steel" shall be construed as any steel or low alloy 
falling within the scope of Part UCS of the Code. Metals not included by the foregoing (except 
cast iron) shall be considered as "alloys" unless otherwise specifically named. Materials of 
construction, including \laskets, should be specified by the purchaser. The manufacturer 
assumes no responsibility for deterioration of parts for any reason. 

RCB-l.2 DESIGN PRESSURE 

RCB-l.21 DESIGN PRESSURE 

Design pressures for the shell and tube sides shall be specified separately by the purchaser. 

RCB-l.3 TESTING 

RCB-l.31 STANDARD TEST 

The exchanger shall be hydrostatically tested with water. The test pressure shall be held for 
at least 30 minutes. The shell side and the tube side are to be tested separately in such a 
manner that leaks at the tube joints can be detected from at least one side. When the tube 
side design pressure Is the higher pressure, the tube bundle shall be tested outside of the 
shell only if specified by the purchaser and the construction permits. Welded joints are to be 
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sufficiently cleaned prior to testing the exchanger to permit proper inspection during the test. 
The minimum hydrostatic test pressure at room temperature shall be in accordance w~h the 
Code. 

RCB-L311 OTHER LIQUID TESTS 

Liquids other than water may be used as a testing medium if agreed upon between the 
purchaser and the manufacturer. 

RCB-l.32 PNEUMATIC TEST 

When liquid cannot be tolerated as a test medium the exchanger may be given a pneumatic 
test in accordance with the Code. It must be recognized that air or gas is hazardous when 
used as a pressure testing medium. The pneumatic test pressure at room temperature shall 
be in accordance with the Code. 

RCB-l.33 SUPPLEMENTARY AIR TEST 

When a supplementary air or gas test is specified by the purchaser, tt shall be preceded by 
the hydrostatic test required by Paragraph RCB-I.31. The test pressure shall be as agreed 
upon by the purchaser and manufacturer, but shall not exceed that required by Paragraph 
RCB-l.32. 

RCB-l.4 METAL TEMPERATURES 

RCB-l.41 METAL TEMPERATURE LIMITATIONS FOR PRESSURE PARTS 

The metal temperature limitations for various metals are those prescribed by the Code. 

RCB-l.42 DESIGN TEMPERATURE OF HEAT EXCHANGER PARTS 

RCB-l.42l FOR PARTS NOT IN CONTACT WITH BOTH FLUIDS 

Design temperatures for the shell and tube sides shall be specified separately by the 
purcnaser. The Code provides the allowable stress limits for parts to be designed at 
the specified design temperature. 

RCB-l.422 FOR PARTS IN CONTACT WITH BOTH FLUIDS 

The design temperature is the design metal temperature and Is used to establish the 
Code stress limits for design. The design metal temperature shall be based on the 
operating temperatures of the shellside and the tubeslde fluids, except when the 
purchaser specifies some other design metal temperature. When the design metal 
temperature is less than the higher of the design temperatures referred to in Paragraph 
RCB-l.42I, the design metal temperature and the affected parts shall be shown on the 
manufacturer's nameplate(s) as described in Paragraph G-3.1. 

RCB-l.43 MEAN METAL TEMPERATURES 

RCB-l.43l FOR PARTS NOT IN CONTACT WITH BOTH FLUIDS 

The mean metal temperature is the calculated metal temperature, under specified 
operating condttlons, of a part in contact wtth a fluid. It is used to establish metal 
properties under operating conditions. The mean metal temperature is based on the 
specified operating temperatures of the fluid in contact with the part. 

RCB-l.432 FOR PARTS IN CONTACT WITH BOTH FLUIDS 

The mean metal temperature is the calculated metal temperature, under specified 
operating condttions, of a part in contact wtth both shellside and tubeside fluids. It is 
used to establish metal properties under operating conditions. The mean metal 
temperature Is based on the specified operating temperatures of the shellside and 
tubeside fluids. In establishing the mean metal temperatures, due consideration shall 
be given to such factors as the relative heat transfer coefficients of the two fluids 
contacting the part and the relative heat transfer area of the parts contacted by the two 
fluids. 

RCB-l.5 STANDARD CORROSION ALLOWANCES 

The standard corrosion allowances used for the various heat exchanger parts are as follows, unless 
the conditions of service make a different allowance more suttable and such allowance is specified 
by the purchaser. 
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RCB-l.51 CARBON STEEL PARTS 

R-l.511 PRESSURE PARTS 

SECTION 5 

All carbon steel pressure parts. except as noted below, are to have a corrosion 
allowance of 1/8" (3.2 mm). 

CB-l.511 PRESSURE PARTS 

All carbon steel pressure parts, except as noted below, are to have a corrosion 
allowance of 1/16" (1.6 mm). 

RCB-l.512 INTERNAL FLOATING HEAD COVERS 

I ntemal floating head covers are to have the corrosion allowance on all wetted 
surfaces except gasket seating surfaces. Corrosion allowance on the outside of the 
flanged portion may be included in the recommended minimum edge distance. 

RCB-l.513 TUBESHEETS 

Tubesheets are to have the corrosion allowance on each side with the provision that, 
on the grooved side of a grooved tubesheet, the depth of the gasketed groove may be 
considered as available for corrosion allowance. 

RCB-l.514 EXTERNAL COVERS 

Where flat external covers are grooved, the depth of the gasketed groove may be 
considered as available for corrosion allowance. 

RCB-l.515 END FLANGES 

Corrosion allowance shall be applied only to the inside diameter of flanges where 
exposed to the fluids. 

RCB-l.516 NON PRESSURE PARTS 

Nonpressure parts such as tie-rods, spacers, baffles and support plates are not 
required to have corrosion allowance. 

RCB-l.517 TUBES, BOLTING AND FLOATING HEAD BACKING DEVICES 

Tubes, bolting and floating head backing devices are not required to have corrosion 
allowance. 

RCB-l.518 PASS PARTITION PLATES 

Pass partition plates are not required to have corrosion allowance. 

RCB-l.52 ALLOY PARTS 

Alloy parts are not required to have corrosion allowance. 

R-l.53 CAST IRON PARTS 

Cast iron pressure parts shall have a corrosion allowance of 1/8" (3.2 mm). 

CB-l.53 CAST IRON PARTS 
Cast iron pressure parts shall have a corrosion allowance of 1/16" (1.6 mm). 

RCB-l.6 SERVICE LIMITATIONS 

RB-1.61 CAST IRON PARTS 
Cast iron shall be used only for water service at pressures not exceeding 150 psi (1034 kPa). 

C-1.61 CAST IRON PARTS 

Cast iron shall not be used for pressures exceeding 150 psi (1034 kPa), or for lethal or 
flammable fluids at any pressure. 
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RCB-1.S2 EXTERNAL PACKED JOINTS 
Packed joints shall not be used when the purchaser specifies that the fluid in contact with the 
joint is lethal or flammable. 

RCB-1.7 ANODES 

Selection and placement of anodes is not the responsibility of the heat exchanger manufacturer. If a 
heat exchanger is to be furnished with anodes, when requesting a quotation, the purchaser is 
responsible for furnishing the heat exchanger manufacturer the following information: 

(1) Method of anode attachment. 

(2) Quantity of anodes required. 

(3) Size and manufacturer of the anodes. 

(4) Anode material. 

(5) Sketch of anode locations and spacing. 

If the heat exchanger manufacturer chooses to install anodes for a customer, the manufacturer is not 
responsible for the suitability of the anodes for the service it is installed in, the life of the anodes, the 
corrosion protection provided by the anode, or any subsequent damage to the heat exchanger 
attributed to the anode, the method of anode installation, or the installed location of the anode in the 
heat exchanger. 
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*RCB-2 TUBES 

RCB-2.1 TUBE LENGTH 

The following tube lengths for both straight and U·tube exchangers are commonly used: 96 (2438), 
120 (3048), 144 (3658), 192 (4877) and 240 (6096) inches (mm). Other lengths may be used. Also 
see Paragraph N-1. 12. 

RCB-2.2 TUBE DIAMETERS AND GAGES 

RCB-2.21 BARE TUBES 

Table RCB-2.21 lists common tube diameters and gages for bare tubes of copper, steel and 
alloy. Other diameters and gages are acceptable. 

TABLE RCB-2 21 

BARE TUBE DIAMETERS AND GAGES 

0.0. Copper and Copper Alloys Garbon Steel, Aluminum Other Alloys 
Inches and Aluminum Alloys 
(mm) 

B.W.G. B.w.G. BW.G. 

1/4 27 - 27 
(6.4) 24 - 24 

22 - 22 

3/8 22 - 22 
(9.5) 20 - 20 

18 - 18 

1/2 20 - 20 
(12.7) 18 - 18 

5/8 20 18 20 
(15.9) 18 16 18 

16 14 16 

3/4 20 16 18 
(19.1) 18 14 16 

16 12 14 

7/8 18 14 16 
(22.2) 16 12 14 

14 10 12 
12 - -

1 18 14 16 
(25.4) 16 12 14 

14 - 12 

1-1/4 16 14 14 
(31.8) 14 12 12 

1-1/2 16 14 14 
(38.1 ) 14 12 12 

2 14 14 14 
(50.8) 12 12 12 

Notes: 

1. Wall thickness shall be specified as either minimum or average. 

2. Characteristics of tubing are shown in Tables 0-7 and D7M. 

RCB-2.22 INTEGRALLY FINNED TUBES 

The nominal fin diameter shall not exceed the outside diameter of the unfinned section. 
Specified wall shall be based on the thickness at the root diameter. 
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RCB-2.3 U-TUBES 

RCB-2.31 U-BEND REQUIREMENTS 

When U-bends are formed, it is normal for the tube wall at the outer radius to thin. The 
minimum tube wall thickness in the bent portion before bending shall be: 

to~tl[I+:;J 
where 

t 0 ~ Original tube wall thickness, inches (mm) 

t I ~ Minimum tube wall thickness calculated by Code rules for a straight tube 
subjected to the same pressure and metal temperature, inches (mm) 

d 0 ~ Outside tube diameter, inches (mm) 

R ~ Mean radius of bend, inches (mm) 

More than one tube gage, or dual gage tubes, may be used in a tube bundle. 

When U-bends are formed from tube materials which are relatively non-work-hardening and 
of suitable temper, tube wall thinning in the bends should not exceed a nominal 17% of 
original tube wall thickness. 

Rattening at the bend shall not exceed 10% of the nominal tube outside diameter. 

U-bends formed from tube materials having low ductility, or materials which are susceptible to 
work-hardening, may require special consideration. Also refer to Paragraph RC8-2.33. 

RCB-2.32 BEND SPACING 

RCB-2.321 CENTER-TO-CENTER DIMENSION 

The center-to-center dimensions between parallel legs of U-tubes shall be such that 
they can be inserted into the baffle assembly without damage to the tubes. 

RCB-2.322 BEND INTERFERENCE 

The assembly of bends shall be of workmanlike appearance. Metal-to-metal contact 
between bends in the same plane shall not be permitted. 

RCB-2.33 HEAT TREATMENT 

Cold work in forming U-bends may induce embrittlement or susceptibility to stress corrosion 
in certain materials and/or environments. Heat treatment to alleviate such conditions may be 
performed by agreement between manufacturer and purchaser. 

RCB-2.4 TUBE PATTERN 

Standard tube patterns are shown in Figure RC8-2.4. 

30· 

Triangular 

FIGURE RCB-2.4 

60· 

Rotated 
Triangular 

Square 

45· 

Rotated 
Square 

Note: Flow arrows are perpendicular to the baffle cut edge. 
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RCB-2.41 SQUARE PATTERN 

In removable bundle units, when mechanical cleaning of the tubes is specified by the 
purchaser, tube lanes should be continuous. 

RCB-2.42 TRIANGULAR PATTERN 

Triangular or rotated triangular pattern should not be used when the shell side is to be 
cleaned mechanically. 

R-2.5 TUBE PITCH 

Tubes shall be spaced with a minimum center-to-center distance of 1.25 times the outside diameter 
of the tube. When mechanical cleaning of the tubes is specified by the purchaser, minimum cleaning 
lanes of 1/4" (6.4 mm) shall be provided. 

C-2.5 TUBE PITCH 

Tubes shall be spaced wkh a minimum center-to-center distance of 1.25 times the outside diameter 
of the tube. Where the tube diameters are 5/8" (15.9 mm) or less and tube-to-tubesheet joints are 
expanded only, the minimum center-to-center distance may be reduced to 1.20 times the outside 
diameter. 

B-2.5 TUBE PITCH 

Tubes shall be spaced with a minimum center-to-center distance of 1.25 times the outside diameter 
of the tube. When mechanical cleaning of the tubes is specified by the purchaser and the nominal 
shell diameter is 12 inches (305 mm) or less, minimum cleaning lanes of 3/16" (4.8 mm) shall be 
provided. For shell diameters greater than 12 inches (305 mm), minimum cleaning lanes of 1/4" (6.4 
mm) shall be provided. 
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RCB-3 SHELLS AND SHELL COVERS 

RCB-3.1 SHELLS 

30 

RCB-3.11 SHELL DIAMETERS 

It shall be left to the discretion of each manufacturer to establish a system of standard shell 
diameters within the TEMA Mechanical Standards in order to achieve the economies peculiar 
to his individual design and manufacturing facilities. 

RCB-3.12 TOLERANCES 

RCB-3.121 PIPE SHELLS 

The inside diameter of pipe shells shall be in accordance with applicable ASTM/ ASME 
pipe specifications. 

RCB-3.122 PLATE SHELLS 

The inside diameter of any plate shell shall not exceed the design inside diameter by 
more than 1/8" (3.2 mm) as determined by circumferential measurement. 

RCB-3.13 MINIMUM SHELL THICKNESS 

Shell thickness is determined by the Code design formulas, plus corrosion allowance, but in 
no case shall the nominal thickness of shells be less than that shown in the applicable table. 
The nominal total thickness for clad shells shall be the same as for carbon steel shells. 

TABLE R-3.13 
MINIMUM SHELL THICKNESS 

Dimensions In Inches (mm) 

Minimum Thickness 

Nominal Shell Diameter Carbon Steel Alloy * 

6 ~152) 
8 -12 203-305l 

13 -29 ~330-737 
30 -39 762-991) 
40 -60 (1016-1524) 
61 - 80 ~1549-2032) 
81 - 100 2057-2540) 

Nominal Shell Diameter 

6 (152) 
8 - 12 ~203-305! 

13 -23 330-584 
24-29 ~610-737 
30 -39 762-991) 
40 -60 r016-1524) 
61 - 80 1549-2032) 
81 - 100 2057-2540) 

Pipe Plate 

SCH.40 -
SCH.30 -

SCH. STD 3/8 (9.5) 
- 7/16 

r
lll - 1/2 12.7 

- 1/2 12.7) 
- 1/2 12.7) 

TABLE CB-3.13 
MINIMUM SHELL THICKNESS 

Dimensions In Inches (mm) 

Minimum Thickness 

Carbon Steel 

Pipe Plate 

SCH.40 -
SCH.30 -
SCH.20 5/16 ~7.9) 

- 5/16 7.9! - 3/8 (9.5 
- 7/16 (11.1 
- 1/2 ~12.7) 
- 1/2 12.7) 

1/8 
1/8 

~3.2l 3.2 
3/16 (4.8) 

1/4 ~6.4l 5/16 7.9 
5/16 (7.9) 
3/8 (9.5) 

Alloy· 

1/8 (3.2) 
1/8 ~3.2l 
1/8 3.2 

3/16 (4.8) 
1/4 

r.4l 1/4 6.4 
5/16 7.9) 
3/8 9.5) 

·Schedule 5S is permissible for 6 inch (152 mm) and 8 inch (203 mm) shell diameters. 
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RCB-3.2 SHELL COVER THICKNESS 

Nominal thickness of shell cover heads, before forming, shall be at least equal to the thickness of the 
shell as shown in the applicable table. 

RCB-4 BAFFLES AND SUPPORT PLATES 

RCB-4.1 TYPE OF TRANSVERSE BAFFLES 

The segmental or multi-segmental type of baffle or tube support plate is standard. Other type baffles 
are permissible. Baffle cut is defined as the segment opening height expressed as a percentage of 
the ~hell Inside diameter or as a percentage of the total net free area inSide the shell (shell cross 
sectional area minus total tube area). The number of tube rows that overlap for multi-segmental 
baffles should be adjusted to give approximately the same net free area flow through each baffle. 
Baffles shall be cut near the centerline of a row of tubes, of a pass lane, of a tube lane, or outside the 
tube pattern. Baffles shall have a workmanlike finish on the outSide diameter. Typical baffle cuts are 
illustrated in Figure RCB-4.1. Baffle cuts may be vertical, horizontal or rotated. 

FIGURE RCB-4.1 
BAFFLE CUTS FOR SEGMENTAL BAFFLES 

Horizontal Vertical Rotated 

BAFFLE CUTS FOR MULTI·SEGMENT AL BAFFLES 

DOUBLE SEGMENTAL 

If ' , , , 
Jr\ ' , , , , , , , , , , , , 

I I 
, , , , , , , , , , , 

\1 ' , II) , , , , 
.LJ 

TRIPLE SEGMENTAL 
RCB-4.2 TUBE HOLES 

Where the maximum unsupported tube length is 36 inches (914 mm) or less, or for tubes larger in 
diameter than 1-1/4 inches (31.8 mm) 00, standard tube holes are to be 1/32 inch (0.8 mm) over the 
00 of the tubes. Where the unsupported tube length exceeds 36 inches (914 mm) fortubes 1-1/4 
inches (31.8 mm) diameter and smaller, standard tube holes are to be 1/64 inch (0.4 mm) over the 
00 of the tubes. For pulsating conditions, tube holes may be smaller than standard. Any burrs shall 
be removed and the tube holes given a workmanlike finish. Baffle holes will have an over·tolerance 
of 0.010 inch (0.3 mm) except that 4% of the holes are allowed an over-tolerance of 0.Q15 inch (0.4 
mm). 

RCB-4.3 TRANSVERSE BAFFLE AND SUPPORT CLEARANCE 

The transverse baffle and support plate clearance shall be such that the difference between the shell 
design inside diameter and the outside diameter of the baffle shall not exceed that indicated in Table 
RCB-4.3. However, where such clearance has no significant effect on shell side heat transfer 
coefficient or mean temperature difference, these maximum clearances may be increased to twice 
the tabulated values. (See Paragraph RCB-4.43.) 
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TABLE RCB-4.3 

Standard Cross Baffle and Support Plate Clearances 

Dimensions In Inches (mm) 

Nominal Shell 10 Design 10 of Shell Minus Baffle 00 

6·17 !152432! 1/8 3.2) 
18 - 39 457-991 3/16 4.8 
40 -54 r016-1372! 1/4 6.4 
55 -69 1397-1753 5/16 7.9 
70 -84 1778-2134! 3/8 9.5 
85 - 100 2159-2540 7/16 (11.1 

The desi!;!n inside diameter of a pipe shell is defined as the nominal outside diameter of the pipe, 
minus twice the nominal wall thickness. The design inside diameter of a plate shell Is the specified 
inside diameter. In any case, the design inside diameter may be taken as the actual measured shell 
inside diameter. 

RCB-4.4 THICKNESS OF BAFFLES AND SUPPORT PLATES 

RCB-4.41 TRANSVERSE BAFFLES AND SUPPORT PLATES 

The following tables show the minimum thickness of transverse baffles and support plates 
applying to all materials for various shell diameters and plate spacings. 

The thickness of the baffle or support plates for U-tube bundles shall be based on the 
unsupported tube length in the straight section of the bundle. The U-bend length shall not be 
considered in determining the unsupported tube length for required plate thickness. 

TABLE R-4.41 

BAFFLE OR SUPPORT PLATE THICKNESS 

Dimensions in Inches (mm) 

Plate Thickness 

Unsupported tube length between central baffles. End spaces between 
Nominal Shell 10 tubesheets and baffles are not a consideration. 

24 (610) and Over 24 (610) Over 36 (914) Over 48 Over 60 
Under to 36 (914) to 48 (1219) (1219) to 60 (1524) 

Inclusive Inclusive (1524) 
Inclusive 

6 -14 
!152-356l 1/8 3.2 3/16 r8 1/4 

t4l 
3/8 !9.5 3/8 (9.5! 

15 - 28 381-711 3/16 4.8 1/4 6.4 3/8 9.5 3/8 9.5 1/2 !12.7 
29-38 !737-965 1/4 6.4 5/16 7.5 3/8 9.5 1/2 f2.7 5/8 15.9) 
39-60 991-1524! 1/4 6.4 3/8 9.5 1/2 !12.7! 5/8 15.9 5/8 !15.9! 
61 - 100 (1549-2540 3/8 9.5 1/2 (12.7 5/8 15.9 3/4 19.1 3/4 19.1 
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TABLE CB-4.41 

BAFFLE OR SUPPORT PLATE THICKNESS 

Dimensions in Inches (mm) 

Plate Thickness 

SECTION 5 

Unsupported tube length between central baffles. End spaces between 
Nominal SheliiD tUbesheets and baffles are not a consideration. 

12 (305) Over 12 Over 24 Over 36 Over 48 Over 60 
and Under (305) to 24 (610) to 36 (914) to 48 (121~ to 60 (1524) 

(610) (914) (1219) (1 24) 
Inclusive Inclusive Inclusive Inclusive 

6 -14 (152-356) 1/16 1.6) 1/8 (3.2) 3/16 rl 1/4 (6.4) 3/8 !9.5) 3/8 (9.5) 
15 - 28 t81-711l 1/8 3.2\ 3/16 (4.8\ 1/4 6.4 3/8 ~9.5) 3/8 9.5) 1/2 (12.7) 
29 - 38 737-965 3/16 4.8 1/4 !6.4 5/16 .5 3/8 9.5\ 1/2 r2

.7l 5/8 ~15.9l 39- 60 991-1524) 1/4 6.4 1/4 6.4 3/8 9.5 1/2 (12.7 5/8 15.9 5/8 15.9 
61 - 100 (1549-2540) 1/4 6.4) 3/8 (9.5) 1/2 . (12.7) 5/8 (15.9 3/4 19.1) 3/4 19.1) 

R-4.42 LONGITUDINAL BAFFLES 

Longitudinal baffles shall not be less than 1/4" (6.4 mm) nominal metal thickness. 

CB-4.42 LONGITUDINAL BAFFLES 

Longitudinal carbon steel baffles shall not be less than 1/4" (6.4 mm) nominal metal 
thickness. 

Longitudinal alloy baffles shall not be less than 1/8" (3.2 mm) nominal metal thickness. 

RCB-4.43 SPECIAL PRECAUTIONS 

Special consideration should be given to: 

(1) Baffles and support plates subjected to pulsations. 

(2) Baffles and support plates engaging finned tubes. 

(3) Longitudinal baffles subjected to large differential pressures due to high shell side fluid 
pressure drop. 

(4) Support of tube bundles when larger clearances allowed by RCB-4.3 are used. 

RCB-4.5 SPACING OF BAFFLES AND SUPPORT PLATES 

RCB-4.51 MINIMUM SPACING 

Segmental baffles normally should not be spaced closer than 1/5 of the shell ID or 2 inches 
(51 mm). whichever is greater. However. special design considerations may dictate a closer 
spacing. 

RCB-4.52 MAXIMUM SPACING 

Tube support plates shall be so spaced that the unsupported tube span does not exceed the 
value indicated in Table RCB-4.52 for the tube material used. 
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TABLE RCB-4.52 

MAXIMUM UNSUPPORTED STRAIGHT TUBE SPANS 

Dimensions in Inches (mm) 

Tube Materials and Temperature Limits 0 F (0 C) 

Carbon Steel & High Alloy Steel. 750 Aluminum & Aluminum Alloys. 
(399) Copper & Copper Alloys. nanium 

Tube 00 Low Alloy Steel. 850 (454) Alloys At Code Maximum Allowable 
Nickel-Copper. 600 (316) Temperature 
Nickel. 850 (454) 
Nickel-Chromium-Iron. 1000 (538) 

1/4 (6.4 
26 !660l 

22 r59

! 3/8 (9.5 35 889 30 762 
1/2 112.7 44 1118 38 965 
5/8 15.9 52 1321l 45 1143) 
3/4 19.1 60 1524 52 (1321 ) 
7/8 22.2 69 1753 60 1524l 

1 25.4 74 1880 64 1626 
1-1/4 31.8 88 2235 76 1930) 
1-1/2 38.1 100 2540 87 2210l 

2 50.8 125 3175 110 2794 

Notes: 

(1) Above the metal temperature limits shown. maximum spans shall be reduced in direct 
proportion to the fourth root of the ratio of elastic modulus at temperature to elastic 
modulus at tabulated limit temperature. 

(2) In the case of circumferentially finned tubes. the tube 00 shall be the diameter at the root 
of the fins and the corresponding tabulated or interpolated s~n shall be reduced in direct 
proportion to the fourth root of the ratio of the weight per umt length of the tube. if stripped 
of fins to that of the actual finned tube. 

(3) The maximum unsupported tube spans in Table RCB-4.52 do not consider potential flow 
induced vibration problems. Refer to Section 6 for vibration criteria. 

RCB-4.53 BAFFLE SPACING 

Baffles normally shall be spaced uniformly. spanning the effective tube length. When this is 
not possible. the baffles nearest the ends of the shell. and/or tubesheets. shall be located as 
close as practical to the shell nozzles. The remaining baffles normally shall be spaced 
uniformly. 

RCB-4.54 U-TUBE REAR SUPPORT 

The support plates or baffles adjacent to the bends in U-tube exchangers shall be so located 
that. for any individual bend. the sum of the bend diameter plus the straight lengths measured 
along both legs from supports to bend tangents does not exceed the maximum unsupported 
span determined from Paragraph RCB-4.52. Where bend diameters prevent compliance. 
special provisions in addition to the above shall be made for support of the bends. 

RCB-4.55 SPECIAL CASES 

When pulsating conditions are specified by the purchaser. unsupported spans shall be as 
short as pressure drop restrictions permit. If the span under these circumstances approaches 
the maximum permitted by Paragraph RCB-4.52. consideration should be given to alternative 
flow arrangements which would permit shorter spans under the same pressure drop 
restrictions. 

RCB-4.56 TUBE BUNDLE VIBRATION 

Shell side flow may produce excitation forces which result in destructive tube vibrations. 
Existing predictive correlations are inadequate to insure that any given design will be free of 
such damage. The vulnerability of an exchanger to flow induced vibration depends on the 
flow rate. tube and baffle materials. unsupported tube spans. tube field layout. shell diameter. 
and inlet/outlet configuration. Section 6 of these Standards contains information which is 
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intended to alert the designer to potential vibration problems. In any case, and consistent with 
Paragraph G-5, the manufacturer is not responsible or liable for any direct, indirect, or 
consequential damages resulting from vibration. 

RCB-4.6 IMPINGEMENT BAFFLES AND EROSION PROTECTION 

The following paragraphs provide limitations to prevent or minimize erosion of tube bundle 
components at the entrance and exit areas. These limitations have no correlation to tube vibration 
and the designer should refer to Section 6 for information regarding this phenomenon. 

RCB-4.6t SHELL SIDE IMPINGEMENT PROTECTION REQUIREMENTS 

An impingement plate, or other means to protect the tube bundle against impinging fluids, 
shall be provided when entrance line values of p V 2 exceed the following: non-abrasive, single 
phase fluids, 1500 (2232); all other liquids, including a liquid at its boiling point, 500 (744). For 
all other gases and vapors, including all nominally saturated vapors, and for liquid vapor 
mixtures, impingement protection is required. V is the linear velocity of the fluid in feet per 
second (meters per second) and p is its density in pounds per cubic foot (kilograms per cubic 
meter). A properly designed diffuser may be used to reduce line velocities at shell entrance. 

*RCB-4.62 SHELL OR BUNDLE ENTRANCE AND EXIT AREAS 

In no case shall the shell or bundle entrance or exit area produce a value of p V 2 in excess of 
4,000 (5953) where V is the linear velocity of the fluid in feet per second (meters per second) 
and p is its density in pounds per cubic foot (kilograms per cubic meter). 

*RCB-4.621 SHELL ENTRANCE OR EXIT AREA WITH IMPINGEMENT PLATE 

When an impingement plate is provided, the flow area shall be considered the 
unrestricted area between the inside diameter of the shell at the nozzle and the face of 
the impingement plate. 

*RCB-4.622 SHELL ENTRANCE OR EXIT AREA WITHOUT IMPINGEMENT PLATE 

For determining the area available for flow at the entrance or exit of the shell where 
there is no impingement plate, the flow area between the tubes within the projection of 
the nozzle bore and the actual unrestricted radial flow area from under the nozzle or 
dome measured between the tube bundle and shell inside diameter may be 
considered. 

*RCB-4.623 BUNDLE ENTRANCE OR EXIT AREA WITH IMPINGEMENT PLATE 

When an impingement plate is provided under a nozzle, the flow area shall be the 
unrestricted area between the tubes within the compartments between baffles and/or 
tubesheet. 

*RCB-4.624 BUNDLE ENTRANCE OR EXIT AREA WITHOUT IMPINGEMENT PLATE 

For determining the area available for flow at the entrance or exit of the tube bundle 
where there is no impingement plate, the flow area between the tubes within the 
compartments between baffles and/or tubesheet may be considered. 

RCB-4.63 TUBE SIDE 
Consideration shall be given to the need for special devices to prevent erosion of the tube 
ends under the following conditions: 

(1) Use of an axial inlet nozzle. 
(2) Liquid p V 2 is in excess of 6000 (8928), where V is the linear velocity in feet per second 

(meter per second). and p is its density in pounds per cubic foot (kilograms per cubic 
meter). 

RCB-4.7TIE RODS AND SPACERS 

Tie rods and spacers, or other equivalent means of tying the baffle systelTl toge!~er, shall be 
provided to retain all transverse baffles and tube support plates securely In pOSition. 
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R-4.71 NUMBER AND SIZE OF TIE RODS 

Table R·4.71 shows suggested tie rod count and diameter for various sizes of heat 
exchangers. Other combinations of tie rod number and diameter with equivalent metal area 
are permissible; however, no fewer than four tie rods, and no diameter less than 3/8" 
(9.5 mm) shall be used. Any baffle segment requires a minimum of three points of support. 

Nominal 

TABLE R-4.71 
TIE ROO STANDARDS 

Dimensions in Inches (mm) 

Tie Rod 
Shell Diameter Diameter 

6 -15 
r 52·381 I 3/8 ~9.5 

16 - 27 406-686 3/8 9.5 
28 -33 711-838) 1/2 r2.7 34-48 

864-
12191 1/2 12.7 

49-60 ~1245-1524 1/2 12.7 
61-100 1549-2540 5/8 15.9) 

CB-4.71 NUMBER AND SIZE OF TIE RODS 

Minimum 
Number of Tie 

Rods 

4 
6 
6 
8 
10 
12 

Table CB-4.71 shows suggested tie rod count and diameter for various sizes of heat 
exchangers. Other combinations of tie rod number and diameter with equivalent metal area 
are permissible; however, no fewer than four tie rods, and no diameter less than 3/8" 
(9.5 mm) shall be used above 15 inch (381) nominal shell diameter. Any baffle segment 
requires a minimum of three points of support. 

Nominal 

TABLE CB-4.71 

TIE ROD STANDARDS 
Dimensions in Inches (mm) 

Tie Rod 
Shell Diameter Diameter 

6 - 15 
r52-381 1 1/4 ~6.4) 

16 -27 406-686 3/8 9.5 
28 ·33 711-838 1/2 r2.7 34 -48 864-12191 1/2 12.7 
49-60 ~1245-1524 1/2 12.7 
61-100 1549-2540 5/8 15.9 

RCB-4.8 SEALING DEVICES 

Minimum 
Number of Tie 

Rods 

4 
6 
6 
8 
10 
12 

I n addition to the baffles, sealing devices should be installed when necessary to prevent excessive 
fluid by-passing around or through the tube bundle. Sealing devices may be seal strips, tie rods with 
spacers, dummy tubes, or combinations of these. 

RCB-4.9 KETTLE TYPE REBOILERS 

For kettle type reboilers, skid bars and a bundle hold-down may be provided. One method is shown 
in Figure RCB-4.9. Other methods which satisfy the intent are acceptable. Bundle hold-downs are 
not required for fixed tubesheet kettles. 
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FIGURE RCB-4.9 

+ ----

CROSS-SECTION END VIEW OF TUBE BUNDLE AND SHELL 
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RCB-S.1INTERNAL FLOATING HEADS (Types Sand T) 

R-S.11 MINIMUM INSIDE DEPTH OF FLOATING HEAD COVERS 

For multipass floating head covers the inside depth shall be such that the minimum 
cross-over area for flow between successive tube passes is at least equal to 1.3 times the flow 
area through the tubes of one pass. For single pass floating head covers the depth at nozzle 
centerline shall be a minimum of one-third the inside diameter of the nozzle. 

CB-S.11 MINIMUM INSIDE DEPTH OF FLOATING HEAD COVERS 

For mUltipass floating head covers the inside depth shall be such that the minimum 
cross-over area for flow between successive tube passes is at least equal to the flow area 
through the tubes of one pass. For single pass floating head covers the depth at nozzle 
centerline shall be a minimum of one-third the inside diameter of the nozzle. 

RCB-S. 12 POSTWELD HEAT TREATMENT 

Fabricated floating head covers shall be postweld heat treated when required by the Code or 
specified by the purchaser. 

RCB-S.13 INTERNAL BOLTING 

The materials of construction for internal bolting for floating heads shall be suitable for the 
mechanical design and similar in corrosion resistance to the materials used for the shell 
interior. 

RCB-S.14 FLOATING HEAD BACKING DEVICES 

The material of construction for split rings or other Internal floating head backing devices shall 
be equivalent in corrosion resistance to the material used for the shell interior. 

RCB-S.141 BACKING DEVICE THICKNESS (TYPE S) 

The required thickness of floating head backing devices shall be determined by the 
following formulas or minimum thickness shown in Figure RCB-5.141, using whichever 
thickness is greatest. 

BENDING 

[(W)(H)(Y)]'" For Style "A", 
T= nell & "DII 

(B)(5) inches' 
Metric _[CW)(H)(nJ

12 

3 
T- (B)(5) xlO ,mm 

_ [2(W)(H)(y) J" ~or Style "B", 
T- (8)(S) Inches Metric T = [2(W)(H)(Y) JI2 x 103 

(B)(5) 
,mm 

SHEAR 

W 
t= (11)(~(5,)XI06 /= , inches Metric ,mm (11)(Z)(5,) 

where 

A = Ring 00, inches (mm) 

B = As shown in Fig. 

W = Design bolt load (as ref. in Code Appendix 2), 
lb. (kN) 

Y = From Code Fig. 2-7.1 using K = AlB 
RCB-5.141, inches (mm) 

C = Bolt circle, inches (mm) Z = Tubesheet 00, inches (mm) 

H = (C - B) 12, inches (mm) L = Greater of Tor t, inches (mm) 
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1"(25.4 
(MIN) 
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s ~ Code allowable stress in 

tension (using shell design 

temperature), psi (kPa) 

5, ~ 0.85 ,psi (kPa) 

NOTES 

S b, ~ S of backing ring, psi (kPa) 

5 " ~ 5 of split key ring, psi (kPa) 

5" ~ 5 of tubesheet, psi (kPa) 

1. All references above are to ASME Code Section VIII, Division 1. 

SECTION 5 

2. Caution: For styles "A", "B" & "D" check thickness in shear of the tubesheet if 
SIS < Sbr 

3. Caution: Style "C" check thickness in shear of the tubesheet if 5 I, < 5" 

See Figure RCB-5. 141 for illustration of suggested styles. Other styles are permissible. 

T 

co 
c:i 

I 3/8"(9.5) 
(MAX) 

FIGURE ReB 5_141 

SPLIT RING 
L 

i:-d~<M:~ 

G~ 
u 

SPLIT RING 

ANGLE~45' (0.8 RAD) MIN, 75' (1.3 RAD) MAX 

SlYLE "A" 

T 
SOLID RING 

u 

<D 

SPLIT KEY RING 

t (MIN) 
t + 1/64"(0.4) 

SlYLE "e" 

u 

SlYLE "8" 

SPLIT RING 

u 

SlYLE "0" 
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RCB-S.1S TUBE BUNDLE SUPPORTS 

When a removable shell cover is utilized, a partial support plate, or other suitable means, shall 
be provided to support the floating head end of the tube bundle. If a plate is used, the 
thickness shall equal or exceed the support plate thickness specified in Table R-4.41 or 
CB-4.41 as applicable for unsupported tube lengths over 60 inches (1524 mm). 

RCB-S.1S FLOATING HEAD NOZZLES 

The floating head nozzle and packing box for a single pass exchanger shall comply with the 
requirements of Paragraphs RCB-5.21, RCB-5.22 and RCB-5.23. 

RCB-S.17 PASS PARTITION PLATES 

The nominal thickness of floating head pass partitions shall be identical to those shown in 
RCB-9.13 for channels and bonnets. 

RCB-S.2 OUTSIDE PACKED FLOATING HEADS (Type P) 

RCB-S.21 PACKED FLOATING HEADS 

The cylindrical surface of packed floating head tubesheets and skirts, where in contact with 
packing (including allowance for expansion), shall be given a fine machine finish equivalent to 
63 microinches. 

RCB-S.22 PACKING BOXES 

A machine finish shall be used on the shell or packing box where the floating tubesheet or 
nozzle passes through. If packing of braided material is used, a minimum of three rings of 
packing shall be used for 150 PSI (1034 kPa) maximum design pressure and a minimum of 
four rings shall be used for 300 PSI (2068 kPa) maximum design pressure. For pressures less 
than 150 PSI (1034 kPa), temperatures below 3000 F (1490 C), and non-hazardous service, 
fewer rings of packing may be used. Figure RCB-5.22 and Table RCB-5.22 show typical 
details and dimensions of packing boxes. 
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FIGURE RCB-S.22 

PACKING BOX 

1/32"(0.8) MAX 

E 

Design Based On Square Packing of Other Suitable 
Braided Pocking Materials. Dimensions. and 

Shope May Be Used 

TABLE RCB-S.22 

TYPICAL DIMENSIONS FOR PACKED FLOATING HEADS 

SECTION 5 

150 PSI{1034 kPa) AND 300 PSI {2068 kPa) WITH 600 0 F (316 0 C) MAX. TEMP. 

Dimensions in Inches 

A B C D E F BOLTS 

SIZE (MIN) NO. SIZE 

6-8 3/8 7/16 1-1/4 1-5/8 1 3/4 4 5/8 
9·13 3/8 7/16 1-1/4 1-5/8 1 3/4 6 5/8 

14 - 17 3/8 7/16 1-1/4 1-5/8 1 3/4 8 5/8 
18 - 21 3/8 7/16 1-1/4 1-5/8 1 3/4 10 5/8 
22 - 23 3/8 7/16 1-1/4 1-5/8 1 3/4 12 5/8 
24 -29 1/2 9/16 1-3/4 2-1/4 1-1/8 1 16 5/8 
30 - 33 1/2 9/16 1-3/4 2-1/4 1-1/8 1 20 5/8 
34 -43 1/2 9/16 1-3/4 2-1/4 1-1/8 1 24 5/8 
44 - 51 5/8 11/16 2-1/8 2-3/4 1-1/4 1-1/4 28 5/8 
52 -60 5/8 11/16 2-1/8 2-3/4 1-1/4 1-1/4 32 5/8 

Dimensions in Millimeters 

A B C D E F BOLTS 

SIZE (MIN) NO. SIZE 

152-203 9.53 11.11 31.75 41.28 25.40 19.05 4 M16 
229-330 9.53 11.11 31.75 41.28 25.40 19.05 6 M16 
356-432 9.53 11.11 31.75 41.28 25.40 19.05 8 M16 
457-533 9.53 11.11 31.75 41.28 25.40 19.05 10 M16 
559-584 9.53 11.11 31.75 41.28 25.40 19.05 12 M16 
610-737 12.70 14.29 44.45 57.15 28.58 25.40 16 M16 
762-838 12.70 14.29 44.45 57.15 28.58 25.40 20 M16 
864-1092 12.70 14.29 44.45 57.15 28.58 25.40 24 M16 

1118-1295 15.88 17.46 53.98 69.85 31.75 31.75 28 M16 
1321-1524 15.88 17.46 53.98 69.85 31.75 31.75 32 M16 

Note: Nominal size of packing is same as dimension "A" 
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RCB-5.23 PACKING MATERIAL 

Purchaser shall specify packing material which is compatible with the shell side process 
conditions. 

RCB-5.24 FLOATING TUBESHEET SKIRT 

The floating tubesheet skirt normally shall extend outward. When the skirt must extend 
inward, a suitable method shall be used to prevent stagnant areas between the shell side 
nozzle and the tubesheet. 

RCB-5.25 PASS PARTITION PLATES 

The nominal thickness of floating head pass partitions shall be identical to those shown in 
Paragraph RCB-9.13 for channels and bonnets. 

RCB-5.3 EXTERNALLY SEALED FLOATING TUBESHEET (Type W) 

RB-5.31 LANTERN RING 

The externally sealed floating tubesheet using square braided packing materials shall be used 
only for water, steam, air, lubricating oil, or similar services. Design temperature shall not 
exceed 375 0 F (191 0 C). Design pressure shall be limited according to Table RB-5.31. 

TABLE RB-5.31 

MAXIMUM DESIGN PRESSURE FOR EXTERNALLY SEALED 
FLOATING TUBESHEETS 

Nominal Shell Inside Diameter Maximum Design Pressure 
Inches (mm) PSI (kPa) 

6-24 (152-610) 
300 r06Sl 

25 - 42 (635-1067! 150 1034 
43 - 60 1092-1524 75 517) 
61 - 1 00 ~1549-2540 50 345) 

C-5.31 LANTERN RING 

The externally sealed floating tubesheet shall be used only for water, steam, air, lubricating oil. 
or similar services. Design temperature, pressure and shell diameter shall be limited by the 
service, joint configuration, packing material and number of packing rings, to a maximum 
design pressure of 600 psi (4137 kPa). 

RCB-5.32 LEAKAGE PRECAUTIONS 

The design shall incorporate provisions in the lantern ring so that any leakage past the 
packing will leak to atmosphere. When endless packing rings are used, one ring of packing 
shall be used on each side of the lantern ring. For braided packing materials with a seam, a 
minimum of two rings of packing shall be used on each side of the lantern ring, with the 
seams staggered during assembly. 

RCB-5.33 PACKING MATERIAL 

Purchaser shall specify packing material which is compatible with the process conditions. 

RCB-5.34 SPECIAL DESIGNS 

Special designs incorporating other sealing devices may be used for the applications in 
Paragraph RB-5.31 and C-5.31 or other special service requirements. Provisions for leak 
detection shall be considered. 
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RCB-S GASKETS 

RCB-S.l TYPE OF GASKETS 

Gaskets shall be selected which have a continuous periphery with no radial leak paths. This shall not 
exclude gaskets made continuous by welding or other methods which produce a homogeneous 
bond. 

R-S.2 GASKET MATERIALS 

Metal jacketed or solid metal gaskets shall be used for internal floating head joints. all joints for 
pressures of 300 psi (2068 kPa) and over. and for all joints in contact with hydrocarbons. Other 
gasket materials may be specified by agreement between purchaser and manufacturer to meet 
special service conditions and flange design. When two gasketed joints are compressed by the 
same bolting. provisions shall be made so that both gaskets seal. but neither gasket is crushed at the 
required bolt load. 

CB-S.2 GASKET MATERIALS 

For design pressures of 300 psi (2068 kPa) and lower. composition gaskets may be used for external 
joints. unless temperature or corrosive nature of contained fluid indicates otherwise. Metal jacketed. 
filled or solid metal gaskets shall be used for all joints for design pressures greater than 300 psi (2068 
kPa) and for internal floating head joints. Other gasket materials may be specified by agreement 
between purchaser and manufacturer to meet special service conditions and flange design. When 
two gasketed joints are compressed by the same bolting. provisions shall be made so that both 
gaskets seal. but neither gasket is crushed at the required bolt load. 

RCB-S.3 PERIPHERAL GASKETS 

RC-S.31 

The minimum width of peripheral ring gaskets for external jOints shall be 3/8" (9.5 mm) for 
shell sizes through 23 inches (584 mm) nominal diameter and 1/2" (12.7 mm) for all larger 
shell sizes. 

B-S.31 

The minimum width of peripheral ring gaskets for external joints shall be 3/8" (9.5 mm) for 
shell sizes through 23 inches (584 mm) nominal diameter and 1/2" (12.7 mm) for all larger 
shell sizes. Full face gaskets shall be used for all cast iron flanges. 

RCB-S.32 

The minimum width of peripheral ring gaskets for internal joints shall be 1/4" (6.4 mm) for all 
shell sizes. 

R-S.33 

Peripheral gasket contact surfaces shall have a flatness tolerance of ± 1/32" (0.8 mm) 
maximum deviation from any reference plane. This maximum deviation shall not occur in less 
than a 20 0 (0.3 Rad) arc. 

CB-S.33 
Flatness of peripheral gasket contact surfaces shall be sullicient to meet the requirements of 
Paragraph RCB-l.3. 

RCB-S.4 PASS PARTITION GASKETS 

The width of gasket web for pass partitions of channels. bonnets. and floating heads shall be not less 
than 1/4" (6.4 mm) for shell sizes through 23 inches (584 mm) nominal diameter and not less than 
3/8" (9.5 mm) for all larger shell sizes. 

R-S.5 GASKET JOINT DETAILS 

Gasketed joints shall be of a confined type. 
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CB-6.5 GASKET JOINT DETAILS 

Gasket joints shall be of a confined or unconfined type. 
FIGURE RCB-6.5 

L L 

r r 
Confined Gasket Unconfined Gasket 

For dimensions and tolerances, see Figure F-3. 

Confined Gasket 

SPIRAL WOUND GASKET WITH OUTER METAL RING 

RCB-6.6 SPARE GASKETS 

Unless specifically stated otherwise, spare gaskets include only main body flange gaskets. 
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RCB-7 TUBESHEETS 

RCB-7.1 TUBESHEET THICKNESS 

RCB-7.11 APPLICATION INSTRUCTIONS AND LIMITATIONS 

Subject to the requirements of the Code. the formulas and design criteria contained in 
Paragraphs RCB-7.1 through RCB-7.25 are applicable. with limitations noted. when the 
following normal design conditions are met: 

(1) Size and pressure are within the scope of the TEMA Mechanical Standards. Paragraph 
RCB·l.1 

(2) Tube-to-tubesheet joints are expanded. welded or otherwise constructed such as to 
effectively contribute to the support of the tubesheets (except U-tube tubesheets) 

(3) Tubes are uniformly distributed (no large untubed areas) 

Abnormal conditions of support or loading are considered Special Cases. and are defined in 
Paragraph RCB-7.3 which is referenced. when pertinent. in subsequent paragraphs. 

RCB-7.12 EFFECTIVE TUBESHEET THICKNESS 

Except as qualified by Paragraphs RCB-7.121 and 7.122. the effective tubesheetthickness 
shall be the thickness measured at the bottom of the tube side pass partition groove and / or 
shell side longitudinal baffle groove minus corrosion allowance in excess of the groove 
depths. 

RCB-7.121 APPLIED TUBESHEET FACINGS 

The thickness of applied facing material shall not be included in the minimum or 
effective tubesheet thickness. 

RCB-7.122 INTEGRALLY CLAD TUBESHEETS 

The thickness of cladding material in integrally clad plates and cladding deposited by 
welding may be included in the effective tubesheet thickness as allowed by the Code. 

RCB-7.13 REQUIRED EFFECTIVE TUBESHEET THICKNESS 

The required effective tubesheet thickness for any type of heat exchanger shall be determined 
from the following paragraphs. for both tube side and shell side conditions. corroded or 
uncorroded. using whichever thickness is greatest. Both tubesheets of fixed tubesheet 
exchangers shall have the same thickness. unless the provisions of Paragraph RCB-7.166 are 
satisfied. 

R-7.131 MINIMUM TUBESHEET THICKNESS WITH EXPANDED TUBE JOINTS 

In no case shall the total thickness minus corrosion allowance. in the areas into which 
tubes are to be expanded. of any tubesheet be less than the outside diameter of tubes. 
In no case shall the total tubesheet thickness. including corrosion allowance. be less 
than 3/4" (19.1 mm). 

C-7.131 MINIMUM TUBESHEET THICKNESS WITH EXPANDED TUBE JOINTS 

In no case shall the total thickness minus corrosion allowance. in the areas into which 
tubes are to be expanded. of any tubesheet be less than three-fourths of the tube 
outside diameter for tubes of 1" (25.4 mm) 00 and smaller. 7/S' (22.2 mm) for 1-1/4" 
(31.S mm) OD. 1" (25.4 mm) for 1-1/2" (3S.1 mm) 00. or 1-1/4" (31.S mm) for 2" (50.S 
mm) 00. 

B-7.131 MINIMUM TUBESHEET THICKNESS WITH EXPANDED TUBE JOINTS 

In no case shall the total thickness minus corrosion allowance. in the areas into which 
tubes are to be expanded. of any tubesheet be less than three-fourths of the tube 
outside diameter for tubes of I" (25.4 mm) 00 and smaller. 7/8" (22.2 mm) for 1-1/4" 
(31.8 mm) 00. I" (25.4) for 1-1/2" (38.1 mm) 00. or 1-1/4" (31.8 mm) for 2" (50.8 mm) 
00. In no case shall the total tubesheet thickness. including corrosion allowance. be 
less than 3/4" (19.1 mm). 
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RCB-7.132 TUBESHEET FORMULA - BENDING 

T_ FC (p 
3 'V -;jS 

where 
T - Effective tubesheet thickness, inches (mm). 
S - Code allowable stress in tension, psi (kPa), for tubesheet material at design 

metal temperatures. (See Paragraph RCB-1.42). 

For outside packed floating head exchangers (Type P), P shall be as defined in 
Paragraph RCB-7.141, psi (kPa). 
For packed floating end exchangers with lantern ring (Type W), for the floating 
tubesheet, Pshall be as defined in Paragraph RCB-7.142, psi (kPa). 

For fixed tubesheet exchangers, P shall be as defined in Paragraph 
RCB-7.163, RCB-7.164 or RCB-7.165, psi (kPa). 
For other type exchangers, P shall be the design pressure, shell side or tube 
side, corrected for vacuum when present on the opposite side, or differential 
pressure when specified by the purchaser, psi (kPa). 
For U-tube tubesheets (Type U), where the tubesheet Is extended as a flange for 
bolting to heads or shells with ring type gaskets, P - P, + P, or P , + P, 
depending upon the side under consideration. 

where 
-6.2 M* 

P, - -F""2:--C--=3-

and M *is defined in Paragraph RCB-7.1342, psi (kPa). 

For floating tubesheets (Type T), where the tubesheet is extended for bolting to 
heads with ring type gaskets, the effect of the moment acting upon the extension 
is defined in Paragraph RCB-7.162 In terms of equivalent tube side and shell side 
bolting pressures except G shall be the gasket G of the floating tubesheet. P psi 
(kPa) is given by the greatest absolute value of the following: 

P-P,+P B, 

or P - P, - P B, 

orP - P, 
orP- P, 

G shall be either in the corroded or uncorroded condition, dependent upon 
which condition is under consideration. 
For fixed tubesheet exchangers, G shall be the shell inside diameter. 
For kettle type exchangers, G shall be the port inside diameter. 

For any floating tubesheet (except divided), G shall be the G used for the 
stationary tubesheet using the P as defined for other type exchangers. 

Type T tubesheets shall also be checked using the pressure P defined above 
with bolting and using the actual gasket G of the floating tubesheet 

G - For a divided floating tubesheet, G shall be 1.41 (d) where d is the length of the 
shortest span measured over centerlines of gaskets. 
For other type exchangers, G shall be the diameter, inches (mm), over which the 
pressure under consideration is acting. (e.g.: Pressure acting on the gasketed 
side of a tubesheet, G - the diameter at the location of the gasket load reaction 
as defined in the Code. Pressure acting on an integral side of a tubesheet, G = 
the inside diameter of the integral pressure part.) 
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F= 

0.785 
1 - ( ~) 2 for square or rotated square tube patterns 

rubeDD 

0.907 
1 - ( ~) 2 for triangular or rotated triangular tube patterns 

Tu.beDD 

For integrally finned tubes, the OD of the tube in the tubesheet shall be used. 

F.or unsuPRorted tubesheets (e.g.: U-tube tubesheets) gasketed both 
Sides, F = 1.25. 
For supported tUbesheets (e.g.: fixed tubesheets and floating type 
tubestieets) gasketed both sides, F = I. Q 
For unsupported tubesheets (e.g.: U-tube tubesheets) integral with either 
or both sides, F shall be the val ue determined by the curve ~U in 
Figure RCB-7.132. 
For supported tubesheets (e.g.: fixed tubesheets and floating type 
tubestieets) integral with either or both sides, F shall be the value 
determined by the curve H in Figure RCB-7.132. 

1.30 
1.26 
1.20 
1.15 
1.10 
1.05 

• 1.00 
0.96 
0.90 
0.86 
0.80 
0.75 

....... 
...... 

.......... 

FIGURE RCB-7.132 

U 
....... 

r-.... 
....... 

...... H 
........ 

........ 

0.00 0.Q1 0.02 0.03 0.04 0.06 0.06 0.07 0.08 0.09 0.10 

Wall Thickness/ID Ratio For Integral Tubesheets 

NOTE: If the tubesheet is integral with both the tube side and shell side, 
Wall Thickness and ID are to be based on the side yielding 
the smaller val ue of F. 

See Table RCB-7.132 for illustration of the application olthe above equations. 
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(.) 

(b) 

-y 
(c) 

"I P.HI 

(d) 

~ 

(e) 

~ 
~ 

~ 

)) 

TABLE RCB -7.132 

TL'''''''U''':T THICKNESS FOR BENDING 

Note: Must be calculated for shell side or 
tube si~e pressure, whichever is 

For 0 <> [ 0.785 
Tube n"!- (--!.!!..:!.....)' 
pattern Tu~. I) D 

~~~~A ~-l-[( 0,,~~7)'J 
pattern Tub' IJD 

S - Code allowable stress in 
tension, psi (kPa), for 
tubesheet material at 
design metal 
temperatu:r~)~~1e A'C) , 

For integrally finned tubes, 
the OD of, I!'.?\~~~ in the 

[ ::irli:lh ue used 

F 

1.0 

1.25 

See Figure RCB-7.132 

[17-100(;1;)] 
F = 15 

Note: F Max = 1.0 
F Min = 0.8 

Shell Side 
Pressure 

GasketG 
shell side 

See note 1 

GasketG 
shell side 

See note 1 

GasketG 
shell side 

See note 1 

!:.o~ finned tubes, 

:,,~O!J~t ~~a:r~: ~~!~e 
G 

Tube Side 
Pressure 

GasketG 
tube side 

See note 1 

It~b~Side 

See note 1 

ChannellD 

p 

Design pressure, psi (kPa), 
shell side or tube side, per 
Paragraph RCB-7.132 
corrected for vacuum when 
present on opposite side or 
differential pressure when 
specified by customer. 

Design pressure, psi (kPa), 
shell side or tube side, per 
Paragraph RCB-7.132 
corrected for vacuum when 
present on opposite side or 
differential pressure when 
specified by customer. 

Design pressure, psi (kPa). 
shell side or tube side, per 
RCB-7.132 corrected for 
vacuum when present on 
opposite side or differential 
pressure when specified by 
customer, or fixed tube sheet 
type units, as defined in 
Paragraphs RCB-7.163 thru 

1------1------1 RCB-7.165 

Shell ID or port 
inside diameter 
for kettle type 
exchangers 

SheliiD or port 
inside diameter 
for kettle type 
exchangers 

Gasket G (shell 
10 if fixed 
tubesheet type 
unit) 

See note 1 

Channel ID (shell 
ID ilfixed 
tube sheet type 
unit) 

Table RCB· 7.132 continued next page 
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TABLE RCB· 7.132 ,,.. 
"'ld) 

F G P 

Shell Side Tube Side 
Pressure Pressure 

(f) See Figure RCB·7.132 GasketG Channel 10 Design pressure, psi (kPa), 

. ~!?J [17-100(;;;)] shell side shell side, or tube side, per 

F = 12 See note 1 
Paragraph RCB-7.132 
corrected for vacuum when 

!: ~ )) F Max = 1.25 
present on opposite side, or 

Note: differential pressure when 
F Min = 1.00 specified by customer. 

"t:=f Shell 10 or port GaskelG 

~ 
inside dlamater tube side 
for kettle type 
exchangers See note 1 

Shell 10 or port Channel 10 
.~ inside diameter 

for kettle type 

~ 
exchangers 

~ 
(i) ~ 

.. ~ r- 1.0 Design pressure, psi (kPa), 

~ 
Same G as used for stationary shell side, or tube side, per 

tubesheet Paragraph RCB-7.132 

,~~ 
corrected for vacuum when 
present on opposite side, or 
differential pressure when 
specified by customer. 

~~ 
U) 

~ 
1.0 Same G as used for stationary See Paragraph RCB-7.132 

tubesheet. Also check using gasket 
G of the floating tubesheet 

See note 1 

(k) - 1.0 G-1.41(d) Design pressure, psi (kPa), 
d ... Shortest span measured over shell side, or tube side, per 

~ center lines of gaskets. Paragraph RCB-7.132 

~--
corrected for vacuum when 
present on OPPosite side, or 
differential pressure when 
specified by customer . 

.J 
'A -Y --

(I) 1.0 Same G as used for stationary Design pressure, psi (kPa), 

I a:rO' //..4 ~ tubesheet tube side per paragrafch 
RCB-7.132 corrected or 

~ 
vacuum when present on the 
shell side. 

~ 
1.0 Same G as used for stationary Defined in Paragraph 

UoI tubesheet RCB-7.1411 

~ 
~ =~ 

Notes: 
1. Gasket G ~the diameter at the location of the gasket load reaction as defined in the Code. 
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RCB-7.133 TUBESHEET FORMULA - SHEAR 

_ 0.31 DL(P) T- -
( do) S 

I - Pitch 

where 

T = Effective tubesheet thickness, inches (mm) 

4A 
D L = C = Equivalent diameter of the tube center limit perimeter, inches 

(mm) 

C = Perimeter of the tube layout measured stepwise in increments of one 
tube pitch from center-to-center of the outermost tubes. inches (mm). 
Figure RCB-7.133 shows the application to typical triangular and square 
tube patterns 

FIGURE RCB-7.133 

-
+ 

1-. 
I- '+fli~+-

" C" (perimeter) is the length of the heavy line 

A = Total area enclosed by perimeter C; square inches (mm 2) 

d, = Outside tube diameter, inches (mm), for integrally finned tubes, the OD of 
the tube in the tubesheet shall be used. 

Pitch = Tube center-to-center spacing, Inches (mm) 

For outside packed floating head exchangers (Type P), P shall be as 
defined in Paragraph RCB-7.141, psi (kPa). 

P = For fixed tubesheet exchangers, P shall be as defined in Paragraphs 
RCB-7.163, RCB-7.164 or RCB-7.165, psi (kPa). 

For other type exchangers, P shall be the design pressure, psi (kPa), 
shell side or tube side, corrected for vacuum when present on the 
opposite side. or differential pressure when specified by the purchaser. 

s = Code allowable stress In tension, psi (kPa), for tubesheet material at 
design metal temperature. (See Paragraph RCB-l.42.) 

NOTE: Shear will not control when 

-<1.6 1---'-P ( d)2 
S Pitch 

See Table RCB-7.133 for illustration olthe application of the above equations. 
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TABLE RCB-7.133 

TUBESHEET THICKNESS FOR SHEAR 

T=[O.
31 ..o']U'_) Note: Must be calculated for shell side or 

tube side pressure, whichever is 
(l-PUci) S controlling. 

d 0 = Outside tube diameter, Pitch = Tube spacing, S = Code allowable stress in 
inches (mm). For integrally center-to-center. inches tension, psi (kPa). For 
finned tubes, the 00 of the (mm). tubesheet matenal at design 
tube in the tube sheet shall be metal temperature.(See 
used. paragraph RCB-l.42.) 

p DL 

(a) Design pressure, psi (kPa). shell side or tube 

~ 
side, corrected for vacuum when present on 
opposite side, or differential pressure when 

~ 
specified by customer 

D,= 4(~) 

(b) Design pressure, psi (kPa), shell side or tube c= Perimeter of tube layout 
side, corrected for vacuum when present on measured stepwise in 

-y opposite side, or differential pressure when increments of one 
specified by customer tube~to~tube pitch 

~ 
center-ta-center of the 
outermost tubes, in 
inches (rnm). See Agure 
RCB-7.133 

~1l~11 Z I A= total area enclosed by C 

~ 
in square inches (mm 2). 

, )) See Figure RCB-7.133 

.... 

(c) Design pressure, psi (kPa), shell side ortube 

~~t 
side, corrected for vacuum when present on 

I I. 
opposite side, or differential pressure when 
specified by customer, or for fixed tubesheet 

~ t~pe units, as defined in paragraphs RCB-7.163 
t ru RCB-7.165 

~ 
~ ~ 

TABLE RCB-7.133 Continued next page 
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TABLE RCB-7.133 Continued 

P DL 

, Design pressure, psi (kPa), shell side or tube 
side, corrected for vacuum when present on 

~ 
opposite side, or differential pressure when 
specified by customer 

~ 
~ )) 

~ 
~ )) 

D,= 4U) 
~ 

Ie) Design pressure, psi (kPa). Shell side or tube c= Perimeter of tube layout 

JAl side, corrected for vacuum when present on measured stepwise in 
opposite side, or differential pressure when increments of one 
spec Hied by customer tube-to-tube pitch 

center-to-center of the 
outermost tubes, in 

~ 
inches (mm). See Figure 
RCB·7.133 

A= total area enclosed by C 
in ~are inches (mm2). 

~ 
See gure RCB·7.133 

If) .. Design pressure, psi (kPa), shell side or tube 
sid e, corrected for vacuum when present on 

'\ opposite side, or differential pressure when 
specified by customer 

--

~ J 
--

Ig) Design pressure, psi (kPa), tube side, corrected 

!gUll for vacuum when present on the shell side 

Ih) Defined In Paragraph RCB-7.1412 

~[ 
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RCB-7.134 TUBESHEET FORMULA - TUBESHEET FLANGED EXTENSION 

This paragraph is applicable only when bolt loads are transmitted, at the bolt circle, to 
the extended portion of a tubesheet. The peripheral portion extended to form a flange 
for bolting to heads or shells with ring type gaskets may differ in thickness from that 
portion inside the shell calculated in Paragraph RCB-7.132. The minimum thickness of 
the extended portion may be calculated from the following paragraphs. 

RCB-7.1341 FIXED TUBESHEET OR FLOATING TUBESHEET EXCHANGERS 

where 

[
M (r'-l +3.71r 2 In r)]I/' 

T ~ 0.98 
, S (A-G)(l+1.86 r') 

T ,~ Minimum thickness of the extended portion, inches (mm) 

A ~ Outside diameter of the tubesheet, inches (mm) 

A 
r= G 

M ~ the larger of M I or M, as defined in Paragraph RCB-7.162 

Note: The moments may differ from the moments acting on the attached flange. 

Sand Gare defined in Paragraph RCB-7.132 

RCB-7.1342 U-TUBE TUBESHEET EXCHANGERS 

_ [M*+M+O.39 P G2 W]112 
T,-1.38 (A-G) S 

where 

T ,~ Minimum thickness of the extended portion, inches (mm) 

~WF3 PG3(::'::)3 - MG - 0.39wPG3 
M* = 'I T 

G 1.37(T,)3 +- - W 

T~ 

w~ 

" T 

Effective tubesheet thickness calculated from 
Paragraph RCB-7.132, Inches (mm) 

(A-G) 

2 

M ~ the larger of M I or M, as defined in Paragraph RCB-7.162 

Note: The moments may differ from the moments acting on the attached flange. 

F, G and Tl are defined in Paragraph RCB-7.132 

P ~ P , or P I or maximum differential pressure, as applicable. 

Note: See Paragraph RCB-7.13421 for procedure. 
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RCB-7.13421 ITERATIVE CALCULATION METHODS 

Method 1 

(1) Calculate M * assuming T , ~ T. 

(2) CalculateP.thenP from Paragraph RCB-7.132. 

(3) Calculate Tfrom Paragraph RCB-7.132. 

(4) Calculate T, from Paragraph RCB-7.1342. 

(5) Compare T and T ,; if T is greater than T" calculation is terminated. Use T , 
calculated. Do not proceed to Step (6). 

(6) If T, is greater than T, or if it is desired to reduce T, below T, select a new ratio of 

T, I T that is less than 1 and repeat Steps (1) through (5). (Note: T, I T ratio is 
calculated using actual corroded thickness of the pari). 

Method 2 - (ALTERNATIVE METHOD) 

(1) SetM* ~-M 

(2) Calculate p. then P from Paragraph RCB-7.132. 

(3) Calculate Tfrom Paragraph RCB-7.132. 

(4) Calculate T, from Paragraph RCB-7.1342. 

(5) Recalculate M * ~ - M using values of T and T, obtained in Steps (3) and (4) and 

as defined in Paragraph RCB-7.1342. (Note T ,I T must be S I). 

(6) If I M* I obtained in Step (5) is less than I M I from Step (1), calculation is 
terminated. Use T, calculated In Step (4). Do not proceed to Step (7). 

(7) If I M* I obtained from Step (5) is greater than I M I from Step (1), repeat Step (2) 
using M * calculated in Step (5). Then repeat Steps (3) through (5). 

(8) If last calculated I M * I is less than the previous I M * I used to calculate P ., 
calculation is terminated. Use last calculated value of T ,. 

(9) If last calculated I M * lis greater than the previous I M * I used to calculate P b , 

repeat Step (2) using last calculated M '" Then repeat Steps (3) through (5). 
Continue this process until Step (8) is satisfied. 
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RCB-7.14 PACKED FLOATING TUBESHEET TYPE EXCHANGERS EFFECTIVE PRESSURE 

RCB-7.141 OUTSIDE PACKED FLOATING HEAD (TYPE P) 

The thickness of tubesheets in exchangers whose floating heads are packed at the 
outside diameter of the tubesheet or a cylindrical extension thereof shall be calculated 
like stationary tubesheets using the formulas for P as defined below. 

RCB-7.1411 EFFECTIVE DESIGN PRESSURE - BENDING 

The effective design pressure to be used with the formula shown in Paragraph 
RCB-7.132 is given by: 

p = p + p [1.25(D
2 

- D, 2)(D - D,)] 
t, DF 2 C 2 

where 

p t = Design pressure, psi (kPa), tube side 
(For vacuum design, P t is negative.) 

P, = Design pressure, psi (kPa), shell side 
(For vacuum design, P, is negative.) 

D = Outside diameter of the floating tubesheet, inches (mm) 

FA 
D, = \j n- Equivalent diameter of the tube center limit perimeter, inches 

n (mm), using A as defined in Paragraph RCB-7.133 

F and Gare as defined in Paragraph RCB-7.132 

RCB-7.1412 EFFECTIVE DESIGN PRESSURE - SHEAR 

The effective design pressure to be used with the formula shown in Paragraph 
RCB-7.133 is given by: 

P=Pt+p,(D2;,~' 2) 

using terms as defined in Paragraph RCB-7.1411. 

RCB-7.142 PACKED FLOATING TUBESHEET WITH LANTERN RING (TYPE W) 

The thickness of floating tubesheets in exchangers whose floating tube sheets are 
packed at the outside diameter with return bonnet or channel bolted to the shell 
flange, shall be calculated as for gasketed stationary tubesheet exchangers, using P 
defined as the tube side design pressure, psi (kPa), corrected for vacuum when 
present on the shell side. It is incorrect to utilize the shell side pressure. 

RCB-7.15 DOUBLE TUBESHEETS 

Double tubesheets may be used where the operating conditions indicate their desirability. 
The diversity of construction types makes it impractical to specify design rules for all cases. 
Paragraphs RCB-7.154, RCB-7.155 and RCB-7.156 provide the design rules for determining 
the thickness of double tubesheets for some of the most commonly used construction types. 

RCB-7.151 MINIMUM THICKNESS 

Neither component of a double tubesheet shall have a thickness less than that 
required by Paragraph RC8-7.131. 
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RCB-7.152 VENTS AND DRAINS 

Double tubesheets of the edge welded type shall be provided with vent and drain 
connections at the high and low points of the enclosed space. 

RCB-7.153 SPECIAL PRECAUTIONS 

When double tubesheets are used, special attention shall be given to the ability of the 
tubes to wkhstand, without damage, the mechanical and thermal loads imposed on 
them by the construction. 

RCB-7.154 INTEGRAL DOUBLE TUBESHEETS 

The tubesheets are connected in a manner which distributes axial load and radial 
thermal expansion loads between tubesheets by means of an Interconnecting element 
capable of preventing individual radial growth of tubesheets. It is assumed that the 
element is rigid enough to mutually transfer all thermal and mechanical radial loads 
between the tubesheets. Addkionally, it is understood that the tubes are rigid enough 
to mutually transfer all mechanical and thermal axial loads between the tubesheets. 

FIGURE RCB-7.154 

RCB 7.1541 TUBESHEET THICKNESS 

calculate the total combined tubesheet thickness (7) per Paragraph RCB-7.13. 

where 

T = Greater of the thickness, inches (mm), resulting from 
Paragraphs RCB-7.132 or RCB-7.133 using the following 
variable definitions: 

G = Per Paragraph RCB-7.13, inches (mm), using worst case values 
of shell side or tube side tubesheets at their respective design 
temperature. 

S = Lower of the Code allowable stress, psi (kPa), for either 
component tubesheet at its respective design temperature. 

F = Per Paragraph RCB-7.13, using worst case values of shell side 
or tube side tubesheets at their respective design temperature. 

All other variables are per Paragraph RCB-7.13. 

Establish the thickness of each individual tubesheet so that t 2 + t I ~ T and the 

minimum individual tubesheet thicknesses ( t 1 and t 2) shall be the greater of 
Paragraphs RCB-7.13 or RCB.7.134, as applicable. 

where 

t I = Thickness of tube side tubesheet, Inches (mm). 

t 2 = Thickness of shell side tubesheet, inches (mm). 
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RCB-7.1542 INTERCONNECTING ELEMENT DESIGN - SHEAR 

The radial shear stress (T), psi (kPa), at attachment due to differential thermal 
expansion of tubesheets shall not exceed 80% of the lower Code allowable 
stress (5) of either of the tubesheet materials or the interconnecting element at 
their respective design temperature. The shear is defined as: 

where 

where 

F, 
T~-"0.85 

t , 

F 
(Metric) T ~ ~x 10'" 0.85 

t, 

t, ~ Thickness of interconnecting element, inches (mm). 

F , ~ I (a, ~ T , - a2~ T 2) (t, E ,)(t 2E 2) I 
(I,E,)+(t 2E 2) 

(Metric) l (a'~T,-a2~T2)(tIE,)(t2E2)1 -, 
F,~ xlO 

(t,E,)+(12E2) 

F ,~ Force per unit measure due to differential radial expansion, Ibf lin 
(kN/mm). 

Modulus of Elasticity of tubesheet 1 at mean metal temperature, 
psi (kPa). 

E 2 ~ Modulus of Elasticity of tubesheet 2 at mean metal temperature, 
psi (kPa). 

a ~ , 

a ~ 
2 

Coefficient of thermal expansion for tubesheet 1 at mean metal 
temperature, inches/inch/oF (mm/mm/ 0 C). 

Coefficient of thermal expansion for tubesheet 2 at mean metal 
temperature, inches/inch/oF (mm/mm/ 0 C). 

/':, T ,~ Difference in temperature from ambient conditions to mean 
metal temperature for tubesheet 1, 0 F (" C). 

/':, T 2 ~ Difference in temperature from ambient conditions to mean 
metal temperature for tubesheet 2, 0 F (" C). 

RCB-7.1543 INTERCONNECTING ELEMENT DESIGN - BENDING AND TENSILE 

The combined stresses from bending due to differential thermal expansion of 
tubesheets and axial tension due to thermal expansion of tubes shall not 
exceed 1.5 times the Code allowable stress (5) of the interconnecting element. 
The combined total stress of interconnecting element (0 E)' psi (kPa), is given 

by: 
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The stress due to axial thermal expansion of tubes (0 T E) , psi (kPa), is defined 

as: 

_I F TO 1 <I - -
TE As 

(Metric) <I ~ - x 10 
I

F TO 1 6 
TE As 

where 
(u T6.T T-u E6.T deE TAT)(E EAd 

F TE ~ . 
(ETAT)+(EEAd 

(uT6.TT-uE6.Td(ETAT)(EEAd -6 

(Metric) F TO ~ ( ETA T ) + (E E A d x 1 0 

The stress due to bending caused by differential thermal expansion of 
tubesheets 0 B, psi (kPa), is defined as: 

6M. 6 
(Metric) <I. ~ --, x 10 

IE 

The bending moment is defined as: 

where 

FEg 
M·~2 

M B = Bending moment per unit measure acting on interconnecting element, 
inch-pounds per inch (mm-kN/mm). 

g ~ Spacing between tubesheets, inches (mm). The spacing between 
tubesheets'for an Integral double tubesheet is left to the discretion of 
the manufacturer. For other types of double tubesheets, the minimum 
spacing is determined in accordance with Paragraphs RCB-7.1552 or 
RCB-7.1562, as applicable. 

u T = Coefficient of thermal expansion of tubes at mean metal temperature, 
inches/inch/oF (mm/mm/ 0 C). 

Coefficient of thermal expansion of interconnecting element at mean 
metal temperature, inches/inch/oF (mm/mm/ 0 C). 

f',. T T = Difference in temperature from ambient conditions to mean metal 
temperature for tubes, 0 F i C). 

f',. T E = Difference in temperature from ambient conditions to mean metal 
temperature for interconnecting element, 0 Fie). 

E T = Modulus of Elasticity of tubes at mean metal temperature, psi (kPa). 

E E ~ Modulus of Elasticity of Interconnecting element at mean metal 
temperature, psi (kPa). 

A T ~ Total cross sectional area of tubes between tubesheets, square inches 
(mm2). 

A E ~ Total cross sectional area of interconnecting element, square inches 
(mm2). 

F T E ~ Resultant force due to the difference in thermal expansion between 
tubes and element, Ibf (kN). 
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RCB-7 .1544 TUBE STRESS CONSIDERATION - AXIAL STRESS 

The axial stresses in the tubes due to thermal expansion and pressure load 
shall not exceed the Code allowable stress (5) of the tubes at design 
temperature. 

The total combined stress of the tubes (0 T). psi (kPa). is given by: 

aT = C1 p + (J TT $; S 

The axial stress due to pressure (0 p), psi (kPa), is defined as: 

where 

p ~ Greater of shell side or tube side design pressure, psi (kPa). 

G ~ Per Paragraph RCB-7.13, inches (mm). 

N ~ Number of tubes. 

d 0 ~ Tube OD between tubesheets, inches (mm). 

The stress due to axial thermal expansion of tubes (0 d, psi (kPa) , is defined 
by: 

(Metric) 

FTE o ~-
TT AT 

RCB-7.155 CONNECTED DOUBLE TUBESHEETS 

The tubesheets are connected in a manner which distributes axial load between 
tubesheets by means of an interconnecting cylinder. The effect of the differential radial 
growth between tubesheets is a major factor in tube stresses and spacing between 
tubesheets. It is assumed the interconnecting cylinder and tubes are rigid enough to 
mutually transfer all mechanical and thermal axial loads between the tubesheets. 

9 I , 

FIGURE RCB-7.155 

RCB-7.1551 TUBESHEET THICKNESS 

Calculate the total combined tubesheet thickness (7) per Paragraph RCB-7.13. 
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where 

T = Greater of the thickness, inches (mm), resulting from Paragraphs 
RCB-7.l32 or RCB-7.l33 using variables as defined in Paragraph 
RCB-7.1S4l. 

Establish the thickness of each individual tubesheet so that t 2 + t I 2: T and the 

minimum individual tubesheet thickness (t I and t 2) shall be the greater of 
Paragraph RCB-7.l3 or RCB-7.l34, when applicable. 

where 

t I = Thickness of tube side tubesheet, inches (mm). 

t 2 = Thickness of shell side tubesheet, inches (mm). 

RCB-7.1552 MINIMUM SPACING BETWEEN TUBESHEETS 

The minimum spacing (g), inches (mm), between tubesheets required to avoid 
overstress of tubes resulting from differential thermal growth of individual 
tubesheets is given by: 

g= 

where 

d,6.rE T 

0.27Y T 

d, = Tube OD between tubesheets, inches (mm). 

Y T = Yield strength of the tube material at maximum metal temperature, psi 
(kPa). 

6.r = Differential radial expansion between adjacent tubesheets, inches (mm). 
(Measured from center of tubesheet to D TL)' 

where 

D TL = Outer tube limit, inches (mm). 

RCB-7.1553 INTERCONNECTING ELEMENT DESIGN - AXIAL STRESS 

The interconnecting element axial stress (0' TE), psi (kPa), due to the thermal 

expansion of the tubes shall not exceed the Code allowable stress (5) of the 
interconnecting element at design temperature. The axial stress is defined as: 

(Metric) 

where 

FTE o =-
Tli AE 

F TE 6 
0TE=-X 10 

As 
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RCB-7.1SS4 TUBE STRESS CONSIDERATIONS - AXIAL STRESS 

where 

The axial stresses in the tubes due to thermal expansion and pressure load 
shall not exceed the Code allowable stress (5) of the tubes at design 
temperature. 

The total combined stress of tubes (0 T). psi (kPa). is given by: 

(j T = (J P + CJ TT :$ S 

The axial stress due to pressure (0 p). psi (kPa). is defined as: 

p = Greater of shell side or tube side design pressure. psi (kPa). 

G = Per Paragraph RCB-7.13. Inches (mm). 

N = Number of tubes. 

do = Tube OD between tubesheets. inches (mm). 

The stress due to axial thermal expansion of tubes (0 TT). psi (kPa). is 
determined by: 

(Metric) 

FTE 
C1 =-

TT AT 

RCB-7.1S6 SEPARATE DOUBLE TUBESHEETS 

The tubesheets are connected only by the interconnecting tubes. The effect of 
differential radial growth between tubesheets is a major factor in tube stresses and 
spacing between tubesheets. It is assumed that no loads are transferred between the 
tubesheets. 

9 t 1 

FIGURE RCB-7.156 
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RCB-7.1561 TUBESHEET THICKNESS 

Calculate tube side tubesheet thickness per Paragraph RCB-7.13. Use 
all variables as defined per TEMA. neglecting all considerations of shell 
side design conditions. 

Calculate shell side tubesheet thickness per Paragraph RCB-7.13. Use 
all variables as defined per TEMA. neglecting all considerations of tube 
side design conditions. 

RCB-7.1562 MINIMUM SPACING BETWEEN TUBESHEETS 

The minimum spacing (g). inches (mm), between tubesheets required to 
avoid overstress of tubes resulting from differential thermal growth of 
individual tubesheets is given by: 

d o6r E T 
g= 

0.27Y T 

RCB-7.16 FIXED TUBESHEET EFFECTIVE PRESSURE 

62 

This paragraph shall apply to exchangers having tubesheets fixed to both ends of the shell, 
with or without a shell expansion jOint except as required or permitted by Paragraph RCB-7.3. 
Both tubesheets of fixed tubesheet exchangers shall have the same thickness. unless 
the provisions of Paragraph RCB-7.166 are satisfied. 

For fixed tubesheet exchangers, the mutually interdependent loads exerted on the 
tubesheets, tubes, and shell are defined in terms of equivalent and effective design pressures 
in Paragraphs RCB-7.161 through RCB-7.165 for use in Paragraphs RCB-7.132 and 
RCB-7.133. These pressures shall also be used (withJ = 1) in Paragraphs RCB-7.22, 
RCB-7.23 and RCB-7.25 to assess the need for an expansion joint. The designer shall 
consider the most adverse operating conditions specified by the purchaser. (See Paragraph 
E-3.2.) 

RCB-7.161 EQUIVALENT DIFFERENTIAL EXPANSION PRESSURE 

where 

The pressure due to differential thermal expansion, psi (kPa), is given by: 

4 J E, t, (¥) 
P d =(D o -3t,) (l+JKFq) 

Note: Algebraic sign must be retained for use in Paragraphs RCB-7.163 through 
RCB-7.166, RCB-7.22 and RCB-7.23. 

J = I .0 for shells without expansion joints 

S L 
J= SL+ (D} -t)t E for shells with expanSion joints. See Note (1) 

J nos S S 

S} = Spring rate of the expansion joint, Ibs/inch (kN/mm) 

E, t, (Do-t,) 
K = -=-'-c--'-:-:-'-::"-:-~ 

E, t, N (do-t,) 

[
300 

Fq=0.25+(F-0.6) K 

(Use the calculated value of F q or 1.0, whichever is greater.) 

Fand Gare as defined In Paragraph RCB-7.132. 
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Notes: 

T = Tubesheet thickness used, but not less than 98.5% of the greater of the values 
defined by Paragraph RCB-7.132 or RCB-7.133. (The value assumed in evalu­
ating F q must match the final computed value within a tolerance of ± 1.5%) 
See Note (2). 

L = Tube length between inner tubesheet faces, inches (mm). 
I'> L = Differential thermal growth (shell - tubes), inches (mm) (See Section 7, 

Paragraph T-4.5). 
L, = Tube length between outer tubesheet faces, inches (mm). 
E, = Elastic modulus of the shell material at mean metal temperature, psi (kPa). (See 

Paragraph RCB-1.431). See Note (3). 
E, = Elastic modulus of the tube material at mean metal temperature, psi (kPa). (See 

Paragraph RCB-1.432). 
E = Elastic modulus of the tubesheet material at mean metal temperature, psi 

(kPa). (See Paragraph RCB-1.432). 
N = Number of tubes in the shell. 

D, = Outside diameter of the shell or port for kettle type exchangers, inches (mm). 
d, = Outside diameter of the tubes (for integrally finned tubes, d, is root diameter of 

fin), inches (mm). 
t, = Tube wall thickness (for integrally finned tubes, t, is wall thickness under fin), 

inches (mm). 
t, = Shell wall thickness, inches (mm). 

(1) J can be assumed equal to zero for shells with expansion joints where 
(D,-I,)I,£ , 

Sj< IOL 

(2) Tubesheets thicker than computed are permissible provided neither shell nor tubes 
are overloaded. See Paragraph RCB-7.2. 

(3) For Kettle type, 
E sHL 

E =----~~_=~~~~~~~~~~~~~~~ 
S (2Lp) + [( 4Lc T pD p)/((D p + D K)T d) + [(LK T pD p)/(D K T K)) 

where 
E SH = Elastic modulus of the shell material at mean metal temperature, psi 

(kPa). (See Paragraph RCB-l.431). 

L = Tube length between Inner tubesheet faces, inches (mm). 

L p = Length of kettle port cylinder, inches (mm). 

T p = Kettle port cylinder thickness, inches (mm). 

D p = Mean diameter of kettle port cylinder, inches (mm). 

L K = Length of kettle cylinder, inches (mm). 

T K = Kettle cylinder thickness, inches (mm). 

D K = Mean diameter of kettle cylinder, inches (mm). 

L c = Axial length of kettle cone, inches (mm). 

T c = Kettle cone thickness, inches (mm). 

RCB-7.162 EQUIVALENT BOLTING PRESSURE 
When fixed tubesheets are extended for bolting to heads with ring type gaskets, the 
extension and that portion of the tubesheets inside the shell may differ in thickness. 
The extension shall be designed in accordance with Paragraph RCB-7.134. The effect 
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where 

of the moment acting upon the tUbesheet extension shall be accounted for in 
subsequent paragraphs in terms of equivalent tube side and shell side bolting 
pressures which are defined as: 

6,2 M, 
PB!~ FZ C 3 

6,2 Mz 
P B, ~ FZ C 3 

F and C are defined in Paragraph RCB-7,132, 

M , ~ Total moment acting upon the extension under operating conditions, defined 

by the Code as M 0 under flange design, inch-pounds (mm-kN), 

M Z ~ Total moment acting upon the extension under bolting-up conditions, defined 

by the Code as M 0 under flange design, inch-pounds (mm-kN), 

p Bt ~ Equivalent bolting pressure when tube side pressure is acting, psi (kPa), 

P B, ~ Equivalent bolting pressure when tube side pressure is not acting, psi (kPa), 

RCB-7.163 EFFECTIVE SHELL SIDE DESIGN PRESSURE 

where 

The effective shell side design pressure is to be taken as the greatest absolute value of 
the following: 

or 

or 

or 

or 

or 

P,--P d P ~ -'--.".--" 
2 

P ~ P ,-

p = P 8s 

P s' - P d - P B~ P ~ -'-_-c:-'-_-'-' 
2 

p Os + P d 
P ~ --"-'-;:--= 

2 

p = P $' - PBs 

p:~p,[O'4 J[1.5+K(1.5+f,)1-[(T)(~-1 )Jl 
l+J K Fq 

P ,~ Shell side design pressure, psi (kPa) (For vacuum design, P, is negative). 

f,~ l-N(~Or 
G ~ Inside diameter of the shell, inches (mm), 

D j ~ Maximum expansion joint inside diameter, inches (mm) (D I ~ G when no 
expansion joint is present). 

Other symbols are as defined under Paragraphs RCB-7.161 and RCB-7.162 
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Notes: 

(1) Algebraic sign of P , ' must be used above, and must be retained for use in 
Paragraphs RCB-7.164, RCB-7.165, RCB-7.166, RCB-7.22 and RCB-7.23. 

(2) When J ~ 0, formulae containing P d will not control. 

(3) Delete the term P B, in the above formulae for use in Paragraph RCB-7.133. 

(4) For kettle type, G ~ port inside diameter. 

RCB-7.164 EFFECTIVE TUBE SIDE DESIGN PRESSURE 

The effective tube side design pressure is to be taken as the greatest absolute value of 
the following: 

Notes: 

where 

PI~+PBt+Pd 
P ~ -'---':':'-"'::: 

2 

or P ~ PI' + P BI 

Pt'-PS'+PSt+Pd 
P ~ -'---'-.,---=:"'-':: 

2 

or P = PI' - P s ' + P BI 

P '~p [1+0.4JK(1.5+ f, )] 
II J+JKF 

Q 

When P, . is positive 

When P , ' is negative 

P 1 ~ Tube side design pressure, psi (kPa) (For vacuum design, PI is 
negative). 

[
do -2t,]2 

f ~ 1 - N 
1 G 

G ~ Inside diameter of the shell, inches (mm). 

Other symbols are as defined under Paragraphs RCB-7.161, RCB-7.162, and 
RCB-7.163. 

(1) Algebraic sign of PI' must be used above, and must be retained for use in 
Paragraphs RCB-7.165, RCB-7.166, RCB-7.22 and RCB-7.23. 

(2) When J ~ 0: 

a) Formulae containing P d will not control. 

b) When P, and PI are both positive the following formula is controlling: 

P'[(DJ)2 ] p ~ PI + "2 G - 1 + p 81 

(3) Delete the term P BI in the above formulae for use in Paragraph RCB-7.133. 

(4) For kettle type, G ~ port inside diameter. 

RCB-7.165 EFFECTIVE DIFFERENTIAL DESIGN PRESSURE 

Under certain circumstances the Code and other regulatory bodies permit design on 
the basis of simultaneous action of both shell and tube side pressures. The effective 
differential design pressure for fixed tubesheets under such circumstances is to be 
taken as the greatest absolute value of the following: 
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where 

Notes: 

P=P,'-P:+P B , 

or 
P= 

P"-P"+P"+P d 

2 

or P = P B, 

P= 
P 85 + P d 

or 
2 

or P= P, 
, - P, , 

P, 
, -Ps'+P d 

or P= 
2 

or P=PB< 

P d' P B,' P B" P, 'and P,' are as defined in Paragraphs RCB-7.16I, 
RCB-7.162, RCB-7.163 and RCB-7.164. 

(I) It is not permissible to use (P , - PI) in place of P, to calculate P , , 
in Paragraph RCB-7.163, and it is not permissible to use (P , - P,) in 
place of P, to calculate P,' in Paragraph RCB-7.164. 

(2) When J = 0, the formulae containing P d will not control. 

(3) Delete the terms P B' and P B, in the above formulae for use in Paragraph 
RCB-7.133. 

RCB-7.166 FIXED TUBESHEETS OF DIFFERING THICKNESSES 

The rules presented in Paragraphs RCB-7.161 through RCB-7.165 and RCB-7.2 
are intended for fixed tubesheet exchangers where both tubesheets are the 
same thickness. Conditions can exist where it is appropriate to use tubesheets 
of differing thicknesses. These conditions may result from significantly differing 
elastic moduli and/or allowable stresses. The following procedure may be 
used for such cases: 

(I) Separate the design parameters as defined in previous paragraphs for 
each tubesheet system by assigning subscripts A and B to each of the 
following terms: 
TasTAandTB 

Las LA and LBwhere LA + LB = 2L 

EasE A and E B 

F q as F qA and F qB 

Note: The values of M I , M 2' F, G , I'!. L, L" Do, t" do, tIE, , E" N 

and S I must remain constant throughout this analysis. If a fixed 
tubesheet exchanger has different bolting moments at each 
tubesheet, the designer should use the values of M I and M 2 that 
produce the conservative design. 

(2) Calculate T A per Paragraphs RCB-7.161 through RCB-7.165 assuming that 

both tubesheets have the properties of subscript A and L A = L. 
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(3) Calculate T Bper Paragraphs RCB-7.161 through RCB-7.165 assuming that 
both tubesheets have the properties of subscript Band L B ~ L. 

(4) Calculate L A and L B as follows: 
L~L,-TA-TB 

L ~ 2L 

B [l+(::)(~:n 
LA~2L-LB 

(5) Recalculate T A per Paragraphs RCB-7.161 through RCB-7.165 using the 

properties of subscript A and L A from step 4. 

(6) Recalculate T B per Paragraphs RCB-7.161 through RCB-7.165 using the 
properties of subscript Band L B from step 4. 

(7) Repeat steps 4 through 6 until values assumed in step 4 are within 1.5% of 
the values calculated in step 5 for T A and step 6 for T B. 

(8) Round T A and T B up to an appropriate increment and recalculate L A and 
L B per step 4. 

(9) Calculate the shell and tube stresses and the tube-to-tubesheet joint loads 
per Paragraph RCB-7.2 for each tubesheet system using the appropriate 
subscripted properties. 

Note: The shell and tube stresses and tube-to-tubesheet joint loads for each 
tubesheet system should theoretically be identical. Small differences may 
exist, however, because of rounding the calculated tubesheet thicknesses 
in step 8. The tube stress and the tube-to-tubesheet joint loads from the 
two systems should be averaged before comparing these values to the 
allowable values as calculated in Paragraph RCB-7.2. 

* RCB-7.2 SHELL AND TUBE LONGITUDINAL STRESSES - FIXED TUBESHEET EXCHANGERS 

Shell and tube longitudinal stresses, which depend upon the equivalent and effective pressures 
determined by Paragraphs RCB-7.161 through RCB-7.164, shall be calculated for fixed tubesheet 
exchangers with or without shell expansion jOints by using the following paragraphs. The designer 
shall consider the most adverse operating conditions specified by the purchaser. (See Paragraph 
E-3.2.) 

Note: The formulae and design criteria presented in Paragraphs RCB-7.23 through RCB-7.25 
consider only the tubes at the periphery of the bundle, which are normally the most highly 
stressed tubes. Additional consideration of the tube stress distribution throughout the bundle 
may be of interest to the designer under certain conditions of loading and/or geometry. See 
the "Recommended Good Practice" section of these Standards for additional information. 

RCB-7.21 HYDROSTATIC TEST 

Hydrostatic test conditions can impose excessive shell and/or tube stresses. These stresses 
can be calculated by substituting the pressures and temperatures at hydrostatic test for the 
appropriate design pressures and metal temperatures in the paragraphs that follow and in 
Paragraphs RCB-7.161 through RCB-7.164 where applicable. 

RCB-7.22 SHELL LONGITUDINAL STRESS 

The effective longitudinal shell stress is given by: 

where 

C,(D,-t,)P,* 
S ~ ---"-'--'-~--'-

s 41 s 

C,~I.O except as noted below 

Note (2) 
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where 

orPs*=P s " 

orPs*=P1+P s ' 

orPs*=P1-P d 

or P 5 * = P 5 ,. - P d 

orPs*=P\+Ps'-P d 

Note (2) 

Note (1) 

Notes (1) and (2) 

Notes (1) and (2) 

Note (1) 

Other symbols are as defined in Paragraphs RCB-7.161, RCB-7.163 and RCB-7.164, using 
actual shell and tubesheet thicknesses and retaining algebraic signs. 

Notes: 

(1) lithe algebraic sign of P, * is positive, C, = 0.5. 

(2) This formula is not applicable for differential pressure design per Paragraph 
RCB-7.165. 

A condition of overstress shall be presumed to exist when the largest absolute value of S , 
exceeds the Code allowable stress in tension for the shell material at design temperature, or 
90% of yield stress at hydrostatic test, or when the greatest negative value of S ,exceeds the 
Code allowable stress in compression at design temperature. 

RCB-7.23 TUBE LONGITUDINAL STRESS - PERIPHERY OF BUNDLE 

68 

The maximum effective longitudinal tube stress, psi (kPa), at the periphery of the bundle is 
given by: 

where 

where 

C, F P,* C 2 
q 

S'=-4~N~~(-d~---) t, 0 - t, 

C, = 1.0 

orP,* = -P J 

orPt*=P d 

except as noted below 

Note (2) 

Note (2) 

Notes (1) and (2) 

or P, * = P 2 + P d Notes (1) and (2) 

or P, * = - P J + P d Notes (1) and (2) 

or P ,* = P 2 - P J + P d Note (1) 

P =P __ (f,P,) 
2 , F 

q 

P = P __ (f,P,) 
J , F 

q 

Other symbols are as defined in Paragraphs RCB-7.161, RCB-7.163 and RCB-7.164, using 
actual shell and tubesheet thicknesses and retaining algebraic signs. 
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Notes: 

(1) If the algebraic sign of P, * is positive, C, ~ 0.5. 

(2) This formula is not applicable for differential pressure design per Paragraph 
RCB-7.165. 

A condition of overstress shall be presumed to exist when the largest positive value of S , 
exceeds the Code allowable stress in tension for the tube material at design temperature, or 
90% of yield stress at hydrostatic test, or when the greatest negative value of S , exceeds the 
allowable compressive stress as determined in accordance with Paragraph RCB-7.24. 

RCB-7.24 ALLOWABLE TUBE COMPRESSIVE STRESS - PERIPHERY OF BUNDLE 

The allowable tube compressive stress, psi (kPa), for the tubes at the periphery of the bundle 
is given by: 

where 

when 

when 
kl 

C >-, r 

S y ~ Yield stress, psi (kPa), of the tube material at the design metal temperature. 
(See Paragraph RCB-1.42). 

r ~ Radius of gyration of the tube, inches (mm), given by: 

r ~ o.25~d, 2 +(d,- 21,)2 (See Table 0-7). 

k I ~ Equivalent unsupported buckling length of the tube, inches (mm). The largest 
value considering unsupported tube spans shall be used. 

I ~ Unsupported tube span, inches (mm). 

0.6 for unsupported spans between two tubesheets 
k ~ 0.8 for unsupported spans between a tubesheet and a tube support 

1.0 for unsupported spans between two tube supports 

F ,~ Factor of safety given by: 

F,~3.25-0.5Fq 

Note: F, shall not be less than 1.25 and need not be taken greater than 2.0. 

Other symbols are as defined in Paragraph RCB-7.161. 

Note: The allowable tube compressive stress shall be limited to the smaller of the Code 
allowable stress in tension for the tube material at the design metal temperature 
(see Paragraph RCB-1.42) or the calculated value of S , . 

RCB-7.2S TUBE-TO-TUBESHEET JOINT LOADS - PERIPHERY OF BUNDLE 

The maximum effective tube-to-tubesheet joint load, Ibs. (kN), at the periphery of the bundle 
is given by: 
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where 

P ,* = P 2 Note (1) 

orP'*=-P 3 Note (1) 

orP'*=P'-P 3 

P, and P 3 are as defined in Paragraph RCB-7.23. Other symbols are as defined in 
Paragraphs RCB-7.161 , RCB-7.163 and RCB-7.164, using the actual shell and tubesheet 
thicknesses. 

Note: (1) This formula is not applicable for differential pressure design per Paragraph 
RCB-7.165. 

The allowable tube-to-tubesheet joint loads as calculated by the Code or other means may be 
used as a guide in evaluating W j • 

The tube-to-tubesheet joint loads calculated above consider only the effects of pressure 
loadings. The tube-to-tubesheet joint loads caused by restrained differential thermal 
expansion between shell and tubes are considered to be within acceptable limits if the 
requirements of Paragraph RCB-7.23 are met. 

RCB-7.3 SPECIAL CASES 

Special consideration must be given to tubesheet designs with abnormal conditions of support or 
loading. Following are some typical examples: 

(1) Tubesheets with portions not adequately stayed by tubes, or with wide untubed rims. 

(2) Exchangers with large differences in shell and head inside diameters; e.g. fixed tubesheets with 
kettle type shell. 

(3) The adequacy of the staying action of the tubes during hydrostatic test; e.g., with test rings for 
types Sand T, or types P and W. 

(4) Vertical exchangers where weight and/or pressure drop loadings produce significant effects 
relative to the design pressures. 

(5) Extreme interpass temperature differentials. 

Consideration may also be given to special design configurations and/or methods of analysis which 
may justify red uction of the tubesheet thickness requirements. 

RCB-7.4 TUBE HOLES IN TUBESHEETS 

RCB-7.41 TUBE HOLE DIAMETERS AND TOLERANCES 

Tube holes in tubesheets shall be finished to the diameters and tolerances shown in Tables 
RCB-7.41 and RCB-7.41 M, column (a). To minimize work hardening, a closer fit between tube 
OD and tube ID as shown in column (b) may be provided when specified by the purchaser. 

RCB-7.42 TUBESHEET LIGAMENTS 

Tables RCB-7.42 and RCB-7.42M give permissible tubesheet ligaments, drill drift and 
recommended maximum tube wall thicknesses. 

*RCB-7.43 TUBE HOLE FINISH 

The inside edges of tube holes in tubesheets shall be free of burrs to prevent cutting of the 
tubes. Internal surfaces shall be given a workmanlike finish. 
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Nominal 

Tube OD 

1/4 

3/8 

1/2 

5/8 

3/4 

7/8 

1 

1-1/4 

1-1/2 

2 

Nominal 

Tube OD 

6.4 

9.5 

12.7 

15.9 

19.1 

22.2 

25.4 

31.8 

38.1 

50.8 
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TABLE RCB-7_41 
TUBE HOLE DIAMETERS AND TOLERANCES 

(All Dimensions in Inches) 
Nominal Tube Hole Diameter and Under Tolerance 

Over Tolerance: 96% of tube 
Standard Fit Special Close Fit holes must meet value in column 

(a) (b) (0), Remainder may not exceed 
value in column (d) 

Nominal Under Nominal Under 
Diameter Tolerance Diameter Tolerance (e) (d) 

0.259 0.004 0.257 0.002 0.002 0.007 
0.384 0.004 0.382 0.002 0.002 0.007 

0.510 0.004 0.508 0.002 0.002 0.008 

0.635 0.004 0.633 0.002 0.002 0.010 

0.760 0.004 0.758 0.002 0.002 0.010 

0.885 0.004 0.883 0.002 0.002 0.010 

1.012 0.004 1.010 0.002 0.002 0.010 

1.264 0.006 1.261 0.003 0.003 0.010 

1.518 0.007 1.514 0.003 0.003 0.010 
2.022 0.007 2.018 0.003 0.003 0.010 

TABLE RCB-7.41 M 
TUBE HOLE DIAMETERS AND TOLERANCES 

(All Dimensions in mm) 
Nominal Tube Hole Diameter and Under Tolerance 

Over Tolerance: 96% of tube 
Standard Fit Special Close Fit holes must meet value in column 

(a) (b) (0). Remainder may not exceed 
value in column (d) 

Nominal Under Nominal Under 
Diameter Tolerance Diameter Tolerance (e) (d) 

6.58 0.10 6.53 0.05 0.05 0.18 

9.75 0.10 9.70 0.05 0.05 0.18 

12.95 0.10 12.90 0.05 0.05 0.20 

16.13 0.10 16.08 0.05 0.05 0.25 

19.30 0.10 19.25 0.05 0.05 0.25 

22.48 0.10 22.43 0.05 0.05 0.25 

25.70 0.10 25.65 0.05 0.05 0.25 

32.11 0.15 32.03 0.08 0.08 0.25 

38.56 0.18 38.46 0.08 0.08 0.25 

51.36 0.18 51.26 0.08 0.08 0.25 

RB-7.44 TUBE HOLE GROOVING 

Tube holes for expanded joints for tubes 5/8" (15.9mm) OD and larger shall be machined with at 
least two grooves, for additional longitudinal load resistance, each approximately 1/8" (3.2mm) wide 
by 1/64" (0.4mm) deep. When integrally clad or applied tubesheets facings are used, all grooves 
should be in the base material unless otherwise specified by the purchaser. Strength welded tubes 
do not require grooves. Tubesheets with thicknesses less than 1" (25.4mm) may be provided with 
one groove. When utilizing hydraulic expansion, grooves shall be 1/4" (6.4mm) wide. 

C-7.44 TUBE HOLE GROOVING 

For design pressures over 300 psi (2068 kPa) and/or temperatures in excess of 350 0 F (177 0 C), the 
tube holes for expanded joints for tubes 5/8" (15.9 mm) OD and larger shall be machined with at 
least two grooves, for additional longitudinal load resistance, each approximately 1/8" (3mm) wide 
by 1/64" (0.4 mm) deep. When integrally clad or applied tubesheet facings are used, all grooves 
should be in the base material unless otherwise specified by the purchaser. Strength welded tubes 
do not require grooves. Tubesheets with thicknesses less than 1" (25.4mm) may be provided with 
one groove. When utilizing hydraulic expansion, grooves shall be 1/4" (6.4mm) wide. 
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I 

I 

Tube Tube 
Dia. Pitch 
do p 

1/4 5/16 
3/8 

3/8 1/2 
17/32 

1/2 5/8 
21/32 
11/16 

5/8 25/32 
13/16 
7/8 

3/4 15/16 
1 

1-1/16 
1-1/8 

7/8 1-3/32 
1-1/8 

1-3/16 
1-1/4 

1 1-1/4 
1-5/16 
1-3/8 

1 1/4 1-9/16 

1 1/2 1-7/8 

2 2-1/2 

TABLE RCB-7042 
TABLE OF TUBESHEET LIGAMENTS AND RECOMMENDED HEAVIEST TUBE GAGES 

(All Dimensions in Inches) 

Minimum Std. Ligaments (96% of ligaments must equal or 
exceed values tabulated below) 

Heaviest Tube Nomin-

p Recom- Hole al 

do 
p-d mended Dia. Uga-

Tube Std. ment 
Gage Fit Width Tubesheet Thickness 
BWG 

1 101/2 2 2-1/2 3 4 5 6 

1.25 1/16 22 0.259 0.054 0.025 0.025 0.025 0.025 -- -- -- --
1.50 1/8 20 0.116 0.083 0.077 0.070 0.064 -- - -- -
1.33 1/8 18 0.384 0.116 0.087 0.083 0.079 0.075 0.070 0.062 -- --
1.42 5/32 18 0.147 0.119 0.114 0.110 0.106 0.102 0.093 0.085 0.076 

1.25 1/8 18 0.510 0.115 0.089 0.085 0.082 0.079 0.076 0.069 0.063 -
1.31 5/32 16 0.146 0.120 0.117 0.113 0.110 0.107 0.101 0.094 0.088 
1.38 3/16 16 0.178 0.151 0.148 0.145 0.142 0.138 0.132 0.126 0.119 

1.25 5/32 15 0.635 0.146 0.111 0.109 0.106 0.103 0.101 0.096 0.091 0.086 
1.30 3/16 14 0.178 0.142 0.140 0.137 0.135 0.132 0.127 0.122 0.117 
1.40 1/4 14 ·0.240 0.205 0.202 0.200 0.197 0.195 0.189 0.184 0.179 

1.25 3/16 13 0.760 0.178 0.143 0.141 0.139 0.137 0.135 0.130 0.126 0.122 
1.33 1/4 12 0.240 0.206 0.204 0.201 0.199 0.197 0.193 0.189 0.184 
1.42 5/16 12 0.303 0.268 0.266 0.264 0.262 0.260 0.255 0.251 0.247 
1.50 3/8 12 0.365 0.331 0.329 0.326 0.324 0.322 0.318 0.314 0.309 

1.25 7/32 12 0.885 0.209 0.175 0.173 0.171 0.170 0.168 0.164 0.160 0.157 
1.29 y4 12 0.240 0.206 0.205 0.203 0.201 0.199 0.195 0.192 0.188 
1.36 5 16 10 0.303 0.269 0.267 0.265 0.263 0.262 0.258 0.254 0.251 
1.43 3/8 10 0.365 0.331 0.330 0.328 0.326 0.324 0.320 0.317 0.313 

1.25 1/4 10 1.012 0.238 0.205 0.203 0.202 0.200 0.198 0.195 0.192 0.189 
1.31 5/16 9 0.301 0.267 0.266 0.264 0.263 0.261 0.258 0.255 0.251 
1.38 3/8 9 0.363 0.330 0.328 0.327 0.325 0.323 0.320 0.317 0.314 

1.25 5/16 9 1.264 0.299 0.266 0.265 0.263 0.262 0.261 0.258 0.256 0.253 

1.25 3/8 8 1.518 0.357 0.325 0.324 0.323 0.322 0.321 0.318 0.316 0.314 

1.25 1/2 6 2.022 0.478 -- 0.446 0.445 0.444 0.443 0.442 0.440 0.438 

Minimum 
Permissible 
ligament 

Width 

0.025 
0.060 

0.060 
0.075 

0.060 
0.075 
0.090 

0.Q75 
0.090 
0.120 

0.090 
0.120 
0.150 
0.185 

0.105 
0.120 
0.150 
0.185 

0.120 
0.150 
0.185 

0.150 

0.180 

0.250 

"'otes: The above table of minimum standard ligaments is based on a ligament tolerance not exceeding the sum of twice the drill drift 
tolerance plus 0.020" for tubes less than 5/8" 00 and 0.030" for tube holes 5/8" 00 and larger. 
Drill drift tolerance = 0.0016 (thickness of tubesheet in tube diameters), inches 

'RCB-70S TUBE-TO-TUBESHEET JOINTS 
RCB-70S1 EXPANDED TUBE-TO-TUBESHEET JOINTS 

Expanded tube-to-tubesheet joints are standard. 

RB-70S11 LENGTH OF EXPANSION 

Tubes shall be expanded into the tubesheet for a length no less than 2" (50.S mm) or 
the tubesheet thickness minus 1/S" (302 mm), whichever is smaller. In no case shall 
the expanded portion extend beyond the shell side face of the tubesheet. When 
specified by the purchaser, tubes may be expanded for the full thickness of the 
tubesheet. 

C-70S11 LENGTH OF EXPANSION 

Tubes shall be expanded into the tubesheet for a length no less than two tube 
diameters, 2" (50.S mm)., or the tubesheet thickness minus 1/S" (3.2 mm), whichever is 
smaller. In no case shall the expanded portion extend beyond the shell side face of 
the tubesheet. When specified by the purchaser, tubes may be expanded for the full 
thickness of the tubesheet. 
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Tube 
Dia. 

do 

6.4 

9.5 

12.7 

15.9 

19.1 

22.2 

25.4 

31.8 

38.1 

50.8 

MECHANICAL STANDARDS TEMA CLASS R C B SECTION 5 

TABLE RCB-7.42 M 

TABLE OF TUBESHEET LIGAMENTS AND RECOMMENDED HEAVIEST TUBE GAGES 

(All Dimensions in mm) 

Minimum Std. Ligaments (96% of ligaments must equal or 
exceed values tabulated below) 

Tube Heaviest Tube Nomin-
Pitch E. Reeom- Hole al 

p d, 
pod mended Dia. Liga· 

Tube Std. ment 
Gage Rt Width Tubesheet Thickness 
BWG 

25.4 38.1 50.8 63.5 76.2 101.6 127.0 152.4 

7.94 1.25 1.59 22 6.579 1.361 0.635 0.635 0.635 0.635 - - -
9.53 1.50 3.18 20 2.951 2.108 1.956 1.778 1.626 - -
12.70 1.33 3.17 18 9.754 2.946 2.210 2.108 2.007 1.905 1.778 1.575 - -
13.49 1.42 3.96 18 3.736 3.023 2.896 2.794 2.692 2.591 2.362 2.159 1.930 

15.88 1.25 3.18 18 12.954 2.926 2.261 2.159 2.083 2.007 1.930 1.753 1.500 -
16.67 1.31 3.97 16 3.716 3.048 2.972 2.870 2.794 2.718 2.565 2.388 2.235 
17.46 1.37 4.76 16 4.506 3.835 3.759 3.683 3.607 3.505 3.353 3.200 3.023 

19.84 1.25 3.96 15 16.129 3.711 2.819 2.769 2.692 2.616 2.565 2.438 2.311 2.184 
20.64 1.30 4.76 14 4.511 3.607 3.556 3.480 3.429 3.353 3.226 3.099 2.972 
22.23 1.40 6.35 14 6.101 5.207 5.131 5.080 5.004 4.953 4.801 4.674 4.547 

23.81 1.25 4.76 13 19.304 4.506 3.632 3.581 3.531 3.460 3.429 3.302 3.200 3.099 
25.40 1.33 6.35 12 6.096 5.232 5.182 5.105 5.055 5.004 4.902 4.801 4.674 
26.99 1.42 7.84 12 7.666 6.807 6.756 6.706 6.655 6.604 6.477 6.375 6.274 
28.58 1.50 9.53 12 9.276 8.407 8.357 8.280 8.230 8.179 8.077 7.976 7.849 

27.78 1.25 5.55 12 22.479 5.301 4.445 4.394 4.843 4.318 4.267 4.168 4.064 3.988 
28.58 1.29 6.35 12 6.101 5.232 5.207 5.156 5.105 5.055 4.953 4.877 4.775 
30.16 1.36 7.93 10 7.681 6.633 6.782 6.731 6.680 6.655 6.553 6.452 6.375 
31.75 1.43 9.52 10 9.271 8.407 8.382 8.331 8.280 8.230 8.128 8.052 7.950 

31.75 1.25 6.35 10 25.705 6.045 5.207 5.156 5.131 5.080 5.029 4.953 4.877 4.801 
33.34 1.31 7.94 9 7.635 6.782 6.756 6.705 6.680 6.629 6.553 6.477 6.375 
34.93 1.38 9.53 9 9.225 8.382 8.331 8.306 8.255 8.204 8.128 8.052 7.976 

39.69 1.25 7.94 9 32.106 7.584 6.756 6.731 6.680 6.655 6.629 6.553 6.502 6.426 

47.63 1.25 9.53 8 38.567 9.073 8.265 8.230 8.204 8.179 8.153 8.077 8.026 7.976 

63.50 1.25 12.70 6 51.359 12.141 - 11.328 11.303 11.278 11.252 11.227 11.176 11.125 

Minimum 
Permissible 

Ligament 
Width 

0.635 
1.524 

1.524 
1.905 

1.524 
1.905 
2.286 

1.905 
2.286 
3.048 

2.266 
3.048 
3.810 
4.699 

2.687 
3.048 
3.810 
4.699 

3.048 
3.810 
4.699 

3.810 

4.572 

6.350 
.. Notes: The above table of minimum standard ligaments IS based on a hgament tolerance not exceeding the sum of twice the drill 

drift tolerance plus O.51mm for tubes less than 15.9mm 00 and Q,76mm for tube holes 15.9mm 00 and larger. 
Drill drift tolerance = 0.041 (thickness of tubesheet in tube diameters), mm. 

RCB-7.512 CONTOUR OF THE EXPANDED TUBE 

The expanding procedure shall be such as to provide substantially uniform expansion 
throughout the expanded portion of the tube, without a sharp transition to the 
unexpanded portion. 

RB-7.513 TUBE PROJECTION 

Tubes shall be flush with or extend by no more than one half of a tube diameter 
beyond the face of each tubesheet, except that tubes shail be flush with the top 
tubesheet in vertical exchangers to facilitate drainage unless otherwise specified by 
the purchaser. 

RCB-7.52 WELDED TUBE-TO-TUBESHEET JOINTS 

When both tubes and tubesheets, or tubesheet facing, are of suitable materials, the tube 
Joints may be welded. 

RCB-7.521 SEAL WELDED JOINTS 

When welded tube joints are used for additional leak tightness only, and tube loads 
are carried by the expanded joint, the tube joints shall be subject to the rules of 
Paragraphs RCB-7.4 through RCB-7.51. 
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RCB-7.522 STRENGTH WELDED JOINTS 

When welded tube joints are used to carry the longitudinal tube loads. consideration 
may be given to modification of the requirements of Paragraphs RCB-7.4 through 
RCB-7.S1. Minimum tubesheetthicknesses shown in Paragraphs R-7.131. C-7.131 
and B-7.131 do not apply. 

RCB-7.523 FABRICATION AND TESTING PROCEDURES 

Welding procedures and testing techniques for either seal welded or strength welded 
tube joints shall be by agreement between the manufacturer and the purchaser. 

RCB-7.53 EXPLOSIVE BONDED TUBE-TO-TUBESHEET JOINTS 

Explosive bonding and/or explosive expanding may be used to attach tubes to the 
tubesheets where appropriate. Consideration should be given to modifying the relevant 
parameters (e.g., tube-to-tubesheet hole clearances and ligament widths) to obtain an 
effective joint. 

R-7.S TUBESHEET PASS PARTITION GROOVES 

Tubesheets shall be provided with approximately 3/16" (4.S mm) deep grooves for pass partition 
gaskets. 

CB-7.S TUBESHEET PASS PARTITION GROOVES 

For design pressures over 300 psi (206S kPa), tubesheets shall be provided with pass partition 
grooves approximately 3/16" (4.S mm) deep, or other suitable means for retaining the gaskets in 
place. 

RCB-7.7 TUBESHEET PULLING EYES 

In exchangers with removable tube bundles having a nominal diameter exceeding 12" (305 mm) 
and/or a tube length exceeding 96" (243S mm), the stationary tubesheet shall be provided with two 
tapped holes in its face for pulling eyes. These holes shall be protected in service by plugs of 
compatible material. Provision for means of pulling may have to be modified or waived for special 
construction, such as clad tubesheets or manufacturer's standard, by agreement between the 
manufacturer and the purchaser. 

RB-7.B CLAD AND FACED TUBESHEETS 

The nominal cladding thickness at the tube side face of a tubesheet shall not be less than 5/16" 
(7.S mm) when tubes are expanded only, and l/S" (3.2 mm) when tubes are welded to the 
tubesheet. The nominal cladding thickness on the shell side face shall not be less than 3/S" (9.5 
mm). Clad surfaces, other than in the area into which tubes are expanded, shall have at least I/S" 
(3.2 mm) nominal thickness of cladding. 

C-7.B CLAD AND FACED TUBESHEETS 

The nominal cladding thickness at the tube side face of a tubesheet shall not be less than 3/16" 
(4.S mm) when tubes are expanded only, and I/S" (3.2 mm) when tubes are welded to the 
tubesheet. The nominal cladding thickness on the shell side face shall not be less than 3/S" (9.5 
mm). Clad surfaces, other than in the area into which tubes are expanded, shall have at feast I/S" 
(3.2 mm) nominal thickness of cladding. 
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RCB-S FLEXIBLE SHELL ELEMENTS 

This paragraph shall apply to fixed tubesheet exchangers which require flexible elements to reduce shell 
and tube longitudinal stresses and/or tube-to-tubesheet joint loads. Light gauge bellows type expansion 
joints within the scope of the Standards of the Expansion Joint Manufacturers Association (EJMA) are not 
included within the purview of this paragraph. The analysis contained within these paragraphs is based 
upon the equivalent geometry used in "Expansion Joints for Heat Exchangers" by S. Kopp and M. F. Sayer; 
however, the formulae have been derived based upon the use of plate and shell theory modified to account 
for the stiffness of the knuckle radii, when used. Flanged-only and flanged-and-flued types of expansion 
joints are examples of flexible shell element combinations. The designer shall consider the most adverse 
operating conditions specified by the purchaser. (See Paragraph E-3.2.) 

RCB-So1 APPLICATION INSTRUCTIONS AND LIMITATIONS 
The formulae contained in the following paragraphs are applicable based upon the following 
assumptions: 

Applied loadings are axial. 

Torsional loads are negligible. 

The flexible elements are sufficiently thick to avoid instability. 

The flexible elements are axisymmetric. 

All dimensions are in inches (mm) and all forces are in pounds (kN). 

Poisson's ratio is 0.3. 

RCB-Soll CALCULATION SEQUENCE 
The sequence of calculation shall be as follows: 

(1) Select a geometry for the flexible element per Paragraph RCB-8.210 

(2) Determine the effective geometry constants per Paragraph RCB-S.22. 

(3) Calculate the element flexibility factors per Paragraph RCB-8.3. 

(4) Calculate the element geometry factors per Paragraph RCB-SA. 

(5) Calculate the stiffness multiplier per Paragraph RCB-8.5 

(6) Calculate the equivalent flexible element stiffness per Paragraph RCB-8.6. 

(7) Calcuate the induced axial force per Paragraph RCB-8.7 for each condition as 
shown in Table RCB-S.7. 

(8) Calculate the flexible element moments and stresses per Paragraph RCB-8.S. 

(9) Compare the flexible element stresses to the appropriate allowable stresses per 
the Code, for the load conditions as noted in step 7. 

(10) Repeat steps 1 through 9 as necessary. 

RCB-So12 CORROSION ALLOWANCE 
The shell flexible elements shall be analyzed in both the corroded and uncorroded conditions. 

RCB-So13 HYDROSTATIC TEST CONDITIONS 
The shell flexible elements shall be evaluated for the hydrostatic test conditions. 

RCB-So2 GEOMETRY DEFINITION 
The geometry may be made up of any combination of cylinders and annular plates with or without 
knuckle radii at their junctions. 

RCB-So21 PHYSICAL GEOMETRY CONSTANTS 
Figure RCB-Bo21 defines the nomenclature used in the following paragraphs based upon 
nominal dimensions of the flexible elements. 
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where 

FIGURE RCB-8.21 

I r t. 
f"'!' 

'Q r,-O -I. -0 - ~tI 
/. -0 
r 11-0 

It. r l • 

t:- ~ 

l.) 

I, , 
(a) (b) (e) (d) 

I. and I, are the lengths of the cylinders welded to single flexible shell elements. 
When two flexible shell elements are joined with a cylinder. the applicable cylinder length. 10 
or I, used for calculation with the FSE shall be half the actual cylinder length. The applicable 
cylinder length. 10 and I, shall be 0 when a cylinder is not attached. 

NOTE: All dimensions shown in Figure RCS·8.21 are in inches (mm). 

RCB-8.22 EFFECTIVE GEOMETRY CONSTANTS 

Figure RCS-8.22 defines the nomenclature used in the following paragraphs based upon the 
equivalent flexible element model. 

FIGURE RCB-8.22 

t. 

Y. Y. 

x+ 

-_._--- ----

... 
+ 
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MECHANICAL STANDARDS TEMA CLASS R C 8 SECTION 5 

I = a 

t, if the flexible element has a knuckle radius at the inside junction, inches (mm) 

t, if the flexible element does not have a knuckle radius at the inside junction, 
inches (mm) 

t, if the flexible element has a knuckle radius at the outside junction, inches (mm) 
I, = 

to if the flexible element does not have a knuckle radius at the outside junction, 
inches (mm) 

G + la 
a=--

2 

OD- I 
b = ' 

2 

I, 
l=f+r+­a a a 2 

, inches (mm) 

, inches (mm) 

, inches (mm) 

, inches (mm) 

, inches (mm) 

r~ = r a + 0.51, ,inches (mm) 

r; = r,+ 0.5t, ,inches (mm) 
K = Stiffener multiplier (See Paragraph RCB 8.5) 

Ya = I a + Ii, inches (mm) Note: Cylindrical sections beyond the limit, 

Ya = 2J at a' need only meet the Code 
requirements for cylinders. 

y, = I, + 10 , inches (mm) Note: Cylindrical sections beyond the limit, 

y, = 2 fbi" , need only meet the Code 
requirements for cylinders. 

G , 0 D , t, ' r a ' r, ' fa' fo, I i and 10 are indicated in Figure RCB-8.21. 

RCB·S.3 ELEMENT FLEXIBILITY FACTORS 

The effective flexibility factors are given by: 

1.285 radians/inch (radians/mm) 
f3 =--

a rat: 
f3 = 1.285 radians/inch (radians/mm) 
, .fbl. 

Da = 0.0916£ ata 3, inch-pounds 

Metric, Da = 0.0916£ ata 3x 10-6
, mm-kN 

D, = 0.0916£ ,t, 3, inch-pounds 

Metric, D, = 0.0916£ ,t, 3X 10- 6
, mm·kN 
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Metric, 

where 

D, ~ 0.0916£ ,t, 3, inch-pounds 

fla ~ i3a Ya 

flo ~ i30 Yo 

for the inner cylinder, radians 

for the outer cylinder, radians 

jl ~ sinflsinhfl 

j 2 ~ cos fl cosh fl 

. 2 . 2 
Z~JI +lz 

ko ~ sinh fl + sin fl 

cosh fl + cos fl 
k I ~ ::...:..:=::----=-=:.: 

ka 

sinh fl- sin fl k ~ ::..:.=.:::...:c,--,:.:.:::..::.:: 
2 k 0 

k ~ coshfl- cosfl 
3 ko 

These values must be 
calculated for fl a at the 
inner cylinder as well as 
fl b at the outer cylinder. 

E ,~ Modulus of elasticity of the inner cylinder, psi (kPa) 

E 0 ~ Modulus of elasticity of the outer cylinder, psi (kPa) 

E E ~ Modulus of elasticity of the flexible shell element, psi (kPa) 

£ ~ lEE if the flexible element has a knuckle radius at the inside junction, psi (kPa) 
a E, if the flexible element does not have a knuckle radius at the inside junction, 

psi (kPa) 

£ ~ lEE if the flexible element has a knuckle radius at the outside junction, psi (kPa) 
o Eo if the flexible element does not have a knuckle radius at the outside junction, 

psi (kPa) " 

a , b , t a , to' t E ' Y a and Yo are defined in Paragraph RCB-S.22. 

RCB-S.3l CYLINDER-TO-CYLINDER FLEXIBILITY FACTORS 

The cylinder-to-cylinder flexibility factors, e a and eo are given by the following: 

at the inside junction 
e a = e 

La 
C ~-­

I ~ata 

t, 
C ~-

2 ta 

Ea 
C~-

3 E, 

at the outside junction 
e b = e 

Lo 
C ~--

I fb4 
to 

C ~-
2 to 

Eo 
C~-

3 E 
o 

Note: 

If there is no outer cylinder 
eo ~ 1 

Calculate C 4 , C s , C 6' C 7 and C 8 with the appropriate values of C I , C 2 and C 3 for the inside and 
outside junction. 
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when C 2 is less than 1.0 

C ~_0.364661+0.338172_0.0366351 
4 C C 2 

2 2 

c ~ -1.06871 + 1.01164 0.122627 
5 C C 2 

2 2 

C6~0.0696709+ 1.76415C 2 -5.46103C 2 3 

C7 ~ -0.142734 + 0.918656C 2 - 2.00749C 2 3 

when C 2 is greater than or equal to 1.0 

and 

Notes: 

3.37310-1.707962C 2 +O.226216C 2
2 

C4~ 1000 

C 5 ~ -0.403287 + 0.320037C 2 - 0.0307508C 22 

C 6 ~ -0.684978 + 0.582549C2 - 0.0547812C 2 2 

C 7 ~ -0.201334 + 0.168201 C 2 - 0.0157280C 2 2 

C s C 6 C 7 ---+--c 
C 2 C 3 C 44 

C -' , , 
8 - C 3 0.2 

e~2.718C, 

(1) When C , is less than 0.4, C , shall be set equal to 0.4. 

(2) When C 2 and C 3 are both equal to 1.0, e shall be set equal to 1.0. 

RCB-S.4 ELEMENT GEOMETRY FACTORS 

SECTIONS 

Calculations for the stiffness and stresses are dependent upon the flexible element geometry factors 
given by: 

e a ( k22) 
y, ~ DaBa k 3 - 2k, 

b 
d~­

a 

Note: k values are evaluated using n a for the inner cylinder. 

Note: kvalues are evaluated using n b for the outer cylinder. 

-ac(0,769+ 1.428d 2
) 

x,~ DE 
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30 

where 

X3= 

xs= 

x ~ 
6 

X ~ 
8 

MECHANICAL STANDARDS TEMA CLASS R C B 

- a 2 [ 1 .538 + In ( d){ 2 + c (2 + 3.71 4 d 2) } 1 

bc(0.769d 2 + 1.428) 

-ab(l.538+ 5.714cln(d» 

X3 X 4- X ,X6+ X 6YI 

x 
ql ~ 0.385a 2 + 1.429cb 2In(d) 

q2 ~ (- 0.385 - 1.429c I n(d»b 2 

{
1.269 } q3 ~ 0.25ab 2 ~ + 3.714c( In(d»2 

g4 
g*~--ln(g) 1 _ g2 

m l ~0.51-0.635g2+g* 

m 2 ~ 0.635( 1 _ g2)+ g* 

m3 ~ 2.357g 2 + 3.714g* 

aand b are defined in Paragraph RCB-S.22 and 130 .13,. Do. D,. DE' eo. e,. k I. k2 and k3 
are defined in Paragraph RCB-S.3. 
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RCB-8.5 STIFFNESS MULTIPLIER 

Yo Yb r'a r'b Ta 

Compute the ratios c ' C' -1-' -1-' h' 
a b 

SECTION 5 

RCB-8.51 If Ya/G 2 0.075, Ya ~ I. IfYa/G < 0.075, calculate Ya per the formula given below. 

If Y 0 / G 2 0.075, Y 0 ~ I. If Y 0 /G < 0.075, calculate Y 0 per the formula given below. 

Y x ~ 0.961 - 11.293(y x/G) + 450.903(y x/G)2 - 5647(y x/G)" + 23140(y x/G)4 

RCB-8.52 If both r aand r 0 are present, Fig. RCB-8.21 (a) and r a ~ r 0, determine value of m from 
Figure RCB-8.51 and calculate the term, '" , according to the following equations: 

G 
For - < 160, '" ~ 4.30( G/ t d,o.2.? 

IE 

G 
For-~ 160,"'~2.92(G/td,o.21l 

IE 

The final stiffness multiplier is represented by the product, K ~ '" m YaY 0 • 

RCB-8.53 If both r aand ro are present, Fig. RCB-8.21 (a), but not equal, determine mol from Fig. 
RCB-8.52 using r - 0, m from Fig. RCB-8.51 using r - a , and m 02 from Figure RCB-8.52 using 

r - o' Calculate'" as shown in Paragraph RCB-8.52 above. 

The final stiffness multiplier is represented by the product, 

RCB-8.54 If only r 0 is present, Fig. RCB-8.21 (b) , determine m from Figure RCB-8.52 and calculate 

the term, )0. , according to the following equations: 

G 
For- < 160,)0. = 2.13(Glt E )-0.149 

IE 

G 
For- ~ 160, A ~ !.86( G It d -0.122 

IE 

The final stiffness multiplier is represented by the product, K ~ Am YaY 0 

RCB-8.55 If only r a is present, Fig. RCB-8.21 (c) determine m from Figure RCB-8.51 using r -a and 

calculate'" , from Paragraph RCB-8.52. Determine m 0 from Figure RCB-8.52 using r - 0 ~ r . a 

and calculate, )0. , from Paragraph RCB-8.54. 

The final stiffness multiplier is represented by the product, 

RCB-8.S6 If both r a and r 0 equal 0 , Fig. RCB-8.21 (d), K ~ YaY o· 
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SECTION 5 MECHANICAL STANDARDS TEMA CLASS R C B 

84 

RCB-8.6 EQUIVALENT FLEXIBLE ELEMENT STIFFNESS 

When there is only one flexible shell element (See Paragraph RCB-S.2) in a shell, the spring rate, 
Ibsjinch (kNjmm), is given by: 

2naD f K 
5 if = -------

X7Q[ +XaQ2+Q3 

where the terms are defined in Paragraphs RCB-S.22, RCB-S.3, RCB-S.4, and RCB-S.S. 

When two or more flexible elements are used in a shell, the overall effective spring rate of the system 
of flexible elements is given by: 

1 
S i = -:-[ ---:-[----:--[ 

-+-..... +-
5 j £1 5 j£2 SjGn 

where 

5 . = Overall effective spring rate, Ibsjinch (kNjmm), as used in Paragraph RCB-7.161 
I 

5 ifl ,5 if2" ,5 ifn = Respective spring rates of each flexible shell element, calculated 
individually from the above formula, Ibsjinch (kNjmm) 

Note: A single convolute consists of two flexible shell elements. 

RCB-8.7INDUCED AXIAL FORCE 

The calculation of the flexible shell element stresses is contingent upon calculating an induced axial 
force acting on each element. This axial force on the inner shell circumference shall be calculated for 
each condttion as described in Paragraphs RCB-S.11 through RCB-S.13 and is given by: 

,Ibs.jinch 

(Metric) 
aP * 

F =--'-xlO- 6 
ax 2 

, kNjmm 

where P,*=P I +P,'-P d 

and PI=P,-P,-
TABLE RCB-B.7 

Fax PARAMETER VARIATIONS 

I CONDITION 

Differential Expansion Only 

Shell side Pressure Only, Note (1) 

Tube side Pressure Only, Note (1) 

Shell side Pressure + Tube side Pressure 

Shell side Pressure Only + Differential Expansion, Note (1) 

Tube side Pressure Only + Differential Expansion, Note (1) 

Shell side Pressure + Tube side Pressure + Differential Expansion 

Notes: 

15J~~ 
0 0 P d 

0 P' , 0 

PI 0 0 

PI P , , 0 

0 P' , P d 

PI 0 P d 

PI P' , P d 

(1) This condttion is not applicable for differential pressure design per Paragraph RCB-7.16S. 

(2) a is defined in Paragraph RCB-S.22. 
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MECHANICAL STANDARDS TEMA CLASS R C B SECTION 5 

(3) Other symbols are as defined in Paragraphs RCB-7.l6l, RCB-7.l63 and RCB-7.l64, using 
actual shell and tubesheet thicknesses for each condition under consideration per 
Paragraphs RCB-S.ll through RCB-S.13. ALGEBRAIC SIGNS MUST BE RETAINED. 

RCB-S.S FLEXIBLE ELEMENT MOMENTS AND STRESSES 

The following paragraphs provide the formulae to calculate the predicted stress levels in each flexible 
element. Each flexible element configuration will have a unique set of stresses for each condition 
analyzed. 

RCB-S.Sl MOMENTS AT THE JUNCTIONS 

The stresses in the annular flat plate and the cylindrical portions of a flexible element are 
dependent upon the moments, inch-Ibs per inch (mm-kN per mm) of circumference, at the 
inside and outside junctions. The moments are given by: 

where 

2 ( (b'-a')) P,b -0.3 aFax+ -2- P, 

Zb~ Ebtb 

P,b
3

( m3 g3 3 ) e ~ -- -2gm -----2g In(g) 
a 8D, 2 9 2 

P sb
3 

2 
eb~--(-2m2-m3+0.5-g ) 

8D, 

P ,~ Shell side design pressure, psi (kPa), for the condition under consideration 
(including 0 or negative value if vacuum, as applicable) 

F a. ~ The term as calculated in Paragraph RCB-S.7 dependent upon the condition 
under consideration 

k 1 and k z ~ The terms as calculated in Paragraph RCB-S.3, using Db at the outer cylinder 

The remaining terms are as defined in Paragraphs RCB-S.22, RCB-S.3 and RCB-S.4. 

RCB-S.S2 ANNULAR PLATE ELEMENT STRESSES 

The annular plate meridional bending stress, psi (kPa), shall be calculated !or each condition 
specified in Paragraphs RCB-S.ll, RCB-S.12 and RCB-S.13 from the follOWing formula: 

where 

6 { A z 
2 (r)} 5 ~- A 1 +-+A 3r +A.ln -

b iE 2 r2 b 

A 1 ~ -eM a + ed 2 M b + 0.65aeFax In(g) - P ,(0.325m 2 b
2 

+ 0.4125a 2) 

A2 ~ b 2(eM a - eM b - 0.65aeFax In(g) + 0.0875m 3P ,b
2

) 
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A3~O.206P, 

A. ~ O.65a(Fax - O.5aP ,) 

Fax ~ The term as calculated in Paragraph RCB-B.? dependent upon the condition 
under consideration. 

P ,~ Shell side design pressure, psi (kPa) , for the condition under consideration 
(including 0 or negative value if vacuum, as applicable). 

r ~ Radial distance, from the shell centerline to the point under consideration, 
inches (mm). 

The remaining terms are as defined in Paragraphs RCB-B.22, RCB-BA and RCB-B.B1. 

Note: 

(1) s mbp ~ S b calculated for the shell side pressure only condition. 

(2) S mbd ~ S b calculated for the differential expansion only or tube side pressure only 
condition. 

(3) S n ~ S bcalculated for all conditions as specified in Table RCB-B.? 

(4) S ,mp ,S mmp and S mmd as defined by the Code, are negligible for the annular 
plate element within the scope of Paragraph RCB-B. 

(5) The maximum annular plate stress will be located where: 

- A. ± J A ~ + 16 A 3 A 2 (when P, is not 0) 
r~ 

4A3 

or r = a 

or r ~ b 

RCB-8,83 CYLINDRICAL ELEMENT STRESSES 

86 

The circumferential membrane stresses, psi (kPa), in the cylinders shall be calculated for each 
condition specHied in Paragraphs RCB-B.11, RCB-8.12 and RCB-B.13 from the following 
formula: 

where 

E(Ii+V2) 
S ~ -O----'~ 

m r 

VI ~13(Y-X) 

v 2 ~ B I si n (v I) sinh (v I ) + B 2 cos( V I ) cosh (v I ) 

r 
Ii~ Et[P,r-O.3F 2) 

x ~ The distance under consideration, as shown in Figure RCB-8.22, inches (mm) 

The remaining terms are as defined in Paragraphs RCB-B.21, RCB-B.22, RCB-B.3 and 
RCB-B.? 
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where 

Note: 

For the inner cylinder 

r = a 

t~t,for(Ya-X)< II 

t~tafor(Ya-X» Ii 

t~smalleroftaor t, for(Ya-X)~ Ii 

F 2 = Fax 

Y ~ Ya 

For the outer cylinder 

r~b 

t ~ t,for(yo-x)< I, 

t ~ tofor(yo-x» I, 

t ~ smaller of t 0 or t, for 
(Yo-x)~ I, 

E ~ Eo 

(a) (b2-a2) 
F 2 ~ Fax b + 2b P, 

(1) S 'mp ~ S m calculated for the shell side pressure only condition. 

(2) S ,md ~ S m calculated for the differential expansion only or tube side pressure only 
condition. 

(3) S ,mpd ~ S m calculated for the combined pressure and differential expansion 
condition. 

(4) The maximum value of S m will be located where X ~ Y a or X - I a for the inner 
cylinder and where X - Yo or X - 10 for the outer cylinder. 

RCB-S.S4 MAXIMUM CYLINDER STRESS FOR CYCLE LIFE CALCULATIONS 

The maximum stress. psi (kPa), for a particular set of conditions, for use in the evaluation of 
cycle life is given by: 

where 

and 

F 2 is defined in Paragraph RCB-S.83 

For the inner junction 

M-M a 

t =the smaller oft,or ta 

For the outer junction 

M-M o 

t = the smaller of t, or to 
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Note: 

(I) A posITive value of M establishes a compressive stress in the outer fiber of the 
cylinder under consideration. 

(2) S " is a possible outer limit for establishing a stress range. 

(3) S n for the cylindrical element is equal to S ". 

RCB-B.S ALLOWABLE STRESSES 

The allowable flexible element stresses shall be as defined by the Code, using an appropriate stress 
concentration factor for the geometry under consideration. 

RCB-B.l0 MINIMUM THICKNESS 

The minimum thickness of flexible shell elements shall be as determined by the rules of Paragraphs 
RCB-8.1 throuih RCB-8.9. However, in no case shall the thickness in the uncorroded condition be 
less than 1/8" 3.2 mm) for nominal diameters 18" (457 mm) and smaller, 3/16" (4.8 mm) for nominal 
diameters 19" 483 mm) through 3~'' (762 mm), or 1/4" (6.4 mm) for nominal diameters greater than 
3~'' (762 mm). 

RCB-S CHANNELS, COVERS, AND BONNETS 

RCB-S.l CHANNELS AND BONNETS 

88 

R-S.l1 MINIMUM THICKNESS OF CHANNELS AND BONNETS 

Channel and bonnet thickness is determined by the Code design formulae, plus corrosion allowance, 
but in no case shall the nominal thickness of channels and bonnets be less than the minimum shell 
thicknesses shown in Table R-3.13. The nominal total thickness for clad channels and bonnets shall 
be the same as for carbon steel channels. 

CB-S.ll MINIMUM THICKNESS OF CHANNELS AND BONNETS 

Channel and bonnet thickness is determined by the Code design formulae, plus corrosion allowance, 
but in no case shall the nominal thickness of channels and bonnets be less than the minimum shell 
thicknesses shown in Table CB-3.13. The nominal total thickness for clad channels and bonnets 
shall be the same as for carbon steel channels. 

RCB-S.12 MINIMUM INSIDE DEPTH 

For mUltipass channels and bonnets the inside depth shall be such that the minimum cross-over area 
for flow between successive tube passes is at least equal to 1.3 times the flow area through the tubes 
of one pass. When an axial nozzle is used, the depth at the nozzle centerline shall be a minimum of 
one-third the inside diameter of the nozzle. 

RCB-S.13 PASS PARTITION PLATES 

ReB-S.131 MINIMUM THICKNESS 

The thickness of pass partitions shall not be less than the greater of that shown in 
Table RCB-9.131 or calculated in Paragraph RCB-9.132. Pass partition plates may be 
tapered to gasket width at the contact surface. 

TABLE RCB-9.131 

NOMINAL PASS PARTITION PLATE THICKNESS 
Dimensions are in Inches (mm) 

Nominal Size Carbon Steel Alloy Material 

Less than 24 3/8 1/4 
(610) (9.5) (6.4) 

24 to 60 1/2 3/8 
(610-1524) (12.7) (9.5) 

61 to 100 5/8 1/2 
(1549-2540) (15.9) (12.7) 
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RCB-9.132 PASS PARTITION PLATE FORMULA 

t = b0 qB 
1.55 

where 

t = Minimum pass partition plate thickness, inches (mm) 

B = Table value (linear interpolation may be used) 

q = Pressure drop across plate, psi (kPa) 

SECTION 5 

5 = Code allowable stress in tension, at design metal temperature, psi (kPa) 

b = Plate dimension. See Table RCB·9.132, inches (mm) 

TABLE RCB-9.132 
PASS PARTITION DIMENSION FACTORS 

@ bIg ;rJ a I 
Three sides fixed Long sides fixed Short sides fixed 

One side simply supported Short sides simply Long sides simply supported 

alb 
0.25 
0.50 
0.75 
1.0 
1.5 
2.0 
3.0 

supported 

B alb B alb B 
0.020 1.0 0.4182 1.0 0.4182 
0.081 1.2 0.4626 1.2 0.5208 
0.173 1.4 0.4860 1.4 0.5988 
0.307 1.6 0.4968 1.6 0.6540 
0.539 1.8 0.4971 1.8 0.6912 
0.657 2.0 0.4973 2.0 0.7146 
0.718 00 0.5000 00 0.7500 

RCB-9.133 PASS PARTITION WELD SIZE 

The Rass partition. plate shall be attached with fillet welds on each side with a minimum 
leg of 3/4 t from P"aragraph RCB-9.132. Other types of attachments are allowed but 
shall be of equivalent strength. 

RCB-9.134 SPECIAL PRECAUTIONS 

Special consideration must be given to reinforcement or thickness requirements for 
intemal partitions subjected to pulsating fluids, extreme differential pressures and/or 
temperatures, undue restraints or detrimental deflections under specified operating 
conditions or unusual start-up or maintenance conditions specHied by the purchaser. 

Consideration may also be given to special design configurations and/or methods of 
analysis which may justify reduction of pass partition plate thickness requirements. 

Also, consideration should be given to potential bypass of tubeside fluid where the 
pass partition might pull away from the gasket due to deflection. 

RCB-9.14 POSTWELD HEAT TREATMENT 

Fabricated channels and bonnets shall be postweld heat treated when required by the Code 
or specHied by the purchaser. 
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RCB-9.2 FLAT·CHANNEL COVER 

*RCB-9.21 FLAT CHANNEL COVER DEFLECTION - MULTIPASS UNITS 

The effective thickness of a flat channel cover shall be the thickness at the bottom of the pass 
partition groove (or the face if there is no groove) minus corrosion allowance in excess of 
groove depth. The thickness is to be at least that required by the appropriate Code formula 
and thicker if required to meet proper deflection criteria. 

The recommended limit for channel cover deflection is: 

0.03" (0.8 mm) for nominal diameters thru 24" (610 mm) 

0.125% of nominal diameter (nominal diameter /800) for larger sizes 

A method for calculation of channel cover deflection is: 

where 

y ~ ~(0.0435G3 P + 0.55 BA.hg) 
ET 

y ~ Channel cover deflection at the center. inches (mm) 

G ~ Gasket load reaction diameter as defined by the Code, inches (mm) 

E ~ Modulus of elasticity at design temperature, psi (kPa) 

T ~ Thickness under consideration, inches (mm) 

P ~ Design pressure, psi (kPa) 

5 • ~ Allowable bolting stress at design temperature, psi (kPa) 

A. ~ Actual total cross-sectional root area of bolts, square inches (mm2) 

h a ~ Radial distance from diameter G to bolt circle, inches (mm) 

If the calculated deflection is greater than the recommended limit, the deflection may be 
reduced by acceptable methods such as: 

Increase channel cover thickness by the cube root of the ratio of calculated deflection 
to the recommended limit. 

Use of strong backs. 

Change type of construction. 

Note: For single pass channels, or others in which there is no pass partition gasket seal 
against the channel cover, no deflection criteria need be considered. 

R-9.22 CHANNEL COVER PASS PARTITION GROOVES 

Channel covers shall be provided with approximately 3/16" (4.8 mm) deep grooves for pass 
partitions. In clad or applied facings, all surfaces exposed to the fluid, including gasket 
seating surfaces, shall have at least 1/8" (3.2 mm) nominal thickness of cladding. 

CB-9.22 CHANNEL COVER PASS PARTITION GROOVES 

For design pressures over 300 psi (2068 kPa), channel covers shall be provided with 
approximately 3/16" (4.8 mm) deep grooves for pass partitions, or other suitable means for 
holding the gasket in place. In clad or applied facings, all surfaces exposed to fluid, including 
gasket seating surfaces, shall have at least 1/8" (3.2mm) nominal thickness of cladding. 
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RCB-l0 NOZZLES 

RCB-l0.l NOZZLE CONSTRUCTION 

Nozzle construction shall be in accordance with Code requirements. Shell nozzles shall not protrude 
beyond the inside contour of the shell if they interfere with bundle insertion or removal. Shell or 
channel nozzles which protrude beyond the inside contour of the main cylinder wall must be self 
venting or draining by notching at their intersection with the high or low point of the cylinder. If 
separate vent and drain connections are used, they shall be flush with the inside contour of the shell 
or channel wall. Flange dimensions and facing shall comply with ASME B16.5. Bolt holes shall 
straddle natural center lines. Flanges outside the scope of ASME B 16.5 shall be in accordance with 
Code. 

RCB-l0.2 NOZZLE INSTALLATION 

Radial nozzles shall be considered as standard. Other types of nozzles may be used, by agreement 
between manufacturer and purchaser. 

R-l0.3 PIPE TAP CONNECTIONS 

All pipe tap connections shall be a minimum of 6000 psi standard couplings or equivalent. Each 
connection shall be fitted with a round head bar stock plug conforming to ASME B16.11 of the same 
material as the connection. Alternate plug materials may be used When galling is anticipated, except 
cast iron plugs shall not be used. 

C-l0.3 PIPE TAP CONNECTIONS 

All pipe tap connections shall be a minimum of 3000 psi standard couplings or equivalent. 

B-l0.3 PIPE TAP CONNECTIONS 

All pipe tap connections shall be a minimum of 3000 psi standard couplings or equivalent. Each 
connection shall be fitted with a bar stock plug of the same material as the connection. Alternate 
plug materials may be used when galling is anticipated, except cast iron plugs shall not be used. 

RCB-l0.31 VENT AND DRAIN CONNECTIONS 

All high and low points on shell and tube sides of an exchanger not otherwise vented or 
drained by nozzles shall be provided with 3/4" minimum NPS connections for vent and drain. 

R-l0.32 PRESSURE GAGE CONNECTIONS 

All flanged nozzles 2" NPS or larger shall be provided with one connection of 3/4" minimum 
NPS for a pressure gage unless special considerations allow it to be omitted. See Paragraph 
RB-l0.4. 

C-l0.32 PRESSURE GAGE CONNECTIONS 

Pressure gage connections shall be as specified by the purchaser. See Paragraph C-l0A. 

B-l0.32 PRESSURE GAGE CONNECTIONS 

All flanged nozzles 2" NPS or larger shall be provided with one connection of 1 /2" minimum 
NPS for a pressure gage unless special considerations allow it to be omitted. See Paragraph 
RB-l0A. 

RB-l0.33 THERMOMETER CONNECTIONS 

All flanged nozzles 4" NPS or larger shall be provided with one connection of 1" minimum 
NPS for a thermometer unless special considerations allow it to be omitted. See Paragraph 
RB-l0A. 

C-l0.33 THERMOMETER CONNECTIONS 

Thermometer connections shall be as specified by the purchaser. See Paragraph C-l0.4. 

RB-l0.4 STACKED UNITS 

Intermediate nozzles between units shall have flat or raised face flanges. Pressure gage and 
thermometer connections may be omitted in one of the two mating connections of units connected 
in series. Bolting in flanges of mating connections between stacked exchangers shall be removable 
without moving the exchangers. 
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C-l0.4 STACKED UNITS 

Intermediate nozzles between units shall have flat or raised face flanges. Pressure gage and 
thermometer connections may be omitted in one of the two mating connections of units connected 
in series. 

RCB-l0.S SPLIT FLANGE DESIGN 

Circumstances of fabrication, installation, or maintenance may preclude the use of the normal 
integral or loose full ring nozzle flanges. Under these conditions, double split ring flanges may be 
used in accordance with the Code. 

"RCB-l0.S NOZZLES LOADINGS 

92 

Heat exchangers are not intended to serve as anchor points for piping; therefore, for purposes of 
design, nozzle loads are assumed to be negligible, unless the purchaser specHically details such 
loads in his inquiry as indicated in Figure RGP-RCB-l0.6. The analysis and any modifications in the 
design or construction of the exchanger to cope with these loads shall be to the purchaser's 
account. 

The "Recommended Good Practice" section of these standards provides the designer with additional 
information regarding imposed piping loads. 
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MECHANICAL STANDARDS TEMA CLASS R C B SECTION 5 

RCB-ll END FLANGES AND BOLTING 

Flanges and bolting for external joints shall be in accordance with Code design rules, subject to the 
lim~ations set forth in the following paragraphs. 

R-ll.l MINIMUM BOLT SIZE 

The minimum permissible bolt diameter is 3/4" (M20). Sizes 1" and smaller shall be Coarse Thread 
Series, and larger sizes shall be B-Pitch Thread Series. Dimensional standards are included in 
Section 9, Table 0-5. Metric thread pitch is shown in Section 9, Table D-SM. 

C-11.1 MINIMUM BOLT SIZE 

The minimum recommended bolt diameter is 1/2" (M14). If bolting smallerthan 1/2" (M14) is used, 
precautions shall be taken to avoid overstressing the bolting. Dimensional standards are included in 
Section 9, Table D-S. Metric bolting is shown in Section 9, Table D-SM. 

B-ll.1 MINIMUM BOLT SIZE 

The minimum permissible bolt diameter shall be S/B" (M16). Dimensional standards are included in 
Section 9, Table D-S. Metric bolting is shown in Section 9, Table D-SM. 

RCB-ll.2BOLTCIRCLE LAYOUT 

RCB-ll.21 MINIMUM RECOMMENDED BOLT SPACING 

The minimum recommended spacing between bolt centers is given in Section 9, Table D-S or 
D-SM. 

RCB-ll.22 MAXIMUM RECOMMENDED BOLT SPACING 

The maximum recommended spacing between bolt centers is: 

6t 
Bm,,=2ds+cm+O.5) 

where 

B = Bolt spacing, centerline to centerline, inches (mm) 

d s = Nominal bolt diameter, inches (mm) 

t = Flange thickness, inches (mm) 

m = Gasket factor used in Code flange calculations 

RCB-ll.23 LOAD CONCENTRATION FACTOR 

When the distance between bolt centerllnes exceeds recommended B m.<o the total flange 
moment determined by Code design methods shall be multiplied by a correction factor equal 
to: 

where B Is the actual bolt spacing as defined by Paragraph RCB-11.22. 

RCB-ll.24 BOLT ORIENTATION 
Bolts shall be evenly spaced and normally shall straddle both natural centerlines of the 
exchanger. For horizontal units, the natural centerlines shall be considered to be the 
horizontal and vertical centerlines of the exchanger. In special cases, the bolt count may be 
changed from a multiple offour. 

RCB-ll.3 MINIMUM RECOMMENDED WRENCH AND NUT CLEARANCES 

Minimum recommended wrench and nut clearances are given in Section 9, Table D-S and 
Table D-SM. 
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14 

RCB-11.4 BOLT TYPE 

Except for special design considerations, flanges shall be through·bolted with stud bolts, 
threaded fuHlength with a removable nut on each end. One full stud thread shall extend 
beyond each nut to indicate full engagement. 

*RCB-11.5 LARGE DIAMETER LOW PRESSURE FLANGES 

See "Recommended Good Practice" section. 

*RCB-11.6 BOLTING-ASSEMBLY AND MAINTENANCE 

See "Recommended Good Practice" section. 
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FLOW INDUCED VIBRATION SECTION 6 

(Note: This section is not metricated.) 

V-1 SCOPE AND GENERAL 

V-1.1 SCOPE 

FI~id flow, inter-rel'!lt~ with heat exchanger geometry, can cause heat exchanger tubes to vibrate. 
This phenomenon IS highly complex and the present state-of-the-art is such that the solution to this 
problem is difficult to define. This section defines the basic data which should be considered when 
evaluating potential flow induced vibration problems associated with heat exchangers. When 
potential flow induced vibration problems are requested to be evaluated, the relationships presented 
in this section and/or other .methods may be used. Due to the complexity of the problem, the TEMA 
guarantee does not cover Vibration damage. 

V-1.2 GENERAL 

Damaging tube vibration can occur under certain conditions of shell side flow relative to baffle 
configuration and unsupported tube span. The maximum unsupported tube spans in Table 
RCB-4.S2 do not consider potential flow induced vibration problems. In those cases, where the 
analysis indicates the probability of destructive vibration, the user should refer to Paragraph V-13. 

V-2 VIBRATION DAMAGE PATTERNS 

Mechanical failure of tubes resulting from flow induced vibration may occur in various forms. Damage can 
result from any of the following independent conditions, or combinations thereof. 

V-2. 1 COLUSION DAMAGE 

Impact of the tubes against each other or against the vessel wall, due to large amplitudes of the 
vibrating tube, can result In failure. The impacted area of the tube develops the characteristic, 
flattened, boat shape spot, generally at the mid-span of the unsupported length. The tube wall 
eventually wears thin, causing failure. 

V-2.2 BAFFLE DAMAGE 

Baffle tube holes require a manufacturing clearance (see Paragraph RCB-4.2) over the tube outer 
diameter to facilitate fabrication. When large fluid forces are present, the tube can impact the baffle 
hole causing thinning of the tube wall in a circumferential, uneven manner, usually the width of the 
baffle thickness. Continuous thinning over a period of time results in tube failure. 

V-2.3 TUBESHEET CLAMPING EFFECT 

Tubes may be expanded into the tUbesheet to minimize the crevice between the outer tube wall and 
the tubesheet hole. The natural frequency of the tube span adjacent to the tubesheet is increased by 
the clamping effect. However, the stresses due to any lateral deflection of the tube are also 
maximum at the location where the tube emerges from the tubesheet, contributing to possible tube 
breakage. 

V-2.4 MATERIAL DEFECT PROPAGATION 

Designs which were determined to be free of harmful vibrations will contain tubes that vibrate with 
very small amplitude due to the baffle tube hole clearances and the flexibility of the tube span. Such 
low level stress fluctuations are harmless in homogeneous material. Flaws contained within the 
material and strategically oriented with respect to the stress field, can readily propagate and actuate 
tube failure. Corrosion and erosion can add to such failure mechanisms. 

V-2.5 ACOUSTIC VIBRATION 

Acoustic resonance Is due to gas column oscillation and is excited by phased vortex shedding. The 
oscillation creates an acoustic vibration of a standing wave type. The generated sound wave will not 
affect the tube bundle unless the acoustic resonant frequency approaches the tube natural 
frequency, although the heat exchanger shell and the attached piping may vibrate, accompanied 
with loud noise. When the acoustic resonant frequency approaches the tube natural frequency, any 
tendency toward tube vibration will be accentuated with possible tube failure. 

V-3 FAILURE REGIONS 

Tube failures have been reported In nearly all locations within a heat exchanger. Locations of relatively 
flexible tube spans and/or high flow velocities are regions of primary concern. 
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V-3.1 U-BENDS 

Outer rows of U-bends have a lower natural frequency of vibration and, therefore, are more 
susceptible to flow induced vibration failures than the inner rows. 

V-3.2 NOZZLE ENTRANCE AND EXIT AREA 

Impingement plates, large outer tube limits and small nozzle diameters can contribute to restricted 
entrance and exit areas. These restricted areas usually create high local veloctties which can result 
in producing damaging flow induced vibration. 

V-3.3 TUBESHEET REGION 

Unsupported tube spans adjacent to the tubesheet are frequently longer than those in the baffled 
region of the heat exchanger, and result in lower natural frequencies. Entrance and extt areas are 
common to this region. The possible high local velocities, in conjunction with the lower natural 
frequency, make this a region of primary concern in preventing damaging vibrations. 

V-3.4 BAFFLE REGION 

Tubes located in baffle windows have unsupported spans equal to multiples of the baffle spacing. 
Long unsupported tube spans result in reduced natural frequency of vibration and have a greater 
tendency to vibrate. 

V-3.S OBSTRUCTIONS 

Any obstruction to flow such as tie rods, sealing strips and impin\lement plates may cause high 
localized velocities which c~n initiate vibration in the immediate Vicinity of the obstruction. 

1-4 DIMENSIONLESS NUMBERS 

V-4.1 STROUHAL NUMBER 

Shedding of vortices from isolated tubes in a fluid medium is correlated by the Strouhal Number, 
which is given by: 

where 

j,d o 
s= 12V 

j, = Vortex shedding frequency, cycles/sec 

V = Crossflow velocity of the fluid relative to the tube, It/sec 

do = Outside diameter of tube, inches 

For integrally finned tubes: 

do = Fin root diameter, inches 

Note: In closely spaced tube arrays, the rhythmic shedding of vortices degenerates into a broad 
turbulence and a correlation based on Strouhal Number alone is inadequate. 

V-4.2 FLUID ELASTIC PARAMETER 

A dimensionless parameter used in the correlations to predict flow induced vibration is given by: 

144wofiT 
x= 

P od o 2 
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where 

FLOW INDUCED VIBRATION SECTION 6 

Wo ~ Effective weight of the tube per unit length, defined in Paragraph V-7.1, Ib/tt 

5 T ~ Logarithmic decrement in the tube unsupported span (see Paragraph V-B) 

p 0 ~ Density of the shell side fluid at its local bulk temperature, Ib/tt 3 

d 0 ~ Outside diameter of tube, inches 

For integrally finned tubes: 

d 0 ~ Fin root diameter, inches 

V-S NATURAL FREQUENCY 

V-S.1 GENERAL 

Most heat exchangers have multiple baffle supports and varied individual unsupported spans. 
Calculation of the natural frequency of the heat exchanger tube is an essential step in estimating its 
potential for flow induced vibration failure. The current state-of-the-art flow induced vibration 
correlations are not sophisticated enough to warrant treating the multi-span tube vibration problem 
(or mode shapes other than the fundamental) in one comprehensive analysis. Therefore, the 
potential for vibration is evaluated for each individual unsupported span, wtth the veloctty and natural 
frequency considered being that of the unsupported span under examination. For more complex 
mode shapes and mutti-spans of unequal lengths, see Paragraph V-14 Reference (10). 

V-S.2 FACTORS AFFECTING NATURAL FREQUENCY 

The individual unsupported span natural frequency is affected by: 

(1) Tube elastic and inertial properties and tube geometry. 

(2) Span shape. 

(3) Type of support at each end of the unsupported span. 

(4) Axial loading on the tube unsupported span. (see Paragraph V-6) 

V-S.21 SPAN SHAPES 

The basic span shapes are the straight span and the U-bend span. 

V-S.22 SPAN SUPPORTS 

The common support conditions are: 

(1) Fixed at the tubesheet and simply supported at the baffle. 

(2) Simply supported at each baffle. 

The baffle supports have clearances which render them non-linear when analyzed as a 
support. The tubesheet is not rigid and, therefore, the "built-in" assumption is only 
approximate. These approximations are known to have minor effects on the calculated 
natural frequency. 

V-S.3 FUNDAMENTAL NATURAL FREQUENCY CALCULATION 

The value of the fundamental natural frequency of a tube unsupported span can be calculated for the 
combinations of span shape and end support conditions using Table V-5.3 

where 

f n ~ Fundamental natural frequency of the tube unsupported span, cycles/sec 

I ~ Tube unsupported span as shown in Table V-5.3, inches 

E ~ Elastic modulus of tube material at the tube metal temperature, psi (see Paragraph 
RCB-1.43) 

W 0 ~ Effective weight of the tube per unit length, defined in Paragraph V-7.1, Ib/tt 
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I = Moment of inertia of the tube cross section, inches 4 is given by: 

I=.!!:....Cd 4_d 4) 
64 0 , 

d, = Tube inside diameter, inches 

do = Outside diameter of tube, inches 

For integrally finned tubes: 

do = Fin root diameter, inches 
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Span Geometry 

(1 ) 
Baffles 

9Et 
Edge condition: both ends 

simply supported 

(2) 
Tubesheet 

~ 
Edge condition: one end fixed, other 

end simply supported 

(3) 
Tubesheets 

~ 
I 1 I 

Edge condition: both ends fixed 

(4) 

W
r 

Edge condition: both ends simply 
supported 

(5) 

~r 
Edge condition: both ends simply 

supported 

(6) 

~ 
Edge condition: both ends simply 

supported 

(7) 

~ 
Edge condition: both ends simply 

supported 

FLOW INDUCED VIBRATION SECTION 6 

TABLE V-S.3 
FUNDAMENTAL NATURAL FREQUENCY 

Equation Nomenclature 

A= Tube axial stress multiplier. See 
Paragraph V-6 

C= Constant depending on edge 
condition geometry. 

AC[ El]"2 f n = 10.838- -
[2 Wo 

Span Geometry c 

1 9.9 

2 15.42 

3 22.37 

r= Mean bend radius, inches 

C = u Mode constant of U-bend 

C [El]"2 fn=68.06-'i -
r Wo 

Span Geometry Cu Figure 

4 V-5.3 

5 V-5.3.1 

6 V-5.3.2 

7 V-5.3.3 
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FLOW INDUCED VIBRATION 

FIGURE V-5.3 
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FIGURE V-S.3. 1 
U-BEND MODE CONSTANT, C 

~ ~~'\ 
-- -

'I 
0 ! iiJ'l I I 
0 0 ~ 'I .c I I I co.< 0 0 

~ ~r/ I I 
II 0 0 

I I VI ( I 
0 0 

-- - V ~ r~ rl 
, iJ Lf 

I / 

1/ 1/ 1/ 1/ II I 
II / V 1/ 7 Ii 

/ / / I 

/ I / II II / / I / 

V 1/ !/ 
;/ I 1/ 

I I / / / 
I"-- ' I / / / I I r- () 

I.() . ., 'V ", " II) 0 
" ()" ()",/O" ,0" ... 

1/ / 
V V V II II 1/ V 1/ / 1/ / 

0 lil 0 
N ... ..... 
0 0 0 

" U 

u 

lil 0 
o 0 

o 0 

SECTION 6 

o 
!D 

o 
III 

~ 

t. 
o ...... 
~~ 

0 . 
1'1 

0 

N 

o 
o 

~ 

VI 
::;) ... 
0 « cc ...... 
(!) 
z. ... 
U « a. 
VI 

UJ 
-l 
U. 
U. « 
al 

Standards Of The Tubular Exchanger Manufacturers Association 101 



SECTION 6 

I---I--

0 
III 

0 

-

FLOW INDUCED VIBRATION 

FIGURE V-5.3.2 
U-BEND MODE CONSTANT, C 
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FLOW INDUCED VIBRATION 

FIGURE V-S.3.3 
U-BEND MODE CONSTANT, C 
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II-S AXIAL TUBE STRESS 

V-S.1 AXIAL TUBE STRESS MULTIPLIER 

By the very function of a heat exchanger, the tubes are subjected to axial loads. Compressive axial 
loads decrease the tube natural frequency, and tensile loads tend to increase it. The resulting tube 
axial stress multiplier for a given tube unsupported span is determined by the tube end support 
conditions. 

where 

(
F) 112 

A~ \+­
F CR 

F~s,A, 

S t = Tube longitudinal stress, psi (for fixed tubesheet exchanger, S t may be 
calculated from Paragraph RCB-7.23) 

At = Tube metal cross sectional area, inches 2 (see Table D-7) 

K2EI 
F CR ~ -1-2 -

K = n for both ends simply supported 

K = 4.49 for one end fixed, other end simply supported 

K = 2 n for both ends fixed 

E = Elastic modulus of tube material at the tube metal temperature, psi (see 
Paragraph RCB-1.43) 

I = Tube unsupported span, inches 

J = Moment of inertia of the tube cross-section, inches 4 (see Paragraph V-5.3 and 

Table D-7) 

V-S.2 U-TUBES 

For some applications U-tubes may develop high levels of axial stress. A method to compute the 
tube axial stresses in the legs of U-tube exchangers is given in Paragraph V-14, Reference (1). 

V-7 EFFECTIVE TUBE MASS 

104 

To simplify the application of the formulae, the constants have been modified to enable the use of weight 
instead of mass. 

V-7.1 EFFECTIVE TUBE WEIGHT 

Effective tube weight is defined as: 

where 

WO=Wt+Wfi+Hm 

W t = Total metal weight per unit length of tube, Iblll (see Table D-7) 

W Ii = 0.00545 p;d i 2 = Weight of fluid inside the tube per unit length oftube, Iblll 

H m ~ Hydrodynamic mass from Paragraph V-7.11 
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where 

FLOW INDUCED VIBRATION SECTION 6 

Pi = Density of fluid inside the tube at the local tube side fluid bulk temperature, I bill 3 

d i = Inside diameter of tube, inches 

V-7.11 HYDRODYNAMIC MASS 

Hydrodynamic mass is an effect which increases the apparent weight of the vibrating body due to 
the displacement of the shell side fluid resulting from: 

(1) Motion of the vibrating tube 

(2) The proximity of other tubes within the bundle 

(3) The relative location of the shell wall 

Hydrodynamic mass Is defined as: 

where 

H m = Cmw,o 

em = Added mass coefficient from Figure V-7.11 

W /0 = 0.00545 Pod 0 2 = Weight of fluid displaced by the tube per unit length of tube, Iblll 

where 

Po = Density of fluid outside the tube at the local shell side fluid bulk temperature, 

Ibltt 3 (For two phase fluids, use two phase density.) 

do = Outside diameter of tube, inches 

For integrally finned tubes: 

do = Fin root diameter, inches 
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FIGURE V-7.ll 
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V-8DAMPING 

The mechanisms involved in damping are numerous, and the various effects are not readily measured or 
quantHied. The following expressions for logarithmic decrement, 0 T, are based strictly on experimental 
observations and idealized models. 

For shell side liquids, 0 T is equal to the greater of 0 I or 0 2 . 

where 

3.41 do o ~ ----=---' 
! wof n 

or 

, 
_ 0.Ol2d o[POIlJ' 0- -

2 Wo f n 

I-l = Shell side liquid viscosity, at the local shell side liquid bulk temperature, centipoise 

d 0 = Outside diameter of tube, inches. For integrally finned tubes, 

do = Pin root diameter, inches 

Po = Density of shell side fluid at the local bulk temperature, Ib/ft 3 

f n = Fundamental natural frequency of the tube span, cycles/sec 

Wo = Effective weight of the tube as defined in Paragraph V-7.1, Ib/ft 

For shell side vapors 6 T ~ 6 v as follows: 

where 

, 
N-l(tb)' 6v~0.3l4----;v- T 

N ~ Number of spans 

t b = Baffle or support plate thickness, inches 

I = Tube unsupported span, inches 

For two phase shell side media 

where 

(
P,d o 2) 

OTP = 0.0022[f(E.)f(ST) ----;;;:- (C FU )] 

f ( E g) ~ Void fraction function 

0.4 
for 

for 

l_(E.-O.?) for 
0.3 

v • ~ Volume flowrate of gas, ft 3/sec 

V, = Volume flowrate of liquid, ft3/sec 

f ( S T ) ~ Surface tension function 

ST 
ST70 
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S T ~ Surface tension of shell side liquid at the local bulk temperature. (See 
Paragraph V-14, Reference (20)) 

S T70 ~ Surface tension of shell side liquid at ambient temperature. (See Paragraph 
V-14, Reference (20)) 

p I ~ Density of shell side liquid at the local bulk temperature, Ibltt 3 

p. ~ Density of shell side gas at the local bulk temperature, Ibltt 3 

d 0 ~ Outside diameter of tube, Inches. For integrally finned tubes, d 0 ~ Fin root 
diameter, inches 

w, ~ Effective tube weight as defined in Paragraph V-7.1, Ibltt 

Note: Use two phase density in the calculation for hydrodynamic mass 

P TP ~ Two phase denstty at local bulk temperature Ib/tt 3 

~PI(l-E.)+p.E. 

C FU ~ Confinement function, see Table V-8 

Total two phase damping 

Note: Use two phase properties for density and hydrodynamic mass. 

TABLEV-8 

CONFINEMENT FUNCTION 
C FU 

Tube Pttch Triangular Pitch Square Pitch 
TubeOD C FU C FU 

1.20 2.25 1.87 
1.25 2.03 1.72 
1.33 1.78 1.56 
1.50 1.47 1.35 
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V-9 SHELL SIDE VELOCITY DISTRIBUTION 

V-9.l GENERAL 

One of the most important and least predictable parameters of flow induced vibration is fluid velocity. 
To calculate the local fluid velocity at a particular point in the heat exchanger is a difficult task. Very 
complex flow patterns are present in a heat exchanger shell. Various amounts of fluid bypass the 
tube bundle or leak through clearances between baffles and shell, or tube and baffle tube holes. 
Until methods are developed to accurately calculate local fluid velocities, the designer may use 
average crossflow velocities based on available empirical methods. 

V-9.2 REFERENCE CROSSFLOW VELOCITY 

The crossflow velocity in the bundle varies from span to span, from row to row within a span, and 
from tube to tube within a row. The reference crossflow velocity is calculated for each region of 
interest (see Paragraph V-3) and is based on the average velocity across a representative tube row in 
that region. 

The presence of pass partition lanes aligned in the crossflow direction, clearance between the bundle 
and the shell, tube-to-baffle hole annular clearances, etc. reduce the net flow rate of the shell side 
fluid in crossflow. This should be considered in computing the reference crossflow velocity. 

V-9.2l REFERENCE CROSSFLOW VELOCITY CALCULATIONS 

The following method of calculating a reference crossflow velocity takes into account fluid 
bypass and leakage which are related to heat exchanger geometry. The method is valid for 
single phase shell side fluid with single segmental baffles in TEMA E shells. Other methods 
may be used to evaluate reference crossflow velocities. 

Reference crossilow velocity is given by: 

V = (Fh)(W) It/ 
' sec (M) (ax)(p 0)(3600) 

V-9.21l CALCULATION OF CONSTANTS 

The constants used in the calculation of the reference crossflow velocity are given by: 

D, c=­, D3 

d, - do 
c2 = do 

D,-D 2 

c 3 = D, 

(C,_1)312 

l, = (C,)'12 

C2 

l2= (C,)312 

l3=C 3(C,)'12 

(
P-d O ) 

C a = 0.00674 -P-

( 
P ) 3/2 

C,=C. P-d o 
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TABLE V-9.211A 

TUBE PATTERN (See Figure RCB-2.4) 

300 600 900 

C4 1.26 1.09 1.26 

C. 0.82 0.61 0.66 

C. 1.48 1.28 1.38 

m 0.85 0.87 0.93 

TABLE V-9.211B 

h 
C 8 vs cut -to-diameter ratio -

D, 

h 0.10 0.15 0.20 0.25 
-
D, 

C. 0.94 0.90 0.85 0.80 

Linear interpolation is permitted 

N. ~ (f, )(C 7)+ (f 2)(A) + (f 3)(£) 

J 
F h = (0,)"2 

J+(Nh) P 

Mw~(m)(C,)"2 

[ 

1 ] 1.67 

M= +0.70(\3)[_I __ 1J 
1 DI (M

w
)O.6 

ax ~ (13)(D3)(C a ) 

where 

D, = Shell inside diameter, inches 

D 2 ~ Baffle diameter, inches 

D 3 ~ Outer tube limit (OTL), inches 

0.30 

0.74 

d, ~ Tube hole diameter in baffle, inches 

0.35 

0.68 

0.40 

0.62 

450 

0.90 

0.56 

1.17 

0.80 

0.45 

0.54 
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FLOW INDUCED VIBRATION 

d 0 ~ Outside diameter of tube, inches 

For integrally finned tubes: 

d 0 ~ Fin outside diameter, inches 

p ~ Tube pitch, inches 

13 = Baffle spacing, inches 

SECTION 6 

p 0 ~ Denstty of shell side fluid at the local bulk temperature, Ibltt 3 

W = Shell fluid flow rate, Ib/hr 

h = Height from baffle cut to shell inside diameter, inches 

V-9.3 SEAL STRIPS 

Seal strips are otten used to help block the circumferential bypass space between a tube bundle and 
shell, or other bypass lanes. Seal strips force fluid from the bypass stream back into the bundle. 
This increases the reference crossflow veloctty and should be considered in a vibration analysis. 

Local fluid velocity in the vicintty of seal strips may be significantly higher than the average crossflow 
velocity. (See Paragraph V-14, Reference 6.) 

V-9.3l REFERENCE CROSSFLOW VELOCITY WITH SEAL STRIPS 

The reference crossflow velocity is calculated by using a modified value for C 1 in the 

equations in Paragraph V-9.211. 

C, ~ I +[(~l-l ]+Cl.S)(C3) 

V-9.4 PASS LANES PARALLEL TO FLOW 

When pass lanes are oriented parallel to flow (at 90° to the baffle cut) they create a relatively low 
resistance path for fluid to follow. The net effect Is for less fluid to cross the tube bundle, resulting in 
a lower average crossflow veloctty. However, tubes adjacent to these lanes may be subjected to 
high local veloctties. The number and width of these lanes should be considered when the reference 
crossflow velocity Is calculated. 

V-9.4l REFERENCE CROSSFLOW VELOCITY WITH PASS LANES PARALLEL TO FLOW 

To account for pass lanes (llIraliel to flow, if they are not blocked by some type of special 
baffle, a modified value of D 3 can be used 

where 

D 3 = Outer tube limtt minus (number of parallel pass lanes x width of pass lanes), 
inches 

V-9.S BUNDLE ENTRANCE REGION AND IMPINGEMENT PLATES 

Tubes directly beneath Inlet nozzles and impingement plates can be subjected to local fluid veloctties 
greater than those in other parts of the bundle. A number of documented vibration problems have 
been caused by high inlet fluid velocities. These standards provide guidelines for maximum velocity 
in this region and set criteria for the use of impingement plates. The p V 2 limits in Paragraph 
RCB-4.6 are furnished for protection against tube erosion, but do not necessarily prevent vibration 
damage. 

V-9.6INTEGRALLY FINNED TUBES 

In computing the reference crossflow veloctty, the presence of fins shall be taken into account. For 
the purposes of using the equations in Paragraph V-9.2 to calculate a reference crossflow velocity, 
the fin diameter should be used in place ofthe nominal tube 00 for Integrally finned tubes. 
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V-10 ESTIMATE OF CRITICAL FLOW VELOCITY 

112 

The critical flow velocity, V c , for a tube span is the minimum cross-flow velocity at which that span may 
vibrate with unacceptably large amplHudes. The critical flow velocity for tube spans in the window, overlap, 
inlet and outlet regions, U-bends, and all atypical locations should be calculated. The critical velocity, V c , 

is defined by: 

where 

Dlndo ,It/sec 
V c = 12 

D = Value obtained from Table V-10.1 

In = Fundamental natural frequency, cycles/sec (see Paragraph V-5.3) 

do = Outside diameter of tube, inches 

For integrally finned tubes: 

do = Fin root diameter, inches 

The user should ensure that the reference crossflow velocity V, at every location, is less than V c for that 
location. 
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TABLE V-10.1 

FORMULAE FOR CRITICAL FLOW VELOCITY FACTOR, D 

Tube Pattern Parameter 
(See Figure RCB-2.4) Range for Dimensionless Critical Flow Velocity Factor, 0 

X 

0.1 to 1 
8.86( :0 - 0.9 )X0 34 

30' 

over 1 to 300 
8.86(:0 - 0.9 )XO

S 

0.01 to 1 2.80xO. 17 

60' 

over 1 to 300 2.80xo.s 

0.03 to 0.7 2.IOxO. 1S 

90' 

over 0.7 to 300 2.35xo.s 

0.1 to 300 
4.13(:0 -0.5 )XO

S 
45' 

p~ Tube pitch, inches 

do~ Tube 00 or fin root diameter for integrally finned tubes, inches 

144w oOT 
= FI uid elastic parameter x= 

Pod o 
2 

where 

p 0 ~ Shell side fluid density at the corresponding local shell side bulk temperature, Ibltt 3 

OT ~ Logarithmic decrement (See Paragraph V-S) 

w 0 ~ Effective weight of the tube per unit length, Ib/tt (See Paragraph V-7.1) 
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V-ll VIBRATION AMPLITUDE 

V-ll.l GENERAL 

There are four basic flow induced vibration mechanisms that can occur in a tube bundle. These are 
the fluidelastic instability, vortex shedding, turbulent buffeting, and acoustic resonance. The first 
three mechanisms are accompanied by a tube vibration amplitude while acoustic resonance causes 
a loud acoustic noise with virtually no increase in tube amplitude. 

Fluidelastic instability is the most damaging in that it results in extremely large amplitudes of vibration 
with ultimate damage patterns as described in Paragraph V·2. The design approach in this case is to 
avoid the fluidelastic instability situation thereby avoiding the accompanying large amplitude of 
vibration (see Paragraph V-l0). Vortex shedding may be a problem when there is a frequency match 
with the natural frequency of the tube. Vibration due to vortex shedding is expected when 
f n < 2 f "', where f", ~ 12 SV I d, (see Paragraph V-12.2). Only then should the amplitude be 
calculated. This frequency match may result in a vibration amplitude which can be damaging to 
tubes in the vicinity of the shell inlet and outlet connections. Vortex shedding degenerates into broad 
band turbulence and both mechanisms are intertwined deep inside the bundle. Vortex shedding and 
turbulent buffeting vibration amplitudes are tolerable within specHied limits. Estimation of amplitude 
and respective limits are shown below. 

V-ll.2 VORTEX SHEDDING AMPLITUDE 

C,p,d,V' 
Y"'~2 '< /' Jt UT aWQ 

where 

y II~ = 

CL~ 

Po~ 

V~ 

Ii ~ 
T 

Peak amplitude of vibration at midspan for the first mode, for single phase fluids, 
inches 

Lilt coefficient for vortex shedding, (see Table V-l1.2) 

Density of fluid outside the tube at the local shell side fluid bulk temperature, Ib/lt3 

Outside diameter of tube, inches 
For integrally finned tubes, d 0 ~ fin root diameter, inches 

Reference crossflow velocity, It/sec (see Paragraph V·9.2) 

Logarithmic decrement (see Paragraph V'S) 

f n ~ Fundamental natural frequency of the tube span, cycles/sec (see Paragraph V·5.3) 

Wo ~ Effective tube weight per unit length of tube, Ib/It (see Paragraph V·7.l) 

V-l1.21 RECOMMENDED MAXIMUM AMPLITUDE 

y", ::; O.02d, ,inches 

V-11.3 TURBULENT BUFFETING AMPLITUDE 

C,p,d,V' 

where 

y .. ~ Maximum amplitude of vibration for single phase fluids, inches 

C, ~ Force coefficient (see Table V·1l.3) 

V-l1.31 RECOMMENDED MAXIMUM AMPLITUDE 

Y .. ::; O.02d, ,inches 
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p 30° 
-
do 

1.20 0.090 
1.25 0.091 
1.33 0.065 
1.50 0.025 

Location 

Bundle Entrance Tubes 

Interior Tubes 

TABLEV-11.2 

LIFT COEFFICIENTS 
C L 

TUBE PATTERN (See Figure RCB-2.4) 

60° 

0.090 
0.091 
0.017 
0.047 

TABLEV-l1.3 
FORCE COEFFICENTS 

C F 

In 

~40 

> 40< 88 
;:>:88 

~40 

goo 

0.070 
0.070 
0.070 
0.068 

C F 

0.022 

-0.000451 n + 0.04 

0 

0.012 

45° 

0.070 
0.070 
0.010 
0.049 

> 40< 88 -0.000251 n + 0.022 
;:>:88 0 
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V-12 ACOUSTIC VIBRATION 

Acoustic resonance is due to a gas column oscillation. Gas column oscillation can be excited by 
phased vortex shedding or turbulent buffeting. Oscillation normally occurs perpendicular to both the 
tube axis and flow direction. When the natural acoustic frequency of the shell approaches the 
exciting frequency of the tubes, a coupling may occur and kinetic energy in the flow stream is 
converted into acoustic pressure waves. Acoustic resonance may occur independently of 
mechanical tube vibration. 

V-12.1 ACOUSTIC FREQUENCY OF SHELL 

Acoustic frequency is given by: 

409( P,y )112 
f a ~ -;;;- ( I + -"-"-) i 

POX/XI 

where 

, cycles/sec 

w ~ Distance between reflecting walls measured parallel to segmental baffle cut, inches 

p ,~ Operating shell side pressure, psia 

y ~ Specific heat ratio of shell side gas, dimensionless 

p 0 ~ Shell side fluid density at local fluid bulk temperature, Ib/lt 3 

P, x ~­
I do 

P I ~ Longitudinal pitch, inches (see Figures V-12.2A and V-12:2B) 

P I ~ Transverse pitch, inches (see Figures V-12.2A and V-12.2B) 

d 0 ~ Outside diameter of tube, inches. For integrally finned tubes, d 0 ~ Fin outer 
diameter, inches 

i ~ mode (1, 2, 3, 4) 

V-12.2 VORTEX SHEDDING FREQUENCY 

The vortex shedding frequency is given by: 

12SV 
f", ~ ---;;;:- ,cycles/sec 

where 

v ~ Reference crossflow velocity, It/sec (see Paragraph V-9.2) 

S ~ Strouhal number (see Figures V-12.2A and V-12.2B) 

d 0 ~ Outside diameter of tube, inches 

For integrally finned tubes: 

d 0 ~ Fin outer diameter, inches 
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V-12.3 TURBULENT BUFFETING FREQUENCY 

The turbulent buffeting frequency is given by: 

where 

1,.= d
l2V 

[3.05(1-2.)2 +0.28J 
ox/x t XI 

do = Outside diameter of tube, inches 

For integrally finned tubes: 

do = Fin outer diameter, inches 

p, 
x =­

, do 

p, 
x =­

, do 

, cycles/sec 

p, = Longitudinal pitch, inches (see Figures V-12.2A and V-12.2B) 

p, = Transverse pitch, inches (see Figures V-12.2Aand V-12.2B) 

v = Reference crossflow velocity, It/sec (see Paragraph V-9.2) 

V-12.4ACOUSTIC RESONANCE 

SECTION 6 

Incidence of acoustic resonance is possible if anyone of the following conditions is satisfied 
at any operating condition. 

V-12.41 CONDITION A PARAMETER 

0.8/,,<la< 1.2/" 

or 

0.8/,. < I a < I. 2 I ,. 

V-12.42 CONDITION B PARAMETER 

I adoex ,- 0.5) 
V> 6 

V-12.43 CONDITION C PARAMETER 

lado 
V>--

12S 

and 

-'- 1 - - > 2000 R ( 1 )2 
SX t Xo 

where 

x 0 = x, for goo tube patterns 

x 0 = 2 x, for 30°, 45°. and 60° tube patterns 

I a = Acoustic frequency, cycles/sec (see Paragraph V-12.1) 

S = Strouhal number (see Figures V-12.2A and V-12.2B) 
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R, = Reynolds number, evaluated at the reference cross flow velocity 

124.13doVpo 
R =------'-. ~ 

~ = Shellside fluid viscosity, centipoise 

V-12.5 CORRECTIVE ACTION 

There are several means available to correct a resonant condition, but most could have some effect 
on exchanger performance. The simplest method is to install deresonating baffle(s) in the exchanger 
bundle to break the wave(s) at or near the antinode(s). This can be done without significantly 
affecting the shell side flow pattern. In shell and tube exchangers, the standing wave forms are 
limited to the first or the second mode. Failure to check both modes can result in acoustic 
resonance, even with deresonating baffles. 
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FIGURE V-12.2A 
STROUHAL NUMBER FOR 90 0 TUBE PATTERNS 

0.5 
V 1 . 25 FLOW 

" 
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0.2 
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FIGURE V-12.2B 
STROUHAL NUMBER FOR 30 0 

• 45 0 AND 60 0 TUBE PATTERNS 

0.9 
0'.625 

'-

L 
VI ~1.0 

j I 
I 11/ ~ 

I'. 

I L "" 1 1.97"- 1.3 

0.8 

0.7 

0.6 

3 0.5 

0.4 

0.3 

FLOW 

15 

1 L 
1/ 
~ t-jL 

"(t/ Pt Ida 
I 

0.2 

0.1 

o 1 3 2 4 

2.625 
Pl Ida = 3.95 
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V-13 DESIGN CONSIDERATIONS 
Many parameters acting independently or in conjunction with each other can affect the flow induced 
vibration analysis. One must be cognizant of these parameters and their effects should be 
accounted for In the overall heat exchanger design. 

V-13.l TUBE DIAMETER 

Use of the largest reasonable tube diameter consistent with practical thermal and hydraulic 
design economics Is desirable. Larger diameters increase the moment of inertia. thereby 
effectively increasing the stiffness of the tube for a given length. 

V-13.2 UNSUPPORTED TUBE SPAN 
The unsupported tube span is the most significant factor affecting induced vibrations. The 
shorter the tube span, the greater tts resistance to vibration. 
The thermal and hydraulic design of an exchanger is significant in determining the type of 
shell, baffle design and the unsupported tube length. For example, compared to single pass 
shells, a divided flow shell will result In approximately one-half the span length for an equal 
crossflow veloctty. TEMA type X shells provide the opportuntty to use multiple support plates 
to reduce the unsupported tube span, without appreciably affecting the crossflow velocity. 
Compared to the conventional segmental baffle flow arrangement, multi-segmental baffles 
significantly reduce the tube unsupported span for the same shell side flow rate and pressure 
drop. 
'No tubes In window flow arrangement baffles provide support to all tubes at all baffle 
locations and also permtt the use of multiple intermediate supports without affecting the 
crossftow veloctty while reducing the unsupported tube span. 

V-13.3 TUBE PITCH 
Larger pitch-to-tube diameter ratios provide increased ligament areas which result in a 
reduced crossflow veloctty for a given unsupported tube span, or a reduced unsupported 
tube span for a given crossftow veloctty. 
The increased tube to tube spacing reduces the likelihood of mid-span collision damage and 
also decreases the hydrodynamic mass coefficient given in Figure V-7.l1. 

V-13.4 ENTRANCE/EXIT AREAS 
Entrance and exit areas are generally recognized to be particularly susceptible to damage in 
vibration prone exchangers. 
Entrance and exit velocities should be calculated and compared to critical veloctties to avoid 
vibration of the spans In question. It should be noted that compliance with Paragraph 
RCB-4.62 alone is not enough to Insure protection from flow induced vibration at the 
entrance/exit regions of the bundle. 
Consideration may be given to the use of partial supports to reduce unsupported tube spans 
in the entrance/exit regions. Sufficient untubed space may have to be provided at the shell 
inlet/outlet connections to reduce entrance/exit velocities. Impingement plates should be 
sized and posttloned so as not to overly restrict the area available for flow. The use of 
distribution belts can be an effective means of lowering entrance/exit veloctties by allowing 
the shell side fluid to enter/exit the bundle at several locations. 

V-13.S U-BEND REGIONS 
Susceptlbilttyof U-bends to damaging vibration may be reduced by optimum location of 
adjacent baffles in the straight tube legs and/or use of a special bend support device. 
Consideration may also be given to protecting the bends from flow induced vibration by 
appropriately locating the shell connection and/or adjacent baffles. 

V-13.6 TUBING MATERIAL AND THICKNESS 

The natural frequency of an unsupported tube span is affected by the elastic modulus of the 
tube. High values of elastic moduh Inherent in ferritic steels and austenitic stainless alloys 
provide greater resistance to vibratory flexing than materials such as aluminum and brass 
with relatively low elastic moduli. Tube metallurgy and wall thickness also affect the damping 
characteristic of the tube. 
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V-13.7 BAFFLE THICKNESS AND TUBE HOLE SIZE 

Increasing the baffle thickness and reducing the tUbe-to-baffie hole clearance increases the 
system damping (see Paragraph V-B) and reduces the magnitude of the forces acting on the 
tube-to-baffle hole interface. 

The formulae in this section do not quantitatively account for the effects of increasing the 
baffle thickness, or tightening of the baffle hole clearance. 

V-13.8 OMISSION OF TUBES 

Omission of tubes at predetermined crtticallocations within the bundle may be employed to 
reduce vibration potential. For instance, tubes located on baffle cut lines sometimes 
experience excessive damage in vibration prone units; therefore, selective removal of tubes 
along baffle cut lines may be advantageous. 

V-13.9 TUBE AXIAL LOADING 

The heat exchanger designer must recognize the potential adverse impact on vibration by 
compressive axial loading of tubes due to pressure and/or temperature conditions. This is 
particularly significant for tubes in single pass, fixed tubesheet exchangers where the hot fluid 
is in the tube side, and in all multiple tube pass fixed tubesheet exchangers. The use of an 
expansion joint in such cases may result in reduction of the tube compressive stress. (See 
Paragraph V -6.) 
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SECTION 7 THERMAL RELATIONS 

(Note: This section is not metricated.) 

T-1 SCOPE AND BASIC RELATIONS 

T-1.1 SCOPE 

This section outlines the basic thermal relationships common to most tubular heat transfer 
equipment. Included are calculation procedures for determining mean temperature difference and 
overall heat transfer coefficient. and discussions of the cause and effect of fouling. and procedures 
for determining mean metal temperatures of shell and tubes. Recommendations for the calculation 
of shell side and tube side heat transfer film coefficients and pressure losses are considered to be 
outside the scope of these Standards. It should be noted. however. that many of the standard details 
and clearances can significantly affect thermal-hydraulic performance. especially on the shell side. 
Particularly relevant in this respect is the research conducted by the University of Delaware 
Engineering Experiment Station under the joint sponsorship of ASME. API. TEMA. and other 
interested organizations. The results are summarized in their "Bulletin No.5 (1963) Final Report of 
the Cooperative Research Program on Shell and Tube Exchangers." 

T-1.2 BASIC HEAT TRANSFER RELATION 

A =_Q-
o U 6.tm 

where 

A 0 = Required effective outside heat transfer surface. ft2 

Q = Total heat to be transferred. BTU /hr 

U = Overall heat transfer coefficient. referred to tube outside surface BTU /hr ft2 0 F 

6.t m = Corrected mean temperature difference. 0 F 

T-1.3 DETERMINATION OF OVERALL HEAT TRANSFER COEFFICIENT 

where 

The overall heat transfer coefficient U. including fouling. shall be calculated as follows: 

U= I 

[(~o+rO)(E1J+rW+riC:)+~C:)J 

U = Overall heat transfer coefficient (fouled) 

h 0 = Film coefficient of shell side fluid 

h, = Film coefficient of tube side fluid 

r 0 = Fouling resistance on outside surface of tubes 

r, = Fouling resistance on inside surface of tubes 

r w = Resistance of tube wall referred to outside surface of tube wall. including extended surface if 
present 
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A, 

A, 

THERMAL RELATIONS 

Ratio of outside to inside surface of tubing 

E J = Fin efficiency (where applicable) 

SECTION 7 

The unns of U , h, and h, are BTU /hr ft2 0 F and the units of r " r, and r ware hr ft2 0 F /BTU 

T-l.4 TUBE WALL RESISTANCE 

T-l.41 BARE TUBES 

Tw= 2~k[ In(d~2t)J 
T-l.42 INTEGRALLY FINNED TUBES 

I [d+2NwCd+w)] 
r =--

where 

w 12k Cd-I) 

d = 00 of bare tube or root diameter if integrally finned, inches 

w = Fin height, inches 

I = Tube wall thickness, inches 

N = Number of fins per inch 

k = Thermal conductivity, BTU/hr ft 0 F 
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T-2 FOULING 
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(6) Chemical Engineers' Handbook, McGraw-Hili Book Co., Fifth Ed., 1973. 

T-2.1 TYPES OF FOULING 

Several unique types of fouling mechanisms are currently recognized. They are individually 
complex, can occur inderendently or simultaneously, and their rates of development are governed 
by physical and chemica relationships dependent on operating conditions. The major fouling 
mechanisms are: 

Precipitation fouling 
Particulate fouling 
Chemical reaction fouling 
Corrosion fouling 
Biological fouling 
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T-2.2 EFFECTS OF FOULING 

The calculation of the overall heat transfer coefficient (see Paragraph T -1.3) contains the terms to 
account for the thermal resistances of the fouling layers on the inside and outside heat transfer 
surfaces. These fouling layers are known to increase in thickness with time as the heat exchanger is 
operated. Fouling layers normally have a lower thermal conductivity than the fluids or the tube 
material, thereby increasing the overall thermal resistance. 

In order that heat exchangers shall have sufficient surface to maintain satisfactory performance in 
normal operation, with reasonable service time between cleanings, it is important in design to 
provide a fouling allowance appropriate to the expected operating and maintenance condition. 

T-2.3 CONSIDERATIONS IN EVALUATING FOULING RESISTANCE 

The determination of appropriate fouling resistance values involves both physical and economic 
factors, many of which vary from user to user, even for identical services. When these factors are 
known, they can be used to adjust typical base values tabulated in the RGP section of these 
standards. 

T-2.31 PHYSICAL CONSIDERATIONS 

Typical physical factors influencing the determination of fouling resistances are: 

Fluid properties and the propensity for fouling 
Heat exchanger geometry and orientation 
Surface and fluid bulk temperatures 
Local fluid velocities 
Heat transfer process 
Fluid treatment 
Cathodic protection 

T-2.32 ECONOMIC CONSIDERATIONS 

Typical economic factors influencing the determination of appropriate fouling resistances are: 

Frequency and amount of cleaning costs 
Maintenance costs 
Operating and production costs 
Longer periods of time on stream 
Fluid pumping costs 
Depreciation rates 
Tax rates 
Initial cost and variation with size 
Shut down costs 
Out-of-service costs 

T-2.4 DESIGN FOULING RESISTANCES 

The best design fouling resistances, chosen with all physical and economic factors properly 
evaluated, will result in a minimum cost based on fixed charges of the initial investment (which 
increase with added fouling resistance) and on cleaning and down-time expenses (which decrease 
with added fouling resistance). By the very nature of the factors involved, the manufacturer is 
seldom in a position to determine optimum fouling resistances. The user, therefore, on the basis of 
past experience and current or projected costs, should specify the design fouling resistances for his 
particular services and operating conditions. In the absence of specHic data for setting proper 
resistances as described in the previous paragraphs, the user may be guided by the values tabulated 
in the RGP section of these standards. In the case of inside surface fouling, these values must be 
multiplied by the outside/inside surface ratio, as indicated in Equation T -1.3. 

T-3 FLUID TEMPERATURE RELATIONS 

T-3.1 LOGARITHMIC MEAN TEMPERATURE DIFFERENCE 

For cases of true countercurrent or cocurrent flow, the logarithmic mean temperature difference 
should be used if the following conditions substantially apply: 
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Constant overall heat transfer coefficient 
Complete mixing within any shell cross pass or tube pass 
The number of cross baffles is large 
Constant flow rate and specific heat 
Enthalpy is a linear function of temperature 
Equal surface in each shell pass or tube pass 
Negligible heat loss to surroundings or internally between passes 

The following references contain relevant information on the above items: 

(1) K. Gardner and J. Taborek, "Mean Temperature Difference - A Reappraisal", AIChE Journal, 
December, 1977 

(2) A. N. Caglayan and P. Buthod, "Factors Correct Air-Cooler and S & T Exchanger LMTD", The Oil 
& Gas Journal, September 6, 1976 

For cases where the above conditions do not apply, a stepwise calculation of temperature difference 
and heat transfer surface may be necessary. 

Excessive fluid leakage through the clearance between the cross baffles and the shell or between a 
longitudinal baffle and the shell can significantly alter the axial temperature profile. This condition 
may result in significant degradation of the effective mean temperature difference. The following 
references may be used for further information on this subject: 

(1) J. Fisher and R. O. Parker, "New Ideas on Heat Exchanger Design", Hydrocarbon Processing, 
Vol. 48, No.7, July 1969 

(2) J. W. Palen and J. Taborek, "Solution of Shellside Flow Pressure Drop and Heat Transfer by 
Stream Analysis", CEP Symposium No. 92, Vol. 65, 1969 

T-3.2 CORRECTION FOR MULTIPASS FLOW 

In multipass heat exchangers, where there is a combination of cocurrent and countercurrent flow in 
alternate passes, the mean temperature difference is less than the logarithmic mean calculated for 
countercurrent flow and greater than that based on cocurrent flow. The correct mean temperature 
difference may be evaluated as the product of the logarithmic mean for countercurrent flow and an 
LMTD correction factor, F. Figures T-3.2A to T-3.2M inclusive give values for F as a function of the 
heat capacity rate ratio R and the required temperature effectiveness P. These charts are based on 
the assumption that the conditions listed in Paragraph T -3.1 are applicable. Caution should be 
observed when applying F factors from these charts which lie on the steeply sloped portions of the 
curves. Such a situation indicates that thermal performance will be extremely sensitive to small 
changes in operating conditions and that performance prediction may be unreliable. 

Pass configurations for Figures T-3.2A through T-3.2H are stream symmetric: therefore, t and T may 
be taken as the cold and hot fluid temperatures, respectively, regardless of passage through the tube 
side or shell side. For non-stream symmetric configurations represented by Figures T -3.21 through 
T -3.2M, t and T must be taken as the tube side and the shell side fluid temperatures, respectively. 

The following references may be useful in determining values of F for various configurations and 
conditions. 

Configuration 

(1) General 

(2) Three tube passes per shell pass 

(3) Unequal size tube passes 

(4) Weighted MTD 

T-3.3 TEMPERATURE EFFECTIVENESS 

Reference 

W. M. Rohsenow and J. P. Hartnett, "Handbook of Heat 
Transfe~', McGraw-Hili Book Co., 1972 
F. K. Fischer, "Ind. Engr. Chem.", Vol. 30, 377 (1938) 

K. A. Gardner, "Ind. Engr. Chem.", Vol. 33, 1215 (1941) 

D. L. Gulley, "Hydrocarbon Proc.", Vol. 45, 116 (1966) 

The temperature effectiveness of a heat exchanger is customarily defined as the ratio of the 
temperature change of the tube side stream to the difference between the two fluid inlet 
temperatures, thus: 
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(/2- 11) 
p ~ ~'-------'-':-

(TI-I I ) 

where P is the effectiveness. Figures T-3.3A, T-3.3B, and T-3.3C show the temperature effectiveness 
of counterflow, single-pass shell and two-pass tube, and two-pass shell and four-pass tube 
exchangers respectively, in terms of overall heat transfer coefficient, surface, fluid flow rates, and 
specific heats. 

In all cases, the lower case symbols (II ' 12 , wand c) refer to the tube side fluid, and upper case 
(T I ' T 2' W an d C )to the shell side fluid. (This distinction is not necessary in the case of 
counterflow exchangers, but confusion will be avoided if it is observed.) These charts are based on 
the same conditions listed in Paragraph T -3.1. 

T-4 MEAN METAL TEMPERATURES OF SHELL AND TUBES 

T-4.1 SCOPE 

This paragraph outlines the basic method for determination of mean shell and tube metal 
temperatures. These temperatures have a pronounced influence in the design of fixed tubesheet 
exchangers. Knowledge of mean metal temperatures is necessary for determining tubesheet 
thickness, shell and tube axial stress levels, and flexible shell element requirements. This paragraph 
provides the basis for determining the differential thermal expansion term, L'> L, required for the 
calculation of equivalent differential expansion pressure, P d (see Paragraph RCB-7.161). 

T-4.2 DEFINITIONS 

T-4.21 MEAN METAL TEMPERATURE 

The mean metal temperature of either the shell or tubes is the temperature taken at the metal 
thickness midpoint averaged wtth respect to the exchanger tube length. For the case of 
integrally finned tubes, the temperature at the prime tube metal thickness midpoint applies. 
The fin metal temperature should not be weighted with the prime tube metal temperature. 

T-4.22 FLUID AVERAGE TEMPERATURE 

The shell or tube fluid average temperature is the bulk shell or tube fluid temperature 
averaged with respect to the exchanger tube length. 

T-4.3 RELATIONSHIP BETWEEN MEAN METAL TEMPERATURES AND FLUID AVERAGE 
TEMPERATURES 

T-4.31 SHELL MEAN METAL TEMPERATURE 

where 

The shell mean metal temperature, generally assumed to be equal to the shell fluid average 
temperature, is given by: 

TM~T 

T M ~ Shell mean metal temperature, 0 F 

T ~ Shell fluid average temperature, 0 F 

This assumption is valid for cases without abnormal rates of heat transfer between the shell 
and its surroundings. If significant heat transfer to or from the shell could occur, 
determination of the effect on the shell metal temperature should be made. In general, most 
high or low temperature externally insulated exchangers and moderate temperature 
non-insulated exchangers meet the above assumption. 
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T-4.32 TUBE MEAN METAL TEMPERATURE 

The tube mean metal temperature is dependent not only on the tube fluid average 
temperature, but also the shell fluid average temperature, the shell and tube heat transfer 
coefficients, shell and tube fouling resistances, and tube metal resistance to heat transfer, 
according to the following relationship: 

t M ~ Tube mean metal temperature, 0 F 

t ~ Tube side fluid average temperature, 0 F (see Paragraph T -4.4) 

All other terms are as defined by Paragraphs T -1.3 and T -4.31. 

T-4.33 TUBESHEET MEAN METAL TEMPERATURE 

Untubed portion of tubesheet 

T r+T s 
T rs ~ 2 

Tubed portion of tubesheet: 

where: 

(11- F) 

T T ~ Tubeside fluid temperature, 0 F 

T s ~ Shellside fluid temperature, 0 F 

hr ~ Tubeside heat transfer coefficient, BTU/Hr-ft2 - 0 F 

hs ~ Shellside heat transfer coefficient, BTU/Hr-ft2 - 0 F 

_ A [I + f,ztanh(K)] 
'1--

aK oAK+tanh(K) 

~hrL 
K ~ --- ,degrees 

al2k 

where k =tubesheet metal thermal conductivITY, BTU/Hr-ft 0 F 

L ~ tubesheet thickness, inches 

I 
F~---~---

cosh(K) + oAK sinh(K) 

Standards Of The Tubular Exchanger Manufacturers Association 129 



SECTION 7 THERMAL RELATIONS 

for triangular pitch 

A ~ JldLl2 

a ~ O.433P2 - Jld 2 18 

for square pitch 

A ~ JldL 

a~p2-Jld2/4 

where 

d ~ tube ID. inches 

P ~ tube pitch. inches 

T-4.4 ESTIMATION OF SHELL AND TUBE FLUID AVERAGE TEMPERATURES 

The methods presented in this paragraph are based on equipment operating under steady-state 
conditions. 

T-4.41 GENERAL CONSIDERATIONS 

Fluid average temperatures in shell and tube heat exchangers are affected by the following: 

(1) Shell and tube fluid terminal temperatures 

(2) Shell and tube fluid temperature profiles with respect to enthalpy (the following 
methods assume linear profiles) 

(3) 

(4) 

Variable heat transfer rates with respect to exchanger length (the following methods 
assume a constant heat transfer rate through the length of the unit) 

Heat exchanger geometry. specifically pass configuration. of the shell as well as the 
tubes 

T-4.42 ISOTHERMAL SHELL FLUID/ISOTHERMAL TUBE FLUID, ALL PASS ARRANGEMENTS 

T~Tl~T2 

where 

T I ~ Shell side fluid inlet temperature. 0 F 

T 2 ~ Shell side fluid outlet temperature. 0 F 

t I ~Tube side fluid inlet temperature. 0 F 

t 2 ~Tube side fluid outlet temperature. 0 F 

T-4.43 ISOTHERMAL SHELL FLUID/LINEAR NON ISOTHERMAL TUBE FLUID, ALL PASS 
ARRANGEMENTS 

T~Tl~T2 

i~ T±LMTD 
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T-4.44 LINEAR NON ISOTHERMAL SHELL FLUID/ISOTHERMAL TUBE FLUID ALL PASS 
ARRANGEMENTS ' 

T=t±LMTD 

T-4.45 LINEAR NON ISOTHERMAL SHELL AND TUBE FLUIDS, TYPE "E" SHELL 

where 

The average shell fluid temperature may be determined from the following equation: 

- ( 1 1) T=T - -+-- (T -T ) 
I a 1 _ e Q l 2 

The value of a depends on tube pass geometry and flow direction as given below: 

Single pass tubes . cocurrent flow 

It 2-t l l [TI-T 2 ] a = - + 1 
LMTD,o t 2-t l 

Single pass tubes . countercurrent flow 

It2-tll[TI-T2 ] 
a=- LMTD on, t2-tl-1 

Even number of tube passes 

It 2 -t l l [TI-T 2] 
a=- LMTD on, t 2-t l 

LMT D '0 = Cocurrent flow LMT D 

LMT Don, = Uncorrected countercurrent flow LMT D 

t 1 , t 2 , T 1 , T 2 , are defined in Paragraph T -4.42 

The average tube fluid temperature may then be determined from the following equation: 

t=T±LMTD(F) 

where 

F = L M T D Correction Factor 

T-4.46 OTHER CASES 

For cases involving nonlinear temperature-enthalpy profiles and/or pass geometries other 
than those given above, other methods must be used to establish mean metal temperatures. 
However, with the assumption of constant overall heat transfer rate, the following relationship 
always applies: 

T-t=±LMTDCF) 

If one fluid average temperature can be established accurately, knowing the effective mean 
temperature difference allows the other to be determined. 
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T·4.5 SELECTION OF THE DESIGN CASE 

All foreseeable modes of operation should be considered when specifying the metal temperatures to 
be used for calculation of the equivalent differential expansion pressure. Consideration should be 
given to the following: 

(1) Normal operation, as specified by purchaser, under fouled conditions at the design flow rates 
and terminal temperatures 

(2) Operation at less than the design fouling allowance (under such conditions, the purchaser 
should supply details in regard to anticipated operating parameters) 

Other operating conditions to which the equipment may be subjected, as specified by the purchaser, 
may include, but are not necessarily limited to: 

(1) Alternate flow rates and/or terminal temperatures as may be the case during start-up, shutdown, 
variable plant loads, etc. 

(2) Flow of a process fluid or clean fluid through one side, but not the other 

The largest positive and negative values of equivalent differential expansion pressure generally 
correspond with the cases under which the largest positive and negative differential thermal growths 
occur; an exception being if varying values of material modulii of elasticity alter the comparison. 

The differential thermal growth between the shell and tubes is determined as follows: 

where 

/', L ~ L, (at, [T M - 70]- at T [I M - 70]) 

/', L ~ Differential thermal growth between the shell and tubes, inches 

L, ~ Tube length, face-to-face of tubesheets, inches 

a, ~ Coefficient of thermal expansion of the shell, inches/inch/oF (see Table 0-11) 

aT ~ Coefficient of thermal expansion of the tubes, inches/inch/oF (see Table 0-11) 

T·4,6 ADDITIONAL CONSIDERATIONS 

T·4.61 SERIES ARRANGEMENTS 

Individual exchangers in series arrangements are generally subjected to different temperature 
conditions. Each individual exchanger should be evaluated separately. Alternately, all could 
be designed for the most severe conditions in the series. 

T·4.62 OTHER MODES OF OPERATION 

If fixed tubesheet heat exchangers are to be operated under conditions differing from those 
for which the initial design was checked, it is the purchaser's responsibility to determine that 
such operation will not lead to a condition of overstress. This requires a full re-evaluation of 
required tubesheet thickness, shell and tube longitudinal stresses, tube-to-tubesheet joint 
loads, and flexible shell elements based on the new operating conditions. 
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FIGURE T-3.1 

CHART FOR SOLVING LMTD FORMULA 

LMTD = (GTTD - L TID) 

I.n(GTID) 
. LTTD 

where GTTD = Greater Terminal Temperature Difference. 
L TTD = Lesser Terminal Temperature Difference. 

Greater Terminal Temperature Difference 

NOTE-For points not included on this sheet multiply Greater Terminal Temperature Difference and Lesser Terminal Temperature Oifference 
by any multiple of 10 and divide resulting value of curved lines by same multiple. 
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FIGURE T-3.2E 
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FIGURE T·3.2G 
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FIGURE T-l.21 o 
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FIGURE T-3.2J 
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FIGURE T-3.3A 
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FIGURE T-3.3B 
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FIGURE T-3.3C 
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SECTION 8 PHYSICAL PROPERTIES OF FLUIDS 

(Note: This section is not metricated) 

P-l FLUID DENSITY 

P-1.l SPECIFIC GRAVITY OF LIQUID PETROLEUM FRACTIONS 

The specific gravities of liquid petroleum fractions and saturated light hydrocarbons are shown in 
Figure P-1.1. 

P-1.2 DENSITY OF ORGANIC LIQUIDS 

The general density nomograph Fig. P-l.2 permits the approximation of the density of organic liquids 
at temperatures between -150° F and +500° F, if densities at two temperatures are known. Table 
P-l.2 lists the coordinates on the center grid for locating the reference points for 65 compounds. 
The reference point for a substance may be determined if the density is known for two different 
temperatures. The intersection point of the two straight lines joining the corresponding values of the 
known temperatures and densities is the desired reference point of the substance. 

P-l.3 COMPRESSIBILITY FACTORS FOR GASES AND VAPORS 

The P - v - T relationships for gases and vapors may conveniently be expressed by the equation 
Pv = Z R T, where P is the absolute pressure, v is the specific volume, T is the absolute temperature, 
R is a constant which may be found by dividing the universal gas constant R by the molecular weight 
of the gas, and Z is the compressibility factor. Z has the value of unity for an Ideal gas under ail 
conditions and, therefore, is a measure of the extent of the deviation of a real gas or vapor from the 
ideal state. Figures P-l.3A, P-l.3B, P-l.3C are generalized plots of compressibility factor as a 
function of reduced pressure, P / P ° and reduced temperature, T / T ,. The dotted curves represent 
constant values of the pseudo-reduced volume v, - = v / (R T ,/ P , ) where the subscript c refers to 
the critical value. These may be used to calculate pressure (or temperature) when the temperature 
(or pressure) and specific volume are known. If Pis expressed In pounds per square inch, vin cubic 
feet per pound, and T in degrees Rankine, the numerical value of R is 10.73. For critical property 
data, see Paragraph P-6. 

P-2 SPECIFIC HEAT 

P-2.1 LIQUID PETROLEUM FRACTIONS 

The specific heats of liquid petroleum fractions of various API gravities are shown as functions of 
temperature in Figure P-2.1. The specific heat versus temperature lines shown apply to vir!;!ln 
mid-continent stock and must be corrected for other stocks. An Inset curve of this correction factor 
versus characterization factor is provided. 

P-2.2 PETROLEUM VAPORS 

The specific heats of petroleum vapors of various characterization factors are shown as functions of 
temperature in Figure P-2.2. 

P-2.3 PURE HYDROCARBON GASES 

The low pressure specific heats of a number of pure hydrocarbons are shown as functions of 
temperature in Figures P-2.3A, P-2.3B and P-2.3C. 

P-2.4 MISCELLANEOUS LIQUIDS AND GASES 

The specific heats of miscellaneous liquids and gases at various temperatures may be read from the 
aiignment charts, Figures P-2.4A and P-2.4B. 

P-2.5 GASES AND VAPORS AT ELEVATED PRESSURES 

Specific heat data in Figures P-2.2, P-2.3A, P-2.3C and P-2.4B apply only at pressures low enough so 
that the specific heats are not significantly affected by pressure changes. At higher pressures, the 
specific heats may be substantially higher than the low pressure vaiues. Figure P-2.5 is a generalized 
chart which may be used to calculate the approximate correction to the low pressure specific heat 
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for any gas .at high pressure. The isothe~mal change in molal specific heat, I'> C p ~ C p - C p *, is 
plotted against reduced pressure, P, , with reduced temperature, T, , as a parameter. Outside the 
range of the chart, the following empirical equations are accurate enough for most practical 
purposes. ForT, > 1.2andl'>C p < 2, I'>C p ~ 5.03P ,IT, 3, forT, < 1.2and 
I'> C p < 2.5, I'> C p ~ 9 P, IT, 6. For critical property data, see Paragraph P-6.1 and P-6.2. 

P-3 HEAT CONTENT 

Heat content of petroleum fractions, including the effect of pressure, are shown as functions of temperature 
and API gravity for various UOP K values in Figure P-3.1. 

The latent heats of vaporization of various liquids may be estimated by the use of Figure P-3.2. The 
recommended range of use is indicated for the compounds listed. 

See Table P-3.3 for heat capacity ratios for various gases. 

P-4 THERMAL CONDUCTIVITY 

P-4.1 CONVERSION OF UNITS 

Table P-4.1 gives factors for converting thermal conductivity values from one set of units to another. 

P-4.2 HYDROCARBON LIQUIDS 

The thermal conductivities of liquid normal paraffinic hydrocarbons are shown in Figure P-4.2. 

P-4.3 MISCELLANEOUS LIQUIDS AND GASES 

Tables P-4.3A and P-4.3B give tabulated values of thermal conductivity for a number of liquids and 
gases at atmospheric pressure. 

P-4.4 GASES AND LIQUIDS AT ELEVATED PRESSURES 

Thermal conductivity for gases at elevated pressure can be corrected by the use of Figure P-4.4A. 
Thermal conductivity for liquids at elevated pressure can be corrected by the use of Figure P-4.4B. 
This chart is intende<l for use above SOD psia and when TIT, is less than 0.95. 

P-S VISCOSITY 

P-S.l VISCOSITY CONVERSION 

A viscosity conversion plot, Figure P-S.l, provides a means of converting viscosity from Saybolt, 
Redwood or Engler time to kinematic viscosity in centistokes. The absolute Viscosity in centipoises 
may be determined by multiplying the kinematic viscosity in centistokes by the specific gravity. 
Table P-S.l gives factors for converting viscosity values to various systems of units. 

P-5.2 PETROLEUM OILS 

The viscosities of petroleum oils having Watson and Nelson (UOP) characterization factors of 10.0, 
11.0, 11.8 and 12.S are shown plotted against temperatures in Figures P-S.2A, P-S.2B, P-S.2C and 
P-S.2D. 

P-S.3 LIQUID PETROLEUM FRACTIONS 
Figures P-S.3A and P-S.3B give viscosity data for a number of typical petroleum fractions plotted as 
straight lines on ASTM viscosity charts. These charts are so constructed that for any given 
petroleum oil the viscosity-temperature points lie on a straight line. They are, therefore, a convenient 
means for determining the viscosity of a petroleum oil at any temperature, provided viscosities at two 
temperatures are known. Streams of similar API gravity may have widely different viscosities; 
therefore, values of viscosity shown here should be conSidered as typical only. 

P-S.4 MISCELLANEOUS LIQUIDS AND GASES 

The viscosities of certain liquids are shown as functions of temperature in Figure P-S.4A. The 
viscosities of certain gases and vapors at one atmosphere pressure are given by Figure P-S.4B. 
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P-5.5 EFFECT OF PRESSURE ON GAS VISCOSITY 

Figure P-5.5 is a generalized chart which may be used to estimate the viscosities of gases and 
vapors at elevated pressure if the critical temperature and pressure and the viscosity at low pressure 
are known. The viscosity ratio, Il p / Il elm' is plotted against reduced pressure, P, , with reduced 
temperature, T, , as a parameter, where, Il elm and Il p are respectively the viscosities at atmospheric 
pressure and at pressure P. For critical property data, see Paragraph P-6. 

p-s CRITICAL PROPERTIES 

P-S.l PURE SUBSTANCES 

Table P-6.1 gives values of the molecular weights, crnical temperatures, and critical pressures for a 
variety of pure compounds. For the calculation of compressibility factor, it is recommended that the 
crnical pressures and temperatures of hydrogen, helium, and neon be increased by 118 psi and 
14.40 R respectively. 

P-S.2 GAS AND VAPOR MIXTURES 

Figures P-1.3, P-2.5, and P-5.5 may be used to estimate the properties of gas mixtures as well as 
pure substances if pseudo-critical properties are used in place of the critical values. The 
pseudo-critical temperature and pressure are defined as follows: 

T p.l;. = Y I T cl + y 2 T c2 + ......... + Y It Ten 

p p.f:. = YIP cl + Y 2 P c2 + ......... + Y It P en 

where Y I ' Y, , etc. are the mole fractions of the individual components and T d , T" , etc., and 
P d , P " , etc. are their critical temperatures and pressures. 

P-7 PROPERTIES OF GAS AND VAPOR MIXTURES 

To estimate properties of a gas or vapor mixture for which the individual component fractions and properties 
are known, the following formulas may be used: 

P-7.1 SPECIFIC HEAT 

C pmix = X lC pi +X 2Cp2+ .... , •••••••• +X NCpN 

P-7.2 THERMAL CONDUCTIVITY 

K I Y I (M 1)"3 + K,Y ,(M,)"3+ ..... + KNY N(M N)113 
K . = --'----'-':........:'-'----,-;-;;---=.,-=-'-"-;'-;-.;,-----"--"-.:..,...,;:...:--

m,x Y,(M I )"3+ Y ,(M,)'I3+ ..... + Y N(M N)"3 

P-7.3 VISCOSITY 

III Y I (M I ) "' + 112 Y ,( M,) 112 + ..... + Il NY N (M N) 112 

Ilmtx = Y (M 112 Y (M )"' Y ( "' I I) + , 2 + ..... + N M N ) 

where, for component "N ": 

X N = Weight Fraction 
Y N = Mole Fraction 

M N = Molecular Weight 

C pN = Specific Heat 
K N = Thermal Conductivity 

Il N = Viscosity 
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PHYSICAL PROPERTIES OF FLUIDS SECTION 8 

FIGURE P-1.2 
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-100 

TABLE P-l.2 

X AND Y VALUES FOR DENSITY NOMOGRAPH -100 
-150 

Compound X y Compound X Y Compound X Y 

Acetic Acid 40.6 93.5 Ethyl chloride 42.7 62.4 Methyl sulfide 31.9 57.4 
Acetone 26.1 47.8 Ethylene 17.0 3.5 n·Nonane 16.2 36.5 
Acetonitrile 21.8 44.9 Ethyl ether 22.6 35.8 n·Oetadecane 16.2 46.5 
Acetylene 20.8 10.1 Ethyl formate 37.6 68.4 n·Octane 12.7 32.5 
Ammonia 22.4 24.6 Ethyl propionate 32.1 63.9 n·Pentadecane 15.8 44.2 
Isoamyl alcohol 20.5 52.0 Ethyl propyl ether 20.0 37.0 n·Pentane 12.6 22.6 
Ammine 33.5 92.5 Ethyl auindo 25.7 55.3 n-Nonadecane 14.9 47.0 
Benzene 32.7 63.0 Fluorobenzene 41.9 87.6 lsopentane 13.5 22.5 
n·Butyric acid 31.3 78.7 n·HePtadecane 15.6 45.7 Phenol 36.7 103.8 
Isobutane 13.7 16.5 n·Heptane 12.6 29.8 Phosphine 28.0 22.1 
Isobutyric acid 31.5 75.9 n·Hexadecane 15.8 45.0 Propane 14.2 12.2 
Carbon dioxide 78.6 45.4 n·Hexane 13.5 27.0 Propionic acid 35.0 83.5 
Chlorobenzene 41.7 105.0 Methanethiol 37.3 59.5 Piperidene 27.5 60.0 
Cyc\ohexane 19.6 44.0 Methyl acetate 40.1 70.3 Propionitrile 20.1 44.6 
n·Dacane 16.0 38.2 Methyl alcohol 25.8 49.1 Propyl acetate 33.0 65.5 
n·Dedecane 14.3 41.4 Methyl n-butyrate 31.5 65.5 Propyl alcohol 23.8 50.8 
Diethylamine 17.8 33.5 Methyl isobu~rate 33.0 64.1 Propyl fOrmate 33.8 66.7 
n·Elconane 14.8 47.5 Methyl chlori e 52.3 62.9 n·Tetradecane 15.8 43.3 
Ethane 10.8 '.4 Methyl ether 27.2 30.1 n·Tridecane 15.3 42.4 
Ethanethiol 32.0 55.5 Methyl ethyl ether 25.0 34.4 Triethylamine 17.9 37.0 
Ethyl acetate 35.0 95.0 Methyl formate 46.4 74.6 n·Undecane 14.4 39.2 
Ethyl alcohol 24.2 48.6 Methyl propionate 36.5 68.3 

Ref: Othmer. Josefowitz & Schmutzler, Ind. Engr. Cham. Vol. 40,5,883·5 
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PHYSICAL PROPERTIES OF FLUIDS SECTIONS 

FIGURE P-1.3B 
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PHYSICAL PROPERTIES OF FLUIDS SECTION 8 

FIGURE P-2.1 
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FIGURE P-2.2 
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FIGURE P-2.4A 
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5 METHANE' ". 570 
6 .. 570 - IHO 

7 " l2.lfO - 2500 

25 NITRIC OXIDE 3'2 - I'2QO 

26 " " 12QO - 2550 

26 NfTROGfN 32 - 2550 
23 O.vGEN 37- 930 

29 1f30 - 2550 

33 SULPHUR 570 - 2550 

22 SULPHUR DIOXIOE 32 - 750 

31 " 750 - '2550 

17 WATER 12 - '2550 

SECTION 8 

c 
4.0 

10 

2.0 

1.0 
<19 
08 

07 

06 

0.5 

04 

03 

0.2 

<11 
009 
008 

007 

<106 

005 

By permission from Heat Transmission. by W. H. McAdams. Copyrighted 1954. McGraw.HiIl Book Company. Inc. 
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PHYSICAL PROPERTIES OF FLUIDS 

FIGURE P-2.S 

/ 
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I / /' 

II 1/ 
1/ / / / V 
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..! / ./ i 

4L )I' / / / ,/ - I 
, 
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/ / i:t" V/ / / / ,/ ~ I i 

V / V VII W V V / V/ 
/' I 1 1/ V 

/ / / / , 

, 

/ IL V / V , 
/ / 1/ / IJ' I::V / V 

1/ V 1/ / .. : V V V , , 

1/ V 1/ V V 1/ V/ 
V V V 1// VI/ 1/ .. ~ V V 

y V : j 

1/ 1/ 1/ V II>" i 
V 1/ '/ / V / l) ~ ! 

• 
i 
• V / / / / 1/ V V V : i 

V / / 
/ // / 

V V V 6 • 10 20 

/ / V V V P, 

V 1/ / / , 

./ 1/ 
L / Generalized Isothermal Pressure 

V Correction to Molal Heat Capacity 

/1,1 
of Gases 

Cp Moled Hear CapQcity at High Pressure 

ell'· Molal Heat Capocity at Low Pressure 

T 
Tt Reduced Temperoture k 

p 
Pr Reduced Pressure "Pc'" 

I 
0.4 o.e 0.8 1.0 2 • 

Reprinted by permission Irom Industrial ond Engineerinq Chemistry, vol. 49. p. 121, 1957. A. H. Weig and J. Joffe. 
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PHYSICAL PROPERTIES OF FLUIDS SECTIONS 

FIGURE P-3.1 

HEAT CONTENT OF PETROLEUM FRACTIONS INCLUDING THE EFFECT OF PRESSURE 

800 

Reprinted by permission of Shell Development Company. Copyright 1945. 
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SECTION 8 PHYSICAL PROPERTIES OF FLUIDS 
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FIGURE P-3.2 

LATENT HEATS OF VAPORIZATION OF VARIOUS LIQUIDS 

LIQUID 
t, 

OF 

Acetic Acid 609 
Acetone 455 
Ammonia 272 
Amyl alcohol (·iso) 585 
Benzene 552 
Butane (·n) 307 
Butane 
Butane (-iso) 273 
Butyl alcohol (-n) 548 
Butyl alcohol (·iso) 508 
Butyl alcohol 
Butyl alcohol (-sec) 508 
Butyl alcohol (·tert) 455 
Carbon dioxide 91 
Carbon disulfide 522 
Carbon tetrachloride 542 
ChlOrine 291 
Chloroform 506 
Oichloroethylene (·cie) 468 
Dimethyl amine 329 
Diphenyl 982 
Diphenyl 
Diphenyl 
Diphenyl oxide 952 
Diphenyl oxide 
Ethane 895 
Ethyl alcohol 470 
Ethyl alcohol 
Ethyl amine 362 
Ethyl chloride 369 
Ethylene 50 
Ethylene 
Ethyl ether 382 
Ethyl ether 
Freon·ll (CCIaF) 388 
Freon·12 (CCbF~) 232 
Freon·21 (CHCI!F) 325 
Freon·22 (CHCIF~) 205 
Freon·Il3 (CCbFCCIF3) 417 
Freon-114 (CCIF3CCIF~) 293 
Heptane (-n) 512 
Hexane (·n) 456 
Methane 116 
Methyl alcohol 464 
Methyl alcohol 
Methyl amine 315 
Methyl chloride 289 
Methyl chloride 
Methyl formate 417 
Methylene chloride 421 
Nitrous oxide 97 
Nitrous oxide 

Range 
X te-tor 

212·392 5.6 
284-464 4.0 
176·392 3.2 
392·572 6.0 

50·572 3.6 
104·158 2.6 
158·392 3.6 
167-345 3.4 
337·572 2.0 
302-392 1.7 
392·517 6.9 
337·517 5.6 
302-392 3.9 

50·212 3.3 
284·527 3.5 

50·572 3.6 
212·392 1.5 
345-508 3.7 
392·572 9.4 
256·392 4.8 

50· 90 2.2 
90·302 3.8 

302-752 0.8 
176-643 3.1 
643-932 6.2 

50·266 4.0 
50·284 3.1 

285·482 4.7 
266·446 3.9 
302-446 4.1 

50·122 3.0 
122·256 4.0 
59·266 3.1 

266-464 1.8 
158-482 3.6 
140·302 3.' 
176-427 3.3 
122·320 4.0 
194-482 3.5 
113·392 3.5 
50.517 3.4 

131-464 3.4 
50·194 5.2 
68·285 3.3 

283·464 3.6 
212·392 4.1 

61·230 2.6 
230·247 5.2 
302-482 1.9 
302·482 1.0 
43· 77 1.2 
77·256 5.6 

y 

11.9 
10.3 
3.8 
9.4 

12.5 
Il.6 
11.7 
12.1 
9.8 
9.7 
7.7 
8.8 
9.5 

11.1 
13.7 
17.3 
14.5 
15.7 
13.3 
8.8 

15.2 
15.2 
12.8 
15_5 
14.5 
9.8 
7.0 
6.3 
'.0 

12.2 
9.3 
0.6 

12.7 
12.7 
17.3 y 
17.2 
15.4 
15.1 
18.7 
18.7 
13.5 
13.2 
8.3 
5.3 
4.7 
6.5 

11.1 
11.2 
11.3 
13.7 
9.2 

12.3 

20 

19 

18 

17 

.6 

15 ,. 
13 

.2 

1 

0 

9 

8 

7 

6 

5 

• 
3 

2 

• 
0 Octane (-n) 565 61·572 3.6 13.8 

Pentane (·n) 386 59-482 3.3 12.7 o 23"~678910 
Pentane (-iso) 370 50·392 3.2 12.7 
Propane 205 59-482 4.3 11.0 
Propyl alcohol (·n) 507 77·517 2.1 8.8 
Propyl alcohol (·iso) 456 302·482 3.5 8.3 
Pyridine 652 446·661 2.3 12.5 
Sulfur dioxide 314 212·392 2.0 12.3 
Toluene 611 212·572 1.5 13.7 
Trichloroethylene 520 355·582 6.0 15.9 
Water 707 50·675 3.0 1.0 

Example:-For water at 212° F, t,-t = 707·212 = 495 and the 
latent· heat per Ib is 970 Btu 

(latent heat accurate withtn ± 10 per cent) 

X 

From "Process Heat Transfer," lst Ed., Donald Q. Kern; McGraw·Hili Book Company, reprinted by permission. 
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PHYSICAL PROPERTIES OF FLUIDS SECTIONS 

TABLEP-3.3 
HEAT CAPACITY RATIOS (C pi C v) 

Acetylene 1.26 

Air 1.403 

Ammonia 1.310 
Argon 1.688 

Benzene 1.10 (200 0 F) 

Carbon Dioxide 1.304 

Chlorine 1.355 

Dichlorodiflouromethane 1.139 (77 0 F) 

Ethane 1.22 

Ethyl Alcohol 1.13 (200 0 F) 

Ethyl Ether 1.08 (95 0 F) 

Ethylene 1.255 

Helium 1.660 (-292 0 F) 

Hexane (n-) 1.08 (176 0 F) 

Hydrogen 1.410 

Methane 1.31 

Methyl Alcohol 1.203 (171 0 F) 

Nitrogen 1.404 

Oxygen 1.401 

Pentane (n-) 1.086 (189 0 F) 

Sulfur Dioxide 1.29 

(All values at 60 0 F and one atmosphere unless otherwise noted) 

TABLE P-4.1 

THERMAL CONDUCTIVITY CONVERSION FACTORS 

To convert the numerical value of a property expressed in one of the units in the left-hand column of the table to the 
numerical value expressed in one of the units in the top row of the table, multiply the former value by the factor in the 
block common to both units. 

Btu Btu cal kg-cal watts 

hr-sq fl---<.ieg F per in. hr-sq ft-deg F per It sec-sq cm-deg C per c:m hr-sq m---deg C per m sq em---deg C par em 

Btu 
I 0.08333 3.445 X 10-' 0.1240 1.422 X 10-' h, sq ft deg F per in. 

Btu 
12.00 I 4.134 X 10-' 1.488 0.01731 

hr-sq It deg F per It 

,al 
2.903 241.9 I 360 4.187 sec--sq cm---deg C per em 

kg-cal 
8.064 0.6720 2.778 X 10-' I 0.01163 h, 'q m deg C per m 

watts 
693.4 57.78 0.2388 85.99 I sq ern deg C pEtr em 
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FIGURE P-4.2 

THERMAL CONDUCTIVITY 
OF NORMAL PARAFFINIC HYDROCARBON LIQUIDS 

Gallant, Robert W. 
"Physical Properties of Hydrocarbons" 
Gulf Publishing Company (/968) 
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PHYSICAL PROPERTIES OF FLUIDS SECTION 8 

FIGURE P-4.3A 

THERMAL CONDUCTIVITY OF LIQUIDS 
k = B.I.u./(hr.)(sq. fI.WF./ft.) 

A linear variation with temperature may be assumed. The extreme values given constitute also the temperature limits over which 
the data are recommended. 

Liquid 

Acetic Acid 

Acetone. 

Acetylene 

Acrylic Acid 

Al1yi Alcohol 

Amyl Alcohol 

Aniline 

Benzene 

Bromobenzene 

Bu tyl Acetate (N) 

Butyl Alcohol (ISO) 

Butyl Alcohol (N) 

Carbon Disulfide 

Carbon Tetrachloride 

Chlorobenzene 

Chloroform 

Cumene 

Cyclohexane 

Dichlorodifluoromethane 

Ethyl Acetate 

Ethyl Alcohol 

Ethyl Benzene 

Extracted from "Physical Properlles of Hydrocarbons" 
By R. W. Gallant, Copyright 1968, Gulf Publishing Co. 

T, or. 

68 
300 

a 
170 

-220 
-llO 

32 
32 

100 
320 
68 

212 
68 

212 
68 

300 
68 

320 
32 

390 
32 

320 
-40 

50 
160 
300 
-40 
300 

-112 
68 

-ll2 
212 

32 
390 

-100 
212 

32 
390 

40 
100 
250 
-80 

50 
140 
32 

230 
-40 
300 
32 

390 

k Liquid 

.092 Formaldehyde 
078 
.093 
.076 Glycerine 
.137 
.089 Heptane (N) 

.057 

.144 Hexcme (N) 

.124 

.086 Heplyl Alcohol 
095 
.092 Hexyi Alcohol 
.089 
.085 Methylethyl-Ketone (MEK) 
.133 
.089 Methyl Alcohol (Methanol) 
.085 
.059 Nonane (N) 
.065 
.059 Octane 
.D82 
.056 Para Xylene 
.lOa 
087 
.077 Pentane 
.075 
.104 Propyl Alcohol (N) 
.064 
084 Propyl Alcohol (ISO) 

m2 
.071 
.052 Toluene 
m5 
.068 Trichloroethylene 
.083 
.056 
m5 Vinyl Acetate 
.050 
.089 Water 
.081 
060 
.066 
.063 
.058 
.088 Xylene (Ortho) 
.065 
.1I0 
.080 Xylene (Meta) 
.080 
.045 

Standards Of The Tubular EXChanger Manufacturers AssOCiation 

T, of. k 
-- e-.-- f--

-110 .185 
a .132 

68 116 
68 .161 

390 .181 
50 .074 

300 .050 
50 .072 

300 .046 
68 .077 

280 .071 
68 .077 

250 .074 
. a .089 

250 .067 
-22 .132 
300 .096 
50 .077 

300 .056 
.. 50 .076 

300 054 
68 .076 

176 .065 
390 .047 

-- 50 .069 
250 .Q48 
-40 .106 
300 .072 

-40 .092 
140 075 
300 .072 

32 .083 
390 .050 
-40 .084 

86 .065 
300 .046 
32 .088 

230 .065 
32 .343 

100 .363 
200 .383 
300 395 
420 .376 
620 .275 
32 .087 

176 .068 
390 .Q48 
32 .080 

176 .062 
390 .044 
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SECTION 8 

Subslance 

Acetone 
Acetylene 
Air 
Ammonia 
Argon 
Benzene 
Butane (n·) 
Butane (iso·) 
Carbon dioxide 
Carbon disulfide 
Carbon monoxide 
Carbon tetrachloride 
Chlorine 
Chloroform 
Cyciohexane 

PHYSICAL PROPERTIES OF FLUIDS 

FIGURE P-4.3B 

THERMAL CONDUCTIVITIES OF GASES AND VAPORS 
[k = BTU /(hr)(sq ft)(deg. F per fI) 1 

TEMPERATURE or. 
-328 -148 32 122 212 392 

.0057 .0076 .0099 .0157 
.0056 .0108 .0140 .0172 

.0040 .0091 .0140 .0184 .0224 
.0097' .0126 .0192 .D280 
.0063 .0095 .0123 .0148 

.0052 .0075 .0103 .0166 

.0078 .0135 

.0080 .0139 
.0064 • .0084 .0128 .0177 

.0040 
.0037 .0088 .0134 .0176 

.0042 .0052 .0068 
.0043 
.0038 .0047 .0058 .0081 

.0094 

Dichlorodifluoromethane .0048 .0064 .0080 .0115 

Ethane 
Ethyl acetate 
Ethyl alcohol 
Ethyl chloride 
Ethyl ether 
Ethylene 
Helium 
Heptane (n·) 
Hexane (n·) 
Hexene 
Hydrogen 
Hydrogen sulfide 
Mercury 
Methane 
Methyl acetate 
Methyl alcohol 
Methyl chloride 
Methylene chloride 
Neon 
Nitric oxide 
Nitrogen 
Nitrous oxide 
Oxygen 
Pentane (n·) 
Pentane (iso·) 
Propane 

Sulfur dioxide 
Water vapor, 

zero pressure 

• Value at - 5B· F. 
t Value al 68" F. 

.0055 

.0051 
.0338 .0612 

.0293 .0652 

.0045 .0109 

.0089 
.0040 .0091 

.0047 
.0038 .0091 

.0106 .0175 
.0074 .0096 .0150 

.0081 .0124 

.0055 .0095 .0145 

.0077 .0101 .0131 .D200 

.0101 .0131 .0161 

.0818 .0988 
.0103 .0112 

.0072 .0080t 

.0061 .0109 

.0966 .1240 .1484 

.0076 
.0197 

.0176 .0255 .0358 

.0059 .0068t 

.0083 .0128 

.0053 .0074 .0094 .0140 

.0039 .0050 .0063 .0091 

.0026 

.0138 .0J6J 

.0139 .0181 .0220 

.0088 .0138 

.0142 .0166 .0188 

.0074 .0083t 

.0072 .0127 

.0087 .0151 

.0050 .0069 

.0136 .0182 

Adapted from Heal Transmission, by W. H. McAdams. Copyrighted 1954. McGraw-Hill Book Company, Incorporaled. 

572 

.0260 

.0385 

.0171 

.0229 

.1705 

.0490 

.0255 

.0230 
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THERMAL CONDUCTIVITY-GASES 

PRESSURE CORRECTION-GENERALIZED CORRELATION 

REF., LENOIR, JUNK II. COMINGS, CHEM. ENG. PROG. 49, 539·542 (1935) 

Note: To find thermal conductivity at any desired temperature and pressure, multiply 
thermal conductivity at atmospheric pressure (14.7 PSIAl and desired 
temperature by thermal conductivity ratio ( k ) at reduced pressure P. and 
reduced temperature T. : k'" 

( k ) x k' 
k = ko Pr,Tr 

Where: k = Thermal conductivity at pressure (PSIA) and desired temperature T 
kO = Thermal Conductivity at 14.7 PSIA and desired temperature T 

(;, ) P"T, Thermal conductivity ratio at reduced pressure 'r 
and reduced temperature Tr, dimensionless 

T = Desired temperature, OR ( 
Te = Critical temperature, OR 

T 
Tt = 1:""' Dimensionless 

P = Pressure, P$IA 
Pc =: Critical pressure, PSIA 

P 
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PHYSICAL PROPERTIES OF FLUIDS 

FIGURE P-4.4B 

THERMAL CONDUCTIVITY-LIQUIDS 

PRESSURE CORRECTION-GENERALIZED CORRELATION 

REF., LENOIR, J. M., PET. REF. 36, 162-164 (1957) 

Note: To finel thermal conducticity kz at pressure Pz and temperature T, 
multiply known value k, by ratio ( : ) 

Where: kl = Known thermal conductivity at any pressure PI and temperature T 
k2 = Desired thermal conductivity at PI and T 
81 = Thermal conductivity factor at (P .. h and T r 
82 = Thermol conductivity factor at (P1")~ and Tf 

PI and P: = Pressures, PSIA 

2 

P" = Critical Pressure, PSIA 
(P")1 = Pl/P<;, Dimensionless 
{Prh ;;: P2/PC, Dimensionless 
T = remperature, OR (;;: .. 60 + OF) 
To: ;;: Critical temperature. OR 
T r = r IT e. dimensionless 

3 4 5 6 7 8 9 10 11 
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PHYSICAL PROPERTIES OF FLUIDS SECTION 8 

TABLE P-5.1 

VISCOSITY CONVERSION FACTORS 
gm Ib Ib-sec Ib kg-sec 

centipoises poises:::-- -- -- -- --
em-sec It-sec It' ft-hr m' 

centipoises I .01 .000672 .0000209 2.42 .000102 

gm 
poises :::--- 100 I .0672 .00209 242 .0102 

em-sec 

Ib 
-- 1488 14.88 I .0311 3600 .1517 
It-sec 

Ib-sec -- 47900 479 32.2 I 116000 4.88 
II' 

Ib -- .413 00413 .000278 00000864 I .0000421 
ft-hr 

I::g-sec 
9810 98.1 6.59 .2048 23730 -- I 

m' 

To convert the numerical value of a property expressed in one of the units in the left-hand column of the table to the 
numerical value expressed in one of the units in the lop row of the table, multiply the former value by the factor in the 
blod common to both units. 

~-.~ 
.~ 

~!!! 

FIGURE P-5.1 

VISCOSITY CONVERSION PLOT 

ENGLER DEGREES 

" .. '" ... 
v 

_ z,... +0 ~o~- S 
.. "".... ~ .... ~J'I ~ff. '" 

1000 

ig '''~-a~ ~ ~ g . i~. ~~~;~ ~ ~~-P-P~~ ~<~ 
• 0 1--+-+++-f+++-I-+':i4~-'--I-.Ji;)>4+I-I-r+, ~d'r c,,~ ."c I-++-I+t++-I+lf-l--+-+-H • " ~ 1.<>..- ""~-: ;;; 0 / k;-V , .. ~ ~~ 

i ~ * ~ V ~ '01~ I , · '" "omJilmmm~('11 §~ ... 
; < 

• O~TI~TI~f~~~'l~f~~~~/~~~~: THESE CURVES ARE DRAWN TO FIT THE FOLLOWING 
EQUATIONS WHICH MAY BE USED FOR EXTRAPOLATION 
BE YOND THE RANGES PLOTTED. 

(I) SAYBOLT UNIVERSAL FROM EXPERIMENTAL DATA 
/ / SAYBOLT UNIVERSAL KXA_I 

V 
I / WHEN K>70 THEN A_4.620@lWF 
1/ THEN A"'4.629@130°F 

/ 

I 

/ 
THEN A .. 4.652@2Io-F 

(2) SAY80LT FUROL FROM EXPERIMENTAL DATA 

\/ (3) REDWCK:lO NO. 1 K-O.2MI-!f WHEN t-4O TO 15 SEC. 

(1) REDWOOD NO. 1 K _0.247t- ~ WHEN t .. 85 TO 2000 SEC. 

(4) REDWOOD NO. 2 I_I/IOXREDWOOD NO. 1 TIME 

(5) ENGLER TIME K_l00 (.001471_
3
.:

4
) .. OR t-53E 

(6) ENGLER DEGREES K-EX7.6II - p) 
K .. KINEMATIC VISCOSITY-CENTISTOKES. 
t .. TIME OF EFFLUX-SEOONDS 

E _ ENGLER DEGREES 
R[F[R[NCO:_ 

SAY80lT UNIVERSAl-A.S.T.M. PROCEEDINGS 3M • ..,n 
A.5.T.M. TENTATIVE STANDARD O446-lfT 

~'E~J'I.o"?i=r.:s'r.~f CJH ~?cU~T~~':;A"~L'MlMD~ 
REDWOOD NO. 2_f,~~1~.O;::: linG. 

~~gt~= ~1~~E~N!I~RC\l.;.J:ilH':t~E~·A~ ~~~~"Ll:t~rI2ND. [D. 1-. 

L. __ "--L-1-1~~if"-L1~.-__ L-~-L ____ -;..rQ·:N=':":'~-~Q~":N:':'~.~K=':":'~-':'~"~''"~~~';~:-~':':'''~'~ ________ ..J 
~ .. - - - - ~ 

TIME IN SECONDS.SAYBOLT IUNIVERSAL & FUROLI. REDWOOD No •. ' & It, ENGLER TIME 
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SECTION 8 PHYSICAL PROPERTIES OF FLUIDS 

FIGURE P-5.2A 

VISCOSITY ~ TEMPERATURE RELATIONSHIP FOR PETROLEUM OILS 
LINES OF CONSTANT DEGREES A.P.1. CHARACTERIZATION FACTOR, K:::: 10.0 

Ref: Watson, Wien & Murphy. Industrial & Engineering Chemistry 28.605-9 (1936) 
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FIGURE P-S.2B 

VISCOSITY - TEMPERATURE RELATIONSHIP FOR PETROLEUM OILS 
LINES OF CONSTANT DEGREES A.P.I. CHARACTERIZATION FACTOR, K:;:: 11.0 
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." ."" ,o0 
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Ref: Watson. Wien & Murphy, Industrial & Engineering Chemistry 28,605-9 (1936) 
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PHYSICAL PROPERTIES OF FLUIDS SECTIONS 

FIGURE P-5.2C 

VISCOSITY - TEMPERATURE RELATIONSHIP FOR PETROLEUM OILS 
LINES OF CONSTANT DEGREES A.P.1. CHARACTERIZATION FACTOR, K = 11.8 

Reh Watson, Wien & MUrphy. Industrial & Engineering Chemistry 28,605-9 (1936) 
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FIGURE P-5.2D 

VISCOSITY - TEMPERATURE RELATIONSHIP FOR PETROLEUM OILS 
LINES OF CONSTANT DEGREES A.P.I. CHARACTERIZATION FACTOR, K = 12.5 

Ref: Watson. Wien & Murphy, Industrial & Engineering Chemistry 28.605-9 (1936) 
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No. Liquid X Y No. Liquid X 

• Aoet&ldehyde 15.2 ... 56 Freon-22 172 
2 AoeWl acid. 100 % 12.1 14.2 51 Freon-Ila 12.6 
3 A_tic acid. 70 % ,U 17.0 .. Glycerol, 100 % '.0 

• A_tic an.hydride 12.7 12 •• •• Glycerol. &0 % ••• • Aoetone, 100 % 14.5 7.' .. Heptene 14.1 
6 Ace&one, 35.,. 7 .• 16.0 6' Hezane 14.7 
7 Allyl .kobol 10.2 1'.3 ., Hydrochloric acid, 31.5% 13.0 

• Ammonia, 100,. 12.6 '.0 .. t.obutyl aleohol 7.' 

• Ammonia, 26 % 10.1 13.9 .. bobu\yric acid 12.2 

'0 Amylaceut.e 11.8 12.5 •• Iaopropyl alcohol • •• 
11 Amyl alcohol 7.' 18.4 .. Keroeene 10.2 
12 Aniline ••• 18.7 .7 Linseed oil, raw 7.' 
'3 Anisole 12.3 13.5 •• Mereury 18 ... .. Anenic trichloride 13.9 14.5 •• Methanol, 100 ~ 12 ... 

•• Benlcne 12.5 10.9 7. Methanol, 90"0 12.3 .. Brine. eaCh. 25?f ••• 16.9 " Methanol, 40 % 7.' 
17 Brine. N.Cl, 25 % 10.2 16.6 72 Mt'thyl acetate 140.2 

'8 Bromine 14.2 13.2 13 Methyl chloride 15.0 

•• 8romotoluene 20.0 15.9 74 Methyl ethyl ketone 13.9 
20 8utyl acetate 12.3 11.0 15 Naphthalene 7 .• 
21 Butyl alcohol 3 .• 17.2 16 Nitric acid, 95 'r. 12.8 

2' Butyric acid 12.1 16.3 11 Nitric acid. 60 % 10.8 .. Carbon dioJ:ide 11.6 0.' 78 Nitrobenzene 10.6 

" Carbon diaulphide 16.1 7.' 19 Nitrotoluene 11.0 
2. Carbon tetrachloride 12.7 13.1 80 Octane 13.7 

26 Cblorobenlene 12.3 12.4 8. Oct),1 alcohol • •• 
27 Cbloroform 14.4 10.2 82 PentachloroethaDe 10.9 

28 Cblor~uUonie acid 11.2 18.1 83 Pentane 14.9 .. Cblorotoluene. ortho 13.0 13.3 .. Phenol ••• 
30 Cblorotoluene. Pleta 13.3 12.5 .. Phc.phorul tribromide 13.8 
3. Cblorotoluene par. 13.3 12.5 .. PhOl!lphorua trichloride 16.2 
3. CrOlol, meta 2.5 20.8 .7 Propionic acid 12.8 
33 Cyclohennol , .. 24.3 .. PTopyl alcohol '.1 .. Dibromoetbane 12.7 U.8 89 Propyl bromide 14.5 
35 Dichloroethane 13.2 12.2 .. Propyl chloride 14.4 

•• Dichloromethane 14:6 8.9 91 Propyl iodide 14.1 
31 Diethyl onlate 11.0 16.4 .. Sodium 16.4 
38 Dimethyl oxalate 12.3 15.8 93 Sodium hydroside, 50 % 3.2 
3. Diphenyl 12.0 18.3 •• Stannie ehloride 13.5 
.0 Dipropyl oxalate 10.3 17.1 .. Sulphur dioxide 15.2 .. Ethyl acetate 13.7 ••• .. Sulphuric acid, 1I0 '70 1.' 
42 Ethyl alcohol, 100 ~~ 10.5 13.8 97 Sulphuric acid, 98 'io 1 .• 

'3 Ethyl alcohol. 9570 ••• 14.3 .. Sulphuric acid. 60':0 to.2 .. Ethyl alcohol, 40 % ••• 16.6 .. Sulphuryi chloride 15' .. Ethyl benzene 13.2 11.5 .00 Tetr.ctuoroethane H.9 

•• Ethyl bromide 14.5 ••• .0. Tetrachloroetbylene 14.2 
47 Ethyl chloride 14.8 •. 0 102 Titanium tetrachloride 14.4 

48 E'hyl ether 14.5 '.3 .03 Toluene 13.7 

•• Ethyl formate 14.2 ••• ••• Trichloroethylene 14.8 

50 Ethyl iodide 14.7 10.3 ••• Turpentine II.S 

51 Ethylene ,Iycol •. 0 23.6 .06 Vinyl aeet.te 14.0 

5. Formie acid 10.7 15.8 .07 Water 10.2 

53 Freon-II 14.4 '.0 .08 Xylene, ortho 13.5 

54 Freon-12 16.8 5 .• .09 Xylene. meta 13.9 

55 Freon-21 15.7 T.' 110 Xylene. para 13.9 

By permission from CHEMICAL ENGINEERS' HANDBOOK, by J. H. Perry. 

Copyrighted 1950. McGraw-Hin Book Company, Inc. 
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20.0. 390. I~C 0 
190. 380. e8 Z 
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90. Y 1/1 tn 
30 -t 14 

80. 
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By permission from HEAT TRANSMISSION. by W. H. McAdams. 

Copyrighted 1954. McGraw-Hill Book Company, Inc. 
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No. Gu X y No. G •• X Y 

--- --
• Acetic acid 7.7 14.3 .9 Freon·113 11.3 14.0 , Acetone 8.' 13,0 3' Helium 10.9 20.' 
3 Acet)'lene '.8 14.9 31 Hexane 8.' 11.8 , AU 11.0 20.0 32 HydrOien 11.2 12.4 
; Ammonia B.' 1#1.0 33 3H,+ INt 11.2 17.2 

• ""~ 10.6 22." " HydrOJen bromide B.B 20.9 
7 Benlene 8.' 13.2 3. Hydro.en C!hloride 8.8 18.7 

8 Bromine 8.' 19.2 3. HydrOJen cyanide '.B 14.9 

• Butene ••• 13.7 37 Hydrolen iodide 9.' 21.3 .. Butylene 8.' 13.0 38 HydrOien luJphide 8.' 18.0 
11 Carbon diollide '.0 18.7 39 Iodine 9.' 18.4 

•• Carbon diMalphide S',O 16.0 •• Mercury '.3 22.9 
13 Carbon; mCNIodde 11.0 20.' 41 Methr.ne 9.91 15,.'1 .. Cblorine ••• 18.4 .. Methyl alcohol 8.5 15.6 

IS Cblmoform 8.' 15.7 .. Nitric oxide 10.9 20.5 

.0 CyaDosen 9.' 15.2 .. Nitropn 10.6 20.0 

.7 Cye10beune 9.' 12.0 •• Nitrosyl ('hlorine 8.0 17,6 

11 Ethane 9.' 14.5 •• Nitrou8 odde 8.8 19.0 
.0 Ethyl acetate 8.' 13.2 47 o"ysen 11.0 21.3 
20 Ethyl alcohol 9.' 1".2 .B Pentan~ 7 .• 12.8 
.1 EthYl ebloride 8.S 15.6 .9 Propane •. 7 12.9 
22 Db)'. ether 8.0 13.0 50 Propyl alN)hul 8.' 13.4 .. Ethyleae 9.5 IS. 1 51 Propylf'ne 9.0 13.8 .. nuorine 7.' 23.8 52 Sulphur dio:dde 9.' 17.0 .. Freon·U 10.6 15.1 53 Toluene 8.' 12." .. Freon·12 11.1 Ift.O " 2. 3, 3.trim~thylblltane 9.5 10.5 

27 Freon·2. 10.8 15.3 !i5 WatfOr 8.0 16.0 

28 Freon_22 10.1 1 17.0 .\6 X~non 9.3 23.' 

By permission Jrom CHEMICAL ENGINEERS' HANCBOOK, by J. H. Perry. 

Copyrlqhted 1950. McGraw-Hill Book Company, Inc. 
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SECTION 8 
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PHYSICAL PROPERTIES OF FLUIDS 

FIGURE P-5.5 

HIGH PRESSURE GAS VISCOSITY 

0.4 0.5 0.8 1 

REDUCED PRESSURE - p, =~ p, 

2 3 4 5 6 8 10 

Reprinted by permission from Chemical Engineering Progre •• Symposium Series. 51. No. 16. 1955. N. L. Carr. J. D. PareoJ. and R. E. Peck. 

TABLE P-6.1· 
CRITICAL PROPERTY DATA 

Molecu\o:t Crilicoi Critical Pressure Molecular Critical CriticaL Pressure 
Substance Weight Tell1p.-oR PSIA Substance Weight Temp.-oR PSIA 

Acetic Acid 60.05 1071 840 n·Heptane 100.2 972 397 
Acetone 58.1 918 694 Heplyl Alcohol 116.2 1091 436 
Acetylene 26.04 557 890 n-Hexane 86.2 914 440 
AcryliC Acid 72.03 1I76 734 Hexyl Alcohol 102.2 1055 490 
Allyl Alcohol 58.08 982 831 Hydrogen 2.0l6 60 188 
Ammonia 17.03 730 1639 Hydrogen Chloride 36.46 584 1I99 
Aniline 93.06 1259 769 Hydrogen Fluoride 20.01 830 941 
Argon 40 272 706 Hydrogen Iodide 128 763 1191 
Benzene 78.1 1013 714 Hydrogen Sulfide 34.08 672 1307 
Bromobenzene 157.02 1207 655 Isobutane 58.1 735 529 
1. 3 Butadiene 54.! 765 628 Isobutene 56.1 752 580 
n-Butane 58.! 765 551 Isopentane 72.1 830 483 
Bulyiene 56.1 755 583 Krypton 83.8 376 797 
Butyl Acetate 116.16 1043 442 Methane 16.04 343 673 
n-Butyl Alcohol 74.1 1014 640 Methyl Alcohol 32 926 1174 
i-Butyl Alcohol 74.1 965 608 Melhylethyl-Ketone 72.1 964 603 
Carbon Dioxide 44.0 547 1070 Neon 20.18 80 395 
Carbon DisuUide 76.14 983 lias Nitrogen 28.02 227 492 
Carbon Monoxide 28.01 239 510 Nitrogen Oxide 3001 325 950 
Carbon Tetrachloride 153.8 1001 660 n-Nonane 128.3 1071 332 
Chlorine 70.9 751 1I19 n-Octane 114.2 1025 362 
Chlorobenzene 112.56 1I38 6S5 Oxygen 32 278 737 
Chloroform 119.4 960 805 n-Pentane 72.1 846 490 
Curnene 120.19 1136 467 Phenol 94.1 1250 890 
Cyclohexane 84.2 998 588 Propane 44.1 666 617 
n-Deccme 142.3 1112 304 Propylene 42.! 657 667 
Dichlorodifluorornethane 120.9 694 597 n-Propyl Alcohol 60.1 966 750 
Ethane 30.07 550 708 i-Propyl Alcohol 60.1 915 691 
Ethylene 28.05 510 730 Sulfolane 120.2 1442 767 
Ethyl Alcohol 46.1 930 925 Sulfur Dioxide 64.1 775 1142 
Ethyl Acetate 88.1 942 557 Toluene 92.1 1069 590 
Ethyl Benzene 106.16 III 1 536 Trichloroethylene 131.4 774 B09 
Fluorine 38 260 808 Vinyl Acetate 86.1 946 609 
Formaldehyde 30.02 739 984 Vinyl Chloride 62.5 1028 710 
Helium 4.003 10 33.2 Water 18.02 1165 3206 
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SECTION 9 GENERAL INFORMATION 

[NOMINAL 
PIPE 

. SIZE 

'I. 
'I. 

'Ia 
'h 

'I, 
1 

11/4 
1112 

2 
2112 

3 

3% 

4 
5 

6 
8 

10 
12 

140.0. 
16 0.0. 

18 0.0. 
200.0. 

22 0.0. 
240.0. 

260.0. 
280.0. 

300.0. 
320.0. 

340.D. 
360.0. 

420.0. 

TABLE 0·1 

DIMENSIONS OF WELDED AND SEAMLESS PIPE 

OUT· NOMINAL WALL THICKNESS FOR 

SIDE SCHEO. SCHEO. SCHED. SCHEo. SCHED. STAND· 
DIAM. 55' lOS· 10 20 30 ARD t 

0.405 0.049 0.068 

0.540 0.065 0.088 

0.675 0.065 0.091 
0.840 0.065 0.083 . 0.109 

1.050 0.065 0.083 0.113 
1.315 0.065 0.109 . 0.133 

1.660 0.065 0.109 0.140 

1.900 0.065 0.109 0.145 

2.375 0.065 0.109 0.154 

2.875 0.083 0.120 . 0.203 

3.5 0.083 0.120 0.216 

4.0 0.083 0.120 0.226 

4.5 0.0&3 0.120 0.237 
5.563 0.109 0.134 0.258 

6.625 0.109 0.134 0.280 
8.625 0.109 0.148 0.250 0.277 0.322 

10.75 0.134 0.165 0.250 0.307 0.365 
12.75 0.156 0.180 0.250 0.330 0.375 

14.0 0.156 0.188 0.250 0.312 0.375 0.375 
16.0 0.165 0.188 0.250 0.312 0.375 0.375 

18.0 0.165 0.188 0.250 0.312 0.438 0.375 
20.0 0.188 0.218 0.250 0.375 0.500 0.375 

22.0 0.188 0.218 0.250 0.375 0.500 0.375 
24.0 0.218 0.250 0.250 0.375 0.562 0.375 

26.0 0.312 0.500 0.375 
28.0 0.312 0.500 0.625 0.375 

30.0 0.250 0.312 0.312 0.500 0.625 0.375 
32.0 0.312 0.500 0.625 0.375 

34.0 0.312 0.500 0.625 0.375 
36.0 0.312 0.500 0.625 0.375 

42.0 . 0.375 

All dimensions are Biven in inches. 

The decimal thicknesses listed for the respective pipe sizes 
represent their nominal or averas:e wall dimensions. The 
actual thicknesses may be as much as 12.5% under the 
nominal thickness because of mill tolerance. Thicknesses 
shown in bold face are more readily available. 

SCHED. 
40 

0.068 
0.088 

0.091 

0.109 

0.113 

0.133 

0.140 

0.145 

0.154 
0.203 

0.216 
0.226 

0.237 
0.258 

0.280 
0.322 

0.365 
0.406 

0.438 
0.500 

0.562 
0.594 

0.688 

0.688 

0.688 
0.750 

SCHED. EXTRA 
SCHED. SCHED. SCHEO. SCHED. SCHfD. 

60 STR~NG BO 100 120 140 160 

0.095 0.095 

0.119 0.119 

0.126 0.126 
0.147 0.147 0.188 

0.154 0.154 0.219 
0,179 0.179 0.250 

0.191 0.191 0.250 
0.200 0.200 0.281 

0.218 0.211 0.344 
0.276 0.276 0.375 

0.300 0.300 0.438 
0.31S 0.31. 

0.337 0.337 0.438 0.531 
0.375 0.375 0.500 0.625 

0.432 0.432 0.562 0.719 
0.406 0.500 0.500 0.594 0.719 0.812 0.906 

0.500 0.500 0.594 0.719 0.144 1.000 1.125 
0.562 0.500 0.688 0.844 1.000 1.125 1.312 

0.594 0.500 0.750 0.938 1.094 1.250 1.406 
0.656 0.500 0.844 1.031 1.219 1.438 1.594 

0.750 0.500 0.938 1.156 1.375 1.562 1.781 
0.812 0.500 1.031 1.281 1.500 1.750 1.969 

0.875 0.500 1.125 1.375 1.625 1.875 2.125 
0.969 0.500 1.218 1.531 1.812 2.062 2.344 

0.500 
0.500 

0.500 
0.500 . 

0.500 
0.500 .. . 

0.500 ... 

• Schedules 58 and IDS are available in corrosion resistant 
materials and Schedule IDS is also available in carbon steel. 

t Thicknesses shown in italics are available also in stainless 
steel. under the deSignation Schedule 405. 

§ Thicknesses shown in italics are available also in stainless 
steel. under the designation Schedule 80S. 

Reprinted by permission of Tube Turns Division of Chemetron Corporation 
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.. 

0.294 

0.308 
0.358 

0.382 
0.400 

0.436 
0.552 

0.600 
. 

0.674 
0.750 

0.864 
0.875 

1.000 
1.000 

. .. 



Nom 

Pipe 
Size 

18 
20 
24 
30 

A 

27 
30 
36 
45 

GENERAL INFORMATION 

TABLE D·2 

DIMENSIONS OF WELDING FlnlNGS 
--~--,--,---,-.----,--

ll~ 36 18 27 8 12 
12X 40 20 30 9 12 
15 48 24 36 lO!-) 12 
lay; 60 30 45 IOYl 

W 
Straight Tees 

21 
23 
27X 

Reducing Tees 

Short Radius Weld Ells 

--------r- --
Nom. Nom. NOIll. 

Pipe Outlet A D L 
Size 

Pipe Outlet A D L 
Size 

Pipe 
Size 

-~---- e----~- ---. 
1 1 IX ...... 
1 Y. IX lh 2 
1 Y, IX IX 2 

---._-- .-- --_. ---'--1-----
IX l~ lYe ..... 
l!;,t 1 lYe IVa 2 
l u u 1% 1% 2 " " IX Y, IVa lYe 2 

-. 
IX IX 2X .-.... 
l~ IX 2X 2X 2X 
lYz 1 2X 2~ 2X 
H'2 Y. 2X 2Y. 2Yz 
IX Y, 2X 2~ 2X 
2 2 2X ...... 
2 IX 2X 2% 3 
2 lX 2X 2X 3 
2 1 2Y, 2 3 
2 Y. Zy, l~ 3 

4 4 4Ya 
4 3X 4Ya 4 4 
4 3 4Ya lYe 4 
4 2Yz 4Va 3% 4 
4 2 4Ys 3Yi 4 
4 IX 4Ya 3% 4 

5 5 4Ya ..... 
5 4 4Ya 4% 5 
5 3X 4Ya 4Yi 5 
5 3 4Ya 4% 5 
5 2X 4Ya 47.1 5 
5 2 4Ya 4Ys 5 

6 6 5Ya 
6 5 5% 5% 5}2 
6 4 5% SYa Sy, 
6 3Yi SYa 5 Sy, 
6 3 5% 4?-~ SY, 
6 2Yi SYe 4% Sy, 

14 
14 
14 
I' 
14 

16 
16 
16 
16 
16 
16 

18 
18 
18 
18 
18 
18 

20 
ZX zX 3 ...... 
2Y, 2 3 2~ 3Y, 
2X IX 3 2% 3Yi zx lYA 3 2}l 3Yz 
ZX 1 3 2X 3Yi 

8 8 7 ...... 
8 6 7 6Ya 6 
8 5 7 6% 6 
8 4 7 6Ya 6 
8 3X 7 6 6 

20 
20 
20 
20 
20 

3 3 3% 
3 Zy, 3% ax ax 
3 2 3% 3 3X 
3 IX 3% 2Va 3Yi 
3 17.& 3% 2% 3Yi 

10 10 aX ...... 
10 8 8Yi B 7 
10 6 8Yi 7% 7 
10 5 8Yi 7l!, 7 
10 4 8Yi 7Y,l 7 

20 

24 
24 
2. 
24 

3X 3}1 3% ...... . ..... 
3X 3 3% 3% 4 
3!;i 2!11 3% 3Yi 4 
3X 2 3% 3X 4 

L1K lYz 3% 3Ya 4 -

12 I 12 10 ...... ...... 
12 

I 
10 10 sy, 8 

12 8 10 9 8 
12 6 10 8Va 8 
12 5 10 8X 8 

24 
2. 
24 

SECTION 9 

~ 

I 

QJ 
I---L--I 

Caps 

Stub Ends 

Con & Eee Rf!!dticers 

Outlet A D 

14 11 ...... 
12 11 10% 
10 11 IOYs 
8 11 s~ 
6 11 Sy. 

16 12 ...... 
14 12 12 
12 12 11% 
10 12 llYe 
8 12 10% 
6 12 lOYs 

18 13l!, ...... 
16 13l!, 13 
14 13l!, 13 
12 13l!, 12% 
10 13l!, I2Ye 
8 13V, ll~ 

20 15 
18 15 I4l1, 
16 15 14 
14 15 14 
12 15 13Ye 
10 15 13V, 
8 15 12% 

24 17 ...... 
20 17 17 
18 17 lSV, 
16 17 16 
I. 17 16 
12 17 15% 
10 17 lSYa 

Reptinled by permission of 
Taylor Forge. Pipe Works 

L 

. ..... 
13 
13 
13 
13 

...... 
I. 
14 
14 
14 
14 

. ..... 
15 
15 
15 
15 
15 

...... 
20 
20 
20 
20 
20 
20 

...... 
20 
20 
20 
20 
20 
20 

Standards Of The Tubular Exchanger Manufacturers Association 185 

c 

J 



SECTION 9 GENERAL INFORMATION 

TAILE D..a 

DIMENSIONS OF ASME STANDARD FLANGES 

WELDING NECK fLANGE 
(All Dimensions in Inches) 

THREADED FLANGE SLIP ON FLANGE 

LAP JOINT FLANGE 

~ foG 
I---A I 

BUND FLANGE: 

m ~/2Ji??iiiY/.J NT ® 
L=i~ 

150 LB. FLANGES 300 LB. FLANGES 

Nom. l.(j) 
Bolt No. and 

Pipe A T® Weld Thrd. Lap Clrcl. Size. of 
Size Neck Slip on 'olnl HoI •• 

l.(j) No. and Nom. 
A T® Bolt Size 01 Pipe Weld Thrd. Lap Circle 

Neck Slip on Joint Hole. Size 

y, 3Y2 K, lV. V- V- 2% 4.% 
l> 3y' Y, 2J), V- V- 2~ 4.y' 

I 4~ )(, 2l(, IU, 'K, 3V. 4.% 
1!1 4V- V- 2!-i 'l(, 'l(, 3Y.i 4·% 
IX 5 'K, zK, Va Va 3Ye 4·y' 

3~ )(, 2K, Yo Yo 2Ya 4-Ye Y, 
4V- % 2X I I 3Y. 4-~ l> 
4Va % 2K. IX'. IJ{, 3~ 4-~ I 
Sy. l> ~, 1", IK, 3Ya 4.:v. IX 
6y' 'J(, Il(, IJ(, 4X 4-Ya IV, 

2 6 % 272 I I 4% 4.% 
210 7 Va 2% lYe lYe Sy, 4.% 
3 7Y2 'l(, 2% HI', Il(, 6 4·% 
311 aY, 1~6 29<, IX; 1!1 7 8.% 
4 9 'J(, 3 IJ(, IJ(, 7!4 8·% 

6' , Va 2~ IJ(, IJ(, 5 9-% 2 " 7' , I 3 IX lYi sYs a-y' 2X 7, 
8~ IX 3Ye 11k', 11K, SVa a-y' 3 
9 IJ(, 3t1, l~ l~ 7X B-Y. 3X 

10 IX 3% IVa IVa 7Va S.y. • 
5 10 'J(, 3Yi 1~6 lU, ay, a.y' 
6 II I 3~) lr., 1)(, 9X 8.% 
8 ll!/, lYe 4 1% lY. 11% a·Va 

10 16 HI', 4 11~6 11~6 14}4 12·1 
12 19 IX 472 2J(, 2J(, 17 12·1 

II H, 3Va 2 2 9X S-Y. 5 
12X IU6 3y' 2U6 2U, 10Va 12.% 6 
15 IVa 4y' 2U6 2!{6 13 12·1 B 
17Y, IVa 4Va 2% 3~ ISy' IS-IVa 10 
20Y, 2 5Ya 2% 4 17% IS·IX 12 

14 21 IV. 5 2)4 3Ya 18% 12·IYe 
16 23Y, lU, 5 2Y2 3K, 21~ IS-IX 
IB 25 11(, 511 21J1, 31Jf, 22% 16·1~ 
20 27!1 }')1, 51'1, zVs "K6 25 20·n~ 
24 32 Irs 6 3Y..; 4Ya 29 72 20·1 Ya 

23 2Ys 5% 3 4% 20y' 20-IX I. 
251'2 2X 5~ 31/ 4~ 22!-'2 20-IVa 16 '. 2B 2Ya Sy' 3K SYa 24% 24·1% IB 
30Y, 2X Sy. 3% SK 27 24·1 Va 20 
36 2~ S% 4J(, 6 32 24-1% 24 

400 LB. FLANGES 600 LB. FLANGES 

Nom. l.(j) 
No. and 

Pipe A T® Boll Size of Weld Thrd. Lap Circle Size Neck Slip <.In Joinl Hoi •• 

L® No. and Nom. 
A T® Boll Size 01 Pipe Weld Thrd. Lap Circle 

Neck Slip on Joint Holes Size 

y, 3% )(, 2U, Va Va 2% 4.y' 
l> 4% V- 2X I I 3Y..; 4·% 

I 4!". 1Ji, 27(6 HIlt lJi, 3Y2 4.~ 
IX 5X 'J(. 2Ye lYe IV 3Ye 4.% -, 
I~ SYe Va 2~ IY.S IX 4~ 4-y' 

3y' 'i', 2!{, Va Va 2% 4-% V, 
4Va % 2X I I 3X 4-% l> 
4% % 2!{, l!{, IK, 311 4.% I 
S%I We 2% IVa lYe 3Va 4-% IX 
6Ys Yo 2% IY. IY,l 4!-'2 4-% IX 

2 SYi I 2% 1!{6 HI6 5 a.~ 
2!-2 7!1 IYs 3Ye 1% 1% SYs a.y' 
3 8~ l~ 3~ 19{, 19(6 Sy. 9-% 
3!-2 9 1% 3% 11~6 11~6 7~ 8·1 
4 10 1% 3~ 2 2 7Va 8·1 

611 I 2Ya l!{e IKe 5 9·% 2 
7Y, lYe 3Ye 1% IVa SYa 8-% 2V, 
Sy' l~ aX }IJ{, It;}(, BYe 9-% 3 
9 1% 3% 11~6 ll~, ?Y. B-1 3~ 

lay' IY, 4 2X 2Ya BY, 8·1 4 

5 II IX 4 2X 2Ys 9X 8·1 
6 12X IVa 4!{, 2~ 2~ 10% 12·1 
8 IS H~ 4% 21!{e 21!{6 13 12-IVa 

10 17X 2Ye 4% 2Va 4 15X 16-IX 
12 20K 2~ 5% 3Ye 4~ 17~ 16-1% 

13 1% 4Y, 2Ya 2% 10!-'2 a-lYa 5 
14 lYe 4Va 2% 2% llY, 12 lYe 6 
ISX 2J(, sY.; 3 3 13% 12-IY. B 
20 2X 6 3Ys 4% 17 16-1% 10 
22 2% 6y' 3% 4% 19y' 20-1% 12 

I. 23 2% 5% 3J(, 4% 20X 20-1 Va 
16 2SK 2!-2 6 31!{, 5 2211 20-111 
IB 28 2% SK 3Ye 5% 24~ 24·1Y, 
20 :JOy, 2~ S% 4 5~ 27 24-IVa 
24 36 3 S% 4Y; sX 32 24-1% 

23% 2% sy, 31!{6 5 20% 20-IX 14 
27 3 7 4J(, sX 23% 20-1% 16 
29y' 3X 7!;,i 4% 6 25% 20-1% IB 
32 3X 7Y, 5 6~ 28X 24-1% 20 
37 4 B 5X 711 33 24·2 24 

Reprinted by permission of Taylor Forge Be Pipe Works 
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GENERAL INFORMATION SECTION 9 

TABLE D.3-(Continued) 

DIMENSIONS OF ASME STANDARD FLANGES 

900 LB. FLANGES 
-- ~------,-

Nom L@ 
Pipe A T0 Weld Thrd. Lap Size 

Neck Slip on Joint 

, 
4~:;I Va 2% IX l~ " 

Yo SYa I 2~ LYe Ira 
I 5% I' • 2% lYe 1% " ll.l 6};1 lYe 2Ya lYe IX 
lYl 7 1),'4 3!{ 174 lY. 
2 8!1 lyi 4 2!t4 2h 
zh 9% IVa 4' • 2Y:.i 2h /, 
3 sh 172 4 2" 2Ya " 3/2 
4 Ill-) ly' .' . /, 27,; 2h 

-
5 13X 2 5 318 3' . i', 
6 15 2X, SYl 3% 378 
a 1871 zY2 6% 4 4~~ 

10 21!tl 2Y. 71.4 41.4 5 
12 24 3)1 7Va 4% 5% 

I' 25y' 378 aYe 519 6Ya 
16 27~ 311 aYi sy. 6!1 
la 31 4 " 6 7X 
20 33% 4X 9~ 6X ax 
24 41 5],) ll~'l 8 IDYl 

2500 LB. FLANGES 

Nom LOO 
Pipe A TOO Weld Lap Size Neck Thrd. Joint 

'" . , 5%1 },l{6 2% It,', 1 Y" 
y. 5)1 IX 3Ya }1J.l, 111{. 

I 6X 1% 3~"i IVa IVa 
IX 7Y.; IX 3% 2l{. 2J{, 
lY; a 1% 4% 2% 2% 

2 9!{ 2 5 2% 2Y. 
2X 107i 2X 5% 3Ya 3Ya 
3 12 2Ye BYe 3y' 3% 
4 14 3 7Y, 4%1 4%1 
5 ISY, 3% " SYa SYa 

6 I" 4X IO~ 6 6 
a 21% 5 12~ 7 7 

10 2S~ S~ ISY, " " 12 30 1%1 IBX 10 10 

No. and Bolt Size 01 Circle 
Holes A 

3y' 4-Va 
31 .- 4·Ve " 4 4~1 

4Ya 4·1 
41'8 4.1)16 

4% 
SYa 
5Ye 
Sy. 
7 

6~~ a·1 
7~ 8·1 ~8 
7\-1 a·1 

B}1 
9% 

1012 

9X 8-174 1214 
II a·IYa 
121'2 12·1~ 
lS~ 12·1}2 
18}l IS·IX 
21 20.IX 

14~ 
ISY, 
I" 
23 
2SX 

22 20.1% 
24!{ 20.1% 
27 20~2 

29Yi 20-2Ya 
3SX 20.2% 

2SY, 
32Y, 
36 
38~ 
46 

No. and Bolt Size of Circle Hole. 

3)1 4· 18 
3% 4· 18 
4X 4·1 
5Ye 4-1Ye 
5% 4·IX 

Sy. a.lYe 
7y' B.l~ 
9 8·Hs 
IO~ 8.1% 
12y' 8·IVa 

14Y, 8.2Va 
17%1 12.2Ye 
21%1 12·2% 
24% 12·2¥. 

1500 LB. FLANGES 

LOO No. and Nom 
TOO Bolt Size of Pipe Weld Thrd. Lap Cirde 

Neck Slip on loint Holes Size 

Va 2% IX IX 314 4·Va !-S 
I 2~ 1% 1% 3~ 4.Ya Y. 
lYe 2Ye IVa 1% 4 4~1 I 
lYe 2Ye 1% 1% 4% 4·1 IX 
IX 3%; 1% 1% 4Va 4·1Ya lYi 
1!1 4 2Y. 2X S}2 a·1 2 
1% 4Ya 2)1 2)1 7}2 B·lYe z.y, 
lYe 4% 2Ye 218 8 B·IX 3 

2Ye 4Ve 3U, 3U, 
3}2 

971 B.l% 4 

2Ve SYe 471 4Ya ll~ B 1% 5 
3X 6~ 4 1K, 4'J.<, 12X 12·I}2 6 
3% BY. SYa SYa 15X 12·1% 8 
4X 10 6~ 7 I" 12·2 10 
41'8 llYe 7Ye 8% 22X IS.2Ys 12 

sX 11~ ...... sY, 25 IS·2Ye 14 
5~ 12X ...... lOX 21% IS.2% 16 
6Ye 12Va ...... lOY, 30Y, IS.2Ye 18 
7 14 llY, 32% 16.3Ye 20 
8 16 ...... 13 39 16·3% 24 

(I) Bore to match schedule of altached 
pipe. 

(2) Includes 1/16" raised face in 150 
pound and 300 pound standard. 
Does not include raised face in 400. 
600. 900. 1500 and 2500 pound 
standard. 

(3) Inside pipe diameters are also pro­
vided by this table. 

Reprin1ed by permission of Taylor Forge & Pipe Works 

WELDING NECK FLANGE BORES<OOJ 
Nom. 

~ched. 
Double Nom. 

Pipe Outside Sched. Sched. tandord Sched. Schad Extra Schad. Sched. Sched. Sched. Sched. Extra Pipe 
Sh:e Diameter 10 20 30 Wall 40 60 Strong 80 100 120 140 160 Strong Size 

'h 0.840 0.622 0.622 0.54S 0.54S 0.466 0.2S2 ~, 
% 1.050 0.824 0.824 0.742 0.742 0.614 0.434 I Y. I 1.315 1.049 1.049 0.957 0.957 0.815 0.599 

IV, I.SSO ... 1.380 1.380 1.278 1.278 1.160 0.896 III ... 
IIIz 1.900 1.610 I.SI0 I.S00 1.500 1.338 1.100 1112 
2 2.375 2.067 2.067 1.939 1.939 1.689 1.503 2 
21/2 2.875 2.469 2.469 2.323 2.323 ... ... 2.125 1.771 2112 
3 3.500 3.068 3.068 2.900 2.900 2.624 2.300 3 
31Jz 4.000 3.548 3.548 3.364 3.364 31h 

• 4.500 4.026 4.026 3.826 3.826 3.624 3.438 3.152 4 
5 5.563 5.047 5.047 4.813 4.813 4.563 4.313 4.063 5 
6 6.625 6.065 6.065 5.761 5.761 

7:439 
5.501 

7:001 
5.189 4.897 6 

8 8.625 8.125 8.071 7.981 7.98\ 7.813 7.625 7.625 7.189 6.813 6.875 8 
10 10.750 ... 10.250 10.136 10.020 10.020 9.750 9.750 9.564 9.314 9.064 8.750 B.500 10 
12 12.750 12.250 12.090 12.000 11.938 11.626 11. 750 11.376 11.064 10.750 10.500 10.126 12 
14 14.000 13.500 \3.375 13.250 13.250 13.124 12.814 13.000 12.500 12.126 11.814 11.500 11.188 14 
16 IS.000 15.500 15.375 15.250 15.250 15.000 lUi88 15.000 1'.31. 13.939 13.564 13.124 12.8\4 16 
18 18.000 17.500 17.375 17.124 17.250 16.876 16.500 17.000 16.126 15.688 15.250 14.876 14.438 18 
20 20.000 19.500 19.250 19.000 19.250 18.814 18.376 19.000 17.938 17.438 17.000 16.500 16.0S4 20 
24 24.000 23.500 23.250 22.876 23.250 1'2.626 22.064 23.000 21.564 20.938 20.376 19.876 19.314 24 
30 30.000 29.316 29.000 28.750 29.250 29.000 30 
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SECTION 9 

Bolt 
Size 
d, 

V, 

% 

% 

V. 

1 

1Y, 

1% 

1% 

IV, 

1% 

1% 

1% 

2 

2% 

1V, 

2% 

3 

314 

3V, 

3% 

4 

188 

GENERAL INFORMATION 

TABLE 0-5 

BOLTING DATA - RECOMMENDED MINIMUM 

(All Dimensions in Inches Unless Noted) 

Threads Nut Dimensions 
Bolt Radial Radial Edge 

No. of Root AcrolS Across Spacing Distance Distance Distance 
Threads Area In.: Flats Carners • R, R, E 

13 0.126 % 0.969 IV. 13A6 % % 

11 0.101 PA6 1.175 1% 15/16 % % 

10 0.301 l~ 1.383 1% 1\1 1311.& 13/i, 

9 0.419 Fits 1.589 21lts 1114 15ft6 15ft& 

8 0.551 1% 1.796 2'14 HI lllt6 Pits 

8 0.718 113116 1.001 2YJ Ilh 1\1 1\1 

8 0.919 1 1.109 21¥is 1% 1114 1114 

8 1.155 2¥t6 1.416 3'As 1% 1% 1% 

8 1.405 1% 1.621 3\4 1 1% IV, 

8 1.680 2%6 1.828 31'2 1\1 1% 

8 1.980 1% 3.035 3% 2114 m 
8 1.304 210/16 3.141 4 1% HI 

8 1.651 3% 3.449 4Y4 1V, 1 

8 3.423 31'2 3.861 4% 1% 271 

8 4.291 3% 4.175 5114 31fls 2% 

8 5.159 41'4 4.688 5% 3% 2% 

8 6.324 4% 5.101 614 3% 2% 

8 7.487 5 5.515 6% 3% 3 

8 8.749 5% 5.918 7\\ 4\1 3Y4 

8 10.108 5% 6.341 7% 47As 3% 

8 11.566 6\\ 6.755 8\\ 4% 3% 

Wrench 
Diam-
eter 

" 
B1 

1% 

21As 

2% 

2% 

2Vs 

314 

3Y2 

3% 

4 

4114 

4% 

4% 

5Y4 

5¥S 

61'2 

7 

7V. 

8 

8% 

9 

Nut dimensions are based on American National Standard B18.2.2 

Bolt 
Size 
d, 

V, 

% 

% 

V. 

1 

IVs 

IV-! 

1% 

Ph 

1% 

1% 

1 VB 

1 

1\\ 

1V, 

1% 

3 

3\4 

3V, 

3% 

4 

Threads are National Coarse series below I inch and eight-pitch thread series I inch and above. 

B 
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Bolt Size 
dB 

M12 

M16 

M20 

M22 

M24 

M27 

M30 

M36 

M42 

M48 

M56 

M64 

M72 

Mao 

M90 

M100 

Pitch 

1.75 

2.00 

2.50 

2.50 

3.00 

3.00 

3.50 

4.00 

4.50 

5.00 

5.50 

6.00 

6.00 

6.00 

6.00 

6.00 

GENERAL INFORMATION 

TABLE D-SM 

METRIC BOLTING DATA - RECOMMENDED MINIMUM 

(All Dimensions in Millimeters Unless Noted) 

Threads Nut Dimensions 

Root~ea Across Flats Across Bolt Radial Radial 
(mm) Corners Spacing Distance Distance 

B Rh Rr 

72.398 21.00 24.25 31.75 20.64 15.88 

138.324 27.00 31.18 44.45 28.58 20.64 

217.051 34.00 39.26 52.39 31.75 23.81 

272.419 36.00 41.57 53.98 33.34 25.40 

312.748 41.00 47.34 58.74 36.51 28.58 

413.852 46.00 53.12 63.50 38.10 29.00 

502.965 50.00 57.74 73.03 46.04 33.34 

738.015 60.00 69.28 84.14 53.97 39.69 

1018.218 70.00 80.83 100.00 61.91 

1342.959 80.00 92.38 112.71 68.26 

1862.725 90.00 103.92 127.00 76.20 

2467.150 100.00 115.47 139.70 84.14 

3221.775 110.00 127.02 155.58 88.90 

4076.831 120.00 138.56 166.69 93.66 

5287.065 135.00 155.88 188.91 107.95 

6651.528 150.00 173.21 207.98 119.06 

SECTION 9 

Edge Bolt Size 
Distance dB 

E 

15.88 M12 

20.64 M16 

23.81 M20 

25.40 M22 

28.58 M24 

29.00 M27 

33.34 M30 

39.69 M36 

49.21 M42 

55.56 M48 

83.50 M56 

66.68 M64 

69.85 M72 

74.61 M80 

84.14 M90 

93.66 M100 

8 
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190 

GENERAL INFORMATION 

0-6 
TABLES FOR 

PRESSURE-TEMPERATURE RATINGS 
FOR VALVES, FITTINGS, AND FLANGES 

INTRODUCTORY NOTES 

1. Products used within the jurisdiction of the ASME Boiler and Pressure 
Vessel Code and the ASME Standard for pressure piping are subject to the 
maximum temperature and stress limitations upon the material and piping stated 
therein. 

2. The ratings at _20 0 F to 100 0 F, given for the materials covered on pages 
194 to 229 inclusive, shall also apply at lower temperatures. The ratings for low 
temperature service of the cast and forged materials listed in ASTM A352 and 
A350 shall be taken the same as the -20 0 F to 100 0 F ratings for carbon steel on 
pages 194 to 229 inclusive. 

Some of the materials listed in the rating tables undergo a decrease in impact 
resistance at temperatures lower than -20 0 F to such an extent as to be unable to 
safely resist shock loadings, sudden changes of stress or high stress 
concentrations. Therefore, products that are to operate at temperatures below 
-20 0 F shall conform to the rules of the applicable Codes under which they are to 
be used. 

3. The pressure-temperature ratings in the tables apply to all products 
covered by this ASME Standard. Valves conforming to the requirements of this 
ASME Standard must, in other respects, merit these ratings. 

All ratings are the maximum allowable nonshock pressures (psig) at the 
tabulated temperature (degrees F) and may be interpolated between the 
temperatures shown. The primary service pressure ratings (150, 300, 400, 600, 
900, 1500, 2500) are those at the head of the tables and shown in bold face type in 
the body of the tables. 

Temperatures (degrees F) shown in the tables, used in determining these 
rating tables, were temperatures on the inside of the pressure retaining structure. 

The use of these ratings require gaskets conforming to the requirements of 
Paragraph 5.4 of ASME B16.5-(1996). The user is responsible for selecting gaskets 
of dimensions and materials to withstand the required bolt loading without 
injurious crushing, and suitable for the service conditions in all other respects. 

Reference: American Society of Mechanical Engineers Standard Steel Pipe Flanges and Flanged 
Fittings (ASME Standard 616.5-(1996 and 1998)) reprinted with the permission of The American 
Society of Mechanical Engineers, United Engineering Center, 345 E. 47th Stre_et, New York, NY 
10017. All rights reserved. 
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Material 
Group 

1.1 

1.2 

1.3 

1.4 

1.5 

1.7 

1.9 

1.10 

1.13 

1.14 

1.15 

2.1 

2.2 

2.3 

2.4 

GENERAL INFORMATION SECTION 9 

TABLE 1A LIST OF MATERIAL SPECIFICATIONS 

Pressure- Applicable ASTM Specifications 1 

Nominal Temperature 
Designation Rating Tabla Forgings Castings Plates 

C-Si 2-1.1 A 105 A 216 Gr. wca A 515 Gr. 70 
C-Mn-Si A 350 Gr. lF2 A 516 Gr. 70 

A537CI.l 
C-Mn-Si-V A 350 Gr. lF6 CI. 1 

C-Mn-Si 2-1.2 A 216 Gr. WCC 
A 352 Gr. lCC 

C-Mn-Si-V A 350 Gr. lF6 CI. 2 
2YzNi A 352 Gr.lC2 A 203 Gr. a 
3YzNi A 350 Gr.lF3 A 352 Gr. lC3 A 203 Gr. E 

C-Si 2-1.3 A 352 Gr.lCa A 515 Gr. 65 
C-Mn-Si A 516 Gr. 65 
2'hNi A 203 Gr. A 
3VzNi A 203 Gr. 0 

C-Si 2-1.4 A 515 Gr. 60 
C-Mn-Si A 350 Gr. lFl CI. 1 A 516 Gr. 60 

C-YzMo 2-1.5 A lB2 Gr. Fl A 217 Gr. WCl A 204 Gr. A 
A 352 Gr. lCl A 204 Gr. a 

C-Y2Mo 2-1.7 A 204 Gr. C 
%Cr-YzMo A lB2 Gr. F2 
Ni-YzCr-VzMo A 217 Gr. WC4 
3/4Ni-3/4Cr-1Mo A 217 Gr. WC5 

lCr-%Mo 2-1.9 A lB2 Gr. F12 CI. 2 
1Y.Cr-YzMo A 217 Gr. WC6 
l%Cr-YzMo-Si A lB2 Gr. Fll CI. 2 A3B7Gr.ll CI.2 

2Y.Cr-1Mo 2-1.10 A lB2 Gr. F22 CI. 3 A 217 Gr. WC9 A 3B7 Gr. 22 CI. 2 

5Cr-%Mo 2-1.13 A lB2 Gr. F5 
A lB2 Gr. F5a A 217 Gr. C5 

9Cr-1Mo 2-1.14 A lB2 Gr. F9 A 217 Gr. C12 

9Cr-1Mo-V 2-1.15 A lB2 Gr. F91 A 217 Gr. C12A A 387 Gr. 91 CI. 2 

lBCr-BNi 2-2.1 A lB2 Gr. F304 A 351 Gr. CF3 A 240 Gr. 304 
A lB2 Gr. F304H A 351 Gr. CFB A 240 Gr. 304H 

16Cr-12Ni-2Mo 2-2.2 A lB2 Gr. F316 A 351 Gr. CF3M A 240 Gr. 316 
A lB2 Gr. F316H A 351 Gr. CFBM A 240 Gr. 316H 

18Cr-13Ni-3Mo A 240 Gr. 317 
19Cr-l0Ni-3Mo A 351 Gr. CGSM 

lBCr-SNi 2-2.3 A lB2 Gr. F304l A 240 Gr. 304l 
16Cr-12Ni-2Mo A lB2 Gr. F316l A 240 Gr. 316l 

lBCr-l0Ni-Ti 2-2.4 A lB2 Gr. F321 A 240 Gr. 321 
A 182 Gr. F321H A 240 Gr. 321H 

Reprinted from ASME B16.5-1996 and 1998, by permission of The American Society of Mechanical 
Engineers. All rights reserved 
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Material 
Group 

2.5 

2.6 

2.7 

2.B 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.B 

3.9 

3.10 

3.11 

3.12 

192 

TABLE 1A UST OF MATERIAL SPECIFICATIONS (CONT'D) 

Pressure- Applicable ASTM Specifications' 
Nominal Temperature 

Designation Roting T obi. Forgings Castings Plates 

lBCr-l0Ni-Cb 2-2.5 A lB2 Gr. F347 A 351 Gr. CFBC A 240 Gr. 347 
A lB2 Gr. F347H A 240 Gr. 347H 
A lB2 Gr. F348 A 240 Gr. 348 
A lB2 Gr. F34BH A 240 Gr. 348H 

25Cr-12Ni 2-2.6 A 351 Gr. CHB 
A 351 Gr. CH20 

23Cr-12Ni A 240 Gr. 3095 
A 240 Gr. 309H 

25Cr-20Ni 2-2.7 A lB2 Gr. F310 A 351 Gr. CK20 A 240 Gr. 3105 
A 240 Gr. 310H 

20Cr-1BNi-6Mo 2-2.B A lB2 Gr. F44 A 351 Gr. CK3MCuN A 240 Gr. 531254 
22Cr-5Ni-3Mo-N A lB2 Gr. F51 A 240 Gr. 531803 
25Cr-7Ni-4Mo-N A lB2 Gr. F53 A 240 Gr. 532750 
24Cr-l0Ni-4Mo-V A 351 Gr. CEBMN 
25Cr-5Ni-2Mo-3Cu A 351 Gr. CD4MCu 
25Cr-7Ni-3.5Mo-W-Cb A 351 Gr. 

CD3MWCuN 
25Cr-7Ni-3.5Mo-N-Cu -W A lB2 Gr. F55 A 240 Gr. 532760 

35Ni-35Fe-20Cr-Cb 2-3.1 B 462 Gr. NOB020 B 463 Gr. NOB020 

99.0Ni 2-3.2 B 160 Gr. N02200 B 162 Gr. N02200 

99.0Ni-Low C 2-3.3 B 160 Gr. N02201 B 162 Gr. N02201 

67Ni-30Cu 2-3.4 B 564 Gr. N04400 B 127 Gr. N04400 
67Ni-30Cu-5 B 164 Gr. N04405 

72Ni-15Cr-BFe 2-3.5 B 564 Gr. N06600 B 16B Gr. N06600 

33Ni-42Fe-2Kr 2-3.6 B 564 Gr. NOB800 B 409 Gr. NOBBOO 

65Ni-2BMo-2Fe 2-3.7 B 335 Gr. Nl0665 B 333 Gr. N10665 

54Ni-16Mo-15Cr 2-3.8 B 564 Gr. Nl0276 B 575 Gr. N10276 
60Ni-22Cr-9Mo-3.5Cb B 564 Gr. N06625 B 443 Gr. N06625 
62Ni-28Mo-5Fe B 335 Gr. Nl000l B 333 Gr. Nl000l 
70Ni-16Mo-7Cr-5Fe B 573 Gr. Nl0003 B 434 Gr. Nl0003 
61Ni-16Mo-16Cr 8 574 Gr. N06455 B 575 Gr. N06455 
42Ni-21.5Cr-3Mo-2.3Cu B 564 Gr. N08B25 B 424 Gr. N08825 

47Ni-22Cr-9Mo-18Fe 2-3.9 B 572 Gr. N06002 B 435 Gr. N06002 

25Ni-46Fe-21Cr-5Mo 2-3.10 B 672 Gr. N08700 B 599 Gr. N08700 

44Fe-25Ni-21Cr-Mo 2-3.11 B 649 Gr. N08904 B 625 Gr. N08904 

26Ni-43Fe-22Cr-5Mo 2-3.12 B 621 Gr. N08320 B 620 Gr. N08320 
47Ni-22Cr-20Fe-7Mo B 581 Gr. NOO985 B 582 Gr. N069B5 

(Table fA continues on next page,' Notes follow at end of Table) 

Reprinted from ASME B16.5-1996 and 1998, by permission of The American Seciety of Mechanical 
Engineers. AU rights reserved 
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GENERAL INFORMATION SECTION 9 

TABLE 1A LIST OF MATERIAL SPECIFICATIONS (CONT'D) 

Pressur.- Applicable ASTM Specifications 1 

Material Nominal T emper.tura 
Group Designation Rating rabl. Forgings Castings Plates 

3.13 49Ni-25Cr-18Fe-6Mo 2·3.13 B 581 Gr. N06975 B 5B2 Gr. N06975 
Ni-Fe-Cr-Mo-Low Cu B 564 Gr. N08031 B 625 Gr. N08031 

3.14 47Ni-22Cr-19Fe-6Mo 2-3.14 B 581 Gr. N06007 B 582 Gr. N06007 

3.15 33Ni-42Fe-21Cr 2-3.15 B 564 Gr. N08810 B 409 Gr. N08810 

3.16 35Ni-19Cr-l y'Si 2-3.16 B 511 Gr. N08330 B 536 Gr. N08330 

3.17 29Ni-20.5Cr-3.5Cu-2.5Mo 2-3.17 A 351 Gr. CN7M 

GENERAL NOTES: 
(al For temperature limitations, see Notes in Table 2. 
(b) Plate materials are listed only for use as blind flanges (see para. 5.1). Additional plate materials listed in ASME 816.34 

may also be used with corresponding B 16.34 Standard Class ratings. 
(el Material Groups not listed in Table 1A are intended for use in valves. See ASME S16.34. 

NOTE: 
(1) ASME Boiler and Pressure Vessel Code, Section II materials, which also meet the requirements of the listed ASTM speci· 

ficatians. may also be used. 

Reprinted from ASME B16.5-1996 and 1998, by permission of The American Society of Mechanical 
Engineers. All rights reserved 
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Class 
Temp., OF 

-20 to 100 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 

194 

GENERAL INFORMATION 

TABLES 2 
PRESSURE-TEMPERATURE RATINGS FOR 
GROUPS 1.1 THROUGH 3.17 MATERIALS 

TABLE 2-1.1 RATINGS FOR GROUP 1.1 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

e-Si A 105 111 A 216 Gr. WeB 111 A 515 Gr. 70 111 

e-Mn-Si A 350 Gr. LF2 111 A 516 Gr. 70 111121 
A 537 el. 1 131 

e-Mn-Si-V A 350 Gr. LF6 el. 1 141 

NOTES: 
(1) Upon prolonged exposure to temperatures above 80QoF, the carbide phase of steel may be 

converted to graphite. Permissible. but not recommended for prolonged use above BOO°F. 
(2) Not to be used over 850°F. 
131 Not to be used over 700°F. 
(4) Not to be used over 50QoF. 

WORKING PRESSURES BY CLASSES pSig 

150 300 400 600 900 1500 

285 740 990 1480 2220 3705 
260 675 900 1350 2025 3375 
230 655 875 1315 1970 3280 
200 635 845 1270 1900 3170 
170 600 800 1200 1795 2995 

140 550 730 1095 1640 2735 
125 535 715 1075 1610 2685 
110 535 710 1065 1600 2665 
95 505 670 1010 1510 2520 
80 410 550 825 1235 2060 

65 270 355 535 805 1340 
50 170 230 345 515 860 
35 105 140 205 310 515 
20 50 70 105 155 260 . 

Reprinted from ASME B 16.5-1996 and 1998, by permission of The American Society of Mechanical 
Engineers. All rights reserved 
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2500 

6170 
5625 
5470 
5280 
4990 

4560 
4475 
4440 
4200 
3430 

2230 
1430 
860 
430 



Cle.s 
Temp .• ·F 

GENERAL INFORMATION 

TABLE 2-1.2 RATINGS FOR GROUP 1.2 MATERIALS 

Nomine' 
Designation Forgings Cestings Plete. 

C-Mn-Si A 216 Gr. WCC (1) 
A 352 Gr. LCC (2) 

C-Mn-Si-V A 350 Gr. LF6 CI. 2 (3) 

2%Ni A 352 Gr. LC2 A 203 Gr. B (1) 

3%Ni A 350 Gr. LF3 A 352 Gr. LC3 A 203 Gr. E (1) 

NOTES: 
(1) Upon prolonged exposure to temperatures above BOO°F, the carbide phase of steel may be 

converted to graphite. Permissible, but not recommended for prolonged use above 800°F. 
(2) Not to be used over 650·F. 
(3) Not to be used over 500°F. 

WORKING PRESSURES BY CLASSES psig 

150 300 400 600 900 1500 

-20 to 100 290 750 1000 1500 2250 3750 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 

260 750 1000 1500 2250 3750 
230 730 970 1455 2185 3640 
200 705 940 1410 2115 3530 
170 665 885 1330 1995 3325 

140 605 805 1210 1815 3025 
125 590 785 1175 1765 2940 
110 570 755 1135 1705 2840 
95 505 670 1010 1510 2520 
80 410 550 825 1235 2060 

65 270 355 535 805 1340 
50 170 230 345 515 860 
35 105 140 205 310 515 
20 50 70 105 155 260 

Reprinted from ASME B16.5-1996 and 1998. by permission of Tho American Society of Mechanical 
Engineers. All rights reserved 
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2500 

6250 
6250 
6070 
5880 
5540 

5040 
4905 
4730 
4200 
3430 

2230 
1430 
860 
430 
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Class 
Temp., OF 

TABLE 2·1.3 RATINGS FOR GROUP 1.3 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

C-Si A 352 Gr. LCB (3) A 515 Gr. 65 II) 

C-Mn-Si A 516 Gr. 65 (1)(2) 

2%Ni A 203 Gr. A II) 

3%Ni A 203 Gr. 0 II) 

NOTES: 
(1) Upon prolonged exposure to temperatures above BOOOF, the carbide phase of steel may be 

converted to graphite. Permissible, but not recommended for prolonged use above BOO°F. 
(2) Not to be used over 850°F. 
(3) Not to be used over 650°F. 

WORKING PRESSURES BY CLASSES. psig 

150 300 400 600 900 1500 

-20 to 100 265 695 925 1390 2085 3470 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 

250 655 875 1315 1970 3280 
230 640 850 1275 1915 3190 
200 620 825 1235 1850 3085 
170 585 775 1165 1745 2910 

140 535 710 1065 1600 2665 
125 525 695 1045 1570 2615 
110 520 690 1035 1555 2590 
95 475 630 945 1420 2365 
80 390 520 780 1175 1955 

65 270 355 535 805 1340 
50 170 230 345 515 860 
35 lOS 140 205 310 515 
20 50 70 lOS 155 260 

Reprinted from ASME B16.S-1996 and 1998. by permission of The American Society of Mechanical 
Engineers. All rights rBs8IVed 

2500 

5785 
5470 
5315 
5145 
4850 

4440 
4355 
4320 
3945 
3260 

2230 
1430 
860 
430 
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Class 

GENERAL INFORMATION 

TABLE 2-1.4 RATINGS FOR GROUP 1 4 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

C-Si A 515 Gr. 60 (1) 

C-Mn-Si A 350 Gr. LFI. CI. 1 (1) A 516 Gr. 60 (1112) 

NOTES: 
(1) Upon prolonged exposure to temperatures above 800°F, the carbide phase of steel may be 

converted to graphite. Permissible. but not recommended for prolonged use above 800°F. 
(2) Not to be used over 850'F. 

WORKING PRESSURES BY CLASSES psig 

Temp., of 150 300 400 600 900 1500 

-20 to 100 235 620 825 1235 1850 3085 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 

215 560 750 1125 1685 2810 
210 550 730 1095 1640 2735 
200 530 705 1060 1585 2645 
170 500 665 995 1495 2490 

140 455 610 915 1370 2285 
125 450 600 895 1345 2245 
110 450 600 895 1345 2245 
95 445 590 885 1325 2210 
80 370 495 740 1110 1850 

65 270 355 535 805 1340 
50 170 230 345 515 860 
35 105 140 205 310 515 
20 50 70 105 155 260 

Reprinted from ASME 816.5--1996 and 1998, by permission of The American Society of Mechanical 
Engineers. All rights reserved 
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2500 

5145 
4680 
4560 
4405 
4150 

3805 
3740 
3740 
3685 
3085 

2230 
1430 
860 
430 
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198 

Cless 
Temp.; ·F 

TABLE 2-1.5 RATINGS FOR GROUP 1.5 MATERIALS 

Nominal 
Designation forgings Castings Plates 

C-'!,Mo A 182 Gr. F1 11) A 217 Gr. WC1 (1)(2) A 204 Gr. A (1) 
A 352 Gr. LC1 13) A 204 Gr. B 11) 

NOTES: 
(1) Upon prolonged exposure to temperatures above 875°F, the carbide phase of carbon-molyb· 

denum steel may be converted to graphite. Permissible. but not recommended for prolonged 
use above 875°F. 

(2) Use normalized and tempered material only. 
13) Not to be used over 650"F. 

WORKING PRESSURES BY CLASSES psig . 
150 300 400 600 900 1500 

-20 to 100 265 695 925 1390 2085 3470 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 

260 680 905 1360 2035 3395 
230 655 870 1305 1955 3260 
200 640 855 1280 1920 3200 
170 620 830 1245 1865 3105 

140 605 805 1210 1815 3025 
125 590 785 1175 1765 2940 
110 570 755 1135 1705 2840 
95 530 710 1OS5 1595 2660 
80 510 675 1015 1525 2540 

65 485 650 975 1460 2435 
50 450 600 900 1350 2245 
35 280 375 560 845 1405 
20 165 220 330 495 825 

Reprinted from ASME 616.5-1996 and 1996, by permission of The American Society of Mechanical 
Engineers. All rights reserved 
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5785 
5660 
5435 
5330 
5180 

5040 
4905 
4730 
4430 
4230 

4060 
3745 
2345 
1370 



Class 
Temp., of 

GENERAL INFORMATION 

TABLE 2-1.7 RATINGS FOR GROUP 1 7 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

C-%Mo A 204 Gr. C (1) 

%Cr-Y2Mo A 182 Gr. F2 (3) 

Ni-V2Cr-%Mo A 217 Gr. WC4 (2)(3) 

3/4Ni-3/4Cr-1Mo A 217 Gr. WC5 (2) 

NOTES: 
(1) Upon prolonged exposure to temperatures above 875°F, the carbide phase of carbon-molyb­

denum steel may be converted to graphite. Permissible. but not recommended for prolonged 
use above 875°F. 

(2) Use normalized and tempered material only. 
13) Not to be used over 1000°F. 

WORKING PRESSURES BY CLASSES paig . 
1S0 300 400 600 900 1S00 

-20 to 100 290 750 1000 1500 2250 3750 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

260 750 1000 1500 2250 3750 
230 720 965 1445 2165 3610 
200 695 925 1385 2080 3465 
170 665 885 1330 1995 3325 

140 605 80S 1210 1815 3025 
125 590 785 1175 1765 2940 
110 570 755 1135 1705 2840 
95 530 710 1065 1595 2660 
80 510 675 1015 1525 2540 

65 485 650 975 1460 2435 
50 450 600 900 1350 2245 
35 315 420 630 945 1575 
20 200 270 405 605 1010 
... 160 210 315 475 790 

Reprinted from ASME BI6.5-1996 and 1998. by permission of The American Scciety of Mechanical 
Engineers. All rights reserved 
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2S00 

6250 
6250 
6015 
5775 
5540 

5040 
4905 
4730 
4430 
4230 

4060 
3745 
2630 
1685 
1315 
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Class 
Temp .• of 

TABLE 2-1.9 RATINGS FOR GROUP 1.9 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

lCr-%Mo A 182 Gr. F12 el. 2 (1)(2) 

1Y4Cr-Y2Mo A 217 Gr. We6 (1)(3) 

1Y4Cr-%Mo A 182 Gr. Fll el. 2 (1)(2) A 387 Gr. 11 el. 2 (2) 

NOTES: 
(1) Use normalized and tempered material only. 
(2) Permissible, but not recommended for prolonged use above l100"F. 
(3) Not to be used over 110QoF. 

WORKING PRESSURES BY CLASSES. psig 

150 300 400 600 900 1500 

-20 to 100 290 750 1000 1500 2250 3750 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 

260 750 1000 1500 2250 3750 
230 720 965 1445 2165 3610 
200 695 925 1385 2080 3465 
170 665 885 1330 1995 3325 

140 605 805 1210 1815 3025 
125 590 785 1175 1765 2940 
110 570 755 1135 1705 2840 
95 530 710 1065 1595 2660 
80 510 675 1015 1525 2540 

65 485 650 975 1460 2435 
50 450 600 900 1350 2245 
35 320 425 640 955 1595 
20 215 290 430 650 1080 
... 145 190 290 430 720 

... 95 130 190 290 480 

... 60 80 125 185 310 

... 40 50 75 115 190 

Reprinted from ASME 616.5-1996 and 1998, by permission of The American Society of Mechanical 
Engineers. All rights reserved 

2500 

6250 
6250 
6015 
5775 
5540 

5040 
4905 
4730 
4430 
4230 

4060 
3745 
2655 
1800 
1200 

800 
515 
315 
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Class 

GENERAL INFORMATION 

TABLE 2-1.10 RATINGS FOR GROUP 1 10 MATERIALS 

Nominal 
Designation Forgings Castings 

2%Cr-1Mo A 182 Gr. F22 CI. 3 (21 A 217 Gr. WC9 (1)(31 

NOTES: 
(ll Use normalized and tempered material only, 
(2) Permissible, but not recommended for prolonged use above 1100"F. 
(31 Not to be used over 1100°F. 

WORKING PRESSURES BY CLASSES, psig 

Plates 

A 387 Gr. 22 CI. 2 (21 

Temp., of 150 300 400 600 900 1500 

-20 to 100 290 750 1000 1500 2250 3750 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 

260 750 1000 1500 2250 3750 
230 730 970 1455 2185 3640 
200 705 940 1410 2115 3530 
170 665 885 1330 1995 3325 

140 605 805 1210 1815 3025 
125 590 785 1175 1765 2940 
110 570 755 1135 1705 2840 
95 530 710 1065 1595 2660 
80 510 675 1015 1525 2540 

65 485 650 975 1460 2435 
50 450 600 900 1350 2245 
35 375 505 755 1130 1885 
20 260 345 520 780 1305 
'" 175 235 350 525 875 

... 110 145 220 330 550 

... 70 90 135 205 345 

... 40 55 80 125 205 
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2500 

6250 
6250 
6070 
5880 
5540 

5040 
4905 
4730 
4430 
4230 

4060 
3745 
3145 
2170 
1455 

915 
570 
345 
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SECTION 9 GENERAL INFORMATION 

TABLE 2-113 RATINGS FOR GROUP 113 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

5Cr-%Mo A 182 Gr. F5 
A 182 Gr. F5a A 217 Gr. C5 11) 

NOTE: 
(1) Use normalized and tempered material only. 

WORKING PRESSURES BY CLASSES psig . 
Class 

Temp .. of 150 300 400 600 900 1500 

-20 to 100 290 750 1000 1500 2250 3750 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 

260 745 995 1490 2235 3725 
230 715 955 1430 2150 3580 
200 705 940 1410 2115 3530 
170 665 885 1330 1995 3325 

140 605 805 1210 1815 3025 
125 590 785 1175 1765 2940 
110 570 755 1135 1705 2840 
95 530 705 1055 1585 2640 
80 510 675 1015 1525 2540 

65 485 645 965 1450 2415 
50 370 495 740 1110 1850 
35 275 365 550 825 1370 
20 200 265 400 595 995 

" . 145 190 290 430 720 

" . 100 135 200 300 495 
" . 60 80 125 185 310 
" . 35 45 70 105 170 

Reprinted from ASME 816.5-1996 and 1999, by permission of The American Society of Mechanical 
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2500 

6250 
6205 
5965 
5880 
5540 

5040 
4905 
4730 
4400 
4230 

4030 
3085 
2285 
1655 
1200 

830 
515 
285 
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GENERAL INFORMATION 

TABLE 2-1.14 RATINGS FOR GROUP 1.14 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

9Cr-1Mo A 182 Gr. F9 A 217 Gr. C12 11) 

NOTE: 
(1) Use normalized and tempered material only. 

WORKING PRESSURES BY CLASSES. psig 

Class 
Temp., "F 150 300 400 600 900 1500 

-20 to 100 290 750 1000 1500 2250 3750 
200 260 750 1000 1500 2250 3750 
300 230 730 970 1455 2185 3640 
400 200 705 940 1410 2115 3530 
500 170 665 885 1330 1995 3325 

600 140 605 805 1210 1815 3025 
650 125 590 785 1175 1765 2940 
700 110 570 755 1135 1705 2840 
750 95 530 710 1065 1595 2660 
800 80 510 675 1015 1525 2540 

850 65 485 650 975 1460 2435 
900 50 450 600 900 1350 2245 
950 35 375 505 755 1130 1885 

1000 20 255 340 505 760 1270 
1050 ... 170 230 345 515 855 

1100 ... 115 150 225 340 565 
1150 ... 75 100 150 225 375 
1200 ... 50 70 105 155 255 

Reprinted from ASME 816.5-1996 and 1998, by permission of The American Society of Mechanical 
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2500 

6250 
6250 
6070 
5880 
5540 

5040 
4905 
4730 
4430 
4230 

4060 
3745 
3145 
2115 
1430 

945 
630 
430 
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SECTION 9 GENERAL INFORMATION 

Class 
remp., of 

-20 to 100 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 

204 

TABLE 2-115 RATINGS FOR GROUP 115 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

9Cr-1Mo-V A 182 Gr. F91 A 217 Gr. C12A A 387 Gr. 91 CI. 2 

WORKING PRESSURES BY CLASSES psig 

150 300 400 600 900 1500 

290 750 1000 1500 2250 3750 
260 750 1000 1500 2250 3750 
230 730 970 1455 2185 3640 
200 705 940 1410 2115 3530 
170 665 885 1330 1995 3325 

140 605 805 1210 1815 3025 
125 590 785 1175 1765 2940 
110 570 755 1135 1705 2840 
95 530 710 1065 1595 2660 
80 510 675 1015 1525 2540 

65 485 650 975 1460 2435 
50 450 600 900 1350 2245 
35 385 515 715 1160 1930 
20 365 485 725 1090 1820 
... 360 480 720 1080 1800 

... 300 400 605 905 1510 

... 225 295 445 670 1115 

... 145 190 290 430 720 
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2500 

6250 
6250 
6070 
5880 
5540 

5040 
4905 
4730 
4430 
4230 

4060 
3745 
3220 
3030 
3000 

2515 
1855 
1200 
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Class 
Temp., DF 

-20 to 100 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 
1250 
1300 

1350 
1400 
1450 
1500 

GENERAL INFORMATION 

TABLE 2-2.1 RATINGS FOR GROUP 2.1 MATERIALS 

Nominal 
De.ignation Forgings Castings Plat •• 

18Cr-8Ni A 182 Gr. F304 {II A 351 Gr. CF3 {21 A 240 Gr. 304 {II 

A 182 Gr. F304H A 351 Gr. CF8 {II A 240 Gr. 304H 

NOTES: 
(1) At temperatures over 1000DF, use only when the carbon content is 0.04% or higher. 
{21 Not to be used over 800·F. 

WORKING PRESSURES BY CLASSES psig 

150 300 400 600 900 1500 

275 720 960 1440 2160 3600 
230 600 800 1200 1800 3000 
205 540 720 1080 1620 2700 
190 495 660 995 1490 2485 
170 465 620 930 1395 2330 

140 435 580 875 1310 2185 
125 430 575 860 1290 2150 
110 425 565 850 1275 2125 
95 415 555 830 1245 2075 
80 405 540 805 1210 2015 

65 395 530 790 1190 1980 
50 390 520 780 1165 1945 
35 380 510 765 1145 1910 
20 320 430 640 965 1605 
... 310 410 615 925 1545 

... 255 345 515 770 1285 

... 200 265 400 595 995 

... 155 205 310 485 770 

... 115 150 225 340 565 

... 85 115 170 255 430 

... 60 80 125 185 310 

... 50 65 90 145 240 

... 35 45 70 105 170 

... 25 35 55 80 135 
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2500 

6000 
5000 
4500 
4140 
3880 

3640 
3580 
3540 
3480 
3360 

3300 
3240 
3180 
2675 
2570 

2145 
1655 
1285 
945 
715 

515 
400 
285 
230 
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SECTION 9 GENERAL INFORMATION 

206 

Cia .. 

TABLE 2·22 RATINGS FOR GROUP 2 2 MATERIALS 

Nominal 
Designation Forgings Castings Plata. 

16Cr-12Ni-2Mo A 182 Gr. F316 (1) A 351 Gr. CF3M (2) A 240 Gr. 316 (1) 
A 182 Gr. F316H A 351 Gr. CF8M (1) A 240 Gr. 316H 

18Cr-13Ni-3Mo A 240 Gr. 317 (1) 

19Cr-l0Ni-3Mo A 351 Gr. CG8M (3) 

NOTES: 
(1) At temperatures over 1000°F. use only when the carbon content is 0.04% or higher. 
(2) Not to be used over 850"F. 
(3) Not to be used over 1000°F. 

WORKING PRESSURES BY CLASSES psig . 
Temp., -F 150 300 400 600 900 1500 

-20 to 100 275 720 960 1440 2160 3600 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 
1250 
1300 

1350 
1400 
1450 
1500 

235 620 825 1240 1860 3095 
215 560 745 1120 1680 2795 
195 515 685 1025 1540 2570 
170 480 635 955 1435 2390 

140 450 600 900 1355 2255 
125 445 590 890 1330 2220 
110 430 580 870 1305 2170 
95 425 570 855 1280 2135 
80 420 565 845 1265 2110 

65 420 555 835 1255 2090 
50 415 555 830 1245 2075 
35 385 515 775 1160 1930 
20 350 465 700 1050 1750 
... 345 460 685 1030 1720 

... 305 405 610 915 1525 

... 235 315 475 710 1185 

... 185 245 370 555 925 

... 145 195 295 440 735 

... 115 155 235 350 585 

... 95 130 190 290 480 

... 75 100 150 225 380 

... 60 80 115 175 290 

... 40 55 85 125 205 

Reprinted from ASME 616.5-1996 and 1998. by permission of The American Society of Mechanical 
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2500 

6000 
5160 
4660 
4280 
3980 

3760 
3700 
3620 
3560 
3520 

3480 
3460 
3220 
2915 
2865 

2545 
1970 
1545 
1230 
970 

800 
630 
485 
345 



GENERAL INFORMATION SECTION 9 

TABLE 2-2.3 RATINGS FOR GROUP 2.3 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

16Cr-12Ni-2Mo A 182 Gr. F316L A 240 Gr. 316L 

18Cr-8Ni A 182 Gr. F304L (1) A 240 Gr. 304L (1) 

NOTE: 

Class 
Temp .• ·F 

-20 to 100 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 

(1) Not to be used over 800°F. 

WORKING PRESSURES BY CLASSES psig 

150 300 400 600 900 1500 

230 600 800 1200 1800 3000 
195 505 675 1015 1520 2530 
175 455 605 910 1360 2270 
160 415 550 825 1240 2065 
145 380 510 765 1145 1910 

140 360 480 720 1080 1800 
125 350 470 700 1050 1750 
110 345 460 685 1030 1715 
95 335 450 670 1010 1680 
80 330 440 660 985 1645 

65 320 430 645 965 1610 

Reprinted from ASME B16.5-1996 and 1998, by permission of The American Society of Mechanical 
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2500 

5000 
4220 
3780 
3440 
3180 

3000 
2920 
2860 
2800 
2740 

2680 
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SECTION 9 GENERAL INFORMATION 

208 

Class 

TABLE 2-2.4 RATINGS FOR GROUP 2.4 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

18Cr-l0Ni-Ti A 182 Gr. F321 (2) A 240 Gr. 321 (2) 
A 182 Gr. F321H (1) A 240 Gr. 321H (1) 

NOTES: 
(1) At temperatures over 1000°F, use only if the material is heat treated by heating to a minimum 

temperature of 200QoF. 
(2) Not to be used over 1000·F. 

WORKING PRESSURES BV CLASSES psig . 
Temp., of 150 300 400 600 900 1500 

-20 to 100 275 720 960 1440 2160 3600 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 
1250 
1300 

1350 
1400 
1450 
1500 

245 645 860 1290 1935 3230 
230 595 795 1190 1785 2975 
200 550 735 1105 1655 2760 
170 515 685 1030 1545 2570 

140 485 650 975 1460 2435 
125 480 635 955 1435 2390 
110 465 620 930 1395 2330 
95 460 610 915 1375 2290 
80 450 600 900 1355 2255 

65 445 595 895 1340 2230 
50 440 590 885 1325 2210 
35 385 515 775 1160 1930 
20 355 475 715 1070 1785 
... 315 415 625 940 1565 

... 270 360 545 815 1360 

... 235 315 475 710 1185 

... 185 245 370 555 925 

... 140 185 280 420 705 
" . 110 145 220 330 550 

... 85 115 170 255 430 

... 65 85 130 195 325 
" . 50 70 105 155 255 
... 40 50 75 115 190 

Reprinted from ASME 616.5-1996 and 1996, by permission of The American Society of Mechanical 
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2500 

6000 
5380 
4960 
4600 
4285 

4060 
3980 
3880 
3820 
3760 

3720 
3680 
3220 
2970 
2605 

2265 
1970 
1545 
1170 
915 

715 
545 
430 
315 



Class 
Temp .• of 

GENERAL INFORMATION 

TABLE 2·2.5 RATINGS FOR GROUP 2.5 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

18Cr-l0Ni-Cb A 182 Gr. F347 121 A 351 Gr. CF8C 131 A 240 Gr. 347 121 
A 182 Gr. F347H 111 A 240 Gr. 347H 111 
A 182 Gr. F348 121 A 240 Gr. 348 121 
A 182 Gr. F348H 111 A 240 Gr. 348H 111 

NOTES: 
(1) For temperatures over 10aQoF, use only if the material is heat treated by heating to a minimum 

temperature of 200QoF. 
121 Not to be used over 1000·F. 
(31 At temperatures over 10aQoF. use the material only when the carbon content is 0.04% or higher. 

WORKING PRESSURES BY CLASSES p.ig , 

150 300 400 600 900 1500 

-20 to 100 275 720 960 1440 2160 3600 
200 
JOO 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 
1250 
1300 

1350 
1400 
1450 
1500 

255 660 880 1320 1980 3300 
230 615 820 1230 1845 3070 
200 575 765 1145 1720 2870 
170 540 720 1080 1620 2700 

140 515 685 1025 1540 2570 
125 505 670 1010 1510 2520 
110 495 660 990 1485 2470 
95 490 655 985 1475 2460 
80 485 650 975 1460 2435 

65 485 645 970 1455 2425 
50 450 600 900 1350 2245 
35 385 515 775 1160 1930 
20 365 485 725 1090 1820 
... 360 480 720 1080 1800 

... 325 430 845 965 1610 

... 275 365 550 825 1370 

... 170 230 345 515 855 

... 125 165 245 370 615 

... 95 125 185 280 465 

... 70 90 135 205 345 

... 55 75 110 165 275 

... 40 55 80· 125 205 

... 35 45 70 105 170 
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2500 

6000 
5500 
5120 
4780 
4500 

4280 
4200 
4120 
4100 
4060 

4040 
3745 
3220 
3030 

'3000 

2685 
2285 
1430 
1030 
770 

570 
455 
345 
285 
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210 

Class 

TABLE 2·2.6 RATINGS FOR GROUP 2.6 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

23Cr-12Ni A 240 Gr. 3095 (1){2){3) 
A 240 Gr. 309H 

25Cr-12Ni A 351 Gr. CH8 (1) 
A 351 Gr. CH20 (1) 

NOTES: 
(1) At temperatures over 10000F, use only when the carbon content is 0.04% or higher. 
(2) For temperatures above 10aQoF, use only jf the material solution is heat treated to the minimum 

temperature specified in the specification but not lower than 190QoF, and quenching in water 
or rapidly cooling by other means. 

(3) This material should be used for service temperatures 1050°F and above only when assurance 
is provided that grain size is not finer than ASTM 6. 

WORKING PRESSURES BY CLASSES psig . 
Temp., of 150 300 400 600 900 1500 

-20 to 100 260 670 895 1345 2015 3360 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 
1250 
1300 

1350 
1400 
1450 
1500 

230 605 805 1210 1815 3025 
220 570 760 1140 1705 2845 
200 535 710 1065 1600 2665 
170 505 670 1010 1510 2520 

140 480 635 955 1435 2390 
125 465 620 930 1395 2330 
110 455 610 910 1370 2280 
95 445 595 895 1340 2230 
80 435 580 870 1305 2170 

65 425 565 850 1275 2125 
50 415 555 830 1245 2075 
35 385 515 775 1160 1930 
20 335 450 670 1010 1680 
... 290 390 585 875 1460 

... 225 300 445 670 1115 

... 170 230 345 515 860 

... 130 175 260 390 650 

... 100 135 200 300 495 

... 80 105 160 235 395 

... 60 80 115 175 290 

... 45 60 90 135 225 

... 30 40 60 95 155 

... 25 30 50 70 120 

Reprinted from ASME 816.5-1996 and 1998, by permission of The American Society of Mechanical 
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2500 

5600 
5040 
4740 
4440 
4200 

3980 
3880 
3800 
3720 
3620 

3540 
3460 
3220 
2800 
2430 

1860 
1430 
1085 
830 
660 

485 
370 
260 
200 



Class 
Temp., OF 

GENERAL INFORMATION 

TABLE 2-27 RATINGS FOR GROUP 2 7 MATERIALS 
Nominal 

Designation Forgings Castings Plates 

25Cr-20Ni A 182 Gr. F310 11)(3) A 351 Gr. CK20 111 A 240 Gr. 310S 11 )(2)(3) 
A 240 Gr. 310H 

NOTES: 
(1) At temperatures over 1000°F, use only when the carbon content is 0.04% or higher. 
(2) For temperatures above 1000°F, use only if the material is heat treated by heating it to a 

temperature of at least 1900°F and quenching in water or rapidly cooling by other means. 
(3) Service temperatures of 1050°F and above should be used only when assurance is provided 

that grain size is not finer than ASTM 6. 

WORKING PRESSURES BY CLASSES psig , 

150 300 400 600 900 1500 

SECTION 9 

2500 

-20 to 100 260 670 895 1345 2015 3360 5600 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 
1250 
1300 

1350 
1400 
1450 
1500 

235 605 810 1215 1820 3035 
220 570 760 1140 1705 2845 
200 535 715 1070 1605 2675 
170 505 675 1015 1520 2530 

140 480 640 960 1440 2400 
125 470 625 935 1405 2340 
110 455 610 910 1370 2280 
95 450 600 900 1345 2245 
80 435 580 875 1310 2185 

65 425 570 855 1280 2135 
50 420 555 835 1255 2090 
35 385 515 775 1160 1930 
20 345 460 685 1030 1720 
... 335 450 670 1010 1680 

... 260 345 520 780 1305 

... 190 250 375 565 945 

... 135 185 275 410 685 

... 105 135 205 310 515 

... 75 100 150 225 375 

... 60 80 115 175 290 

... 45 60 90 135 225 

... 35 45 65 100 165 

... 25 35 50 75 130 

Reprinted from ASME 616.5-1996 and 1998, by permission of The American Society of Mechanical 
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5060 
4740 
4460 
4220 

4000 
3900 
3800 
3740 
3640 

3560 
3480 
3220 
2865 
2800 

2170 
1570 
1145 
855 
630 

485 
370 
275 
215 
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212 

Class 

TABLE 2·28 RATINGS FOR GROUP 2 8 MATERIALS 
Nominal 

Designation Forgings Castings Plates 

20Cr-18Ni-6Mo A 182 Gr. F44 A 351 Gr. CK3MCuN A 240 Gr. S31254 

22Cr-5Ni-3Mo-N A 182 Gr. F51 (I) A 240 Gr. S31803 (I) 

25Cr-7Ni-4Mo-N A 182 Gr. F53 (I) A 240 Gr. S32750 (I) 

24Cr-l0Ni-4Mo-V A 351 Gr. CE8MN (I) 

25Cr-5Ni-2Mo-3Cu A 351 Gr. CD4MCu (1) 

25Cr-7Ni-3.5Mo-W-Cb A 351 Gr. CD3MWCuN (1) 

25Cr-7Ni-3.5Mo-N-Cu-W A 182 Gr. F55 (I) A 240 Gr. S32760 (I) 

NOTE: 
(1) This steel may become brittle after service at moderately elevated temperatures. Not to be 

used over 600°F. 

WORKING PRESSURES BY CLASSES. pslg 

Temp., of 150 300 400 600 900 1500 

-20 to 100 290 750 1000 1500 2250 3750 
200 
300 
400 
500 

600 
650 
700 
IOU 

260 720 960 1440 2160 3600 
230 665 885 1330 1995 3325 
200 615 820 1230 1845 3070 
170 575 770 1150 1730 2880 

140 555 740 1115 1670 2785 
125 550 735 1100 1650 2750 
110 540 725 1085 1625 2710 
·~o . o~u r IU . IUOO IO~O ,oou 

Reprintad from ASME BI6.5-1996 and 1998. by permission of The American Society of Mechanical 
Engineers. All riahts reserved 
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2500 

6250 
6000 
5540 
5120 
4800 

4640 
4580 
4520 
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CIou 
Temp., 'F 

·~to 100 
200 
300 
4011 
500 

300 
6!11 
700 
750 
800 

GENERAL INFORMATION 

TABLE 2-3.1 RATINGS FOR GROUP 3.1 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

3SNi-35Fe-20Cr-Cb B 462 Gr. N08020 (1) B 463 Gr. N08020 (1) 

NOTE: 
m Use annealed material only. 

WORKING PRESSURES BY CLASSES. p"g 

150 300 400 600 900 1500 

290 750 1000 1500 2250 3750 
260 720 960 1440 2160 3600 
230 715 950 1425 2140 3565 
200 675 900 1345 2020 3365 
170 655 875 1310 1965 3275 

140 605 805 1210 1815 3025 
125 590 785 1175 1765 2940 
110 570 755 1135 1705 2840 
95 530 710 1065 1595 2660 
80 510 675 1015 1525 2540 

Reprinted from ASME B16.5-1996 end 1998. by permission of The American Society of Mechanical 
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2500 

6250 
6000 
5940 
5610 
5460 

5040 
4905 
4730 
4430 
4230 
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214 

Class 
Temp., of 

TABLE 2-3.2 RATINGS FOR GROUP 3 2 MATERIALS 
Nominal 

Designation Forgings Castings Plates 

99.0Ni B 160 Gr. N02200 11)(21 B 162 Gr. N02200 111 

NOTES: 
(1) Use annealed material only. 
(2) The chemical composition. mechanical properties, heat treating requirements, and grain 

size requirements shall conform to the applicable ASTM specification. The manufacturing 
procedures. tolerances, tests, certification, and markings shall be in accordance with 
ASTM B 564. 

WORKING PRESSURES BY CLASSES. psig 

150 300 400 600 900 1500 

-20 to 100 140 360 480 720 1080 1800 
200 
300 
400 
500 

600 

140 360 480 720 1080 1800 
140 360 480 720 1080 1800 
140 360 480 720 1080 1800 
140 360 480 720 1080 1800 

140 360 480 720 1080 1800 

Reprinted from ASME BI6.5-1996 and 1998, by permission of The American Society of Mechanical 
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2500 

3000 
3000 
3000 
3000 
3000 

3000 



Class 
Temp .• of 

GENERAL INFORMATION 

TABLE 2·3.3 RATINGS FOR GROUP 3.3 MATERIALS 
Nominal 

Designation Forgings Castings Plates 

99.0Ni-Low C B 160 Gr. N02201 (1)(2) B 162 Gr. N02201 (I) 

NOTES: 
(1' Use annealed material only. 
(2) The chemical composition, mechanical properties, heat treating requirements, and grain 

size requirements shall conform to the applicable ASTM specification. The manufacturing 
procedures, tolerances. tests, certification, and markings shall be in accordance with 
ASTM B 564. 

WORKING PRESSURES BY CLASSES pslU , 

150 300 400 600 900 1500 

-20 to 100 90 240 320 490 720 1200 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 

85 230 305 455 685 1140 
85 225 300 445 670 I I 15 
85 215 290 430 650 1080 
85 215 290 430 650 1080 

85 215 290 430 650 1080 
85 215 290 430 650 1080 
85 215 290 430 650 1080 
80 210 280 420 635 1055 
80 205 270 410 610 1020 

65 205 270 410 610 1020 
50 140 185 280 415 695 
35 115 150 230 345 570 
20 95 125 185 280 465 
... 75 100 ISO 220 370 

... 60 80 125 185 310 

... 45 60 95 140 230 

... 35 50 75 110 185 

Reprinted from ASME 816.5-1996 and 1998, by permission of The American Society of Mechanical 
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2500 

2000 
1900 
1860 
1800 
1800 

1800 
1800 
1800 
1760 
1700 

1700 
1155 
950 
770 
SIS 

515 
385 
310 
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216 

Class 
Temp .• of 

TABLE 2-3.4 RATINGS FOR GROUP 3 4 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

67Ni-30Cu B 564 Gr. N04400 11) B 127 Gr. N04400 11) 

67Ni-30Cu-S B 164 Gr. N04405 11112) 

NOTES: 
(1) Use annealed material only. 
(2) The chemical composition, mechanical properties, heat treating requirements, and grain 

size requirements shall conform to the applicable ASTM specification. The manufacturing 
procedures, tolerances, tests. certification, and markings shall be in accordance with ASTM 
B564. 

WORKING PRESSURES BY CLASSES. psig 

150 300 400 600 900 1500 

-20 to 100 230 600 800 1200 1800 3000 
200 200 530 705 1055 1585 2640 
300 190 495 660 990 1485 2470 
400 185 480 635 955 1435 2390 
500 170 475 635 950 1435 2375 

600 140 475 635 950 1435 2375 
650 125 475 635 950 1435 2375 
700 110 475 635 950 1435 2375 
750 95 470 625 935 1405 2340 
800 80 460 610 915 1375 2290 

850 65 340 455 680 1020 1695 
900 50 245 330 495 740 1235 
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2500 

5000 
4400 
4120 
3980 
3960 

3960 
3960 
3960 
3900 
3820 

2830 
2055 



Class 
Temp .• of 

-20 to 100 
200 
300 
400 
SOO 

600 
650 
700 
750 
800 

650 
900 
950 

1000 
1050 

1100 
1150 
1200 

GENERAL INFORMATION 

TABLE 2-3.5 RATINGS FOR GROUP 3.5 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

72Ni-15Cr-6Fe B 564 Gr. N06600 (I) B 166 Gr. N06600 II) 

NOTE: 
(1) Use annealed material only. 

WORKING PRESSURES BY CLASSES pSig 

150 300 400 600 900 1500 

290 750 1000 1500 2250 3750 
260 750 1000 1500 2250 3750 
230 730 970 1455 2185 3640 
200 705 940 1410 2115 3530 
170 665 885 1330 1995 3325 

140 605 805 1210 1815 3025 
125 590 785 1175 1765 2940 
110 570 755 1135 1705 2840 
95 530 710 1065 1595 2660 
80 510 675 1015 1520 2540 

65 485 650 975 1460 2435 
50 450 600 900 1350 2245 
35 325 435 655 980 1635 
20 215 290 430 650 1080 
... 140 185 280 415 695 

... 95 125 185 280 465 

... 70 90 135 205 340 

... 60 60 125 185 310 
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2500 

6250 
6250 
6070 
5880 
5540 

5040 
4905 
4730 
4430 
4230 

4060 
3745 
2725 
1800 
1155 

770 
565 
515 
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TABLE 2·3.6 RATINGS FOR GROUP 3 6 MATERIALS 
Nominal 

Designation Forgings Castings Plates 

33Ni-42Fe-21Cr B 564 Gr. NOBBOO (1) B 409 Gr. NOB800 (1) 

NOTE: 
'11 Use annealed material only. 

WORKING PRESSURES BY CLASSES. psig 

Class 
Temp., OF 150 300 400 600 900 1500 

-20 to 100 275 720 960 1440 2160 3600 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 
1250 
1300 

1350 
1400 
1450 
1500 

218 

255 660 885 1325 1990 3310 
230 625 830 1250 1870 3120 
200 600 800 1200 1800 3000 
170 580 770 1155 1735 2890 

140 575 765 1145 1720 2B70 
125 570 760 1140 1705 2B45 
110 565 750 1130 1690 2820 
95 530 710 1065 1595 2650 . 
80 505 675 1015 1520 2535 

65 485 660 975 1460 2435 
50 450 600 900 1350 2245 
35 385 515 775 1160 1930 
20 365 485 725 1090 1820 
... 360 480 720 1080 1800 

... 325 430 645 965 1610 

... 275 365 550 825 1370 

... 205 270 405 610 1020 

... 130 175 260 390 650 

... 60 80 125 185 310 

... 50 65 100 150 245 

... 35 45 70 100 170 

... 30 40 60 95 155 

... 25 35 50 75 125 
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2500 

6000 
5520 
5200 
5000 
4820 

4780 
4740 
4700 
4430 
4230 

4060 
3745 
3220 
3030 
3000 

2685 
2285 
1695 
1080 
515 

410 
285 
255 
205 



Class 
Temp., of 

GENERAL INFORMATION 

TABLE 2-3.7 RATINGS FOR GROUP 3.7 MATERIALS 

Nominal 
Designation Forgings Castings Plate. 

65Ni-28Mo-2Fe B 335 Gr. N10665 (1)(2) B 333 Gr. N10665 (1) 

NOTES: 
(1) Use solution annealed material onlv. 
(21 The chemical composition, mechanical properties. heat treating requirements, and grain 

size requirements shall conform to the applicable ASTM specification. The manufacturing 
procedures, tolerances. tests, certification, and markings shall be in accordance with 
ASTM B 564. 

WORKING PRESSURES BY CLASSES psig . 
150 300 400 600 900 1500 

SECTION 9 

2500 

-20 to 100 290 750 1000 1500 2250 3750 6250 
200 
300 
400 
500 

600 
650 
700 
750 
800 

260 750 1000 1500 2250 3750 
230 730 970 1455 2185 3640 
200 705 940 1410 2115 3530 
170 665 885 1330 1995 3325 

140 605 805 1210 1815 3025 
125 590 785 1175 1765 2940 
110 570 755 1135 1705 2840 
95 530 710 1065 1595 2660 
80 510 675 1015 1520 2540 
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5880 
5540 

5040 
4905 
4730 
4430 
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CI.ss 

TABLE 2-3.8 RATINGS FOR GROUP 3.8 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

54Ni-16Mo-15Cr B 564 Gr. N10276 11)(4) B 575 Gr. N10276 11)(4) 

60Ni-22Cr-9Mo-3.5Cb B 564 Gr. N06625 13)(5) B 443 Gr. N06625 13)(5) 

62Ni-28Mo-5Fe B 335 Gr. N10001 11)(2)(6) B 333 Gr. N10001 (1)16) 

70Ni-16Mo-7Cr-5Fe B 573 Gr. N10003 12)(3) B 434 Gr. N10003 13) 

61Ni-16Mo-16Cr B 574 Gr. N06455 11)(2)(6) B 575 Gr. N06455 11)(6) 

42Ni-21.5Fe-3Cr-2.3Cu B 564 Gr. N08825 (3)(7) B 424 Gr. N08825 13)(7) 

NOTES: 
(1) Use solution annealed material only. 
(2) The chemical composition, mechanical properties. heat treating requirements, and grain 

size requirements shall conform to the applicable ASTM specification. The manufacturing 
procedures. tolerances, tests, certification, and markings shall be in accordance with 
ASTM B 564. 

(3) Use annealed material only. 
14) Not to be used over 1250'F. 
(S) Not to be used over 12000F. Alloy N0662S in the annealed condition is subject to severe loss 

of impact strength at room temperatures after exposure in the range of 1000°F to 1400°F. 
(61 Not to be used over BOO°F. 
(7) Not to be used over 1000°F. 

WORKING PRESSURES BY CLASSES. pslg 

Temp., OF 150 300 400 600 900 1500 

-20 to 100 290 750 1000 1500 2250 3750 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 
1250 
1300 

260 750 1000 1500 2250 3750 
230 730 970 1455 2185 3640 
200 705 940 1410 2115 3530 
170 665 885 1330 1995 3325 

140 605 805 1210 1815 3025 
125 590 785 1175 1765 2940 
110 570 755 1135 1705 2640 
95 530 710 1065 1595 2660 
80 510 675 1015 1520 2540 

65 485 650 975 1460 2435 
50 450 600 900 1350 2245 
35 385 515 775 1160 1930 
20 365 485 725 1090 1820 
... 360 480 720 1080 1800 

... 325 430 645 965 1610 

... 275 365 550 825 1370 

... 185 245 370 555 925 

... 145 195 295 440 735 

... 110 145 215 325 640 
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2500 

6250 
6250 
6070 
5880 
5540 

5040 
4905 
4730 
4430 
4230 

4060 
3745 
3220 
3030 
3000 

2685 
2285 
1545 
1220 
900 



Cia •• 
Temp., OF 

GENERAL INFORMATION 

TABLE 2-3.9 RATINGS FOR GROUP 3.9 MATERIALS 

Nomina' 
Designation Forgings Castings Plates 

47Ni-22Cr-9Mo-18Fe B 572 Gr. N06002 (1)(2) B 435 Gr. N06002 (I) 

NOTES: 
(1) Use solution annealed material only. 
(2) The chemical composition, mechanical properties, heat treating requirements, and grain size 

requirements shall conform to the applicable ASTM specification. The manufacturing prace· 
dures, tolerances, tests, certification, and markings shall be in accordance with ASTM B 564 . 

WORKING PRESSURES BY CLASSES. • Ig 

150 300 400 600 900 1500 

-20 to 100 290 750 1000 1500 2250 3750 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 
1250 
1300 

1350 
1400 
1450 
1500 

260 750 1000 1500 2250 3750 
230 680 905 1360 2040 3395 
200 600 795 1195 1795 2990 
170 575 770 1150 1730 2880 

140 560 745 1120 1680 2795 
125 560 745 1120 1680 2795 
110 560 745 1120 1680 2795 
95 530 710 1065 1595 2660 
80 510 675 1015 1525 2540 

65 485 650 975 1460 2435 
50 450 600 900 1350 2245 
35 385 515 775 1160 1930 
20 365 485 725 1090 1820 
... 360 480 720 1080 1800 

... 325 430 645 965 1610 

... 275 365 550 825 1370 
'" 205 275 410 620 1030 
... 180 245 365 545 910 
... 140 185 275 410 685 

... 105 140 205 310 515 

... 75 100 150 225 380 

... 60 80 115 175 290 

... 40 55 85 125 205 
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2500 

6250 
6250 
5660 
4980 
4800 

4660 
4660 
4660 
4430 
4230 

4060 
3745 
3220 
3030 
3000 

2685 
2285 
1715 
1515 
1145 

860 
630 
485 
345 
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Class 

TABLE 2-3.10 RATINGS FOR GROUP 3.10 MATERIALS 
Nominal 

Designation Forgings Castings Plates 

25Ni-46Fe-21Cr-5Mo B 672 Gr. NOB700 (1)(2) B 599 Gr. NOB700 (1) 

NOTES: 
(1) Use solution annealed material only. 
(2) The chemical composition, mechanical properties, heat treating requirements, and grain size 

requirements shall conform to the applicable ASTM specification. The manufacturing proce­
dures, tolerances, tests, certification, and markings shall be in accordance with ASTM B 564. 

WORKING PRESSURES BY CLASSES psig . 
Temp., of 150 300 400 600 900 1500 

-20 to 100 275 720 960 1440 2160 3600 
200 
300 
400 
500 

600 
650 

260 720 960 1440 2160 3600 
230 680 905 1360 2040 3400 
200 640 855 1280 1920 3205 
170 610 815 1225 1835 3060 

140 595 790 1190 1780 2970 
125 570 760 1140 1705 2845 
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2500 

6000 
6000 
5670 
5340 
5100 

4950 
4740 



Cia .. 
Temp., of 

GENERAL INFORMATION 

TABLE 2-3.11 RATINGS FOR GROUP 3.11 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

44Fe-25Ni-21Cr-Mo 6649 Gr. N08904 (1)(2) 6625 Gr. N08904 (1) 

NOTES: 
(1) Use annealed material only. 
(2) The chemical composition, mechanical properties, heat treating requirements, and grain size 

requirements shall conform to the applicable ASTM specification. The manufacturing proce­
dures, tolerances, tests, certification, and markings shall be in accordance with ASTM B 564. 

WORKING PRESSURES BY CLASSES psiS 

150 300 400 600 900 1500 

SECTION 9 

2500 

-20 to 100 245 640 855 1280 1920 3205 5340 
200 
300 
400 
500 

600 
650 
700 

230 600 600 1200 1805 3005 5010 
210 545 725 1085 1630 2720 4530 
190 495 660 995 1490 2485 4140 
170 455 610 915 1370 2285 3810 

140 430 575 865 1295 2160 3600 
125 420 560 640 1265 2105 3510 
110 410 545 820 1230 2050 3420 
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Class 

TABLE 2·3 12 RATINGS FOR GROUP 3.12 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

26Ni-43Fe-22Cr-5Mo B 621 Gr. N08320 (1){2) B 620 Gr. N08320 (1) 

47Ni-22Cr-20Fe-7Mo B 581 Gr. N06985 (1){2) B 682 Gr. N06985 (1) 

NOTES: 
(1) Use solution annealed material only. 
(2) The chemical composition, mechanical properties, heat treating requirements, and grain size 

requirements shall conform to the applicable ASTM specification. The manufacturing prace· 
dures, tolerances, tests, certification, and markings shall be in accordance with ASTM B 564. 

WORKING PRESSURES BY CLASSES. psig 

Temp., of 150 300 400 600 900 1500 

-20 to 100 260 670 895 1345 2015 3360 
200 
300 
400 
500 

600 
650 
700 
750 
800 

240 625 830 1245 1870 3115 
225 585 780 1175 1760 2935 
200 535 715 1075 1610 2690 
170 500 665 1000 1500 2500 

140 475 635 950 1425 2375 
125 465 620 930 1395 2320 
110 450 600 900 1350 2250 
95 445 590 885 1330 2215 
80 430 575 865 1295 2160 
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5600 
5190 
4890 
4470 
4170 

3960 
3870 
3750 
3690 
3600 



Class 
Temp., OF 

GENERAL INFORMATION 

TABLE 2·3 13 RATINGS FOR GROUP 3 13 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

49Ni-25Cr-18Fe-6Mo B 581 Gr. N06975 (1)12) B 582 Gr. N06975 (1) 

Ni-Fe-Cr-Mo-low Cu B 564 Gr. N08031 (3) B 625 Gr. N08031 (3) 

NOTES: 
(1) Use solution annealed material only. 
(2) The chemical composition, mechanical properties, heat treating requirements, and grain size 

requirements shall conform to the applicable ASTM specification. The manufacturing proce­
dures, tolerances, tests, certification. and markings shall be in accordance with ASTM B 564. 

(3) Use annealed material only. 

WORKING PRESSURES BY CLASSES psig , 

150 300 400 SOD BOD 1500 

SECTION 9 

2500 

-20 to 100 290 750 1000 1500 2250 3750 6250 
200 
300 
400 
500 

600 
650 
700 
750 
800 

260 705 940 1410 2115 3530 5880 
230 660 8S5 1325 1985 3310 5520 
200 635 845 1265 1900 3170 5280 
170 595 790 1190 1780 2970 4950 

140 560 750 1125 1685 2810 4680 
125 555 735 1105 1660 2765 4605 
110 545 725 1085 1630 2720 4530 
95 530 710 1065 1595 2660 4430 
80 510 675 1015 1525 2540 4230 
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Class 
Temp., OF 

TABLE 2-3.14 RATINGS FOR GROUP 3.14 MATERIALS 

Nominal 
Designation Forgings Castings Plates 

47Ni-22Cr-19Fe-6 MoB 581 Gr. N06007 (1)(2) B 582 Gr. N06007 (I) 

NOTES: 
(1) Use solution annealed material only. 
(2) The chemical composition, mechanical properties, heat treating requirements, and grain size 

requirements shall conform to the applicable ASTM specification. The manufacturing proce­
dures, tolerances, tests, certification, and markings shall be in accordance with ASTM 8 564. 

WORKING PRESSURES BY CLASSES, psig 

150 300 400 600 900 1500 

-20 to 100 275 720 960 1440 2160 3600 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 

245 645 860 1290 1935 3230 
230 600 795 1195 1795 2990 
200 560 750 1125 1685 2810 
170 535 715 1070 1605 2675 

140 520 690 1035 1555 2590 
125 510 680 1020 1535 2555 
110 505 675 1015 1520 2530 
95 500 670 1005 1505 2510 
80 495 660 995 1490 2485 

65 485 650 975 1460 2435 
50 450 600 900 1350 2245 
35 385 515 775 1160 1930 
20 365 485 725 1090 1820 
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2500 

6000 
5380 
4980 
4680 
4460 

4320 
4260 
4220 
4180 
4140 

4060 
3745 
3220 
3030 



GENERAL INFORMATION 

TABLE 2·3.15 RATINGS FOR GROUP 3.15 MATERIALS 
Nominal 

Designation forgings Castings Plates 

33Ni-42Fe-21Cr B 564 Gr. N08810 (1) B 409 Gr. N08810 (1) 

NOTE: 
(1) Use solution annealed material only. 

WORKING PRESSURES BY CLASSES. psig 

Class 
Temp., OF 150 300 400 600 900 1500 

-20 to 100 230 600 800 1200 1800 3000 
200 
300 
400 
500 

600 
650 
700 
750 
800 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 
1250 
1300 

1350 
1400 
1450 
1500 

205 540 720 1080 1620 2700 
195 505 675 1015 1520 2530 
185 480 640 960 1440 2400 
170 455 610 910 1370 2280 

140 440 585 880 1320 2195 
125 425 565 850 1275 2125 
110 420 560 840 1260 2100 
95 415 550 825 1240 2065 
80 410 545 815 1225 2040 

65 400 530 795 1195 1990 
50 395 530 790 1190 1980 
35 385 515 775 1160 1930 
20 365 485 725 1090 1820 
... 325 435 650 975 1625 

... 320 430 640 965 1605 

... 275 365 550 825 1370 

... 205 275 410 620 1030 

... 180 245 365 545 910 

... 140 185 275 410 685 

... 105 140 205 310 515 

... 75 100 150 225 380 

... 60 80 115 175 290 

... 40 55 85 125 205 
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2500 

5000 
4500 
4220 
4000 
3800 

3660 
3540 
3500 
3440 
3400 

3320 
3300 
3220 
3030 
2710 

2675 
2285 
1715 
1515 
1145 

860 
630 
485 
345 
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Cia •• 

TABLE 2-316 RATINGS FOR GROUP 316 MATERIALS 
Nominal 

Designation Forgings Castings Plates 

35Ni-19Cr-l%Si B 511 Gr. N08330 (1)(2) B 536 Gr. N08330 (1) 

NOTES: 
(1) Use solution annealed material only. 
(2) The chemical composition. mechanical properties. heat treating requirements, and grain 

size requirements shall conform to the applicable ASTM specification. The manufacturing 
procedures. tolerances. tests. certification, and markings shall be in accordance with 
ASTM B 564. 

WORKING PRESSURES BY CLASSES psig 

Temp., -F 150 300 400 600 900 1500 

-20 to 100 275 720 960 1440 2160 3600 
200 
300 
400 
500 

600 
650 
700 
750 
SOO 

850 
900 
950 

1000 
1050 

1100 
1150 
1200 
1250 
1300 

1350 
1400 
1450 
1500 

245 635 850 1270 1910 3180 
225 590 785 1175 1765 2940 
200 550 735 1105 1655 2760 
170 525 700 1050 1575 2630 

140 500 670 1005 1505 2510 
125 490 655 9S0 1470 2450 
110 480 645 965 1445 2410 
95 470 625 940 1410 2350 
80 465 620 925 1390 2315 

65 455 605 905 1360 2270 
50 445 590 885 1330 2215 
35 385 515 775 1160 1930 
20 365 485 725 1090 1820 
... 310 410 615 925 1545 

... 240 320 480 720 1205 

... 185 245 370 555 925 

... 145 195 290 435 725 

... 115 155 235 350 585 

... 95 130 190 285 480 

... 75 100 150 220 370 

... 55 75 110 165 280 

... 45 60 95 140 230 ... 35 45 70 100 170 
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2500 

6000 
5300 
4900 
4600 
4380 

41S0 
40S0 
4020 
3920 
3860 

3780 
3690 
3220 
3030 
2570 

2005 
1545 
1210 
975 
795 

615 
465 
385 
285 



Class 
Temp .• of 

-20 to 100 
200 
300 
400 
500 

600 

GENERAL INFORMATION 

TABLE 2-3.17 RATINGS FOR GROUP 317 MATERIAL 

Nominal 
Designation Forgings Castings Plates 

29Ni-20.5Cr-3.5Cu-2.5Mo A 351 Gr. CN7M 11) 

NOTE: 
(1) Use solution annealed material only. 

WORKING PRESSURES BY CLASSES, psig 

150 300 400 600 900 1500 

230 600 800 1200 1800 3000 
200 520 690 1035 1555 2590 
180 465 620 930 1395 2330 
160 420 565 845 1265 2110 
150 390 520 780 1165 1945 

140 360 480 720 1080 1800 
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2500 

5000 
4320 
3880 
3520 
3240 

3000 
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TABLED-7 

CHARACTERISTICS OF TUBING 

Tube Intern'" 
Sq.Ft. 

Extcmal 
Sq.Ft. 
Intemol 

Wci&ht 
PerFt. Tube MOntellt Soctim IIadius of Tnnsv_ 

OD. B.W.O. Thickness ioJu Sud ... Sud ... Lonslh ID. of Incrtia Modulus Gyratim Comtmt 0.0. MotaiioJu 
Inob .. Gage Inches Sq.Inoh PcrFoot PerFoot SIee! Inob .. In""'" !nob .. ' Inoh<a C" ID. Sq. Inch 

Lcnglh Lcnglh LbL· 

1/4 22 0.028 0.D296 0.0654 0.0508 0.066 0.104 

II! 
0.1lOOO8 0.0791 .. 1.289 0.0195 

24 0.022 0.0333 0.0654 0.0539 0.054 Cl.206 0.1lOO83 0.0810 62 1.214 0.0158 
26 0.018 0.0060 0.0654 0.0560 0.045 Q.214 0.00071 0.0823 56 1.168 0.0131 
V 0.016 0,0373 0.0654 0.0571 Q.04O 0.218 0.0Il065 01ll!2O 58 1.147 0.0118 

3/8 18 0.049 0.0603 0.0982 0.0725 0.171 0.277 o.oooes Il.OO38 0.1168 04 1.354 0.0502 
20 0.035 0.0731 0.0982 0.1l11I8 o.lV 0.305 0.00055 0.0029 0.1208 114 1.230 0.0374 
22 0.028 0.0799 0.0982 0.0835 0.104 0.319 l1.OOO48 O.llO25 0.1231 125 1.176 0.0305 
24 0.022 0.0880 0.0982 0.0887 0.083 0.331 O.oooos 0.0020 0.1250 134 1.133 0.0244 

112 18 0.065 0.1075 0.1309 O.Clll68 0.302 0.370 0.0021 0.0086 0.1555 158 1.361 0.0888 
18 0.049 0.1269 0.1309 0.1052 0.236 0.402 0.0018 0.0071 0.1604- 198 1.244 0.0694 
20 0.035 0.1452 0.1309 0.1128 0.174 0A30 0.0014 0.0056 0.1649 m 1.163 0.0511 
22 0.028 0.1548 0.1309 0.1162 0.141 0.444 0.0012 0.004. 0.1672 241 1.126 0.0415 

518 12 0.109 0.1301 0.1636 0.1066 0.601 0.407 0.0081 0.0197 0.1865 203 1.536 O.ln 
13 0.095 0.1488 0.1836 0.1139 0.538 0A35 0.0057 0.0183 0.1904 232 1.437 0.158 
14 0.083 0.1655 0.1636 0.1202 0.481 0 .... 0.0053 0.0170 0.1939 258 1.362 0.141 
15 0.072 0.1817 0.1638 0.1259 0.426 OASl 0.0048 0.0158 0.1972 283 1.299 0.125 
1. 0.065 0.1924 0.1638 0.1298 0.38S 0A95 0.00.5 0.0145 0.1993 300 1.263 0.114 
17 0.058 0.2035 0.1638 0.1333 0.352 0.509 0.0042 0.0134 0.2015 317 1.228 0.103 
18 0.049 0.2181 0.1638 0.1380 0.302 0.527 0.0037 0.0119 0.2044 340 1.186 0.089 
1. 0.042 0.2299 0.1638 0.1418 0.262 0.541 0.0033 0.0105 Q.2087 359 1.155 o.on 
20 0.035 0.2419 0.1638 0.1453 0.221 0.555 Il.OO28 0.0001 Cl.209O 377 1.126 0.065 

3/4 10 0.134 0.1825 0.1963 0.1262 0.833 0.482 0.0129 0.034. 0.2229 285 1.556 0.258 
11 0.120 0.2043 0.1963 0.1335 0.808 0.510 0.0122 0.0326 0.2267 31. U7l 0.238 
12 0.109 0.2223 0.1983 0.1393 0.747 0.532 0.0118 O.ll3Oll 0.2299 347 tAl0 0.219 
13 0.095 0.2463 0.1963 0.1468 0 .... 0.580 0.0107 O.ll2ll5 0.2340 384 1.339 0.195 
14 0.083 0.2679 0.1983 0.1529 0.582 0.584 0.0098 0.11262 0.2376 418 1.284 0.174 
15 0.072 0.2884 0.1963 0.1587 0.522 0.606 0.0066 0.0238 0.2411 450 1.238 0.153 
16 0.065 0.3019 0.1963 0.1823 0.476 0.820 0.0083 0.11221 0.2433 471 1.210 0.140 
17 0.058 0.3157 0.1963 0.1860 0.429 0.634 Il.OO78 O.Cl203 0.2455 492 1.183 0.126 
18 0.049 0.3339 0.1983 0.1707 0.387 0.652 0.0067 0.0178 Q.2- 521 1.150 0.108 
20 0.035 0.3832 0.1963 0.1780 0 .... 0_ O.ooso 0.0134 Q.2531 587 1.103 0.079 

7/8 10 0.134 0.2894 0.2291 0.1589 1.ll82 0.807 0.0221 0.Q505 0.2662 451 1.442 0.312 
11 0.120 0.3167 0.2291 0.1662 0.969 0.835 0.0208 0.0475 0.2703 494 1.378 0.285 
12 0.109 0.3390 0.2291 0.1720 O.ll93 0.857 0.0196 0.0449 0.2738 529 1.332 0.262 
13 0.095 0.3685 0.2291 0.1793 0.792 0 .... 0.0180 0.1)411 0.2778 575 1.277 0.233 
14 0.083 0.3948 0.2291 0.1858 0.703 0.709 0.0164 0.()374 02815 81. 1.234 0.207 
15 0.072 0.4197 0.2291 0.1914 0.618 0.731 0.0148 0.0337 0.2850 855 1.197 0.182 
1. 0.065 0.4359 0.2291 0.1950 0.583 0.745 0.0137 0.0312 0.2873 580 1.174 0.185 
17 0.058 0.4525 0.2291 0.1987 0.507 0.759 0.0125 O.ll2ll5 0.2896 708 1.153 0.149 
18 0.<l4. 0.4742 0.2291 0.2034 0.433 o.m 0.0109 0.024. 0.2925 740 1.126 0.127 
20 0.035 0.""'" 0.2291 0.2107 Q.314 0.605 0.0082 0.0187 0.2972 704 1.087 0.092 

1 • 0.165 0.3528 0.2618 0.1754 1.473 0.870 0.0392 0.0784 0.3009 550 1.493 0.433 
10 0.134 0.4208 0.2618 0.1918 1.241 0.732 <>.0350 0.0700 0.3098 ... 1.366 0.385 
11 0.120 0.4536 0.2618 0.1990 1.129 0.760 o.OOV 0.ll654 , 0.3140 708 1.316 0.332 
12 0.109 0.4803 0.2618 0.2047 1.Q38 0.782 0.0307 0.0615 0.3174 74. 1.279 0.305 
13 0.095 0.5153 0.2818 0.2121 0.&19 0.810 0.0280 0.0559 0.3217 804 1.235 0.270 
14 0.083 0.5483 0.2618 02183 0.814 0.834 0.0253 0.0507 0.3255 852 1.199 0.239 
15 0.072 0.5755 0.2618 0.2241 0.714 0.858 0.11227 0.0455 0.3291 ... 1.168 0.210 
1. 0.Q65 0.5945 0.2618 0.2278 0.650 0.870 0.D210 0.0419 0.3314 rm 1.149 0.191 
1. 0.049 0.8390 0.2618 0.2381 0.498 0.902 0.0168 O.ll332 0.3367 997 1.109 0.146 
20 0.Q35 0.6793 0.2618 0.2435 0.381 0.930 0.0124 0.0247 Q.3414 1060 1.075 0.106 

1-114 7 0.180 0.8221 0.3272 0.2330 2.05lI 0_ 0.0890 0.1425 0.3838 970 1.404 0.805 
8 0.185 0.8648 0.3272 0.2409 1.&14 0.920 o.oB47 0.1355 0.3880 1037 1.359 0.582 

10 0.134 0.7574 O.om 0.2571 , .... 0.982 0.0742 0.1187 0.3974 1182 tva 0.470 
11 0.120 0.8012 0.3272 0.2644 1.450 1.010 0.0688 0.1100 0.4018 1250 1.238 0.426 
12 0.109 0.8385 0.3272 0.2702 1.330 1.Q32 0.0642 0.1027 0.4052 1305 1.211 0.391 
13 0.095 0.8825 0.3272 0.2775 1.173 1.060 0.0579 0.0926 0.4097 1377 1.179 0.345 
14 0.083 0.9229 0.3272 0.2838 l.1l38 l.0B4 0.0521 0.0833 0.4136 1440 1.153 0.304 
18 0.065 0.9852 0.3272 0.2932 0.824 1.120 0.<l426 0.0662 0.4196 1537 1.116 0.242 
18 0.049 1.0423 0.3272 0.3018 0.629 1.152 0.Q334 0.0534 0.4250 1826 1.ll85 0.185 
20 0.035 1.Q936 0.3272 0.3088 Q.455 1.180 0.0247 0.0395 0.4297 1708 1.058 0.134 

1·1/2 10 0.134 1.1921 0.3927 0.3225 1.957 1.232 0.1354 0.1806 0.4853 lBOO 1.218 0.575 
12 0.109 1.2906 0.3927 0.3356 1.621 1.282 0.1159 0.1545 0.4933 2014 1.170 0.418 ,. 0.083 1.39n 0.3927 0.3492 1.257 1.334 0.0931 0.1241 0.5018 2180 1.124 0.389 
1. 0.065 1.4741 0.3927 0.3587 0.997 1.370 0.0758 0.1008 0.5079 2300 1.095 0.290 

2 11 0.120 2.4328 0.5238 0.4806 2.412 1.760 0.3144 0.3144 0.8660 3785 1.136 0.709 
12 0.109 2.4941 0.5238 0.4885 2.204 1.782 0.2904 0.2904 0.6697 3891 1.122 0.848 
13 0.095 2.5730 0.5238 0.4739 1.935 1.810 0.2556 0.2586 0.8744 4014 1.105 0.589 
14 0.083 2.8417 0.5238 0.4801 1.701 1.634 0.2300 0.2300 0.8784 4121 1.091 0.500 

. Weights are based on low carbon steel With a density of o.28361bs./cu. m. For other metals multiply by the following facton: 

Ihuninwn .....•. _ .•..........•....•......•.•..........•• 0.35 Aluminum Bronze •. ___ ._ ••••• _ •• _._ .•..•. _ 1.04 Nickel ...................................................... 1.13 
<itanium .................................................. 0.58 Aluminum Brass ._ .• _ .•.•..•.•..•.•.•. _ ............ 1.()6 Nickel-Copper ........................................ 1.12 
1.1.5.1. 400 Series S/S1eeI, ..•..........•...... 0.99 Nickel-Ouom .. lron .•.•..•....•.•.•.•..•...•. _ ..•. 1.(17 Copper and OIpro-Nickel •.......•.•.•...•..•• 1.14 
1.1.5.1. 300 Series S/S1eeis .................... 1.(J2 Admiralty •.•. _ .•..•. _ •. _ .•.•.•..•.••.••• _ ••••••• __ •• 1.09 

... Liquid Velocity = 
lb •. Per Tube Hoor 
C x Sp. Gr. of Liquid 

in feet per soc. (Sp. Gr. of Water " 6O"F. = 1.0) 

230 Standards Of The Tubular Exchanger Manufacturers Association 



GENERAL INFORMATION SECTION 9 

TABLE D-7M 

CHARACTERISTICS OF TUBING 

Tube Internal T,oo Moment Section Radius of Transverse 
0.0. B.W.G. Thickness ",,, 1.0. oflnertia Modulus Gyration Constant 0.0. Metal 
mm Gag, mm Sq.Cm. mm em' em' mm C .. J.D. 

24 0.559 5.23 0.0042 
26 0.457 5.44 0,0037 

20 
22 

18 
20 

" 14 
15 
18 
17 
18 
19 

11 3.048 1.3181 0.0598 0.0407 1.202 12.95 0.5078 0.5342 5.758 1.471 1.5355 
12 2.769 1.4342 0.0598 0.0425 1.112 13.51 0.4828 0.5064 S.B39 1.410 1.4129 

" 2,413 '.5890 0.0598 0,0441 0.990 14.22 0.4454 0.4670 5.944 1,339 1.2581 
1. 2.108 1.7284 0.0598 0._ 0.e81 14.83 0.4079 0.4293 6.035 1.284 1.1226 

" 1,829 18806 0.0598 0.0484 O.7n 15.39 0.3704 0.3900 6.124 1.238 0.9871 
16 1.851 1.9477 0.0598 0.0495 0.708 15.75 0.3455 0.3822 6.180 1.210 0.9032 
17 1.473 2.0366 0.0598 0.0506 0.638 16.10 0.3163 0.3327 6.236 1.183 0.8129 
18 1.245 2.1542 0.0598 0.0520 0.546 16.56 0.2789 0.2917 6.309 1.150 0.6968 

11 3.048 2.0432 1.442 16.13 0.7784 
12 2.769 2.1871 0.0698 0.0524 1.329 16.69 0.7358 6.949 787 1.332 1.6903 
13 2.413 2.3774 0.0698 0.0547 1.179 17.40 0.6735 7.058 85' 1.277 1.5032 
14 2.108 2.5471 0.0698 0.0566 1.046 16.01 0.6129 7.150 917 1.234 1.3355 
15 1.829 2.7077 0.0698 0.0583 0.920 18.57 0.5522 7.239 97' 1.197 1.1742 
16 1.651 2.8123 0.0698 0.0594 0.836 18.92 0.5113 7.297 1012 1.174 1.0645 
17 1.473 2.9193 0.0698 0.0606 0.754 19.28 0.4670 7.356 1050 1.153 0.9613 
18 1.245 3.0593 0.0698 0.0620 0.644 19.74 0.4080 7.429 1101 1.126 0.8194 

10 3.404 2.7148 0.0798 0.0584 1.847 18.59 1.4566 1.1471 7.869 
11 3.048 2.9254 0.0798 0.0607 1.680 19.30 1.3611 1.0717 7.976 1053 1.316 2.1419 
12 2.769 3.0987 0.0798 0.0624 1.545 19.86 1.2778 1.0078 8.082 1115 1.279 1.9677 
13 2.413 3.3245 0.0798 0.0846 1.368 20.57 1.1655 0.9160 B.171 1196 1.235 1.7419 
1. 2.108 3.5245 0.079B 0.0665 1.211 21.18 1.0531 0.8308 8.268 1268 1.199 1.5419 

" 1.829 3.7129 0.0798 0.0683 1.003 21.74 0.9449 0.7456 8.359 1336 1.168 1.3546 
18 1.651 3.8355 0.0798 0.0694 0.987 22.10 0.8741 0.6866 6.418 1380 1.149 1.2323 
10 0.0798 0.0720 0.741 0.6909 0.5441 8.555 1483 1.109 0.9419 

8 4.191 4.2890 0.0997 0.0734 2.848 23.37 3.5255 2.2205 9.855 1543 1.359 
10 3.404 4.8664 0.0997 0.0784 2.380 24.94 3.0885 1.9452 10.094 1758 1.273 3.0323 
11 3.048 5.1690 0.0997 0.0806 2.158 25.85 2.8637 1.8026 10.206 1860 1.238 2.7484 
12 2.769 5.3968 0.0997 0.0824 1.979 26.21 2.6722 1.6830 10.292 1942 1.211 2.5226 
13 2.413 5.8935 0.0997 0.0846 1.746 26.92 2.4100 1.5175 10.406 2049 1.179 2.2258 
1. 2.108 5.9542 0.0997 0._ 1.542 27.53 2.1686 1.3651 10.505 2143 1.153 1.9613 
1. 1.651 6.3561 0.0997 0.0894 1.226 28.45 1.7732 1.1176 10.658 2287 1.116 1.5613 
18 1.245 6.7245 0.0997 0.0919 0.936 29.26 1.3902 0.8751 10.795 2420 1.065 1.1935 

10.914 

12 2.769 8.3277 0.1197 0.1023 2.412 32.56 4.8242 2.5318 1.170 
1. 2.108 9.0174 0.1197 0.1064 1.871 33.88 3.8751 1.124 

0.1093 1.484 

12 2.769 16.0909 0.1596 45.26 12.0674 
13 2.413 18.6000 0.1598 45.97 10.7638 

"* Weights are based on low carbon steel with a density of 7.85 gmfen.em For other metals multiply by the following factors: 

Aluminum ....................................... 0.35 Aluminum Bronze ........................... 1.04 NickeL ......................................... 1.13 
Titanium ...................... .......... 0.58 Aluminum Brass ....................... 1.06 Nickel-Copper """""""'" 1.12 
A.I.S.l400 Series S/Steels 0.99 Nickel-Chrome-lron ........ 1.07 Copper and Cupro-Nickels ............. 1.14 
A.l.S.I. 300 Series S/Steels ............. 1.02 Admirality ....................................... 1.09 

kg. Per Tube Hour 
.. Liquid Velocity = ex Sp. Gr. of Liquid in meters per sec. (Sp. Gr. of Water at 15.6 deg C = 1.0) 
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SECTION 9 

BriDeD Ten.ite Hardn.u 
Sh:e~h Number 

1000 II. 3000.Xg. 
poi Load 

384 780 
368 745 
352 712 
337 682 
324 653 

323 6Z1 
318 601 
309 578 
293 SS5 
27. 534 

266 514 
259 495 
247 477 
237 461 
226 4" 

217 429 
210 415 
202 401 
195 388 
1" 375 

182 363 
176 352 
170 341 
166 331 
100 321 

155 311 
ISO 302 
145 2'3 
W 285 
137 rn 
133 269 
129 262 
126 255 
122 248 
118 241 

115 235 
III 219 
110 223 
107 217 
104 212 

101 2m 
99 202 
97 197 
95 1.2 
93 187 

91 183 
89 179 
87 174 
85 170 
83 168 

82 163 
80 159 
78 158 
76 153 
75 149 

74 146 
72 143 
71 1.0 
70 137 .. 134 

66 131 
6S 128 

GENERAL INFORMATION 

TABLE D·B 

HARDNESS CONVERSION TABLE 

APPROXIMATE RELATION BETWeEN VARIOUS HARDNESS TESTING 

SYSTEMS AND TENSILE STRENGTH Of CARBON AND ALLOY STEELS 

ROCKWELL HARDNESS NUMBER 
~---

Diamond Brin_1I 15N.Scale, 
Indentation A·Scale, B-Scale, C-Scnle, D-Soale, 

IS-XII'. PYHlIDid 
Dinmllter 6O-K:r lOO.KQ'. 15()..Kq. lOO-Kq. 

Load, 
Hordnen 

Mm. Loa. Load, Load, Load, 
Superficial 

Number 
Brale 1/16" Dia. Brale Brol. 

Penetrator Ball Penetrator Penetrator Breda 
Penetfator 

2.20 '65' 2.25 8.0 
2.30 '82' .. 7.5 
2.35 62 72 91 737 
2.40 81 60 71 90 6.7 

2.45 81 5. 70 90 667 
2.50 81 59 70 90 677 
2.55 80 57 6. 89 6.0 
2.60 79 56 67 8. 607 
2.65 78 5. 66 .. 579 

2.70 77 53 65 87 553 
2.75 77 52 .. 86 539 
2.80 76 SO 63 86 516 
2.85 75 .9 62 85 '95 
2.90 74 47 61 8. 47. 

2.95 73 .6 60 83 455 
3.00 73 45 59 83 .. 0 
3~05 72 43 .. 82 425 
3.10 71 42 57 81 '10 
3.15 71 .0 56 81 396 

3.20 70 39 55 80 383 
3.25 69 38 5. 79 372 
3.30 69 37 53 79 360 
3.35 68 36 52 78 3SO 
3.40 68 34 51 77 339 

3.45 67 33 SO 77 328 
3~SO 66 32 •• 76 319 
3.55 66 31 .. 76 309 
3.60 65 30 .. 75 301 
3.65 65 29 47 74 292 

3.70 .. 28 .6 74 284 
3.75 6' .. 27 45 73 276 
3.80 63 .. .. 25 4. 73 269 
3.85 63 

ioo' 24 .3 72 261 
3.90 02 23 42 71 253 

3.95 61 99 22 41 70 247 
4~00 60 98 21 '1 70 241 
4.05 60 97 20 223 
4.10 59 96 217 
4.15 59 96 212 

4.20 58 95 2m 
4~25 .. 94 202 
4.30 57 93 197 
4.35 57 92 192 
4.40 .. 91 187 

4.45 .. 90 183 
4.50 S5 8' 17. 
4.55 54 88 174 
4.60 54 87 170 
4.65 53 .. 166 

4.70 53 85 163 
4.15 52 8. 159 
4.80 51 83 156 
4.85 51 82 153 
4.90 50 81 149 

4.95 SO 80 146 
5.00 49 7. 143 
5.OS 49 78 140 
5.10 .8 77 137 
5.15 47 76 134 

5.20 .6 74 131 
5.25 .6 73 128 

Sclero-
ICope 

Hordnen 
Number 

91 
87 
8. 
81 

7. 
77 
75 
73 
71 

70 
68 
66 
65 
63 

61 
59 
58 .. 
54 

52 
51 
50 
.8 
47 

'0 
4S 
.3 
42 
41 

.0 
39 
38 
37 
36 

35 
34 
32 
31 
31 

30 
30 
29 
28 
28 

27 
27 
26 
26 
25 

25 
2. 
2. 
23 
23 

22 
22 
21 
21 
21 

20 

I 20 

NOTE: Brinell 1'Z8 to 495 with Standard Ball. BrineU 514 to 601 with Hultgren Ball. Brinell 627 to 682 with Carbide Ball. 
References: ASTM EI40-76. ASM Metals Handbook Vol. L 8th Edition. 
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Tenaile 
Strenoth. 
1000 Lb,. 

p~i 

38. 
368 
352 
337 
32. 

323 
318 
309 
2.3 
279 

266 
259 
247 
237 
226 

217 
210 
202 
195 
188 

182 
176 
170 
166 
160 

155 
ISO 
145 
1.1 
137 

133 
12. 
126 
122 
118 

11. 
III 
110 
107 
104 

101 
9' 
97 
'5 
93 

91 
8. 
87 
85 
83 

82 
80 
7. 
76 
75 

74 
72 
71 
70 .. .. 
65 



GENERAL INFORMATION SECTION 9 

TABLE 0-9 

INTERNAL WORKING PRESSURES (PSI) 
OF TUBES AT VARIOUS VALUES OF ALLOWABLE STRESS 

Tube Tube Code Allowable Stress (PSI) 
O.D. Gage 

Inches BWG 2.000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 

114 27 269 539 B09 1079 1349 1618 1888 2158 2428 2698 
26 305 611 916 1222 1528 1833 2139 2444 2750 3056 
24 378 757 1135 1514 1893 2271 2650 3029 3407 3786 
23 434 869 1304 1739 2173 2608 3043 3478 3913 4347 
22 492 984 1476 1968 2460 2952 3444 3936 4428 4920 
21 570 1140 1711 2281 2852 3422 3992 4563 5133 5704 
20 630 1261 1891 2522 3153 3783 4414 5045 5675 6306 
19 776 1552 2329 3105 3881 4658 5434 6210 6987 7763 
18 929 1859 2789 3719 4648 5578 6508 7438 8368 9297 

3J8 24 246 492 738 984 1231 1477 1723 1969 2216 2462 
22 317 635 952 1270 1588 1905 2223 2541 2858 3176 
21 366 732 1099 1465 1831 2198 2564 2930 3297 3663 
20 403 806 1210 1613 2017 2420 2824 3227 3631 4034 
19 492 984 1476 1968 2460 2952 3444 3936 4428 4920 
18 583 1167 1751 2334 2918 3502 4085 4669 5253 5836 
17 706 1412 2118 2824 3530 4236 4942 5648 6354 7060 
16 804 1609 2414 3219 4024 4829 5634 6439 7244 8049 
15 907 1814 2722 3629 4536 5444 6351 7258 8165 9073 
14 1075 2151 3227 4303 5379 6454 7530 8606 9682 10758 

1/2 22 234 469 703 938 1172 1407 1641 1876 2110 2345 
20 296 593 889 1186 1483 1779 2076 2372 2669 2966 
19 360 720 lOBO 1440 1801 2161 2521 2881 3241 3602 
18 425 850 1276 1701 2126 2552 2977 3402 3828 4253 
17 511 1022 1534 2045 2557 305B 3580 4091 4603 5114 
16 580 1160 1741 2321 2901 3482 4062 4642 5223 5803 
15 650 1301 1952 2603 3254 3905 4556 5207 5858 6509 
14 765 1531 2297 3062 3828 4594 5359 6125 6891 7656 
13 896 1792 2688 3584 4481 5377 6273 7169 8066 8962 
12 1056 2112 3168 4224 5281 6337 7393 8449 9505 10562 

--
5/8 20 234 469 703 938 1172 1407 1641 1876 2110 2345 

19 284 568 852 1136 1420 1704 1988 2272 2556 2840 
18 334 669 1003 1338 1672 2007 2342 2676 3011 3345 
17 400 801 1202 1603 2004 2405 2806 3207 3608 4009 
16 453 907 1361 1815 2268 2722 3176 3630 4083 4537 
15 507 1015 1522 2030 2537 3045 3553 4060 4568 5075 
14 594 1188 1783 2377 2971 3566 4160 4754 5349 5943 
13 692 1384 2076 2768 3460 4153 4845 5537 6229 6921 
12 810 1621 2432 3242 4053 4864 5674 6485 7296 8107 
11 907 1814 2722 3629 4536 5444 6351 7258 8166 9073 
10 1035 2070 3105 4140 5175 6210 7246 8281 9316 10351 
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SECTION 9 GENERAL INFORMATION 

TABLE D-94Contlnued) 

INTERNAL WORKING PRESSURES (PSI) 
OF TUBES AT VARIOUS VALUES OF ALLOWABLE STRESS 

Tube Tube Code Allowable Stress (pSI) 
0.0. Gage 

16,000 Inches BWG 2,000 4,000 6,000 8,000 10,000 12,000 14,000 18,000 20,000 

314 20 193 387 581 n5 969 1163 1357 1551 1745 1939 
18 275 551 827 1102 1378 1654 1930 2205 2481 2757 
17 329 659 989 1318 1648 1978 2308 2637 2967 3297 
16 372 744 1117 1489 1862 2234 2607 2979 3352 3724 
15 415 831 1247 1663 2079 2495 2911 3327 3743 4159 
14 485 971 1456 1942 2428 2913 3399 3885 4370 4856 
13 563 1127 1691 2255 2818 3382 3946 4510 5074 5637 
12 657 1315 1973 2631 3269 3946 4604 5262 5920 6578 
11 733 1467 2201 2935 3669 4403 5137 5871 6605 7339 
10 833 1667 2501 3335 4169 5003 5B36 6670 7504 8338 
9 937 1874 2811 3749 4686 5623 6561 7498 8435 9373 
8 1067 2135 3203 4271 5339 6407 7475 B543 9611 10679 

718 20 165 330 495 661 826 991 1157 1322 1487 1652 
18 234 469 703 938 1172 1407 1641 1876 2110 2345 
17 279 559 839 1119 1399 1679 1959 2239 2519 2799 
16 315 631 947 1263 1579 1895 2211 2527 2843 3159 
15 352 704 1057 1409 1761 2114 2466 2818 3171 3523 
14 410 821 1231 1642 2052 2463 2874 3284 3695 4105 
13 475 951 1426 1902 23n 2853 3329 3604 4280 4755 
12 553 1106 1660 2213 2767 3320 3874 4427 4980 5534 
11 616 1232 1848 2464 3OBO 3697 4313 4929 5545 6161 
10 698 1396 2094 2792 3490 4188 4886 5584 6282 6980 
9 782 1564 2347 3128 3912 4694 54n 6259 7042 7824 
8 8B8 1776 2664 3553 4441 5329 6218 7106 7994 8882 

1 20 144 288 432 576 720 864 1008 1152 1296 1440 
18 203 407 611 815 1019 1223 1427 1631 1835 2039 
17 243 486 729 973 1216 1459 1703 1946 2189 2432 
16 274 548 822 1097 1371 1645 1919 2194 2468 2742 
15 305 611 916 1222 1528 1833 2139 2444 2750 3056 
14 355 711 1066 1422 ln8 2133 2489 2844 3200 3556 . 
13 411 822 1233 1645 2056 2467 2878 3290 3701 4112 
12 4n 955 1432 1910 238B 2865 3343 3821 4298 4776 
11 530 1061 1592 2123 2654 3186 3716 4247 4778 5309 
10 600 1200 1801 2401 3001 3602 4202 4802 5403 6003 
9 671 1343 2014 2686 3357 4029 4700 5372 6043 6715 
8 760 1520 2281 3041 3801 4562 5322 6082 6843 7603 
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GENERAL INFORMATION SECTION 9 

TABLE D-9-(Conllnuod) 

INTERNAL WORKING PRESSURES (PSI) 
OF TUBES AT VARIOUS VALUES OF ALLOWABLE STRESS 

Tube Tube Code Allowable Suess (pSI) 
0.0. Gv;,e 

Inches B G 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 

1-114 20 114 229 343 458 572 687 801 916 1031 1145 
18 161 323 485 647 809 971 1133 1295 1456 1618 
16 217 434 651 868 1085 1302 1519 1736 1953 2170 
15 241 483 724 966 1207 1449 1690 1932 2173 2415 
14 280 561 841 1122 1402 1683 1963 2244 2524 2805 
13 323 647 971 1294 1618 1942 2265 2589 2913 3236 
12 374 749 1124 1499 1874 2249 2624 2999 3374 3749 
11 415 831 1247 1663 2079 2495 2911 3327 3743 4159 
10 469 939 1407 1876 2345 2814 3283 3752 4221 4690 
9 523 1046 1569 2092 2615 3138 3962 4185 4708 5231 
8 590 1180 lnl 2361 2951 3542 4132 4722 5313 5903 
7 650 1301 1952 2603 3254 3905 4556 5207 5859 6509 

1-112 14 231 463 694 926 1157 1399 1621 1852 2084 2315 
12 308 617 925 1234 1543 1851 2160 2468 2m 3085 
11 341 683 1025 1367 1709 2051 2393 2735 3076 3418 
10 384 769 1154 1539 1924 2309 2693 3078 3463 3848 
9 428 856 1285 1713 2142 2570 2999 3427 3956 4284 
8 482 984 1447 1929 2412 2894 33n 3859 4342 4824 

2 14 171 343 515 685 858 1030 1201 1373 1545 1717 
12 227 455 683 911 1139 1367 1595 1823 2051 2279 
11 252 504 756 1008 1260 1512 1764 2016 2268 2521 
10 283 566 849 1132 1415 1699 1982 2265 2548 2831 
9 314 629 943 1258 1573 1997 2202 2517 2831 3146 
8 353 706 1059 1413 1766 2119 2473 2826 3179 3533 
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SECTION 9 

~ MATERIAl 70 

C STL. C MO. UN-MO 29.2 
AUSTENITIC 5TN STL 28.3 
LOW CHROMES THRU 2% 29.7 
2-1/4 CR-l MO & 3 CR-l MO 30.6 
INT CR-11O (5-9% CR) 30.9 

12. 13. 15 & 17% CR 29.2 
LOW NI STEELS THRU 3-1/2% 27.8 

NI-CU ALLOY 400 (N04400) 26.0 
90-10 CU-NI (C70600) 18.0 
ALUMINUM 10.0 

NI-CR FE ALLOY 600 (N06600) 31.0 
NI-FE-CR (N08800 & N08810) 28.5 
NHIO ALLOY B (Nl0001) 31.1 
NI-UO-CR ALLOY C-276 (N10276 29.8 
NICKEL 200 (N02200) 30.0 

COPPER & AL-BRONZE 17.0 
COMMERCIAl BRASS 15.0 

ADMIRALTY 16.0 
TITANIUM 15.5 
70-30 CU-NI (C71500) 22.0 

NHIO ALLOY B-2 (Nl0665) 31.4 
NI-FE -CR-MO-CU (N08825) 28.0 
MUNTZ (C36500) 15.0 
ZIRCONIUM (R60702) 14.4 
NI-CR-MO-CB (N06625) 30.0 

7 MO (532900) 29.0 
7 MO PLUS (532950) 29.0 

17-19 CR STN STL 29.0 
AL -6XN STN STL (N08367) 28.3 
AL-29-4-2 29.0 
SEA-CURE 31.0 
2205 (531803) 29.0 
3RE60 (531500) 29.0 

REFERENCES: 
ASME SECTION II. D. 1998 EDITION 

GENERAL INFORMATION 

TABLE D-10 
MODULUS OF ELASTICITY 

PSI X 10 >6 

100 200 300 400 500 600 

29.0 28.5 28.0 27.4 27.0 26.4 
28.1 27.6 27.0 26.5 25.8 25.3 
29.5 29.0 28.5 27.9 27.5 26.9 
30.4 29.8 29.4 28.8 28.3 27.7 
30.7 30.1 29.7 29.0 28.6 28.0 

29.0 28.5 27.9 27.3 26.7 26.1 
27.6 27.1 26.7 26.1 25.7 25.2 
25.8 25.4 25.0 24.7 24.3 24.1 
17.9 17.6 17.3 16.9 16.6 16.0 
9.9 9.6 9.2 8.7 8.1 

30.8 30.2 29.9 29.5 29.0 28.7 
28.3 27.8 27.4 27.1 26.6 26.4 
30.9 30.3 29.9 29.5 29.1 28.8 
29.6 29.1 28.6 28.3 27.9 27.6 
29.8 29.3 28.8 28.5 28.1 27.8 

16.9 16.6 16.3 16.0 15.6 15.1 
14.9 14.6 14.4 14.1 13.8 13.4 
15.9 15.6 15.4 15.0 14.7 14.2 
15.4 15.0 14.6 14.0 13.3 12.6 
21.9 21.5 21.1 20.7 20.2 19.6 

31.2 30.6 30.1 29.8 29.3 29.0 
27.8 27.3 26.9 26.6 26.2 25.9 
14.9 14.6 14.4 14.1 13.8 13.4 
13.9 13.4 12.4 11.5 10.7 9.9 
29.3 28.8 28.5 28.1 27.8 27.3 

28.8 28.0 27.5 

28.1 27.4 26.8 26.1 25.5 24.8 

28.8 28.2 27.6 27.0 26.6 26.2 
28.7 27.5 26.8 26.0 25.3 24.5 

700 
25.3 
24.8 
26.3 
27.1 
27.3 

25.6 
24.6 
23.7 
15.4 

28.2 
25.9 
28.3 
27.1 
27.3 

14.5 
12.8 
13.7 
11.9 
18.8 

28.6 
25.5 
12.8 

26.7 

24.1 

23.8 

INTERNATIONAl NICKEL CO. 

BOO 900 1000 

23.9 22.2 20.1 
24.1 23.5 22.8 
25.5 24.8 23.9 
26.3 25.6 24.6 
26.1 24.7 22.7 

24.7 23.2 21.5 
23.0 21.4 19.7 
23.1 22.6 22.1 

27.6 27.0 26.4 
25.4 24.8 24.2 
27.7 27.1 26.4 
26.5 25.9 25.3 
26.7 26.1 25.5 

11.2 

27.9 27.3 26.7 
24.9 24.4 23.8 

26.1 25.5 25.1 

23.4 22.8 22.1 

23.0 

R.A. MOEN (COLLECTED PAPERS. LETTERS & DATA) 
HUNTINGTON AlLOYS. INC. BULLETIN 115Ml-76T-42 
ALLEGHENY LUDLUM STEEL CORP. 

ASTM SPECIAl TECHNICAL PUBLICATION , 181 
CARPENTER TECHNOLOGY 
TRENT TUBE 

CABOT -STElLITE 
TELEDYNE WAH CHANG AlBANY 

AIRCO. INC. 
SANDVIK TUBE 

1100 
17.8 
22.1 
23.0 
23.7 
20.4 

19.1 
17.5 
21.1 

25.9 
23.8 
26.0 
24.9 
25.1 

26.2 

24.5 
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1200 

15.3 
21.2 
21.8 
22.5 
18.2 

16.6 
15.3 
21.2 

25.3 
23.2 
25.3 
24.3 
24.5 

25.6 

24.0 



GENERAL INFORMATION SECTION 9 

TABLED-10 M 
MODULUS OF ELASTICITY 

~. 
MATERIAl 21.1 37.8 93.3 

C STL. C-MO. MN-MO 201.3 199.9 196.5 
AUSTENITIC STN STL 195.1 193.7 190.3 
LOW CHROMES THRU 2% 204.8 203.4 199.9 
2-1/4 CR-l MO & 3 CR-l MO 211.0 209.6 205.5 
INT CR-MO (5-9% CR) 213.0 211.7 207.5 

12. 13. 15 & 17X CR 201.3 199.9 196.5 
LOW NI STEELS THRU 3-1/2% 191.7 190.3 186.8 
NI-CU ALLOY 400 (N04400) 179.3 177.9 175.1 
90-10 CU-NI (C70600) 124.1 123.4 121.3 
ALUMINUM 68.9 66.3 66.2 

NI-CR-FE ALLOY 600 (N06600) 213.7 212.4 208.2 
NI-FE-CR (N08800 & N08810) 196.5 195.1 191.7 
NI-MO ALLOY 8 (Nl000l) 214.4 213.0 208.9 
NI-MO-CR ALLOY C-276 (Nl0276) 205.5 204.1 200.6 
NICKEL 200 (N02200) 206.8 205.5 202.0 

COPPER & AL-BRONZE 117.2 116.5 114.5 

COMMERCIAl BRASS 103.4 102.7 100.7 
ADMIRALTY 110.3 109.6 107.6 
TITANIUM 106.9 106.2 103.4 
70-30 CU-NI (C71500) 151.7 151.0 148.2 

NI-MO ALLOY 8-2 (Nl0665) 216.5 215.1 211.0 
NI-FE -CR-MO-CU (N08825) 193.1 191.7 188.2 
MUNTZ (C36500) 103.4 102.7 100.7 
ZIRCONIUM (R60702) 99.3 95.8 92.4 
NI-CR-MO-CB (N06625) 206.8 202.0 198.6 

7 MO (S32900) 199.9 198.6 193.1 

7 1010 PLUS (S3295O) 199.9 

TP 439 STN STL 199.9 
AL-6XN STN STL (N08367) 195.1 193.7 188.9 

AL-29-4-2 199.9 
SEA-CURE 213.7 
2205 (S31803) 199.9 198.5 194.4 
3RE60 (S31500) 199.9 197.9 189.6 

REFERENCES: 
ASME SECTION II. D. 1998 EDITION 
R.A. MOEN (COLLECTED PAPERS. LEITERS & DATA) 
HUNTINGTON ALLOYS. INC. BULLETIN 115MI-76T-42 
ALLEGHENY LUDLUM STEEL CORP. 
CABOT -STELLITE 
TELEDYNE WAH CHANG ALBANY 

kPo X 10+6 

148.9 204.4 260.0 315.6 371.1 426.7 482.2 537.8 

193.1 188.9 186.2 182.0 174.4 164.8 153.1 138.6 
186.2 182.7 177.9 174.4 171.0 166.2 162.0 157.2 
196.5 192.4 189.6 185.5 181.3 175.8 171.0 164.8 
202.7 198.6 195.1 191.0 186.8 181.3 176.5 169.6 
204.8 199.9 197.2 193.1 188.2 180.0 170.3 156.5 

192.4 188.2 184.1 180.0 176.5 170.3 160.0 148.2 

184.1 180.0 177.2 173.7 169.6 158.6 147.5 135.8 

172.4 170.3 167.5 166.2 163.4 159.3 155.8 152.4 

119.3 116.5 114.5 110.3 106.2 
63.4 60.0 55.8 

206.2 203.4 199.9 197.9 194.4 190.3 186.2 182.0 
188.9 186.8 183.4 182.0 178.6 175.1 171.0 166.9 
206.2 203.4 200.6 198.6 195.1 191.0 186.8 182.0 
197.2 195.1 192.4 190.3 186.8 182.7 178.6 174.4 
198.6 196.5 193.7 191.7 188.2 184.1 180.0 175.8 

112.4 110.3 107.6 104.1 100.0 
99.3 97.2 95.1 92.4 88.3 

106.2 103.4 101.4 97.9 94.5 
100.7 96.5 91.7 86.9 82.0 77.2 
145.5 142.7 139.3 135.1 129.6 

207.5 205.5 202.0 199.9 197.2 192.4 188.2 184.1 
185.5 183.4 180.6 178.6 175.8 171.7 168.2 164.1 
99.3 97.2 95.1 92.4 88.2 
85.5 79.3 73.8 68.3 

196.5 193.7 191.7 188.2 184.1 180.0 175.8 173.1 

189.6 

184.8 180.0 175.8 171.0 166.2 161.3 157.2 152.4 

190.3 186.1 183.4 180.6 
184.8 179.2 174.4 168.9 164.1 158.6 

INTERNATIONAL NICKEL CO. 
ASTM SPECIAL TECHNICAL PUBLICATION H 181 
CARPENTER TECHNOLOGY 
TRENT TUBE 
AlRCO. INC. 
SANDVIK TUBE 

593.3 648.9 

122.7 105.5 
152.4 146.2 
158.6 150.3 
163.4 155.1 
140.7 125.5 

131.7 114.5 
120.7 105.5 
149.6 146.2 

178.6 174.4 
164.1 160.0 
179.3 174.4 
171.7 167.5 
173.1 168.9 

180.6 176.5 

166.9 165.5 
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SECTION 9 GENERAL INFORMATION 

TABLE 0-11 
MEAN COEFFICIENTS OF THERMAL EXPANSION 

TEMP. DEC. F. INCHES PER INCH PER DEC F X 10-' BElWEEN 70 F AND: 

MATERIAl. 200 -100 100 200 300 400 500 600 700 800 900 1000 1100 1200 

PlAIN CARBON SlL .t C-MN SlL 5.60 5.90 6.50 6.67 6.87 7.07 7.25 7.42 7.59 7.76 7.89 
C-SI SlL. C-l/2 YO .t 1 CR-l/2 yo 5.60 5.64 5.73 6.09 6.43 6.74 7.06 7.28 7.51 7.71 7.86 8.00 
C-YN-SI Silo 1 1/4-1/2 YO .tJ CR-l YO 5.53 5.89 6.26 6.51 6.91 7.17 7.41 7.59 7.77 7.94 8.07 8.24 

UN-YO STL 5.60 6.08 7.06 7.25 7.43 7.58 7.70 7.83 7.94 8.05 8.14 8.23 

2-1/2 .t 3-1/2 NI 6.27 6.54 6.78 6.98 7.16 7.32 7.47 7.61 

2-1/4 CR-l YO 5.60 5.90 6.50 6.70 6.90 7.07 7.23 7.38 7.50 7.62 7.72 7.82 7.90 7.97 

5 CR-l/2 YO 5.60 5.90 6.50 6.73 6.87 6.97 7.05 7.15 7.24 7.32 7.41 7.48 7.56 7.64 

7 CR-l/2 YO .t 9 CR-l YO 5.60 5.68 5.85 6.02 6.15 6.29 6.40 6.51 6.62 6.71 6.82 6.90 7.00 7.08 

12 CR .t 13 CR 5.10 5.39 5.98 6.15 6.30 6.40 6.48 6.53 6.60 &.67 6.72 6.78 6.83 6.88 

15 CR .t 17 CR 5.10 5.19 5.37 5.52 5.65 5.75 5.85 5.95 6.05 6.13 6.22 6.30 6.37 6.44 

17-19 CR (TP 439) 5.59 5.70 5.81 5.92 6.03 6.14 6.25 6.36 6.46 6.56 6.65 

ALL GRADES or TP 316 .t 317 SIN SlL 8.54 8.76 8.97 9.21 9.42 9.60 9.76 9.90 10.02 10.16 10.29 10.40 
ALL CIIADES OF TP J04 SIN SlL 8.55 8.79 9.00 9.19 9.37 9.53 9.69 9.82 9.95 10.07 10.18 10.29 
ALL CIIADES or TP 321 SIN STL 9.02 9.16 9.26 9.34 9.42 9.48 9.55 9.61 9.67 9.73 9.79 9.85 
ALL CIIADES or TP 347 SIN STL 8.62 8.92 9.22 9.45 9.65 9.83 9.97 10.08 10.22 10.ll 10.45 10.56 
25 CR-12 NI. 23 CR-12 NI .t 25 CR-2O Nl 8.87 9.02 9.10 9.14 9.18 9.21 9.25 9.28 9.32 9.37 9.41 9.47 
AL -6XN (N08J67) 8.50 8.55 8.61 8.72 8.82 8.87 8.95 9.06 9.18 9.29 9.40 

ALUMINUM (3003) lUll 12.04 12.54 12.85 13.15 13.45 
ALUlllNUM (6061) 11.S( 12.06 12.60 12.91 13.22 13.52 
mANIUu (CIIADES 1.2.3 .t 7) 4.65 4.70 4.75 4.80 4.85 4.90 4.97 5.05 
NI-CU (N04400) 7.78 8.08 8.JJ 8.54 8.69 8.81 8.88 8.91 
NI-CR-rE (N06600) 6.90 7.20 7.40 7.57 7.70 7.82 7.94 8.04 

NI-fE-CR (N08800 .t N08810) 7.9 8.34 8.60 8.78 8.92 9.00 9.11 9.20 9.30 9.40 
NI-FE-CR-YO-CU (N08825) 7.53 7.71 7.85 7.97 8.09 8.20 8.30 8.40 
NI-YO (ALLOY B) 6.08 6.24 6.35 6.40 6.41 6.47 6.57 6.68 
NI-YO-CR (ALLOY C-276) (Nl0276) 6.06 6.30 6.50 6.71 6.91 7.08 7.22 7.JJ 
NICXEL (ALLOY 200) (N02200) 6.20 6.39 6.77 7.21 7.52 7.74 7.91 8.05 8.16 8.27 8.50 8.60 8.70 8.80 
2205 (531803) 7.00 7.00 7.25 7.50 7.65 7.80 7.90 8.00 

JRE60 (531500) 8.03 8.25 8.45 8.61 8.76 8.90 9.04 9.16 
70-30 CU-NI (C715OO) 8.50 8.70 8.90 9.10 
90-10 .t 80-20 CU-NI 9.50 
COPPER 8.60 9.00 9.40 9.60 9.70 9.80 9.90 10.10 10.20 10.30 10.40 10.50 
BRASS 9.10 9.30 9.60 9.70 10.00 10.20 10.50 10.70 10.90 11.20 11.40 11.60 11.90 12.10 
ALUUlNUM BRONZE 9.00 
7 YO (532900) 5.60 6.00 6.10 6.20 6.J5 6.50 6.69 6.88 7.06 7.25 7.44 
7 YO PLUS (SJ2950) 6.39 &.67 6.94 7.22 7.49 7.68 7.88 7.98 8.08 

COPPER-SILICON 10.00 _lY 
11.20 

ZIRCONIUM 3.20 3.50 3.70 3.90 4.10 
CR-Nl-FE -YO-CU-CB (ALLOY 2OCB) 8.30 8.JO 9.40 
NI-CR-YO-CB (ALLOY 625) (N06625) 5.20 6.20 6.70 7.12 7.20 7.30 7.35 7.45 7.52 7.60 7.70 7.80 8.00 8.20 
AL 29-4-2 5.20 
SEA-CURE 5.38 5.43 5.62 5.81 5.88 5.95 

REFERENCES: 
INTERNATIONAL NICKEL CO. ASME SECTION II. D. 1998 EDITION 

R.A. MOEN (COLLECTED PAPERS. LETTERS '" DATA) 
HUNTINGTON ALLOYS, INC. BULLETIN '15M 1 -76T -42 
ALLEGHENY LUDLUM STEEL CORP. 

ASTM SPECIAL TECHNICAL PUBLICATION , 181 
CARPENTER TECHNOLOGY 

CABOT - STELUTE 
TELEDYNE WAH CHANG ALBANY 
BRIDGEPORT BRASS COMPANY 
SABIN CROCKER, PIPING HANDBOOK, 4TH EDITION 

TRENT TUBE 
AlRCO, INC. 
SANDVIK TUBE 
NATIONAL BUREAU OF STANDARDS 
D.G. FURMAN, JOURNIAL OF METALS 

1300 

·6.74 

10.52 
10.J9 
9.90 

10.66 
9.54 
9.51 

8.90 

7.63 
8.12 

9.60 
8.J5 
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1400 

6.83 

10.62 
10.49 
9.95 

10.75 
9.62 
9.68 

8.90 

7.81 
8.16 

8.50 



GENERAL INFORMATION SECTION 9 

TABLE 0-11 M 
MEAN COEFFICIENTS OF THERMAL EXPANSION 

TEMP. DEG. C. mm PER mm PER IlEG C X 10-' BEMEN 2 t.1 IlEG C AND: 

MATERIAl. 128.9 -73 37.8 93.3 148.9 204.4 260. 315.6 371. 426.7 482.2 537.8 593.3 648.9 
PlAIN CARBON STl .t C-MN STl 10.08 10.&2 11.10 12.01 12.37 12.73 13.05 13.36 13.66 13.97 14.20 
C-SI ST1.. C-1/2 YO .t 1 CR-1/2 YO 10.08 10.15 10.31 10.96 11.57 12.13 12.71 13.10 13.52 13.88 14.15 14.40 
C-MN-Sl SIt. 1 1/4-1/2 MO .tJ CR-l YO 9.95 10.60 11.27 11.90 12.44 12.91 13.J4 13.66 13.99 14.29 14.5J 14.83 
UN-YO STl 10.08 10.94 12.71 13.05 13.37 13.64 13.86 14.09 14.29 14.49 14.65 14.81 
2-1/2 .t 3-1/2 Nl 11.29 11.77 12.20 12.56 12.89 13.18 13.45 13.70 

2-1/4 CR-l UO 10.08 10.62 11.10 12.06 12.42 12.73 13.01 13.28 13.50 13.72 13.90 14.08 14.22 14.35 
5 CR-1/2 UO 10.08 10.62 11.10 12.11 12.37 12.55 12.69 12.87 lJ.OJ 13.18 13.J4 13.46 13.61 13.75 
7 CR-1/2 MO '" 9 CR-l UO 10.08 10.22 lo.5J 10.84 11.07 11.32 11.52 11.72 11.92 12.08 12.28 12.42 12.60 12.74 
12CR.t13CR 9.18 .10 10.76 11.07 11.34 11.52 11.66 11.15 11.88 12.01 12.10 12.20 12.29 12.38 

15 CR .t 17 CR 9.18 ~.34 9.67 9.94 10.17 10.35 10.5J 10.71 10.89 11.03 11.20 11.34 11.47 11.59 
17-19 CR (TP 439) 10.06 10.26 lG.46 10.66 10.85 11.05 11.25 11.45 11.63 11.81 11.97 

AU. GRADES or TP 316 '" 317 STN STL 15.37 15.77 16.15 16.58 16.96 17.26 17.5 17.82 18.04 18.29 18.52 18.72 
AU. GRADES or TP J04 STN STL 15.39 15.82 16.20 16.54 16.87 17.15 17.4' 17.68 17.91 18.13 18.32 18.52 
AU. GRADES or TP 321 STN STL 16.24 16.49 16.67 16.81 16.96 17.06 17.1 17.30 17.41 17.51 17.62 17.73 
AU. GIWlES or TP J4 7 STN STL 15.52 16.06 16.60 17.01 17.37 17.69 17.9 8.14 18.40 18.59 18.81 19.01 
25 CR-12 Nl, 23 CR-12 M .t 25 CR-20 Nl 15.97 16.24 16.38 16.45 16.52 16.58 16.~ 16.10 16.78 16.87 16.94 17.05 
AL-6XN (N08J67) 15.30 15.39 15.50 15.10 15.88 15.9 16.11 16.31 16.52 16.72 16.92 

ALUMINUU (3003) 1.24 21.67 22.57 2J.13 23.67 24.21 
ALUUINUU (6061) 1.24 21.71 22.68 23.24 2J.80 24.J4 
mANIUM (GRADES 1,2.3 '" 7) 8.37 8.46 8.55 8.64 8.73 8.82 8.95 9.09 
M-CU (N04400) 14.00 14.54 14.99 15.37 15.64 15.86 15.!M 16.04 
NI-CR-fE (N06600) 12.42 12.96 13.32 13.63 13.86 14.08 14.2! 14.47 

NI-fE-CR (N08800 '" N08810) 14.31 15.01 15.48 15.80 16.06 16.20 16.44 16.56 16.74 6.92 
HI-FE-CR-UO-CU (N08825) 13.55 13.88 14.13 14.35 14.56 14.76 14.9 15.12 
HI-YO (ALLOY B) 10.94 11.23 11.43 11.52 11.54 11.65 11.8. 12.02 
NI-UO-CR (ALLOY C-276) (NI0276) 10.91 11.34 11.10 12.08 12.44 12.74 13.00 13.19 
HCKEL (ALLOY 200) (N022oo) 11.16 11.50 12.19 12.98 13.54 13.93 14.24 14.49 14.6! 14.89 15.30 15.48 15.66 15.84 
2205 (531803) 12.60 12.60 13.05 13.50 13.77 14.04 14.2: 14.40 

JRE60 (SJ 1500) 14.4l 14.85 15.21 15.50 15.77 16.02 16.2 16.49 
10-30 CU-" (C715OO) 15.30 15.66 16.02 16.38 
90-10 .t 80-20 CU-Nl 17.10 
COPPER 15.48 16.20 16.9, 17.28 17.46 17.64 17.82 18.18 18.3 18.54 18.72 8.90 
BRASS 16.38 16.74 17.21 17.46 18.00 18.36 18.90 19.26 19.&: 20.16 20.52 0.88 21.42 21.78 
ALUMINUM BR0N2E 16.20 
7 UO (532900) 10.08 10.80 10.98 11.16 11.4 11.1C 12.04 12.38 2.71 13.05 13.39 
7 YO PLUS (532950) 11.50 12.01 12.4 13.111 13.48 13.82 4.18 14.36 14.54 

COPPER-SIlICON 18.00 
ADU1RALTY 20.16 
ZIRCONIUM 5.76 6.30 6.66 7.02 7.31 
CR-NI-fE-UO-CU-CB (ALLOY 2OCB) 14.94 14.94 16.92 
NI-CR-YO-CB (AU.OY 625) (N06625) 9.36 11.16 12.06 12.82 12.96 13.14 13.23 13.41 13.5- 13.68 13.86 4.04 14.40 14.76 
AL 29-4-2 9.36 
SEA-CURE 9.68 9.77 10.12 10.46 10.58 1G.71 

REFERENCES: 
ASME SECTION II, 0, 1998 EDITION INTERNATIONAL NICKEL CO. 
R.A. MOEN (COLLECTED PAPERS, LEITERS & DATA) 
HUNTINGTON ALLOYS, INC. BULLETIN 115MI-76T-42 
ALLEGHENY LUDLUM STEEL CORP. 

ASTM SPECIAL TECHNICAL PUBLICATION , 181 
CARPENTER TECHNOLOGY 

CABOT -STELlITE 
TELEDYNE WAH CHANG ALBANY 
BRIDGEPORT BRASS COMPANY 
SABIN CROCKER, PIPING HANDBOOK, 4TH EDITION 

TRENT TUBE 
A1RCO, INC. 
SANDVIK TUBE 
NATIONAL BUREAU OF STANDARDS 
D.G. FURMAN, JOURNAL OF METALS 

704.4 760.0 

12.13 12.29 

18.94 19.12 
18.10 18.88 
17.82 17.91 
19.19 19.35 
17.17 17.32 
17.12 17.42 

16.02 16.02 

13.73 14.06 
14.62 14.69 

17.28 
15.03 l5.JO 
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SECTION 9 GENERAL INFORMATION 

TABLE 0-12 
THERMAL CONDUCTIVITY OF METALS 

TEMP. DEC F 

MATERIAl. 70 100 200 JOO 400 

:ARBON STEEL 30.0 29.9 29.2 28.4 27.6 
:-1/2 MOLY STEEL 24.8 25.0 25.2 25.1 24.8 
1 CR-l/2 MO .t 1-1/4 CR-l/2 MO 21.3 21.5 21.9 22.0 21.9 
H/4 CR-l MO 20.9 21.0 21.3 21.5 21.5 
; CR-l/2 MD 16.9 17.3 18.1 18.7 19.1 

, CR-l/2 MO 14.1 14.4 15.3 16.0 16.5 
I CR-l YO 12.8 13.1 14.0 14.7 15.2 
l-1/2 NICKEL 22.9 23.2 23.8 24.1 23.9 
12 CR .t 13 CR 15.2 15.3 15.5 15.6 15.8 
15 CR 14.2 14.2 14.4 14.5 14.6 

17 CR 12.6 12.7 12.8 13.0 13.1 
17-19 CR (TP 439) 14.0 
IP J04 STN STL 8.6 8.7 9.3 9.8 10.4 
IP J16 .t J17 SIN STL 7.7 7.9 8.4 9.0 9.5 
IP 321 .t 347 STH STL 8.1 8.4 8.8 9.4 9.9 
IP Jl0 STN STL 7.J 7.5 8.0 8.6 9.1 
lZ05 (SJ1BOJ) 8.0 8.5 9.0 9.5 10.0 
!RE60 (SJI5OO) 8.4 8.5 9.0 9.4 9.8 

IICKEL 200 38.8 37.2 35.4 
ll-CU (N044OO) 12.6 12.9 13.9 15.0 16.1 
II-CR-rE (N066OO) 8.6 8.7 9.1 9.6 10.1 
II-rE-CR (N088OD) 6.7 6.8 7.4 8.0 8.6 
.-FE -CR-YO-CU (N08825) 7.1 7.6 8.1 

\II-YO ALLOY 8 6.1 6.4 6.7 7.0 
II-YO-CR ALLOY C-276 (Hl0276) 5.9 6.4 7.0 7.5 
\lUIIlNUM ALLOY JOOJ 102.3 102.8 104.2 105.2 106.1 
Il.UMINUM ALLOY 6061 96.1 96.9 99.0 100.6 101.9 
UTANIUM (CRAIlES 1.2,3 .t 7) 12.7 12.5 12.0 11.7 11.5 

1IlII1R.\l. TY 70.0 75.0 79.0 
..... VAl. BRASS 71.0 74.0 77.0 
:DPP[R 225.0 225.0 224.0 
10-10 CU-NI 30.0 31.0 34.0 
70-30 CU-NI (C71500) 18.0 19.0 21.0 
, YO (SJ2900) 8.8 9.3 9.8 10.3 
, YO PLUS (SJ295O) 8.6 9.4 10.2 11.1 

IUNTI 71.0 
!IRCONIUM 12.0 
:II-YO ALLOY XM-27 11.3 
:R-NI-rE -MO-CU-C8 (ALLOY 2OCB) 7.6 
II-CR-MD-CB (ALLOY 625) 5.1 5.8 6.2 6.8 7.2 
II. 29-4-2 8.8 
;£A-CURE 9.4 9.6 10.J 10.9 11.6 
II. -6XN (N08367) 7.9 

REFERENCES: 
ASME SECTION II. D. 1998 EDITION 
HUNTINGTON AllOY. INC. BUllETIN #15Ml-76T-42 
A.I.M.E. TECH. PUBLICATIONS NOS 291. 360 & 648 
AllEGHENY lUDlUM STEEL CORP. 
TELEDYNE WAH CHANG AlBANY 
TRANS. A.S.S.T. VOl. 21. PAGES 1061-1078 
BABCOX & WilCOX CO. 

500 

26.6 
2'.3 
21.7 
21.4 
19.2 

16.9 
15.6 
23.4 
15.8 
14.7 

13.2 

10.9 
10.0 
10.4 
9.6 

10.5 
10.2 

34.1 
17.0 
10.6 
9.1 
8.6 

7.4 
8.1 

11.3 

84.0 
80.0 

224.0 
37.0 
23.0 
10.8 
11.8 

7.1 
11.0 
12.3 

BTU/HR. FT. DEC. F. 

600 700 800 900 

25.6 24.6 23.5 22.5 
23.7 23.0 22.2 21.4 
21.3 ZO.8 20.2 19.7 
21.1 ZO.7 20.2 19.7 
19.2 19.0 18.7 18.4 

17.1 17.2 17.3 17.2 
15.9 16.0 16.1 16.1 
22.9 22.3 21.6 20.9 
15.9 15.9 15.9 15.9 
14.7 14.8 14.8 14.8 

13.3 13.4 13.5 13.6 

11.3 11.8 12.2 12.7 
10.5 11.0 11.5 12.0 
10.9 11.4 11.9 12.3 
10.1 10.6 11.1 11.6 
11.0 11.5 12.0 
10.6 11.0 ".J 

32.5 31.8 32.5 33.1 
17.9 18.9 19.8 ZO.9 
11.1 11.6 12.1 12.6 
9.6 10.1 10.6 11.1 
9.1 9.6 10.0 10.4 

7.7 8.2 8.7 9.3 
8.7 9.2 9.8 10.4 

11.2 11.2 11.2 11.3 

89.0 
83.0 

223.0 
42.0 47.0 49.0 51.0 
25.0 27.0 30.0 33.0 
11.3 
12.7 

8.2 8.6 9.1 9.6 

12.9 13.7 

AMERICAN BRASS CO. 
TRENT TUBE 
AlRCO. INC. 

1000 

21.4 
20.' 
19.1 
19.1 
18.0 

17.1 
16.1 
20.1 
15.8 
14.8 

13.7 

13.2 
12.4 
12.8 
12.1 

33.8 
22.0 
13.2 
11.6 
10.9 

10.0 
11.0 

11.4 

53.0 
37.0 

10.1 

CABOT -STELLITE 
CARPENTER TECHNOLOGY 
INTERNATIONAL NICKEL CO. 
SANDVIK TUBE 

1100 1200 lJOO 1400 

20.2 19.0 17.6 16.2 
19.5 18.' 16.7 15.3 
18.5 17.7 16.5 15.0 
18.5 18.0 17.2 15.6 
17.6 17.1 16.6 16.0 

16.8 16.6 16.2 15.6 
16.0 15.8 15.6 15.2 
19.2 18.2 16.9 15.5 
15.6 15.3 15.1 15.0 
14.8 14.8 14.8 14.8 

13.8 13.9 14.1 14.3 

13.6 14.0 14.5 14.9 
12.9 13.3 13.8 14.2 
13.3 13.7 14.1 14.6 
12.6 13.1 13.6 14.1 

13.8 14.3 14.9 15.5 
12.1 12.7 13.2 13.8 
11.4 11.8 12.4 12.9 

10.7 
11.5 12.1 

11.6 

10.6 11.0 11.5 12.0 
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1500 

15.6 
15.0 
14.8 
15.3 
15.8 

15.5 
15.0 
15.3 
15.1 
14.8 

14.5 

15.3 
14.6 
15.0 
14.5 

16.0 
14.5 
13.6 

12.6 



GENERAL INFORMATION 

TABLED-12M 
THERMAL CONDUCTIVITY OF METALS 

:::----- TEMP. DEC C 
UATERIAI. 21.1 37.8 9.1.3 148.9 

CAR80N STEEL 51.9 51.7 50.5 49.2 
C-l/2 UOlY STEEL 42.9 <3.3 43.6 43.4 

1 CR-l/2 lAO a: 1-1/0 CR-l/2 YO 36.9 37.2 37.9 38.1 
2-1/4 CR-l lAO 36.2 36.J 36.9 37.2 
5 CR-l/2 lAO 29.2 29.9 31.3 32.4 

7 CR-l/2 lAO 24.4 24.9 26.5 27.7 
9 CR-l lAO 22.2 22.7 20.2 25.4 
3-1/2 NICKEL .59.6 40.2 41.2 41.7 
12 CR a: 13 CR 26.3 26.5 26.8 27.0 
15 CR 24.6 24.6 24.9 25.1 

17 CR 21.8 22.0 22.2 22.5 
17-19 CR (TP '.59) 24.2 
TP 304 SIN SIL 10.9 15.1 16.1 17.0 
TP 316 a: 317 SIN SIL 13.3 13.7 14.5 15.6 
TP 321 a: 347 SIN SlL ".0 14.5 15.2 16.3 
TP 310 SIN SlL 12.6 13.0 1:s.8 14.9 
2205 (531803) 13.8 14.7 15.6 16.0 
JRE60 (531500) 14.5 14.7 15.6 16.3 

NICICEL 200 67.2 64.0 
NI-QJ (N04400) 21.8 22.3 24.1 26.0 
NI-CR-FE (N06600) 14.9 15.1 15.7 16.6 
NI-FE -CR (N08800) 11.6 11.8 12.8 1:s.8 
Nl-FE -CR-IAO-QJ (N08825) 12.3 13.2 

Nl-IAO AUOI' B 10.6 11.1 11.6 
NJ-IIO-CR AUOI' C-276 (Nl0276) 10.2 11.1 12.1 
ALUIIINUII NJ.J1f = 172.1 172.9 180.3 182.1 
AlUIIINUII NJ.J1f 6061 166.3 167.7 171.3 17'.1 
mAHIUII (GRADES 1.2.3 a: 7) 22.0 21.6 20.8 20.2 

AIlIIlRALTY 121.1 129.8 
NAVAl. BRASS 122.9 128.1 
COPI'ER 389.4 389 .• 
90-10 QJ-Nl 51.9 53.7 
10-30 CIJ-Nl (C115OO) 31.2 32.9 
7 110 (S32900) 15.2 16.1 17.0 
7 lAO PLUS (S32950) 14.9 16.3 17.7 

IIUNT2 122.9 
ZIRCONIIJU 20.8 
CR-IIO NJ.J1f X11-27 19.6 
CR-Nl-FE-IIO-QJ-ca (AUOI' 2OCB) 13.2 
Nl-CR-IIO-CS (ALLOY 625) 9.9 10.0 10.7 11.8 
AI. 29-4-2 15.2 
stIo.-CURE 16.3 16.6 17.8 18.9 
AI.-6XH (N08367) 13.7 

REFERENCES: 
ASME SECTION II. D. 1998 EDITION 
HUNTINGTON AllOY. INC. BUUfTIN #15Ml-76T -42 
A.I.M.E. TECH. PUBLICATIONS NOS 291. 360 & 648 
ALLEGHENY LUDLUM STEEL CORP. 
TELEDYNE WAH CHANG ALBANY 
TRANS. A.S.S.T. VOL 21, PAGES 1061-1078 
BABCOX & WILCOX CO. 

1204.4 

47.8 
42.9 
37.9 
37.2 
33.1 

28.6 
26.3 
41 .• 
27.3 
25.J 

22.7 

18.0 
16.4 
17.1 
15.7 
17.3 
17.0 

61.3 
27.9 
17.5 
10.9 
".0 

12.1 
1:s.D 

lU6 
176.4 
19.9 

136.7 
133.3 
387.7 
58.8 
36.J 
17.8 
19.2 

12.5 

20.1 

W/II. OEC. C 

60.0 315.6 371.1 426.7 482.2 
46.0 44.3 42.6 40.7 38.9 
42.1 41.0 .59.8 38.0 37.IJ 
37.6 36.9 36.0 35.0 34.1 
37.0 36.5 35.8 35.0 34.1 
33.2 33.2 32.9 32.4 31.8 

29.2 29.6 29.8 29.9 29.8 
27.0 27.5 27.7 27.9 27.9 
40.5 39.6 38.6 37.0 36.2 
273 27.5 27.5 27.5 27.5 
25.0 25.4 25.6 25.6 25.6 

22.8 23.0 23.2 23.. 23.5 

18.9 19.6 20 •• 21.1 22.0 
17.3 18.2 19.0 19.9 20.6 
18.0 18.9 19.7 20.6 21.3 
16.6 17.5 18.. 19.2 20.1 
18.2 19.0 19.9 20.8 
17.7 18.3 19.0 19.6 

59.0 56.2 55.0 56.2 57.3 
29.' 31.0 32.7 34.3 36.2 
1M 19.2 20.1 20.9 21.8 
15.7 16.6 17.5 18.0 19.2 
14.9 15.7 16.6 17.3 18.0 

12.8 1.1.3 ".2 15.1 16.1 
14.0 15.1 15.9 17.0 18.0 

19.6 19.' 19 .• 19.4 19.6 

145.4 154.0 
136.5 143.6 
387.7 JB5.9 
64.0 72.7 81.3 84.8 88.3 
.59.8 43.3 46.7 51.9 57.1 
18.7 19.6 
20.4 22.0 

13.3 14.2 10.9 15.7 16.6 
19.0 
21.3 22.3 23.7 

AMERICAN BRASS CO. 
TRENT TUBE 
AlReO. INC. 

537.8 

37.0 
J5.3 
33.1 
33.1 
31.2 

29.6 
27.9 
34.8 
27.3 
25.6 

2;).7 

22.8 
21.5 
22.2 
20.9 

58.5 
38.1 
22.8 
20.1 
18.9 

17.3 
19.0 

19.7 

91.7 
64.0 

17.5 

CABOT -STELLITE 
CARPENTER TECHNOLOGY 
INTERNATIONAL NICKEL CO. 
SANDVIK TUBE 

SECTIONS 

59.1.3 648.9 104.4 760.0 815.6 
35.0 32.9 30.5 28.0 27.0 
33.7 31.8 28.9 26.5 26.0 
32.0 30.6 28.6 26.0 25.6 
32.0 31.2 29.8 27.0 26.5 
30.5 29.6 28.7 27.7 273 

29.1 28.7 28.0 27.0 26.8 
27.7 27.3 27.0 26.3 26.0 
33.2 31.5 29.2 26.8 26.5 
27.0 26.5 26.1 26.0 26.1 
25.6 25.6 25.6 25.6 25.6 

23.9 24.1 24.4 20.7 25.1 

23.5 24.2 25.1 25.8 26.5 
22.3 2;).0 23.9 20.6 25.J 
23.0 2;).7 24.4 25.3 26.0 
21.8 22.7 23.5 2'.4 25.1 

2;).9 24.7 25.8 26.8 27.7 
20.9 22.0 22.8 23.9 25.1 
19.7 20.0 21.5 22.3 23.5 

18.5 
19.9 20.9 

20.1 

18.3 19.0 19.9 20.8 21.8 
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SECTION 9 GENERAL INFORMATION 

Diamelcr 
Wciahtpcr 

Inch of 
Thiclcnesl 

Inch .. Poundl 

0.000 0.00 
0.125 0.00 
0.250 0.01 
0.375 0.03 
0.500 0.06 
0.625 0.09 
0.750 0.13 
0.875 0.17 

1.000 0.22 
1.125 0.28 
1.250 0.35 
1.375 0.42 
1.500 0.50 
1.625 0.59 
1.750 0.68 
1.875 0.78 

2.000 0.89 
2.125 1.01 
2.250 1.13 
2.375 1.28 
2.500 1.39 
2.625 1.53 
2.750 1.68 
2.875 1.84 

3.000 2.00 
3.125 2.18 
3.250 2.35 
3.375 2.54 
3.500 2.73 
3.625 2.93 
3.750 3.13 
3.875 3.34 

TABLE 1)-13 

WEIGHTS OF CIRCULAR RINGS AND DISCS'" 
Example: 

Required: Weight 01. Ring 48" 00 x 36 1/2·10 x 2 1 IX' Thick 
48· dlameler disc ,·Ihlck weighs 513.191bs. 
36 1/2· dlamater disc ,·Ihlck weighs 296.74Ibs 
Ring 48· x 36 1 IX' x ,. weighs 216.45lbs 
Ring 48· x 361/2· x 21/X'welghs 541.13Ibs 

Diameter 
Weight per 

Inch of DiamelCr 
Weichl per 

Inch of 
ThicI:De .. 'Thick:nell 

Inch .. PollOcIJ Inch .. Pounds 

4.000 3.56 8.000 14.26 
4.125 3.79 8.125 14.70 
4.250 4.02 8.250 15.16 
4.375 4.26 8.375 15.62 
4.500 4.51 8.500 16.09 
4.625 4.76 8.625 16.57 
4.750 5.03 8.750 17.05 
4.875 5.29 8.875 17.54 

5.000 5.57 9.000 18.04 
5.125 5.85 9.125 18.55 
5.250 6.14 9.250 19.06 
5.375 6.44 9.375 19.58 
5.500 6.74 9.500 20.10 
5.625 7.05 9.625 20.63 
5.750 7.36 9.750 21.17 
5.875 7.69 9.875 21.72 

6.000 8.02 10.000 22.27 
6.125 8.36 10.125 22.83 
6.250 8.70 10.250 23.40 
6.375 9.05 10.375 23.98 
6.500 9.41 10.500 24.56 
6.625 9.78 10.625 25.15 
6.750 10.15 10.750 25.74 
6.875 10.53 10.875 26.34 

7.000 10.91 11.000 28.95 
7.125 11.31 11.125 27.57 
7.250 11.71 11.250 28.19 
7.375 12.11 11.375 28.82 
7.500 12.53 11.500 29.46 
7.625 12.95 11.625 30.10 
7.750 13.38 11.750 30.75 
7.875 13.81 11.875 31.41 

Diamelcr 

Inch .. 

12.000 
12.125 
12.250 
12.375 
12.500 
12.625 
12.750 
12.875 

13.000 
13.125 
13.250 
13.375 
13.500 
13.625 
13.750 
13.875 

14.000 
14.125 
14.250 
14.375 
14.500 
14.625 
14.750 
14.875 

15.000 
15.125 
15.250 
15.375 
15.500 
15.625 
15.750 
15.875 

) Welghls are based on low carbon sl.el wilh a density of 0.2836lb/lnch 3. For other melals, multiply by Iho following factors: 

Alwninwn .............................................................. 0.35 Muntz MeLlI ....................................................... 1.C17 
TItanium ............................................................... 0.58 Nickel-Ou-nme-lron ........................................ 1.C17 
A.I.S,!. 400 Serie. SiS ... l .................................. 0.99 Admiral<y ...................................................... 1.09 
A.I.S.1. 300 Serie. SiS ... l. . ................................. 1.02 Nickel ................................................................. 1.13 
Aluminum Bronze ................................................ 1.04 Nickel-Copper .................................................. 1.12 
Naval Rolled Brass ................................................ 1,(17 Copper &: CUpro Nickel ••••••.••••••.••..•..••••••..•.••.••..• 1.14 

Weight per 
Inch of 

ThicI:De .. 
PouodJ 

32.07 
32.75 
33.42 
34.11 
34.80 
35.50 
36.21 
36.92 

37.64 
38.37 
38.10 
38.85 
40.59 
41.35 
42.11 
42.88 

43.66 
44.44 
45.23 
46.03 
46.83 
47.64 
48.46 
49.28 

50.12 
50.96 
51.80 
52.65 
53.51 
54.38 
55.25 
56.13 
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GENERAL INFORMATION SECTION 9 

TAB~! C-13--(Contlnuod) 

WEIGHTS OF CIRCULAR RINGS AND DISCS 

Diameter 
Weight per 

Inch of Diameter 
Weight per 

Inch of Diameter 
Weight per 

Inch of Diameter 
Weight per 

Ineh of 
Thickness Thickness Thiekness Thickness 

Inch .. Pounds Inches Pounds Inches Pounds Inches Pounds 

16.000 57.02 21.000 98.23 26.000 150.57 31.000 214.00 
16.125 57.92 21.125 99.40 26.125 152.02 31.125 215.78 
16.250 58.82 21.250 100.58 26.250 153.48 31.250 217.52 
16.375 59.73 21.375 101.77 26.375 154.95 31.375 219.26 
16.500 60.64 21.500 102.96 26.500 156.42 31.500 221.01 
16.625 61.56 21.625 104.16 26.625 157.90 31.625 222.77 
16.750 62.49 21.750 100.37 26.750 159.38 31.750 224.53 
16.875 63.43 21.875 lDS.58 26.875 160.88 31.875 226.31 

17.000 64.37 22.000 107.81 27.000 162.38 32.000 226.08 
17.125 65.32 22.125 109.03 27.125 163.88 32.125 229.87 
17.250 66.28 22.250 110.27 27.250 165.40 32.250 231.66 
17.375 67.24 22.375 111.51 27.375 166.92 32.375 233.48 
17.500 68.21 22.500 112.76 27.500 168.45 32.500 235.27 
17.625 69.19 22.625 114.02 27.625 169.98 32.625 237.08 
17.750 70.18 22.750 115.28 27.750 171.52 32.750 238.90 
17.875 71.17 22.875 116.55 27.875 173.07 32.875 240.73 

18.000 72.17 23.000 117.83 28.000 174.63 33.000 242.56 
18.125 73.17 23.125 119.11 28.125 176.19 33.125 244.40 
18.250 74.19 23.250 120.40 28.250 177.76 33.250 246.25 
18.375 75.21 23.375 121.70 28.375 179.34 33.375 248.11 
18.500 76.23 23.500 123.01 28.500 180.92 33.500 249.97 
18.625 77.27 23.625 124.32 28.625 182.51 33.625 251.84 
18.750 78.31 23.750 125.64 28.750 184.11 33.750 253.71 
18.875 79.35 23.875 126.96 28.875 ISS.71 33.875 255.60 

19.000 80.41 24.000 128.30 29.000 187.32 34.000 257.49 
19.125 81.47 24.125 129.64 29.125 188.94 34.125 259.38 
19.250 82.54 24.250 130.98 29.250 190.57 34.250 261.29 
19.375 83.61 24.375 132.34 29.375 192.20 34.375 263.20 
19.500 64.70 24.500 133.70 29.500 193.84 34.500 265.12 
19.625 85.79 24.625 135.07 29.625 195.48 34.625 267.04 
19.750 SS.88 24.750 136.44 29.750 197.14 34.750 288.97 
19.875 87.99 24.875 137.82 29.875 198.80 34.875 270.91 

20.000 89.10 25.000 139.21 30.000 200.47 35.000 272.86 
20.125 90.21 25.125 140.61 30.125 202.14 35.125 274.81 

20.250 91.34 25.250 142.01 30.250 203.82 35.250 276.77 
20.375 92.47 25.375 143.42 30.375 205.51 35.375 278.73 
20.500 93.61 25.500 144.84 30.500 207.20 35.500 280.71 
20.625 94.75 25.625 146.26 30.625 208.90 35.625 282.69 
20.750 95.90 25.750 147.69 30.750 210.61 35.750 284.67 

20.875 97.06 25.875 149.13 30.875 212.33 35.875 286.67 
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SECTION 9 GENERAL INFORMATION 

TABLE D-l3-{Contlnuod) 

WEIGHTS OF CIRCULAR RINGS AND DISCS 

Weight per Wei,h.per Wei,h.per Weight Jl<'f 
Diameter Inch or Diamelel' Inch of DiamcleJ' Inch or Diameter Inch Of 

ThiclcnclI Thiclmcil Thic:knc •• Thiclmeo. 
Inch .. Pound. Inch .. Pound. Inches Pound. Inch .. Pouncb 

36.000 288.67 41.000 374.42 46.000 471.32 51.000 579.34 
36.125 290.68 41.125 376.71 46.125 473.88 51.125 582.19 
36.250 292.69 41.250 379.00 46.250 476.45 51.250 585.04 
36.375 294.71 41.375 381.30 46.375 479.03 51.375 587.90 
36.500 296.74 41.500 383.61 46.500 481.62 51.500 590.76 
36.625 298.78 41.625 385.93 46.625 484.21 51.625 593.63 
36.750 300.82 41.750 388.25 46.750 486.81 51.750 596.51 
36.875 302.87 41.875 390.58 46.875 489.42 51.875 599.39 

37.000 304.93 42.000 392.91 47.000 492.03 52.000 602.29 
37.125 306.99 42.125 395.25 47.125 494.65 52.125 605.19 
37.250 309.06 42.250 397.60 47.250 497.28 52.250 608.09 
37.375 311.14 42.375 399.96 47.375 499.91 52.375 611.00 
37.500 313.23 42.500 402.32 47.500 502.55 52.500 613.92 
37.625 315.32 42.625 404.69 47.625 505.20 52.625 616.85 
37.750 317.42 42.750 407.07 47.750 507.86 52.750 619.79 
37.875 319.52 42.875 409.45 47.875 510.52 52.875 622.73 

38.000 321.64 43.000 411.84 48.000 513.19 53.000 625.67 
38.125 323.75 43.125 414.24 48.125 515.87 53.125 628.63 
38.250 325.88 43.250 416.65 48.250 518.55 53.250 631.59 
38.375 328.01 43.375 419.06 48.375 521.24 53.375 634.56 
38.500 330.15 43.500 421.48 48.500 523.94 53.500 637.53 
38.625 332.30 43.625 423.90 48.625 526.64 53.625 640.52 
38.750 334.46 43.750 426.34 48.750 529.35 53.750 643.51 
38.875 336.62 43.875 428.78 48.875 532.07 53.875 646.50 

39.000 338.79 44.000 431.22 49.000 534.80 54.000 649.51 
39.125 340.96 44.125 433.68 49.125 537.53 54.125 652.52 
39.250 343.14 44.250 436.14 49.250 540.27 54.250 655.53 
39.375 345.33 44.375 436.60 49.375 543.01 54.375 658.56 
39.500 347.53 44.500 441.08 49.500 545.77 54.500 661.59 
39.625 349.73 44.625 443.56 49.625 548.53 54.625 664.63 
39.750 351.94 44.750 446.05 49.750 551.29 54.750 667.67 
39.875 354.16 44.875 448.54 49.875 554.07 54.875 670.73 

40.000 356.38 45.000 451.05 50.000 556.85 55.000 673.79 
40.125 358.61 45.125 453.56 SO. 125 559.64 55.125 676.85 
40.250 360.85 45.250 456.07 50.250 562.43 55.250 679.92 
40.375 363.10 45.375 458.60 50.375 565.23 55.375 683.00 
40.500 365.35 45.500 461.13 50.500 568.04 55.500 686.09 
40.625 367.61 45.625 463.66 50.625 570.86 55.625 689.19 
40.750 369.87 45.750 466.21 50.750 573.68 55.750 692.29 
40.875 372.14 45.875 468.76 50.875 576.51 55.875 695.39 
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GENERAL INFORMATION SECTION 9 

TABLE D-13 .... -(Conllnuod) 

WEIGHTS OF CIRCULAR RINGS AND DISCS 

Weight per 
Diameter 

Weight per Weight per Weigbtper 
Diameter Inc~ of Inm of Diameter Inc~ of Diameter Inm of 

Thickness Thickness Thickness Thickness 
Inches Pounds Inmc. Pounds Inches POlUlds Inches Pounds 

56.000 698.51 61.000 828.81 66.000 970.25 71.000 1122.83 
56.125 701.63 61.125 832.21 66.125 973.93 71.125 1125.78 
56.250 704.76 61.250 835.62 66.250 9n.62 71.250 1130.75 
56.375 707.90 61.375 839.03 66.375 981.31 71.375 1134.72 
56.500 711.04 61.500 842.45 66.500 985.01 71.500 1138.70 
56.625 714.19 61.625 845.98 66.625 998.71 71.625 1142.66 
56.750 717.34 61.750 849.32 66.750 992.43 71.750 1146.67 
56.875 720.51 61.875 852.76 66.875 996.15 71.875 1150.67 

57.000 723.68 62.000 856.21 67.000 999.98 72.000 1154.68 
57.125 '725.98 62.125 859.66 67.125 1003.61 72.125 1158.69 
57.250 730.04 62.250 863.13 67.250 1007.35 72.250 1162.71 
57.375 733.23 62.375 866.60 67.375 1011.10 72.375 1166.74 
57.500 736.43 62.500 870.07 67.500 1014.85 72.500 1170.n 
57.625 739.64 62.625 873.56 67.625 1018.62 72.625 1174.81 
57.750 742.85 62.750 8n.05 67.750 1022.39 72.750 1178.86 
57.875 746.07 62.875 980.55 67.875 1026.16 72.875 1182.91 

58.000 749.29 .63.000 884.06 68.000 1029.84 73.000 1186.98 
58.125 752.83 63.125 987.56 68.125 1033.73 73.125 1191.04 
58.250 755.n 63.250 891.08 68.250 1037.83 73.250 1195.12 
58.375 759.01 63.375 894.61 68.375 1041.34 73.375 1199.20 
58.500 762.27 63.500 898.14 68.500 1045.15 73.500 1203.29 
58.625 765.83 63.625 901.68 68.625 1048.96 73.625 1207.39 
58.750 768.80 63.750 905.22 68.750 1052.79 73.750 1211.49 
58.875 m.07 63.875 908.78 68.875 1056.62 73.875 1215.60 

59.000 n5.35 64.000 912.34 69.000 1060.46 74.000 1219.72 
59.125 778.64 64.125 915.91 69.125 1064.31 74.125 1223.84 
59.250 781.94 64.250 919.48 69.250 1068.16 74.250 1227.97 
59.375 785.24 64.375 923.06 69.375 1072.02 74.375 1232.11 
59.500 798.55 64.500 926.65 69.500 1075.98 74.500 1236.26 
59.625 791.87 64.625 930.24 69.625 1079.76 74.625 1240.41 
59.750 795.19 64.750 933.85 69.750 1083.64 74.750 1244.57 
59.875 798.52 64.875 937.46 69.875 1087.83 74.875 1248.73 

60.000 801.86 65.000 941.07 70.000 1091.42 75.000 1252.91 
60.125 805.20 65.125 944.69 70.125 1095.32 75.125 1257.09 
60.250 808.56 65.250 948.32 70.250 1099.23 75.250 1261.27 
60.375 811.91 65.375 951.96 70.375 1103.15 75.375 1265.47 
60.500 815.28 65.500 955.61 70.500 1107.07 75.500 1269.67 
60.625 818.65 65.625 959.26 70.625 1111.00 75.625 1273.98 
60.750 822.03 65.750 962.91 70.750 1114.93 75. 750 1278.09 
60.875 825.42 65.875 966.58 70.875 1118.98 75.875 1282.31 
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SECTION 9 

MULTIPLY 
Pounds Per Square Inch 
Pounds Per Square Foot 
Pounds Per Square Inch 
Pounds Per Square Inch 
Pounds Per Square Inch 
Inches of Hg 
Pounds Per Square Inch 

MULTIPLY 
Gallons Per Minute (U. S. Llq.) 
Pounds Per Hour 
Cubic Feet Per Minute 
Pounds Per Minute 

MULTIPLY 
Cubic Feet Per Pound 
Gallons Per Pound (U.S. LIq.) 

MULTIPLY 

BTU 
BTU 
BTU 
Foot Pound 
BTU p.rHour 

MULTIPLY 
BTU Per Pound~OF 

MULTIPLY 
BTU Per Pound 

MULTIPLY 
BTU Per Pound-of 

MULTIPLY 
BTU Per Hour.oSquare Foot-OF 
BTU Per Square Foot-Hour 
BTU Per Square Foot-Hour 
BTU Per Square Foot-Hour·oF 

MULTIPLY 
BTU Per Foot-Hour. 'IF 
BTU Per Square Foot_OF Per Inch 
BTU Per Square Foot-Hour 'IF Per Foot 

MULTIPLY 
Hour-Square Foot_OF Per BTU 
Hour-5quare Foot_OF Per BTU 

MULTlPLY 
Pounds Per Hour-Square Foot 

iPeiCLlblc Foot 

GENERAL INFORMATION 

TABLE D-15-(Contlnued) 

CONVERSION FACTORS 

BY 
0.070307 
4.8828 
8894.76 
0.06894 
8894.76 
0.03453 
6.8947 

PRESSURE 

FLOW RATE 

l!Y.. 
0.00006309 
0.0001260 
1.699011 
0.007559 

SPECIFIC VOLUME 

BY 
0.062428 
8.3454 

ENERGY & POWER 

BY 
1065.06 
0.2520 
0.000252 
1.3558 
0.29307 

l!Y.. 
4.1868 

l!Y.. 
2.326 

ENTROPY 

ENTHALPY 

SPECIFIC HEAT 

BY 
4.1868 

HEAT TRANSFER 

BY 
5.67826 
3.15469 
2.71248 
4.88243 

THERMAL CONDUCTIVITY 

l!Y.. 
1.7307 
0.14422 
1.488 

FOULING RESISTANCE 

BY 
176.1102 
0.2048 

MASS VELOCITY 

BY 
0.0013562 

HEATING VALUE 

BY 
0.037259 

TOQBTAIN 
Kilograms Per Square Centimeter 
Kilograms Per Square Meter 
Newtons Per Square Meter 
Bars 
Pascals 
Kilograms Per Square Centimeter 
Kllopascals 

TO OBTAIN 
Cubic Meters Per Second 
Kilograms Per Second 
Cubic Meters Per Hour 
Kilograms Per Second 

TO OBTAIN 
Cubic Meters Per Kilogram 
Liters Per Kilogram 

TO OBTAIN 

Joules 
Kilocalories 
Thermies 
Joules 
Watts 

TO OBTAIN 
Joules Per Gram-o C 

TO OBTAIN 
Joules Per Gram 

JOOBTAIN 
Joules Per Gram-" C 

TO OBTAIN 
Watts Per Square Meter·" C 
Watts Per Square Meter 
Kilocalories Per Square Meter-Hour 
Kilocalories Per Square Meter-Hour-o C 

TO OBTAIN 
Watts Per Meter·" C 
Watts Per Meter-O C 
Kilocalories Per Square Meter-Hour 0 C Per Meter 

TO OBTAIN 
Square Meter-O C Per Kilowatt 
Square Meter- Hour ° C Per Kilocalorie 

TO OBTAIN 
Kilograms Per Square Meter-5econd 

TO OBTAIN 
Megajoules Per Cubic Meter 
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GENERAL INFORMATION SECTION 9 

TAIU D·16 

CONVERSION TABLES 
FOR WIRE AND SHEET METAL GAGES 

Values in approximate decimals of an inch. 
As a nwnbcr of gages are in use for various shapes and metals, it is advisable to state the thickness in thousandths when specifying gage:" number. 

0110 
numbe< 

0000000 
000000 

00000 
0000 

000 
00 

0 

1 
2 
3 
4 
5 

8 
7 
6 
9 

10 

11 
12 
13 
14 
15 

18 
17 
16 
19 
20 

21 
22 
23 
24 
25 

26 
27 
26 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
SO 

Amezican (A.W.O.) .< 
BtOwn .nd Shupe 

(D • .t S.) 
(Cor non-fCO'OUl 
wire and sheet) I 

0.460 
0.410 
0.365 
0.325 

0.289 
0.258 
0.229 
0.204 
0.182 

0.182 
0.144 
0.128 
0.114 
0.102 

0.091 
0.081 
0.072 
0.064 
0.057 

0.051 
0.045 
0.040 
0.036 
0.032 

0.0265 
0.0253 
0.0226 
0.0201 
0.Q179 

0.0159 
0.0142 
0.0126 
0.0113 
0.0100 

0.0069 
0.0060 
0.0071 
0.0063 
0.0056 

O.ooSO 
0.0045 
0.0040 
0.0035 
0.0031 

US. Steel Wire 
(S.W.O.) '" Birminaham 

Washburn .ad Moen (D.W.O.) us. Standard 
or Rochlin, or (far stbd. wileJar Standald B inninlhun 

Am. Stocl Swbs Iron Wtre (for sheet and (D.O.) 
and Wire Co. (fat iron or plato metal. (for sheet and 

IA. (Steo1) W.O.) bras. wire). wrought iton) hoop metU) 
(rOl'sleel wire) 

0.4900 0.500 0.6666 
0.4615 0.469 0.6250 
0.4305 0.438 0.5883 
0.3938 0.454 0.406 0.5416 
0.3625 0.425 0.375 O.SOOO 
0.3310 0.380 0.344 0.4452 
0.3065 0.340 0.312 0.3_ 

0.2830 0.300 0.281 0.3532 
0.2625 0.284 0.266 0.3147 
0.2437 0.269 O.2SO 0.2804 
0.2253 0.238 0.234 0.2500 
0.2070 0.220 0.219 0.2225 

0.1920 0.203 0.203 0.1981 
O.1nO 0.160 0.188 0.1764 
0.1620 0.165 0.172 0.1570 
0.1463 0.146 0.156 0.1398 
0.1350 0.134 0.141 0.12SO 

0.1205 0.120 0.125 0.1113 
0.1055 0.109 0.109 0.0991 
0.0915 0.095 0.094 0.0882 
0.0600 0.063 0.076 0.0785 
0.0720 0.072 0.070 0.0699 

0.0625 0.065 0.062 0.0625 
0.0640 0.058 0.056 0.0556 
0.0475 0.049 O.OSO 0.0495 
0.0410 0.042 0.0436 0.0440 
0.0348 0.035 0.0375 0.0392 

0.0311 0.032 0.0344 0.0349 
0.0266 0.028 0.0312 0.0313 
0.0258 0.025 0.0281 0.0276 
0.0230 0.022 0.02SO 0.0248 
0.0204 0.020 0.0219 0.0220 

0.0181 0.018 0.0188 0.0196' 
0.0173 0.016 0.0172 0.0175 
0.0162 0.014 0.0156 0.0156 
0.01 SO 0.013 0.0141 0.0139 
0.0140 0.012 0.0125 0.0123 

0.0132 0.010 0.0109 0.0110 
0.0128 0.009 0.0102 0.0096 
0.0116 0.008 0.0094 0.0087 
0.0104 0.007 0.0066 o.oon 
0.0095 0.005 0.0078 0.0069 

0.0090 0.004 0.0070 0.0061 
0.0065 0.0066 0.0064 
0.0060 0.0062 0.0046 
0.0075 0.0043 
0.0070 0.0039 

0.0066 0.0034 
0.0062 0.0031 
0.0060 0.0027 
0.0056 0.0024 
0.0066 0.0022 

0.0052 0.0019 
O.OOSO 0.0017 
0.0046 0.0015 
0.0046 0.0014 
0.0044 0.0012 

. . METRIC WIRE GAGE IS ten urnes the diameter Ul millimeten . 
I Sometimes used for iron wire. 

Impedd S ... da<d 
Wire OIIC 
(S.W.O.) 

(Brirish lela! 
standard) 

O.SOO 
0.484 
0.432 
0.400 
0.372 
0.348 
0.324 

0.300 
0.276 
0.262 
0.232 
0.212 

0.192 
0.176 
0.160 
0.144 
0.126 

0.116 
0.104 
0.092 
0.060 
0.072 

0.064 
0.058 
0.046 
0.040 
0.03S 

0.032 
0.028 
0.024 
0.022 
0.020 

0.018 
0.0164 
0.0146 
0.0136 
0.0124 

0.0118 
0.0108 
0.0100 
0.0092 
0.0084 

0.0076 
0.0066 
0.0060 
0.0052 
0.0048 

0.0044 
0.0040 
0.0036 
0.0032 
0.0028 

0.002' 
0.0020 
0.0018 
0.0012 
0.0010 

+ Sometimes used Cor copperplate and Cor plate 12 gage and heavier and for steel tubes. 

O.ac 
nwnbe< 

0000000 
000000 
00000 
0000 
000 
00 
0 

I 
2 
3 
4 
5 

6 
7 
6 
9 
10 

11 
12 
13 
14 
IS 

18 
17 
18 
19 
20· 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
3B 
39 
40 

41 
42 
43 
44 
45 

46 
47 
46 
49 
SO 
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SECTION 10 RECOMMENDED GOOD PRACTICE 

RECOMMENDED GOOD PRACTICE 
RGPSECTION 

This section of the TEMA Standards provides the designer with additional information and \luidance relative 
to the design of shell and tube heat exchangers not covered by the scope of the main sections of the 
Standards. The title of this section, "Recommended Good Practice", indicates that the information should 
be considered, but is not a requirement of the basic Standards. 

When a paragraph in this section (RGP) is followed by an R, C, and/or B, this RGP paragraph is an 
extension or amplification of a like numbered paragraph in the RCB section of the main Standards. Similarly, 
other suffix designations following RGP indicate other applicable sections of the main Standards. 
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RECOMMENDED GOOD PRACTICE 

RGP-G·7.11 HORIZONTAL VESSEL SUPPORTS 

RGP·G·7.111 LOADS 

+ 

RVFwr 
FIXED 

SADDLE 

RGP·G·7.1111 LOADS DUE TO WEIGHT 

1IIIIIililii 

T 

SMFwr 

RVFwr 
FIXED 

SADDLE 

SMMwr 

A 
SMSwr 

RVSwr 
SLIDING 
SADDLE 

FIGURE RGP·G·7.1111 

T 

SECTION 10 

+-t-

RVSwr 
SLIDING 
SADDLE 

1. CALCULATE COMPONENT WEIGHTS AND WEIGHT OF CONTENTS (OPERATING AND TESTING). 

2. CALCULATE VERTICAL SADDLE REACTIDNS & LONGITUDINAL SHELL MOMENTS DUE TO 
WEIGHT FOR THE EMPTY, OPERATING & TEST CONDITIONS CONSIDERING ACTUAL 
COMPONENT WEIGHT AND LOCATION. 

RVFwr = VERTICAL REACTION @ FIXED SADDLE DUE TO WEIGHT 
RVSwr = VERTICAL REACTIDN @ SLIDING SADDLE DUE TO WEIGHT 
SMFwr = LONGITUDINAL SHELL MDMENT @ FIXED SADDLE DUE TO WEIGHT 
SMSwr = LONGITUDINAL SHELL MOMENT @ SLIDING SADDLE DUE TO WEIGHT 
SMMwr = MAXIMUM LONGITUDINAL SHELL MOMENT BETWEEN SADDLES DUE TO WEIGHT 

RGP-G·7.1112 EARTHQUAKE FORCES 

+-t- -+--+ -+-

RHFEQ _ao-'-----' RLFEQ RLSEQ RHSEQ __ -'----..J 

"--.-J 
MSFEQ 

FIXED 
SADDLE 

RVFEQ RVSEQ 

i----L----I[ 

FIXED 
SADDLE 

SLIDING 
SADDLE 

FIGURE RGP·G·7.1112 

1. CALCULATE SEISMIC REACTIONS AND MDMENTS. 

Cs = SEISMIC FACTOR 
RLFEQ = TOTAL EXCH WT x Cs 
RLSEQ = 0 (SLIDING SADDLE) 
SMFEQ = SMFwr x Cs 
SMSEQ = SMSwr x Cs 

SMMEQ = SMMwr x Cs 
RVFEQ = (RLFEQ X H) I L 
RVSEQ = (RLFEQ X H) I L 
RHFEQ = RVFwr x Cs 

RHSEQ = RHFwr x Cs 
MSFEQ = RHFEQ X H 
MSSEQ = RHSEQ X H 

\J 
MSSEQ 

SLIDING 
SADDLE 
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SECTION 10 RECOMMENDED GOOD PRACTICE 
RGP·G·7.1113 WIND LOADS 

LEFF 

- .l. I - I SMFw SMMw SMSw 

~ () - I I +--+ 
- I 

r- -

r-+ T LJ- r-
...-

Fw .L.-'--<...L-___ ....J RLFw RLSw RHSw 

\J 
MSFw 

FIXED 
SADDLE 

FLw 

I· A 

RVFw 
FIXED 

SADDLE 

L 

RVSw 
SLIDING 
SADDLE 

FIGURE RGP·G·7.1113 

1. CALCULATE WIND LOADS (CALCULATE TOTAL WIND FORCE). 

B~ \......J 
MSSw 

SLIDING 
SADDLE 

FLw = WeFF x Hm x EFFECTIVE WIND LOAD (AS DETERMINED BY APPROPRIATE CODE) 
FHw = HeFF x Lm x EFFECTIVE WIND LOAD (AS DETERMINED BY APPROPRIATE CODE) 
RLFw = FLw (MAY BE CONSIDERED NEGLIGIBLE FOR SMALL EXCHANGERS) 
RLSw = 0 (SLIDING SADDLE) 
SMFw = LONGITUDINAL SHELL MOMENT @ FIXED SADDLE DUE TO TRANSVERSE WIND 

(SHELL MOMENT DUE TO LONGITUDINAL WIND MAY BE CONSIDERED NEGLIGIBLE) 
SMSw = LONGITUDINAL SHELL MOMENT @ SLIDING SADDLE DUE TO TRANSVERSE WIND 

(SHELL MOMENT DUE TO LONGITUDINAL WIND MAY BE CONSIDERED NEGLIGIBLE) 
SMMw = MAXIMUM LONGITUDINAL SHELL MOMENT BETWEEN SADDLES DUE TO TRANSVERSE WIND 

(SHELL MOMENT DUE TO LONGITUDINAL WIND MAY BE CONSIDERED NEGLIGIBLE) 

RVFw = (RLFw x HeFFI2) I L 
RVSw = (RLFw x HeFF/2) I L 
RHFw = FHw x «A + 0.5L) I Lm) 

RGP·G·7.1114 THERMAL EXPANSION LOADS 

RHSw = FHw x «B + 0.5L) I LEFF) 
MSFw = RHFw x HeFF/2 
MSSw = RHSw x HeFFI2 

LOADS CAUSED BY LONGITUDINAL GROWTH BETWEEN FIXED & SLIDING SADDLES 

+ 

FIXED 
SADDLE 

I 

f ~ 
RLFexp 

SMFEXP SMMEXP 

~ 
J: 

I--

1 
FIXED 

SADDLE 

RLSexp 

rr 

SMSEXP 

n-
:--

-~~ 

SLIDING 
SADDLE 

FIGURE RGP·G·7.1114 

I 

1. CALCULATE LOADS DUE TO THERMAL EXPANSION (WHERE IJ. = COEFFICIENT OF 
FRICTION BETWEEN FOUNDATION AND BASE PLATE AT SLIDING SADDLE). 

RLFEXP = RVSwr x IJ. 
RLSEXP = RVSwr x IJ. 
SMFexp = RLFEXP X H 

SMSEXP = RLSEXP X H 
SMMEXP = RLS ... x H 
IJ. FOR STEEL = 0.8 

SLIDING 
SADDLE 

IJ. FOR LUBRICATED PLATE =0.1 
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RECOMMENDED GOOD PRACTICE 

RGP-G-7 .1115 COMBINED FORCES 

MSFEFF 
FIXED 

SADDLE 

RLFEFF 

RVFEFF 
FIXED 

SADDLE 

RVSEFF 
SLIDING 
SADDLE 

FIGURE RGP-G-7.1115 

SECTION 10 

MSSEFF 
SLIDING 
SADDLE 

1. CALCULATE THE COMBINED SADDLE REACTIONS FOR THE FOLLOWING CASES OR AS APPROPRIATE 
IN DESIGN CRITERIA: 
• DEAD WEIGHT EMPTY DEAD WEIGHT EMPTY + EARTHQUAKE 
• DEAD WEIGHT OPERATING • DEAD WEIGHT OPERATING + EARTHQUAKE 
• DEAD WEIGHT FLOODED • DEAD WEIGHT FLOODED + EARTHQUAKE 
• DEAD WEIGHT EMPTY + WIND • DEAD WEIGHT OPERATING + THERMAL EXPANSION 

• DEAD WEIGHT OPERATING + WIND OR ANY OTHER APPROPRIATE COMBINATION 
• DEAD WEIGHT FLOODED + WIND 

2. CALCULATE RESULTANT SADDLE LOAD & SHELL MOMENT FOR WINDIEARTHQUAKE CASES: 
RVFEFF = LARGER OF (RVFwr'+ RHFw')I" OR (RVFwr'+ RHFEQ' )1" 
RVSEFF = LARGER OF (RVSwr'+ RHSw')lo OR (RVSwr'+ RHSEQ') 10 
SMFEFF = LARGER OF (SMFwr'+ SMFw')10 OR (SMFwr'+ SMFEQ')10 
SMSEFF = LARGER OF (SMSwr'+ SMSW')10 OR (SMSwr'+ SMSed' )10 
SMMEFF = LARGER OF (SMMwr'+ SMMw')10 OR (SMMwr'+ SMMEQ')10 

RGP-G-7.1116 EFFECTIVE REACTION LOAD SADDLE ANGLE 

RvMAX 

RVEFF _-+ ___ -,W 
RHMAX --£:0" 

/ 
.---+--- ACTUAL SADDLE 

ANGLE 

Ar+-- EFFECTIVE SADDLE 
ANGLE 

FIGURE RGP-G-7.1116 

1. CALCULATE THE EFFECTIVE SADDLE ANGLE FOR EACH SADDLE FOR ALL WIND AND EARTHQUAKE CASES. 

2. EFFECTIVE SADDLE ANGLE = «ACTUAL SADDLE ANGLE DIVIDED BY 2) - ARCT AN(RH/RV» x 2 
(SEE FIGURE RGP-G-7.1116). 

Standards Of The Tubular Exchanger Manufacturers Association 255 



:;ECTION 10 RECOMMENDED GOOD PRACTICE 

RGP·G·7.112 STRESSES 

ONCE THE LOAD COMBINATIONS HAVE BEEN DETERMINED. THE STRESSES ON THE EXCHANGER CAN BE 
CALCULATED. THE METHOD OF CALCULATING STRESSES IS BASED ON "STRESSES IN LARGE HORIZONTAL 
CYLINDRICAL PRESSURE VESSELS ON lWO SADDLE SUPPORTS", PRESSURE VESSEL AND PIPING: DESIGN 
AND ANALYSIS, ASME, 1972, BY L.P. ZICK 

S,' = LONGITUDINAL STRESS AT SADDLES 
(TENSION AT TOP, COMPRESSION 
AT BOTTOM) 

. .1. . 
...-; ~ 

I 

1 
/ 1 I. /1' 

/' / ,-' '\. 

S," = LONGITUDINAL STRESS 
AT SADDLE WITH 
STIFFENER 

1 __ .,.. __ 1 /"/, '\. . /'A~",-' _. _. -. -. -. -. -. _. -, 

1 \ 

I 

/:/,>, , 

S1= LONGITUDINAL STRESS 
AT MIDSPAN 

\ 

-I 

/ 

S5= CIRCUMFERENTIAL 
COMPRESSION AT 
BOTTOM OF SHELL S. = TANGENTIAL SHEAR IN HEAD 

S, = CIRCUMFERENTIAL 
STRESS AT HORN 
OF SADDLE 

S2 = TANGENTIAL SHEAR • RESULTS 
IN DIAGONAL LINES IN SHELL 

FIGURE RGP·G·7.112 
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RECOMMENDED GOOD PRACTICE SECTION 10 

RGP-G-7.1121 LONGITUDINAL STRESS AT MID SPAN (S,) 

SMMEFF 

- --H-r-

LONGITUDINAL STRESS 

S =±( SMMEFF) ~ 
1 1tf2 ts ' in2 

WHERE 

LONGITUDINAL STRESS (METRIC) 

S (SMMEFF) • , = ± m'ls x 10 , kPa 

SMMEFF = MAXIMUM EFFECTIVE SHELL MOMENT AT 
MID SPAN (SEE FIGURE RGP-G-7.1115) in-Ib (mm-kN) 

,= OUTSIDE SHELL RADIUS, inches (mm) 
Is = SHELL THICKNESS, inches (mm) 

RGP-G-7.1122 LONGITUDINAL STRESS AT THE SADDLE WITHOUT STIFFENERS (S,') 

+- SMFEFF 

LONGITUDINAL STRESS 

SMFEFF or SMSEFF 
S,' = ± ---.=-.......:==-=-=~'"':-c~-

, [I!. + SINI!.COSI!. - 2 SI~'I!. J 
'" Is It( SIN'A - COSI!.) 

I!. 

WHERE 

Ib 
Trl2 

THIS AREA IS INEFFECTIVE 
AGAINST LONGITUDINAL BENDING 
IN AN UNSTIFFENED SHELL 

SMSEFF 
-+-

I 
._"._. 

I T-­
~W z. 

<I ----I 

LONGITUDINAL STRESS (METRIC) 

SMFEFF or SMSEFF 6 
S,' = ± --;=---"===-""7.''':':-:---=;- x 10 , kPa 

It'' Is II!. + SINI!.COSI!. - 2 _SI_~'_I!. l 
L It( SI~'A - COSI!o) J 

SMFEFF ,SMSEFf = MAXIMUM EFFECTIVE SHELL MOMENT AT FIXED 

--t-­
A I\)A 
,,~ '4 

OR SLIDING SADDLE (SEE FIGURE RGP-G-7.1115) in~b, (mm-kN) 

,= OUTSIDE SHELL RADIUS, inches (mm) 
1s = SHELL THICKNESS, inches (mm) 
I!. = II, EFFECTIVE SADDLE ANGLE, ,adians <I ---i 

EFFECTIVE SECTION 
MODULUS OF ARC 
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SECTION 10 RECOMMENDED GOOD PRACTICE 

RGP·G·7.1123 LONGITUDINAL STRESS AT THE SADDLE WITH STIFFENER RINGS OR 
END CLOSURES CLOSE ENOUGH TO SERVE AS STIFFENERS (S,") 

I I , 

I I 
---1 - ._- SMFEFF . - . - -f - SMS ... ._ . .....- l-

I W ~ Q I 

I I--
_L I i 

'- J A~ ~ '--

I 
LONGITUDINAL STRESS LONGITUDINAL STRESS (METRIC) 

5" = ± (. SMFEFF or SMSEFF ) Ib 
1 \ Ttr2 ts ' ii12 S," = ± ( SMF~;2: SMSEFF) X 10' , kPa 

WHERE 

SMFEFF. SMSEFF = MAXIMUM EFFECTIVE SHELL MOMENT AT FIXED 
OR SLIDING SADDLE (SEE FIGURE RGP·G·7.1115) in·lb. (mm·kN) 

r = OUTSIDE SHELIL RADIUS, Inches (mm) SECTION MODULUS = ".' Is , inches3 (mm3
) 

Is = SHELL THICKNESS, inches (mm) 

IF THE SHELL IS STIFFENED IN THE PLANE OF THE SADDLE OR ADJACENT TO THE SADDLE 
OR THE SADDLE IS WITHIN A S .12 OF THE END CLOSURE, THEN THE ENTIRE SECTION MODULUS 
OF THE CROSS SECTION IS EFFECTIVE. 

ALLOWABLE STRESS LIMIT FOR 5" S,' & S," 

TENSION· THE TENSILE STRESS + THE LONGITUDINAL STRESS 
DUE TO PRESSURE TO BE LESS THAN THE ALLOWABLE 
TENSION STRESS OF THE MATERIAL AT THE DESIGN TEMPERATURE 
TIMES THE JOINT EFFICIENCY OF THE GIRTH JOINT 

COMPRESSION· THE COMPRESSIVE STRESS IS TO BE LESS THAN THE B 
FACTOR IN THE CODE FOR LONGITUDINAL COMPRESSION 
OF THE MATERIAL AT THE DESIGN TEMPERATURE. 
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RECOMMENDED GOOD PRACTICE 

RGP·G·7.1124 TANGENTIAL SHEAR STRESS IN PLANE OF SADDLE (S,) 

A) UNSTIFFENED SHELL 

r 

RVFEFF or RVSEFF 

SECTION 10 

TANGENTIAL SHEAR STRESS TANGENTIAL SHEAR STRESS (METRIC) 

K2(RVFEFF or RVSEFF) 
S, = 

rts 

MAXIMUM SHEAR AT 9 - a 

WHERE 

RVFEFF • RVSEFF = MAXIMUM EFFECTIVE RESULTANT SADDLE LOAD AT FIXED 
OR SLIDING SADDLE (SEE FIGURE RGP·G·7 .1115) in·lb. (mm·kN) 

9. degrees 

~ = (180· ~ ). degrees 

a - n - lS0< ~+ fo> ,radians 

r = OUTSIDE SHELL RADIUS, inches (mm) 
ts = SHELL THICKNESS, inches (mm) 

K2 _ SINa 
- n·a + SINaCOSa 

B) SHELL STIFFENED BY RINGS IN PLANE OF SADDLE 

TANGENTIAL SHEAR STRESS 

S2= 

WHERE 

K2(RVFEFF or RVSEFF) 

rts 
Ib 

'Iii' 

1 

CONSTANT K2 FOR 
VARIOUS VALUES OF 9 

9 K2 
1200 1.171 
1300 1.022 
1400 0.900 
150' 0,799 

STIFFENING RING 

TANGENTIAL SHEAR STRESS (METRIC) 

S2 = K2(RVFE: or RVSEFF) x 10', kPa 

RVFEFF , RVSEFF = MAXIMUM EFFECTIVE RESULTANT SADDLE LOAD AT FIXED 
OR SLIDING SADDLE (SEE FIGURE RGP·G·7.1115) in·lb, (mm-kN) 

r = OUTSIDE SHELL RADIUS, inches (mm) 
ts = SHELL THICKNESS, inches (mm) 

K2= k = .318 
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SECTION 10 RECOMMENDED GOOD PRACTICE 

C) SHELL STIFFENED BY END CLOSURE (A ,; r/2) 

r 

TANGENTIAL SHEAR STRESS 

K2(RVFEFF or RVSEFF) 
itS 

MAXIMUM SHEAR AT 9 ~ ct 

WHERE 

j--A--; 

TANGENTIAL SHEAR STRESS (METRIC) 

K2(RVFEFF or RVSEFF) 
its 

• x10.kPa 

RVFEFF • RVSEFF = MAXIMUM EFFECTIVE SHELL MOMENT AT FIXED 
OR SLIDING SADDLE (SEE FIGURE RGP-G-7.1115) in-lb. (mm-kN) 

e. degrees 

p = (180 - ~ ). degrees 

ct~~-rio(~+fo) .radians 

r = OUTSIDE SHELL RADIUS. inches (mm) 
ts = SHELL THICKNESS. inches (mm) 

CONSTANT K2 FOR 
VARIOUS VALUES OF 9 

ALLOWABLE STRESS LIMIT - THE MAXIMUM TANGENTIAL SHEAR STRESS 
FOR CASES A. B. & C IS TO BE LESS THAN 0.8 TIMES 
THE MAXIMUM ALLOWABLE STRESS IN TENSION 
OF THE SHELL MATERIAL AT THE DESIGN TEMPERATURE. 
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RECOMMENDED GOOD PRACTICE SECTION 10 

RGP·G·7.1125 CIRCUMFERENTIAL STRESS AT HORN OF SADDLES UNSTIFFENED (53) 

FOR Ls" 8r 

FORLs <8r 

FOR Ls" 8r 

FOR Ls < 8r 

WHERE 

I 
I .<1>. 

CIRCUMFERENTIAL STRESS AT HORN OF SADDLE 

OR 

(RVFEFF OR RVSEFF) 
4ts(b + lOts) 

(RVFEFF OR RVSEFF) 
4ts(b + lOts) 

3Ka(RVFEFF OR RVSEFF) Ib 
2ts 2 jji2 

Ka r(RVFEFF OR RVSEFF) Ib 
lsts2 InZ 

CIRCUMFERENTIAL STRESS AT HORN OF SADDLE (METRIC) 

I:: (RVFEFF OR RVSEFF) 
S3 = [ 4ts(b + lOts) 

3Ka(RVFEFF OR RVSEFF[j 'P 
• 2ts 2 J X 10 • k a 

OR 

I:: (RVFEFF OR RVSEFF) 
S3 = [ 4ts(b + lOts) 

Ka r(RVFEFF OR RVSEFFD • P 
• Lsts2 JX10.ka 

RVFEFF. RVSEFF = MAXIMUM EFFECTIVE VERTICAL REACTION AT THE FIXED AND 
SLIDING SADDLE RESPECTIVELY. Ib (kN) 

r = OUTSIDE SHELL RADIUS. inches (mm) 
b = WIDTH OF SADDLE. inches (mm) 

Ls = SHELL LENGTH BETWEEN TUBESHEETS OR BETWEEN SHELL FLANGES OR 
BETWEEN SHELL FLANGE TO HEAD TANGENT LINE. Inches (mm) 

Ka = CONSTANT FROM FIGURE RGP·G-7.1125 

MAXIMUM ALLOWABLE STRESS LIMIT FOR S3 = 1.25 TIMES ALLOWABLE STRESS IN TENSION FOR THE SHELL 
MATERIAL AT DESIGN TEMPERATURE. 
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SECTION 10 RECOMMENDED GOOD PRACTICE 

Figure RGP-G-7.1125 
VALUE OF CONSTANT K. 

A = Distance from tubesheet or shell flange or head tangent line to center of saddle. inches (mrn) 
r = Outside radius of shell. inches (mrn) 

0,03 

0.02 

0.013 

rll'i.: 
0.01 t- 0 

0.0 

I- 0.008 
~.9,~ 
FO'oo,", 
~'O.OO44 

0.5 

9.' u 

8.160 I-L. 

T 

el=hh ,.l 1 .D22 
I;, 

-)<++-11-1-+ 
8.~ 180' p.O 

1.0 1.5 2.0 

RATIONr 
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RECOMMENDED GOOD PRACTICE SECTION 10 

RGP-G-7.1126 STRESS IN HEAD USED AS STIFFENER (S4) 

If the head stiffness is used by locating the saddle close to the head, tangential shear stress should 
be added to the head pressure stress. The tangential shear has horizontal components which 
cause tension across the head. 

r 

Stress In Head 

(RVFerf or RVSeff) ~ lb 

Where th = thickness of head, inches (mm) 

Allowable Stress Limit 

11 e ~ 
Central Angle a = 11 - -( - + -) radians . 

180 2 20' 

~ = (180 - 9/2), degrees 

~ = l r:---WJsinl a J 
8 L1I -a + sin a cosaJ 

e, degrees 

Constant K4 Value For Various Saddle Contact 
Angles, e 

e 
1200 

130" 
1400 

1500 

~ 
0.401 
0.362 
0.327 
0.297 

Stress In Head (Metric) 

rRVFeff or RVS eff) ~ l 6 

L . J x 10, kP. 
rth 

The tangential shear is to be combined with the pressure stress in the head and should be less 
than 1.25 times the maximum allowable stress in tension of the head material at design temperature_ 
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SECTION 10 RECOMMENDED GOOD PRACTICE 

IGP-G-7.1127 RING COMPRESSION IN SHELL OVER SADDLE (S,I 

The sum of the tangential forces on both sides of the saddle at the shell band causes a ring 
compression stress in the shell band. A width of shell equal to 5ts each side of the saddle plus the 
saddle width resists this force. Wear plates of greater width than the saddle may be used to reduce 
the stress. 

r 

II---ts 

Ring Compression Stress 

S, = 
(RVFcff0r RVSo«) K, 

ts(b + lOts) 

lb 
,-

Where b = saddle width. inches (rom) 

Allowable Stress I.imit 

p = (180 - 612), degrees 

1t (9 13) d' Central Angle Cl = 1t - - - + - ,ra lans 
180 2 20 

Ks = 
l+cosCl 

1t - a + sinacosa 

Constant Ks Value For Various Saddle Contact 
Angles, 9 

e Ks 
1200 0.760 
l300 0.726 
1400 0.697 
1500 0.673 

Ring Compression Stress (Metric) 

t(RVF cff or RVScff) Ksj 
Ss = x 1()6, kPa 

ts(b+ lOts) 

The maximum compressive stress should be less than 0.5 times the yield stress of the material 
atthe design temperature. This should not be added to the pressure stress. 
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RECOMMENDED GOOD PRACTICE SECTION 10 

RGP-G-7.113 DESIGN OF SADDLE PARTS 

DETERMINE MAXIMUM LOADS FROM APPLICABLE LOAD CONDITION 
SEE FIGURE RGP-G·7.1115 

b!!=9!==!!'d-RHFEFF -RLFEFF 
MSFEFF _ RHSEFF RLSEFF 
MSSm ~ 

RVFEFF 
RVSEFF 

THERE ARE MANY TYPES OF BASE PLATE, WEB 8< GUSSET ARRANGEMENTS. 

WEB 

THE FOLLOWING APPROACH IS OFFERED AS ONE OF MANY. 

CENTROID OF 
SADDLE ARC 

z WEB 

x - 0- I 

z GUSSET 

BASE PLATE 

CALCULATE PROPERTIES OF SADDLE ABOUT X-X 8< Z-Z AXIS 

A=AREA, in2 (mm' ) 
Ix-x,lz-z=MOMENT OF INERTIA ABOUT x-x OR Z-Z, in' (mm') 
Sx-x, Sz-z=SECTION MODULUS ABOUT x-x OR z-z, in'(mm» 

CHECK WEB 8< GUSSETS AS COMBINED CROSS-SECTION FOR BENDING 

BENDING STRESS ABOUT 
x-x AXIS 

Sb = 
Mx-x Ib 
Sxwx I i,i'2 

BENDING STRESS ABOUT 
x-x AXIS (METRIC) 

Sb = ~x-x X 106 , kPa 
x-x 

WHERE Mx-x = (RLFEFF OR RLSEFF) X fEFF ,in-Ib (mm-kN) 
Sb < 90 r. YIELD STRESS 

BENDING STRESS ABOUT 
z-z AXIS 

Sb = Mz-z 
Sz-z 

Ib 
I Trl2 

BENDING STRESS ABOUT 
z-z AXIS (METRIC) 

Sb = Mz-z X 106 , kPa 
Sz-z 

WHERE Mz-z = (MSFEFF OR MSSEFF), in-Ib (mm-kN) 
Sb < 90r. YIELD STRESS 
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SECTION 10 RECOMMENDED GOOD PRACTICE 

CHECK WEB & GUSSETS AS COMBINED CROSS-SECTION 
FOR COMPRESSION 

STRESS IN COMPRESSION, Sc = RVF", or RVS", 
A 

STRESS IN COMPRESSION, Sc = RVF", or RVS", 
A 

STRESS LIMIT = ALLOWABLE COMPRESSIVE STRESS 

COMBINE STRESS FROM BENDING AND COMPRESSION 

6 
X 10 ,(kPa) 

ACTUAL BENDING STRESS 

ALLOWABLE BENDING STRESS 
+ _..:A:::C~T~U~AL~CO::::M:::P:...:R:::E:::S~S::..:IV:::E:.:S,:,T=R=ES::::S=_" 1 

ALLOWABLE COMPRESSIVE STRESS 
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RECOMMENDED GOOD PRACTICE SECTION 10 

RGP·G-7.12 VERTICAL VESSEL SUPPORTS 
THE VESSEL LUGS DESCRIBED IN THIS PARAGRAPH INCORPORATE TOP PLATE. BASE PLATE AND 
TWO GUSSETS. OTHER CONFIGURATIONS AND METHODS OF CALCULATIONS ARE ACCEPTABLE. 

APPLIED LOADS 

~M± 

! 
w 
I 

t 
TENSION 

LOAD 
UPLIFT 

W = TOTAL DEAD WT. PER CONDITION 
ANALYZING (EMPTY. OPERATION, 
FULL OF WATER, ETC ... ),lb (kN) 

N = NUMBER OF LUG SUPPORTS 
dB = BOLT CIRCLE, inches (mm) 

4M 

dBN 

W 
N 

M = OVERTURNING MOMENT AT THE SUPPORTS 
DUE TO EXTERNAL LOADING, in-Ib (mm-kN) 

MAX TENSION = 4M - W ,Ib (kN) 
(UPLIFT) dBN N 

IF W > :~ NO UPLIFT EXISTS 

MAX COMPRESSION = :a~ + ~ ,Ib (kN) 

dB 

4M 

dBN 

W 

N 

TOTAL 
COMPo 
LOAD 

t 

RGP-G-7.121 DESIGN OF VESSEL SUPPPORT LUG 

SUPPORT WITH TWO GUSSETS 

C;:;:::===;::;I---L 

1 
P 

Tg- -Jl-

P= LLXEC ,lb(kN) 
HI 

LL = LOAD PER LUG(TENSION OR COMPRESSION), Ib (kN) 
EC = LOCATION OF LOAD REACTION, inches (mm) 

HI = DISTANCE BETWEEN TOP PLATE 
AND BOTTOM PLATE, inches (mm) 

Tb = THICKNESS OF BOTTOM PLATE, inches (mm) 

Tt = THICKNESS OF TOP PLATE, inches (mm) 

Tg = THICKNESS OF GUSSETS, inches (mm) 

TP = TOP PLATE WIDTH, inches (mm) 

GB = BOTTOM PLATE WIDTH, inches (mm) 

bw = BEARING WIDTH ON BASE PLATE 
(USE 75% OF GB IF UNKNOWN), inches (mm) 
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SECTION 10 RECOMMENDED GOOD PRACTICE 

RGP-G-7.122 BASE PLATE CONSIDER BASE PLATE AS A SIMPLY SUPPORTED BEAM SUBJECT TO A 
UNIFORMLY DISTRIBUTED LOAD ro, Ib (kN) 

. + 2Tg -+-~_~"(I 

RGP-G-7,123 TOP PLATE 

RGP-G-7.124 GUSSETS 

~I I TP 

~' a~ 1 
!;~ j 

I GB--i 

.!:!:.. J-EC-l 
2 

MAX. COMPRESSIVE STRESS AT B 

LL 12 
Sc = GB x Tg x (COS a)2 

Sc < THE ALLOWABLE STRESS IN COMPRESSION 
(COLUMN BUCKLING PER AISC) 

ro(.Q. + Tg)' 
MB = B ' in-Ib (mm-kN) 

WHERE 

ro 
LL ~ (.!!i.) • in mm .Q.+2Tg 

FOR TENSION DUE TO UPLIFT, CONSIDER BASE PLATE AS SIMPLY 
SUPPORTED BEAM WITH A CONCENTRATED LOAD LL, Ib (kN) 
AT ITS CENTER 

Mr= 
LL(.Q. + Tg) 

4 
, in-Ib (mm-kN) 

BENDING STRESS BENDING STRESS (METRIC) 

SM* 
Sb = (bw)(Tb)' 

Sb < 90% YIELD STRESS 

M* = GREATER OF M. OR Mr 

SM* 
Sb = (bw)(Tb )' 

ASSUME SIMPLY SUPPORTED BEAM WITH UNIFORM LOAD 

ro(.Q. + Tg)' 
M= 

B 

WHERE 

, in-Ib (mm-kN) 

ro = .Q. :2T9 ,:~ (~~) 

x 10·, kPa 

BENDING STRESS BENDING STRESS (METRIC) 

Sb- SM Ib 
- (TP)' x (TI) 'in' 

SM • 
Sb = (TP)'x (Tt) x 10, kPa 

Sb < 90% YIELD STRESS 

a =ARCTAN 
GB-Tp 

, degrees 
HI 

e = eccentricity = EC - GB , inches (mm) 
2 

MAX. COMPRESSIVE STRESS AT B (METRIC) 

LL 12 6e rf 
Sc = ---rG:;;B:-:x"T;:g'Cx'7(C~O"'S""""a)"2'-- x (1 + GB ) xl, kPa 
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RECOMMENDED GOOD PRACTICE SECTION 10 

RGP·G·7.2 LIFTING LUGS (SOME ACCEPTABLE TYPES OF LIFTING LUGS) 

RGP-G·7.21 VERTICAL UNITS 

f----+-! _~---1-'-= _.-n 
! U 
I , 
I , 
I , 
I 
• 
I 
1-----' 

RABBIT-EAR LUG 

COVER LUG 

1 
( • "1 I .. , - 1--.. 

• 
I , 
I - --- "-· I , 
I 

1: I 

TAILING LUG 

-T 
I 
• 
I - ----

T 
- ----f- I 

• 
I 

• 
I , I 

• 
I I 

1::: TAILING TRUNNION 

TRUNNION TRUNNIONS SHOULD BE CHECKED FOR BENDING & SHEAR. 
VESSEL REINFORCMENT SHOULD BE PROVIDED AS REQUIRED. 
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SECTION 10 RECOMMENDED GOOD PRACTICE 

RGP-G-7.22 HORIZONTAL UNITS 

----s----­
CG 

SLING LIFT 
PREFERRED METHOD OF LIFTING IS SLINGING 

------s------
CG 

SHELL ERECTION LUGS 
ONLY IF SPECIFIED BY CUSTOMER 

RGP-G-7.23 TYPICAL COMPONENT LIFTING DEVICES 

EYEBOLT LIFTING LUG 
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RECOMMENDED GOOD PRACTICE SECTION 10 

RGP-G·7.24 LIFT PROCEDURE 

1. ESTABLISH LIFT PROCEDURE. 
LIFT PROCEDURE IS ESTABLISHED BY CUSTOMER. 
THIS STEP MAY NOT BE NECESSARY FOR ROUTINE LIFTS. TOTAL WEIGHT 

EXAMPLE: 

I 

- CABLES TO BE t 
SPREADER 

BEAM 
I 

t 
SLING OR TAlL LUG 

ADJACENT TO BASE RING , ,,~-""-t7 " 
I 

( ~ - -

"'-I 

2. CALCULATE WEIGHT TO BE LIFTED. 

3. APPLY IMPACT FACTOR. 
1.5 MINIMUM, UNLESS OTHERWISE SPECIFIED. 

4. SELECT SHACKLE SIZE. 
NO IMPACT FACTOR IS APPLIED UNLESS CUSTOMER 
SPECIFIED. SHACKLE TABLES ARE AVAILABLE FROM 
SHACKLE MANUFACTURERS. 

5. DETERMINE LOADS THAT APPLY (SEE ABOVE FIGURES). 

I 
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SECTION 10 RECOMMENDED GOOD PRACTICE 

6. SIZE LIFTING LUG. 
THICKNESS OF LIFTING LUG IS CALCULATED 
BY USING THE GREATER OF SHEAR OR BENDING 
RESULTS AS FOLLOWS: 

p 

r j 
I 

-- --p 

L 

1 = REQUIRED THICKNESS OF LUG, inches (mm) 

Sb = ALLOWABLE BENDING STRESS OF LUG, psi (kPa) 

S = ALLOWABLE SHEAR STRESS OF LUG, psi (kPa) 

L = WIDTH OF LUG. inches (mm) 

h = DISTANCE, CENTERLINE OF HOLE TO COMPONENT, inches (mm) 

p = DESIGN LOAD / LUG INCLUDING IMPACT FACTOR, lb. (kN) 

r = RADIUS OF LUG, inches (mm) 

d = DIAMETER OF HOLE, inches (mm) 

REQUIRED THICKNESS FOR SHEAR REQUIRED THICKNESS FOR SHEAR (METRIC) 

1= 
p 

, Inches 1= 
p 

x 10 6 
,mm 

2(S)(r - dl2) 2(S)(r - dl2) 

REQUIRED THICKNESS FOR BENDING REQUIRED THICKNESS FOR BENDING (METRIC) 

1= 
6ph 

, inches 
6ph 

x 10
6
, mm t= 

Sb(L) 2 

USE GREATER OF THICKNESS REQUIRED FOR BENDING OR SHEAR. 

NOTE: COMPONENT SHOULD BE CHECKED AND/OR REINFORCED FOR LOCALLY IMPOSED STRESSES. 
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RECOMMENDED GOOD PRACTICE SECTION 10 

RGP-G-7.3 WIND AND SEISMIC DESIGN 

For purposes of design, wind and seismic forces are assumed to be negligible unless the purchaser 
specifically details such forces in the inquiry. 

When such requirements are specified by the purchaser, the designer should consider their effects 
on the various components of the heat exchanger. These forces should be evaluated in the design 
of the heat exchanger for the pressure containing components, the heat exchanger supports and the 
device used to attach the heat exchanger supports to the anchor points. Methods used for the 
design analysis are beyond the scope of these Standards; however, the designer can refer to the 
selected references listed below. 

References: 

(1) ASME Boiler and Pressure Vessel Code, Section III, "Nuclear Power Plant Components." 

(2) "Earthquake Engineering", R. L. Weigel, Prentice Hall, Inc., 1970. 

(3) "Fundamentals of Earthquake Engineering", Newark and Rosenbluth, Prentice Hall, Inc., 1971. 

(4) Steel Construction Manual of the American Institute of Steel Construction, Inc., 8th Edition. 

(5) TID-7024 (1963), "Nuclear Reactors and Earthquakes", U.S. Atomic Energy Commission Division 
of Technical Information. 

(6) "Earthquake Engineering for Nuclear Reactor Facilities (JAB-1 01)", Blume, Sharp and Kost, John 
A. Blume and Associates, Engineers, San Francisco, Caiifomia, 1971. 

(7) "Process Equipment Design", Brownell and Young, Wiley and Sons, Inc., 1959. 

RGP-RCB-2 PLUGGING TUBES IN TUBE BUNDLES 

In U-tube heat exchangers, and other exchangers of special deslQn, it may not be possible or feasible to 
remove and replace defective tubes. Under certain conditions as Indicated below, the manufacturer may 
plug either a maximum of 1 % of the tubes or 2 tubes without prior agreement. 

Condition: 

(1) For U-tube heat exchangers where the leaking tube(s) Is more than 2 tubes away from the periphery of 
the bundle. 

(2) For heat exchangers with limited access or manway openings in a welded-on channel where the tube is 
located such that it would be impossible to remove the tube through the access opening in the channel. 

(3) For other heat exchanger designs which do not facilitate the tube removal in a reasonable manner. 

(4) The method of tube plugging will be a matter of agreement between manufacturer and purchaser. 

(5) The manufacturer maintains the original guarantees. 

(6) "As-built' drawings Indicating the location of the plugged tube(s) shall be furnished to the purchaser. 
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RGP-RCB-4.62 SHELL OR BUNDLE ENTRANCE AND EXIT AREAS 

This paragraph provides methods for determining approximate shell and bundle entrance areas for 
common configurations as illustrated by Figures RGP·RCB·4.6211, 4.6212, 4.6221,4.6222,4.6231 
and 4.6241. 

Results are somewhat approximate due to the following considerations: 

(1) Non-uniform location of tubes at the periphery of the bundle. 
(2) The presence of untubed lanes through the bundle. 
(3) The presence of tie rods, spacers, and/or bypass seal devices. 

Full account for such concerns based on actual details will result in improved accuracy. 

Special consideration must be given to other configurations. Some are listed below: 

12

1) Nozzle located near the bends of U-tube bundles. 
) Nozzle which is attached in a semi or full tangential position to the shell. 

3) Perforated distribution devices. 
(4) Impingement plates which are not flat or which are positioned with signHicant clearance off 

the bundle. 
(5) Annular distributor belts. 

RGP-RCB-4.621 AND 4.622 SHELL ENTRANCE OR EXIT AREA 

The minimum shell entrance or exit area for Figures RGP-RCB-4.6211, 4.6212, 4.6221 and 
4.6222 may be approximated as follows: 

where 

A = nD h+ F (~D2)(Pt-Dt) 
sill 4 It F

2 P I 

A, = Approximate shell entrance or exit area, inches 2 (mm 2). 

D n = Nozzle inside diameter, inches (mm) 

h = Average free height above tube bundle or impingement plate, inches (mm) 

h = O. 5(h 1+ h 2 ) for Figures RGP-RCB-4.6211, 4.6212 and 4.6222. 

h = O.5(D, - OT L) for Figure RGP-RCB-4.6221. 

h I = Maximum free height (at nozzle centerline), inches (mm) 

h 2 = Minimum free height (at nozzle edge), inches (mm) 

h 2 =h 1 -O.5[D,-(D, 2_D, 2)0.5) 

D, = Shell inside diameter, inches (mm) 

OT L = Outer tube limit diameter, inches (mm) 

F I = Factor indicating presence of impingement plate 

F I = 0 with impingement plate 

F I = 1 without impingement plate 
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P, = Tube center to center pttch, inches (mm) 

D, = Tube outside diameter, inches (mm) 

SECTION 10 

F 2 = Factor indicating tube pitch type and orientation with respect to fluid flow 
direction 

F 2 = 1.0 for -EI- and +­
F 2 =0.866for ~ 

F 2 =0.707 for ~ 

RGP-RCB-4.623 AND 4.624 BUNDLE ENTRANCE OR EXIT AREA 

The minimum bundle entrance or extt area for Figures RGP-RCB-4.6231 and 4.6241 may be 
approximated as follows: 

where 

P,-D, 
A.=B,(D,-OTL)+(B,K-A p ) F

2
P, +A, 

A. = Approximate bundle entrance or extt area, inches 2 (mm 2). 

B, = Baffle spacing at entrance or exit, inches (mm) 

K = Effective chord distance across bundle, inches (mm) 

K = D n for Figure RGP-RCB-4.6231 

A p = Area of impingement plate, inches 2 (mm 2) 

A p = 0 for no impingement plate 

n[ 2 

A p = ---;f- for round impingement plate 

A p = [ P 2 for square impingement plate 

[ p = Impingement plate diameter or edge length, inches (mm) 

A ,= Unrestricted longttudinal flow area, Inches 2 (mm 2) 

Standards Of The Tubular Exchanger Manufacturers Association 275 



SECTION 10 RECOMMENDED GOOD PRACTICE 

The formulae below assume unrestricted longitudinal flow. 

A I ~ 0 for baffle cut normal to nozzle axis 

A I ~ 0.5 a b for Figure RGP-RCB-4.6231 WITh baffle cut parallel with nozzle axis 

A I ~ 0.5 (D , - aT L ) c for Figure RGP-RCB-4.6241 with baffle cut parallel with 
nozzle axis 

a ~ Dimension from Figure RGP-RCB-4.6231, inches (mm) 

b ~ Dimension from Figure RGP-RCB-4.6231, inches (mm) 

c ~ Dimension from Figure RGP-RCB-4.6241, inches (mm) 

RGP-RCB-4.625 ROD TYPE IMPINGEMENT PROTECTION 

Rod type impingement protection shall utilize a minimum of two rows of rods arranged such 
that maximum bundle entrance area is provided without permitting direct impingement on any 
tube. 

Shell entrance area may be approximated per Paragraph RGP-RCB-4.622, Figure 
RGP-RCB-4.6221. 

Bundle entrance area may be approximated per Paragraph RGP-RCB-4.624, Figure 
RGP-RCB-4.6241. 
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FIGURES RGP-RCB-4.6211, 4.6212, 4.6221 AND 4.6222 

SHELL ENTRANCE OR EXIT AREA 

FIGURE . RGP-RCB- 4.6211 
IMPINGEMENT PLATE - FULL LAYOUT 

FIGURE RGP- RCB -4.6212 
IMPINGEMENT PLATE - PARTIAL LAYOUT 
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FIGURES RGP·RCB·4.6231 AND 4.6241 

BUNDLE ENTRANCE OR EXIT AREA 

FIGURE RGP-RCS-4.6231 
PARTIAL LAYOUT- WITH OR WITHOUT IMPINGEMENT PLATE 
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FIGURE RGP-RCS -4.6241: 
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RGP-RCB-6 GASKETS 

RGP-RCB-6.1 TYPE OF GASKETS 

Gaskets made integral by welding are often harder in the welds than in the base material. Hardness 
limitations may be specified by the exchanger manufacturer. 

RGP-RCB-7 TUBESHEETS 

RGP-RCB-7.2 SHELL AND TUBE LONGITUDINAL STRESSES, FIXED TUBESHEET 
EXCHANGERS 

The design of fixed tubesheets in accordance with Paragraph RCB-7.16 is based, in part, upon the 
tube bundle providing elastic support to the tubesheets throughout the tubed area. It is therefore 
important to insure that the tubes can provide sufficient staying action against tensile forces and 
sufficient stability against compressive forces. Paragraph RCB-7.2 provides rules to calculate the 
tube loads at the periphery of the bundle only. The tubes at the Interior of the bundle are not 
considered, but can become loaded both in tension and compression. Tensile forces are generally 
not a problem if the requirements of Paragraph RCB-7.2 are met. Compressive forces might, 
however, create unstable conditions for tubes at the interior of the bundle. Typical conditions that 
can cause this are: 

Loading: Tube side pressure and/or differential thermal expansion where the shell, if 
unrestrained, would lengthen more than the tubes. (Positive P d per Paragraph 
RCB-7.161) 

Geometry: Flexible tubesheet systems. Generally, those that are simply supported at the edge 
(F = 1 per Paragraph RCB-7.132) and have a value of F q(Paragaph RCB-7.161) 
greater than 2.5. 

Methods similar to those provided in the following references can be used to predict loadings on the 
tubes at the interior of the bundle: 

(1) Gardner, K.A., "Heat Exchanger Tubesheet Design", Trans. ASME, Vol. 70,1948, pp. A-377-385. 

(2) Gardner, KA., "Heat Exchanger Tubesheet Design-2: Fixed Tubesheets", Trans. ASME, Vol.74, 
1952, pp. A-159-166. 

(3) Miller, KA.G., "Design ofTube Plates in Heat Exchangers", Proc. Inst. Mech. Eng., Ser. B, Vol. 1, 
1952, pp. 215-231. 

(4) Yu, Y.Y., "Rational Analysis of Heat-Exchanger Tube-Sheet Stresses", Trans. ASME, Vol. 78. 
1956, pp. A-468-473. 

(5) Boon, G.B. and Walsh, R.A., "Fixed Tubesheet Heat Exchangers", Trans. ASME, Vol. 86, Series 
E, 1964, pp. 175-180 (See also Gardner, KA, discussion of above. Trans. ASME, Vol. 87, 1965, 
pp. 235-236). 

(6) Gardner, K.A.,'Tubesheet Design: A Basis For Standardization", Proceedings of the First 
International Conference on Pressure Vessel Technology: Part I, Design and Analysis, pp. 
621-648 and Part iii, Discussion, pp. 133-135, ASME, 1969 and 1970. 

(7) Chiang, C.C., "Close Form DeSign Solutions for Box Type Heat Exchangers", ASME 
75-WA/DE-15. 

(8) Hayashi, K., "An Analysis Procedure for Fixed Tubesheet Exchangers", Proceedings of the Third 
International Conference on Pressure Vessel Technology: Part I, Analysis, Design and 
Inspection, pp. 363-373, ASME, 1977. 

(9) Malek, R.G., "A New Approach to Exchanger Tubesheet Design", Hydrocarbon Processing, Jan. 
1977. 

(10) Singh, KP., "Analysis of Vertically Mounted Through-Tube Heat Exchangers', ASME 
77-JPGC-NE-19, Trans. ASME, Journal of Engineering for Power, 1978. 

The allowable tube stresses and loads presented In Paragraph RCB-7.2 are intended for use with an 
analysis considering only the peripheral tubes. These allowable stresses and loads can be modified if 
the tubes at the interior of the bundle are included in the analysiS. Engineering judgement should be 
used to determine that the bundle can adequately stay the tubesheets against tensile loadings and 
remain stable against compressive loadings. 
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RGP-RCB-7.4 TUBE HOLES IN TUBESHEETS 

RGP-RCB-7.43 TUBE HOLE FINISH 

Tube hole finish affects the mechanical strength and leak tightness of an expanded 
tube·to-tubesheet joint. In general: 

(1) A rough tube hole provides more mechanical strength than a smooth tube hole. This is 
influenced by a complex relationship of modulus of elasticity, yield strength and hardness 
of the materials being used. 

(2) A smooth tube hole does not provide the mechanical strength that a rough tube hole 
does, but it can provide a pressure tight joint at a lower level of wall reduction. 

(3) Very light wall tubes require a smoother tube hole finish than heavier wall tubes. 

(4) SlgnHicant longitudinal scratches can provide leak paths through an expanded 
tube-to-tubesheet joint and should therefore be removed. 

RGP-RCB-7.5 TUBE WALL REDUCTION 

The optimum tube wall reduction for an expanded tube-to-tubesheet joint depends on a number of 
factors. Some of these are: 

(1) Tube hole finish 

(2) Presence or absence of tube hole serrations (grooves) 

(3) Tube hole size and tolerance 

(4) Tubesheet ligament width and Its relation to tube diameter and thickness 

(5) Tube wall thickness 

(6) Tube hardness and change in hardness during cold working 

(7) Tube 0.0. tolerance 

(8) Type of expander used 

(9) Type of torque control or final tube thickness control 

(10) Function of tube joint, i.e. strength in resistance to pulling out, minimum cold work for corrosion 
purposes, freedom from leaks, ease of replacement, etc. 

(11) Length of expanded joint 

(12) Compatibility of tube and tubesheet materials 

RGP-RCB-7.6 TESTING OF WELDED TUBE JOINTS 

Tube·to-tubesheet welds are to be tested using the manufacturer's standard method. 

Weld defects are to be repaired and tested. 

Any special testing such as with halogens, or helium, will be performed by agreement between 
manufacturer and purchaser. 

RGP-RCB-9 CHANNELS, COVERS, AND BONNETS 

RGP-RC8-9.21 FLAT CHANNEL COVER DEFLECTION 

The recommended limit for channel cover deflection Is intended to prevent excessive leakage 
between the cover and the pass panition plate. Many factors govern the choice of design deflection 
limits. Some of these factors are: number of tube side passes; tube side pressure drop; size of 
exchanger; elastic sprlngback of gasket material; effect of interpass leakage on thermal 
performance; presence or absence of gasket retaining grooves; and leakage characteristics of the 
tube side fluid. 

The method shown In Paragraph RCB-9.21 for calculating deflection does not consider: 

(1) The restraint offered by the ponlon of the cover outside the gasket load reaction diameter. 

(2) Additional restraint provided by some types of construction such as full face gasket controlled 
metal-to-metal contact, etc. 

(3) Cover bow due to thermal gradient across the cover thickness. 
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The recommended cover deflection limits given in Paragraph RCB-9.21 may be mod Hied if other 
calculation methods are used which accomodate the effect of reduced cover thickness on the 
exchanger performance. 

Reference: 

Singh, K.P. and Solar, A.I., "Mechanical Design of Heat Exchangers and Pressure Vessel 
Components", First Edition (1984), Chapter 12, Arcturus Publishers, Inc. 

RGP-RCB-10 NOZZLES 

RGP-RCB-10.6 NOZZLE LOADINGS 

For purposes of design, nozzle loads are assumed to be negligible, unless the purchaser specHically 
details such loads in his inquiry as indicated in Figure RGP-RCB-10.6. 

FIGURE RGP-RCB-10.6 

Since piping loads can impose forces and moments in three geometric planes, there is no one set of 
values which can be provided as a maximum by the manufacturer. Each piping load should be 
evaluated as a combination of forces and moments as specified by the purchaser. 

Nozzle reactions from piping are transmitted to the pressure containment wall of the heat exchanger, 
and could result in an over-stressed condition in this area. The effects of piping loads transmitted 
through main body flanges, supports and other components should also be considered. For 
calculation of the combined stresses developed in the wall of the vessel due to piping and pressure 
loads, references are listed below. 

References: 

(1) Welding Research Council Bulletin No. 107, "Local Stresses In Spherical and Cylindrical Shells 
Due to External Loading", K. R. Wickman, A.G. Hopper and J.L Mershon. 

(2) "Stresses From Radial Loads and External Moments in Cylindrical Pressure Vessels", P.P. 
Bijlaard, The Welding Journal Research Supplement (1954-1955). 

(3) "Local Stresses in Cylindrical Shells", Fred Forman, Pressure Vessel Handbook Publishing, Inc. 

(4) Pressure Vessel and Pieing Design Collected Papers, (1927-1959), The American Society of 
Mechanical Engineers, 'Bending Moments and Leakage at Flanged Joints", Robert G. Blick. 

(5) ASME Boiler and Pressure Vessel Code, Section III, "Nuclear Power Plant Components". 

(6) Welding Research Council Bulletin No. 198, 'Secondary Stress Indices for lritegral Structural 
Attachments to Straight Pipe", W.G. Dodge. 

(7) Welding Research Council Bulletin No. 297, "Local Stresses in Cylindrical Shells Due To External 
Loadings on Nozzles - Supplement to WRC Bulletin 107", J.L. Mershon, K.Mokhtarian, G.V. Ranjan 
and E.C. Rodabaugh. 

RGP-RCB-11 END FLANGES AND BOLTING 

RGP-RCB-11.5 LARGE DIAMETER LOW PRESSURE FLANGES 
When designing a large diameter, low pressure flange, numerous considerations as described in 
Appendix S of the Code should be reviewed in order to reduce the amount of flange rotation. 
Another point of consideration is the fact that this type of flange usually has a large actual bolt area 
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compared to the minimum required area; the extra bolt area combined with the potential bolt stress 
can overload the flange such that excessive deflection and permanent set are produced. Methods 
are available to determine the initial bolt stress required in order to achieve a leak-free bolted joint. 
Once the required bolt stress is known, flange rotation and stress can then be calculated and, if 
necessary, the designer can take further action to reduce rotation and/or stresses. 

RGP-RCB-11.6 BOLTING-ASSEMBLY AND MAINTENANCE 

The following references may be used for assembly and maintenance of bolted flanged joints. See 
Paragraphs E-3.24 and E-3.25. 

References: 

(1) Torque Manual. Sturtevant-Richmont Division of Ryeson Corp. 

(2) Crane Engineering Data, VC-1900B, Crane Company. 

RGP-RCB-11.7 PASS PARTITION RIB AREA 

Gasket pass partition rib area contributes to the required bolt load, therefore, its effects should be 
considered in the design of flanges. One acceptable method to include rib area is shown below. 
Other methods are acceptable. 

Y - ~ Yvalue of pass partition rib(s)' 

m - ~ m factor of pass partition rib(s)' 

b, ~ Effective seating 
width of pass partition rib(s)' 

r ,~ Total length of pass partition rib(s)' 

Pass Partition 

W ml and W m2 ~ As defined in ASME Code 
Section VIII, Division 1 
Appendix 2 and mod Hied below. 

Wm2~ bIlGY+b,r,Y-

H = (G)2(P)(O.7854) 

'Note: 

Seating width of 
Partition Rib (N) 

(1) mand Yvalues for peripheral portion of gasket may be used if greater than m -& Y-. 

(2) mand Yvalues are listed in ASME Code Section VIII Div. 1, Appendix 2 Table 2-5.1 or as 
specified by gasket manufacturer. 
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RGP·T·2 FOULING 

RGP·T·2.1 TYPES OF FOULING 

Currently fiv~ diff~rent types of fouling mechanisms ar~ recognized. They are individually complex, 
often occurring simultaneously, and their effects may Increase pressure drop, accelerate corrosion 
and decrease the overall heat transfer coefficient. 

(1) Precipitation Fouling 

Crystallization is one of the most common types of precipitation fouling. It occurs in many 
process streams, cooling water and chemical streams. Crystallization scale forms as the result 
of over-saturation of a relatively insoluble salt. The most common, calcium carbonate, forms on 
heat transfer surfaces as a result of the thermal decomposition of the bicarbonate ion and the 
subsequent reaction with calcium ions. 

(2) Particulate Fouling 

Sedimentation is the most common form of particulate fouling. Particles of clay, sand, silt, rust, 
etc. are initially suspended in the fluid and form depostts on the heat transfer surfaces. 
Sedimentation is frequently superimposed on crystallization and possibly acts as a catalyst for 
certain types of chemical reaction fouling. 

(3) Chemical Reaction Fouling 

Surface temperatures and the presence of oxidation promoters are known to significantly 
influence the rate of build up of this fouling type. Coking, the hard crust deposit of hydrocarbons 
formed on high temperature surfaces, is a common form of this type of fouling. 

(4) Corrosion Fouling 

Iron oxide, the most common form of corrosion product, is the result of an electro-chemical 
reaction and forms as a scale on iron-containing, exposed surfaces of the heat exchanger. This 
scale produces an added thermal resistance to the base metal of the heat transfer surface. 

(5) Biological Fouling 

Organic material growth develops on heat transfer surfaces In contact wtth untreated water such 
as sea, river, or lake water. In most cases, tt will be combined or superimposed on other types 
of fouling such as crystallization and sedimentation. Biological growth such as algae, fungi, 
slime, and corrosive bacteria represent a potentially detrimental form of fouling. Often these 
micro-organisms provide a sticky holding medium for other types of fouling which would 
otherwise not adhere to clean surfaces. 

RGP·T·2.2 EFFECT OF FOULING 

There are different approaches to provide an allowance for anticipated fouling in the design of shell 
and tube heat exchangers. The net result is to provide added heat transfer surface area. This 
generally means that the exchanger is oversized for clean operation and barely adequate for 
conditions just before it should be cleaned. Although many heat exchangers operate for years 
without cleaning, it is more common that they must be cleaned periodically. Values of the fouling 
resistances to be specified are intended to reflect the values at the point in time just before the 
exchanger is to be cleaned. The major uncertainty is the assignment of realistic values of the fouling 
resistances. Further, these thermal resistances only address part of the impact of fouling as there is 
an increase in the hydraulic resistance as well; however, this is most often Ignored. Fouling is 
complex, dynamic, and in time. degrades the performance of a heat exchanger. 

The use of thermal resistance permits the assi!jlnment of the majortty of the fouling to the side where 
fouling predominates. It also permits examination of the relative thermal resistance introduced by the 
different terms in the overall heat transfer coefficient equation. These can signal, to the designer, 
where there are potential design changes to reduce the effect of fouling. It also permits the 
determination of the amount of heat transfer surface area that has been assigned for fouling. Higher 
fouling resistances are sometimes inappropriately specified to provide safety factors to account for 
uncertainties In the heat transfer calculation, the actual operating conditions, and/or possible plant 
expansion. These uncertainties may well exist and should be reflected in the deSign. but they should 
not be masked in the fouling resistances. They should be clearly identified as appropriate factors in 
the design calCUlations. 
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Another inappropriate approach to heat exchanger design is to arbitrarily increase the heat transfer 
surface area to allow for fouling. This over-surfacing avoids the use of the appropriate fouling 
resistances. In effect. the fouling for the exchanger is combined and no longer can be identified as 
belonging to one side or the other. 

In order to examine the effect of fouling on the pressure drop. H is necessary for the purchaser to 
supply the anticipated thicknesses of each of the fouling layers. 

RGP-T-2_31 PHYSICAL CONSIDERATIONS 

A) Properties Of Fluids And Usual Propensity For Fouling 

The most important consideration is the fluid and the condHions when it produces fouling. 
At times. a process modification can result in conditions that are less likely to cause 
fouling. 

B) Surface And Bulk Temperatures 

For many kinds of fouling. as the temperatures increase. the amount of fouling increases. 
Lower temperatures produce slower fouling build-up and deposits that often are easier to 
remove. 

C) Local VelocHies 

Normally. keeping the velocities high reduces the tendency to foul. Velocities on the tube 
side are limited by erosion, and on the shell side by flow-Induced vibration. Stagnant and 
recirculation regions on the shell side lead to heavy fouling. 

D) Tube Material, Configuration And Surface Finish 

The selection of tube material is significant when it comes to corrosion. Some kinds of 
biological fouling can be lessened by copper-bearing tube materials. There can be 
differences between finned and plain tubing. Surface finish has been shown to influence 
the rate of fouling and the ease of cleaning. 

E) Heat Exchanger Geometry And Orientation 

The geometry of a particular heat exchanger can influence the uniformity of the flows on 
the tube side and the shell side. The ease of cleaning can be greatly influenced by the 
orientation of the heat exchanger. 

F) Heat Transfer Process 

The fouling resistances for the same fluid can be considerably different depending upon 
whether heat is being transferred through sensible heating or cooling. boiling. or 
condensing. 

G) Fluid Purity And Freedom From Contamination 

Most fluids are prone to have inherent impurities that can deposit out as a fouling layer. or 
act as catalysts to the fouling processes. It is often economically attractive to eliminate 
the fouling constituents by filters. 

H) Fluid Treatment To Prevent Corrosion And Biological Growth 

Fluid treatment is commonly carried out to prevent corrosion and/or biological growth. If 
these treatments are neglected. rapid fouling can occur. 

I) Fluid Treatment To Reduce Fouling 

There are additives that can disperse the fouling material so it does not deposit. Additives 
may also alter the structure of the fouling layers that deposit so that they are easily 
removed. The use of these treatments Is a product quality and economic decision. 

J) Cathodic Protection 

One of the effective ways to reduce the possibility of corrosion and corrosion fouling is to 
provide cathodic protection in the design. 
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K) Planned Cleaning Method And Desired Frequency 

It is important that the cleaning method be planned at the design stage of the heat 
exchanger. Considerations In design involving cleaning are whether it will be done 
on-line, off-line, bundle removed or in place, whether It will involve corrosive fluids, etc .. 
Access, clearances, valving, and piping also must be considered to permit ease of 
cleaning. The cleaning method may require special safety requirements, which should be 
incorporated in the design. 

L) Place The More Fouling Fluid On The Tube Side 

There are two benefits from placing the more fouling fluid on the tube side. There is less 
danger of low velocity or stagnant flow regions on the tube side, and, it is generally easier 
to clean the tube side than the shell side. It is often possible to clean the tube side with 
the exchanger in place while it may be necessary to remove the bundle to clean the shell 
side. 

RGP-T-2.32 ECONOMIC CONSIDERATIONS 

Planned fouling prevention, maintenance and cleaning make possible lower allowances for 
fouling, but do involve a commitment to ongoing costs. The amount and frequency of 
cleaning varies considerably with user and operation. 

The most significant parameters involved in deciding upon the amount of fouling allowance 
that should be provided are the operational and economic factors that change with time. 
New fluid treatments, changing first costs and operating costs, different cleaning procedures 
and the degree of payback for longer periods of being on stream should be some of the items 
evaluated in determining an appropriate fouling resistance. Failure to include the economic 
considerations may lead to unnecessary monetary penalties for fouling. 

Companies concerned about fouling continually monitor the performance of their heat 
exchangers to establish fouling experience and develop their own guidelines for determining 
the appropriate fouling resistance to specify when purchasing new equipment. 

Almost every source of cooling water needs to be treated before it is used for heat exchanger 
service. The treatment ranges from simple biocide addition to control biological fouling, to 
substantial treatment of brackish water to render It suitable for use. The amount of treatment 
may be uneconomical and substitute sources of cooling must be sought. With today's 
technology, the quality of water can be improved to the point that fouling should be under 
control as long as flow velocities are maintained and surface temperatures controlled. 

RGP-T-2.4 DESIGN FOULING RESISTANCES (HR FT2 0 F /Btu) 

The purchaser should attempt to select an optimal fouling resistance that will result in a minimum 
sum of fixed, shutdown and cleaning costs. The following tabulated values of fouling resistances 
allow for oversizlng the heat exchanger so that it will meet performance requirements with 
reasonable Intervals between shutdowns and cleaning. These values do not recognize the time 
related behavior of fouling with regard to specific design and operational characteristics of particular 
heat exchangers. 
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SECTION 10 RECOMMENDED GOOD PRACTICE 

Fouling ReSistances For Industrial Fluids 

Oils: 

Fuel Oil #2 0.002 

Fuel Oil #6 0.005 

Transformer Oil 0.001 

Engine Lube Oil 0.001 

Quench Oil 0.004 

Gases And Vapors: 

Manufactured Gas 0.010 

Engine Exhaust Gas 0.010 

Steam (Non-Oil Bearing) 0.0005 

Exhaust Steam (Oil Bearing) 0.0015-0.002 

Refrigerant Vapors (Oil Bearing) 0.002 

Compressed Air 0.001 

Ammonia Vapor 0.001 

COzVapor 0.001 

Chlorine Vapor 0.002 

Coal Flue Gas 0.010 

Natural Gas Flue Gas 0.005 

Liquids: 

Molten Heat Transfer Salts 0.0005 

Refrigerant Liquids 0.001 

Hydraulic Fluid 0.001 

Industrial Organic Heat Transfer Media 0.002 

Ammonia Liquid 0.001 

Ammonia Liquid (Oil Bearing) 0.003 

Calcium Chloride Solutions 0.003 

Sodium Chloride Solutions 0.003 

CO zLiquid 0.001 

Chlorine Liquid 0.002 

Methanol Solutions 0.002 

Ethanol Solutions 0.002 

Ethylene Glycol Solutions 0.002 
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RECOMMENDED GOOD PRACTICE SECTION 10 

Fouling Resistances For Chemical Processing Streams 

Gases And Vapors: 

Acid Gases 0.002-0.003 

Solvent Vapors 0.001 

Stable Overhead Products 0.001 

Liquids: 

MEA And DEA Solutions 0.002 

DEG And TEG Solutions 0.002 

Stable Side Draw And Bottom Product 0.001-0.002 

Caustic Solutions 0.002 

Vegetable Oils 0.003 

Fouling Resistances For Natural Gas-Gasoline Processing Streams 

Gases And Vapors: 

Natural Gas 0.001-0.002 

Overhead Products 0.001-0.002 

Liquids: 

Lean Oil 0.002 

Rich Oil 0.001-0.002 

Natural Gasoline And Liquified Petroleum Gases 0.001-0.002 
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SECTION 10 RECOMMENDED GOOD PRACTICE 

Fouling Resistances For 011 Refinery Streams 
Crude And Vacuum Unit Gases And Vapors: 

Atmospheric Tower Overhead Vapors 0.001 

Light Naphthas 0.001 

Vacuum Overhead Vapors 0.002 

Crude And Vacuum Liquids: 

Crude 011 

Ot0250°F 250 to 350 ° F 
VELOCITY FT /SEC VELOCITY FT /SEC 

<2 2-4 >4 <2 2-4 >4 

DRY 0.003 0.002 0.002 0.003 0.002 0.002 

SALT· 0.003 0.002 0.002 0.005 0.004 0.004 

350 to 450 ° F 450 ° F and over 
VELOCITY FT /SEC VELOCITY FT /SEC 

<2 2-4 >4 <2 2-4 >4 

DRY 0.004 0.003 0.003 0.005 0.004 0.004 

SALT· 0.006 0.005 0.005 0.007 0.006 0.006 

·Assumes desalting @ approx. 250 ° F 

Gasoline 0.002 

Naphtha And Light Distillates 0.002-0.003 

Kerosene 0.002-0.003 

Light Gas Oil 0.002-0.003 

Heavy Gas Oil 0.003-0.005 

Heavy Fuel Oils 0.005-0.007 

Asphalt And Residuum: 

Vacuum Tower Bottoms 0.010 

Atmosphere Tower Bottoms 0.007 

Cracking And Coking Untt Streams: 

Overhead Vapors 0.002 

Light Cycle Oil 0.002-0.003 

Heavy Cycle Oil 0.003-0.004 

Light Coker Gas Oil 0.003-0.004 

Heavy Coker Gas Oil 0.004-0.005 

Bottoms Slurry Oil (4.5 Ft/Sec Minimum) 0.003 

Light Liquid Products 0.002 
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RECOMMENDED GOOD PRACTICE SECTION 10 

Fouling Resistances For Oil Refinery Streams- continued 
Catalytic Reforming, Hydrocracklng And Hydrodesulfurization Streams: 

Reformer Charge 0.0015 

Reformer Effluent 0.0015 

Hydrocracker Charge And Effluent' 0.002 
Recycle Gas 0.001 

Hydrodesulfurization Charge And Effluent' 0.002 

Overhead Vapors 0.001 

Liquid Product Over 50 0 A.P.1. 0.001 

Liquid Product 30 - 50 0 A.P.I. 0.002 

'Depending on charge, characteristics and storage history, charge resistance 
may be many times this value. 

Light Ends Processing Streams: 

Overhead Vapors And Gases 0.001 

Liquid Products 0.001 

Absorption Oils 0.002-0.003 

Alkylation Trace Acid Streams 0.002 

Reboller Streams 0.002-0.003 

Lube all Processing Streams: 

Feed Stock 0.002 

Solvent Feed Mix 0.002 

Solvent 0.001 

Extract' 0.003 

Raffinate 0.001 

Asphalt 0.005 

Wax Slurries' 0.003 

Refined Lube 011 0.001 

'Precautions must be taken to prevent wax deposition on cold tube walls. 

Vis breaker: 

Overhead Vapor 0.003 

Visbreaker Bottoms 0.010 

Naphtha Hydrotreater: 

Feed 0.003 

Effluent 0.002 

Naphthas 0.002 

Overhead Vapors 0.0015 
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SECTION 10 RECOMMENDED GOOD PRACTICE 

Fouling Resistances for Oil Refinery Streams· continued 

Catalytic Hydro Desulfurizer: 

Charge 0.004-0.005 

Effluent 0.002 

H.T. Sep. Overhead 0.002 

Stripper Charge 0.003 

Liquid Products 0.002 

HF Alky Unit: 

Alkylate, Deprop. Bottoms, Main Fract. Overhead 
Main Fract. Feed 0.003 

All Other Process Streams 0.002 

Fouling Resistances For Water 

Tem8rf~ature Of 
Hea in Medium Un To 2400 F 240 to 4000 F 

Temperature Of Water 125 0 F Over 1250 F 

Water Velocity Ft/Sec Water Velocity Ft/Sec 

3 and Less Over 3 3 and Less Over 3 

Sea Water 0.0005 0.0005 0.001 0.001 

Brackish Water 0.002 0.001 0.003 0.002 

Coolin~ Tower And Artificial 
Spray ond: 

Treated Make Up 0.001 0.001 0.002 0.002 

Untreated 0.003 0.003 0.005 0.004 

City Or Well Water 0.001 0.001 0.002 0.002 

River Water: 

Minimum 0.002 0.001 0.003 0.002 

Average 0.003 0.002 0.004 0.003 

Muddy Or Silty 0.003 0.002 0.004 0.003 

Hard (Over 15 Grains/Gal.) 0.003 0.003 0.005 0.005 

Engine Jacket 0.001 0.001 0.001 0.001 

Distilled Or Closed Cycle 

Condensate 0.0005 0.0005 0.0005 0.0005 

Treated Boiler Feedwater 0.001 0.0005 0.001 0.001 

Boiler Blowdown 0.002 0.002 0.002 0.002 

If the heating medium temperature is over 400 0 F and the cooling medium is known to scale, these 
ratings should be modified accordingly. 
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Acoustic Resonance or Coupling ........................................ 95, 117 
Air Test .................................. 24 
Allowable Working Pressure of Tubes ... . ............. 233, 234, 235 
Alloy, TEMA Definition .............. .. ...23 

..45,74 Alloy Clad Tubesheets ..................... .. 
Alloy Shells, Minimum Thickness .. 
Anodes .. 

.. ...... 30 

.. ...... 26 
Area, 

Bundle Entrance and Exit ...................................... 35,274-278 
Segments of Circles ..... . ....... 248 

ASME Code Data Reports ......................... .. .................... 14 

B 

B Class Heat Exchanger, Definition ............................................. 23 
Backing Devices. . ..................... 38, 39 
Baffles and Support Plates, ......................................................... 31 

Cross, Clearances ........................................................... 31,32 
Cross, Minimum Thickness ... ..32, 33 
Cuts. .. ........ ,,31 
Holes................. ......................... ......... . ....... 31, 122 
Impingement... . ............ 35 
Longitudinal. . ........... 33 
Spacing.. .. .... 33, 34 
Special Cases ......................................... 34 
Special Precautions.. .................. . .... 33 
Type.... ... .. ............................... .. .............................. 31 

Bolted Joints ............... ........................... .. ................... 19 
Bolting, 

Dimensional Data 
End Flanges ..................................... .. 

.............. 188, 189 
.. ...... 93, 281,282 

.. ......... 17 
... 38,39 

.282 

Foundation ...... . ............. . 
Internal Floating Head .. 
Pass Rib Area .... 
Size and Spacing 
Tightening .. 
Type ... 

Bundle Cleaning. 
Bundle Entrance and Exit Area .. 

................. 93 
. ........................................... 19 

.. ............... 94 
.. ............. 21, 22 

. .......................... 35 
.. .... ........ .. .... 36, 37 Bundle Hold Down .. 

By·Pass Valves .. . .................................................. 18 

c 

C Class Heat Exchanger, Definition.. .. ....................... 23 
Cast Iron, Service Limitation ........................ 25 
Channel Covers.. .. ............ 88,280,281 
Channel Cover Formula ..... . ................................................ 90 
Channel Cover Grooves ................................................................ 90 
Channel Pass Partitions .......................................................... 88, 89 
Channels, Minimum Thickness ..................................................... 88 
Channels, Type Designation & Size Numbering.. . ............... 1, 2 
Circular Rings and Discs, 

Weights of... .. .... 242-247 
Circular Segments, Areas of ................... 248 
Cleaning Heat Exchangers.. ............... .. ..... 18, 21, 22 
Cleanliness, Inspection ................. .............. .. ............... 15, 19 
Cleanliness Provisions .......................... 17 
Clearance, Cross Baffles & Support Plates ................................. 32 
Clearance, Wrench & Nut .................................................. 188, 189 
Code Data Reports.. .. .... 14 
Compressibility Charts, Generalized Gas ............... 156,157,158 
Compressibility, Gas.. .. .................. ........... .. ..... 150 

INDEX 

Connections, 
Pressure Gage... .. ... 91 
Protection .............................. 17 
Stacked Units.. ................ .91,92 
Thermometer.. ................ .. ......... 91 
Vent and Drain ............... .. ... 56, 91 

Consequential Damages .................. ....................... . .... 14 
Construction Codes ..................................................................... 23 
Conversion Factors........ ............... .. ..... 169, 175,249,250 
Correction Factors for Mean Temperature 

Difference.... ................ ....... .. ......................... 134·146 
Correction Factors for Bolting Moment .................... . ........ 93 
Corrosion and Vibration ............... .. ............. 14 
Corrosion Allowance ... ........................ 24,25 
Counterflow Exchangers ...... . .. ........................... 127, 133, 147 
Covers, 

Channel ................ . 
Floating Head 
Shell .......... 

............................... 88, 280, 281 
........................ 38, 39, 40 

.. ..................... 31 
Critical Properties ................. . . .............................. 152, 182 
Cross Baffles ..... .. ........... 31-34 

D 

Damages, Consequential...... .. ................... 14 
Data Reports....................... ..................................... .. ....... 14 
Defective Parts...... ................ ................... . ... 14 
Definitions ........... ...... . ........................... 10 
Density, 

Gases................... ................ .150,156,157,158 
Liquids ................................................................... 150, 154, 155 

Design Conditions. ........... .......... ....... ............... . ... 18 
Design Pressures ... ................................. .. ......... 23 
Design Temperatures .... ........ .......... ....... .......... . ... 24 
Diameters, 

Baffle and Support Plate, Tube Holes 
Tubesheet Holes. 

.. .................. 31 
.. ... 70.71 

Dimensions, 
Bolting.... ................... .. .. 188, 189 
Fittings, Welding.... .. .............. 185 
Flanges, ASME ............... .. .. 186, 187 
Pipe, Welded and Seamless ............................................... 184 
Tubing ............... ................... ................... ..230, 231 

Dirt Removal ................................................................................ 17 
Disassembly for Inspection ......................................................... 20 
Dismantling Clearance............ ......... .......... . 17 
Double Tubesheets...... . .......... 55-62 
Drain Connections ......... 18, 56, 91 
Draining Exchangers .... .. ............................................... 18, 20 
Drawings ............. . ............................................. 13, 14 
Drift Tolerance, Tube Hole Drill .............................................. 72, 73 
Drilling Tolerance, Tubesheets .................................................... 71 

E 

Elasticity, Modulus of............. ..................... ...236, 237 
End Flanges... .. ..................... 25, 93, 94, 281, 282 
Entrance & Exit Areas, Tube Bundles...... .. 35,274-278 
Exchangers (See Heat Exchanger) 
Expansion Joints, Shell........................................ .. .................. 62 
ExpanSion, Mean Coefficients of Thermal.............. .. ... 238, 239 
Expanded Tube Joints .............................................. 22,72,73,280 
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Fabrication Inspection. 
Fabrication Tolerances" . 

......... 13 
....................... 6-9 

Facilities for Cleaning Heat Exchangers. ......... 21, 22 
Finish, Tube Holes ...................... . . .................. 70, 280 
Fittings, Dimensions of Welding .. 
Fixed Tubesheets .... 

. .. 185 
. .... 46, 53, 62-70 

Flanges, 
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........... 186, 187 ASME Standard .. 
Bolt Clearances ,. 
Split Type .. 
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Pressure-Temperature Rating 
Protection ... 

.............................. 92 
.......................... 190-229 

Flexible Shell Elements .. 
Floating Heads, .. 

....... 15 
......... 75-88 

........................ 38 
Backing Devices ..... . 
Packed ................... . 
Internal .. 
Nomenclature ... 
Outside Packed .. 

.......................................... 38, 39 
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Grooved Tubesheets.. . ............................................ 74 
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Handling Tube Bundles ........ .. ........................................ 21 
Hardness Conversion Table ....................... 232 
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Heat Exchanger Arrangement Diagrams,........ . ................. 2-5 
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Heat Treatment, U·Tubes ............................................................ 28 
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Finish, Tube.... . .............................................. 70, 280 
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Pressure. Tube Working.. . ....................................... 232-235 
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Temperature. 
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Test, Pneumatic or Liquid. ................................ ......... ..23, 24 
Test. Standard """"""""""" .. " .. """""""""",,,,,,,,,,,,,,,,,,, .. ,,,,23,24 
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Liquid Petroleum Fractions ....... . ... 170 
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Thermal ExpanSion, Mean Coefficients of, Metals ............. 238.239 
Thermal Performance TesL........... ............................. .. ... 14 
Thermal Resistance of Uniform DepOSits (See Fouling) 
Thermal Relations ... 
Thermometer Connections ................... . 

.. ...... 124 
..... 91 

Standards of the Tubular Exchanger Manufacturers Association 293 



INDEX 

Thickness, Minimum, 
Baffl.s ..... 
Channels and Bonnets .. 
Channel Covers.. .. ........... . 
Shells and Shell Covers ... . 
Tubes .. " 
Tubesheets .. 

. ...... 32, 33 
.. ...... 88 

........ 90, 280, 281 
...... 30,31 

........ 27,28 
........... ..45 

Tie Rods and Spacers, Number and Size ............................. 35, 36 
Tolerances, 

Tube Holes in Tubesheets .... . ................ 70, 71 
Tube Holes in Baffles _ .......................................................... 31 
Heat Exchangers and Parts ............... . ..... 6-9 
Shells and Shell Covers ....................................................... 30 
Tubesheet Drilling.. . ..... 70.71 

Tube Bundles, 
Cleaning .. 
Handling .. 
Plugging Tubes .. 
Removal 
Supports 
Vibration 

Tube Expanding .............. . 
Tube Joints, 

Expanded ... 
Loads 
Testing, Welded ................... . 

. ... 18,21,22 
......................................... 21 

.............................. 22,273 
................................ 21 

............ ..40 
... 14,95-123 

.. ........................... 22 

.. 22, 72, 73, 280 
.......................... 69, 70 

.. ................................. 280 
Welded.. .. ............... . .. ..................... 74 

Tube Support Plate Drilling .. . .. ............. 31 
(See Also Support Plates) 

Tub. Wall M.lal R.sistance..... .. ....................... 125 
Tube Working Pressure, Internal .............................. 233, 234, 235 
Tubes, 

Characteristics ...................................... 230, 231 
Compressive Stress.. .................. .: .................. 69 
Diameters and Gages ............................................ 27 
Expanding.... .. ....................................... 22 
~~ ................................................... . ................ V 
Leaks.. .. ................................................ 20, 21 
L.ngth ................................ .......... ........ .................. .. ..... 27 
Longitudinal Stress. .. ...... 67, 68 
Maximum Recommended Gages ...... 27, 72, 73 
Natural Frequencies.. ......................... .......... .. ..... 97 
Pattern.. . ............................... 28. 29 
Pitch ....... ................ .............................. .. ............. 29 
Plugging in Tube Bundles ......... ................ .. ... 273 
Projection ................ . ................................ 73 
Special Precautions........ ....... .................. ................... .. ... 67 
Tube Wall Reduction ....... .. ......... 280 
U-Tub.s ................................................. 28, 96, 104 
Unsupported Length. Maximum ........................................ 33, 34 
Working Pressure, InternaL........................ .. .... 233. 234, 235 

Tubesheets, ....... ............ ................ . ............................... 45 
Application Instructions & Limitations ..................................... 45 
Applied Facings . ......... ...... .. ...................................... .45 
Clad & Faced Tubesheets .. ,.. . ................. 45 
Divided Floating Heads ......... . ...................................... 46 
Double Tubesheets ............... . ................................ 55-62 
Effective Tubesheet Thickness ............................................. 45 
Fixed Tubesheets ............................ . ........... 46, 53, 62-70 
Fixed Tubesheets of Differing Thickness ......................... 66. 67 
Formulae, 

Bending ... ................... ......... .. .... 46-49 
Effective Design Pressures-Floating Head (Type P) ...... 55 
Effective Differential Design Pressure ................... 65, 66 
Effective Shell Side Design Pressure.. .. ................ 64, 65 
Effective Tuba Side Design Pressure .............. 65 
Equivalent Bolting Pressure ....................... . ..... 63, 64 

Tubesheets, Formulae, (continued) 
Equivalent Differential Expansion Pressure .............. 62, 63 
Flanged Extension ...... 53, 54 
Shear ................ .................... .. ......... 50, 51,52 
Shell Longitudinal Stress ...... ................... ... 67, 68, 279 
Tube Allowable Compressive Stress .......... 69 
Tube Longitudinal Stress ................... , 68, 69, 279 
Tube-to-Tubesheet Joint Loads.. . ...... ,69, 70 

Inl.grally Clad..... ................. .. ..... 45 
Minimum Thickness......................... ..45 
Packed Floating Tubesheet Type 

Exchangers............................... . .. 40, 41, 42 
Shell and Tube Longitudinal Stresses. .. ..... 67,68, 69 
Special Cases.... . ............... . .................... 70 
Tube Holes in Tubesheets ................. .., ...... ..70, 71 
Tube Joints-Expanded & Welded .......................... 22,74,280 
Tubesheet Pass Partition Grooves.. , .. 74 
Tubesheet Pulling Eyes.......... . ..................................... 74 

Type Designation of Heat Exchangers .............. 1, 2 

u 

Unsupported Tube Length, Maximum ................................ 33, 34 
U-Tubes, ....................................................... .. .......... 28 

Roar Support.. ........................... .. .. 34 
Heat Treatment......... .................. . .. 28 

Users Note ...................... ............... .. ............. viii 

v 

Vent & Drain Connections ............................................... 18, 56, 91 
Vibration,..................... . ............... 14, 34, 35, 95-123 

Acoustic Resonance or Coupling................ .. ........... 95, 116 
Mechanisms Causing ......... , ..... 95 
Designs & Considerations.................... .. .... 121, 122 
Selected References ..... ........................ .. ... 122. 123 
Tube Excitation................. ................... .. ......... 97, 98, 99 
Tube Natural Frequencies.. ................ . .. 97,98,99 
Turbulent Buff.ling ........... .. ........................ 116, 117 
Vort.x Sh.dding ...... ....... ....... ......... .. ........... 116 

Viscosity, ................. ............... ..151 
Conversion Factors .... . .................. 151, 175,249,250 
Gases & Vapors, Atmospheric Pressure ........................... 181 
Gases & Vapors, High Pressure ................................... 151. 182 
Hydrocarbons & Petroleum Fractions ........................... 176-179 
Liquids, Miscellaneous .............................................. . ... 180 

w 

Wall Resistance, Finned & Bare Tubes .................................... 125 
Water Fouling Resistances ............ . 
Weights of Circular Rings & Discs ...................... . 
Weights of Tubing....................... .. ............ . 
Welded and Seamless Pipe. Dimensions of 
Welded Tube Joints .................................... .. 

.. .... 290 
.. ... 242-247 

.230,231 
..... 184 

.... 74,280 

294 Standards of the Tubular Exchanger Manufacturers Association 


