ASME SBS-2023

Structures for
Bulk Solids




ASME SBS-2023

Structures for
Bulk Solids

AN AMERICAN NATIONAL STANDARD

@?A@ The American Society of

® Mechanical Engineers Two Park Avenue * New York, NY ¢ 10016 USA



Date of Issuance: June 30, 2023

The next edition of this Standard is scheduled for publication in 2025.

This code or standard was developed under procedures accredited as meeting the criteria for American National Standards. The
standards committee that approved the code or standard was balanced to ensure that individuals from competent and
concerned interests had an opportunity to participate. The proposed code or standard was made available for public
review and comment, which provided an opportunity for additional public input from industry, academia, regulatory agencies,
and the public-at-large.

»u » o«

ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity. ASME does not
take any position with respect to the validity of any patent rights asserted in connection with any items mentioned in this
document, and does not undertake to insure anyone utilizing a standard against liability for infringement of any applicable
letters patent, nor does ASME assume any such liability. Users of a code or standard are expressly advised that determination of
the validity of any such patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

Participation by federal agency representatives or persons affiliated with industry is not to be interpreted as government or
industry endorsement of this code or standard.

ASME accepts responsibility for only those interpretations of this document issued in accordance with the established ASME
procedures and policies, which precludes the issuance of interpretations by individuals.

The endnotes and preamble in this document (if any) are part of this American National Standard.

ﬁ ASME Collective Membership Mark

®

“ASME” and the above ASME symbol are registered trademarks of The American Society of Mechanical Engineers.

No part of this document may be reproduced in any form,
in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.

The American Society of Mechanical Engineers
Two Park Avenue, New York, NY 10016-5990

Copyright © 2023 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All rights reserved



CONTENTS

2000 ) vii
Committee ROSTEr . . v vt it i i i i it e e e e e e e e viii
Correspondence With the SBS Committee . ... ..ot vt i ittt ittt ittt ittt e e nnas ix
Section 1 General Requirements . . ... .. .. ... ...ttt eneneenennnenenenns 1
1-1 31610 01 1
1-2 Responsibilities . . . oo v v et e e e e e e 2
1-3 Fabrication Methods .. ... . oo i e e 2
1-4 Alternative Stress Design Basis . . . . oo i i ittt it e e e e 2
1-5 Items Not Described . ... ..ottt i it e e e e 2
Section 2 References . . ... ...t i i i it it e e 3
Section 3 Definitions . . .. ... o e e i e e 4
3-1 General . ...t e e e e e e e e 4
3-2 Definitions for Section 5 . . . .. i ittt it e e e e e e 4
3-3 Definitions for SECtion 6 . . . .. oottt it e e e e e 4
3-4 Nomenclature . .. ...ttt i it e e e et et e e 5
Section 4 Materials . . ... .o e e e e e 6
4-1 General . ..ot e e e e e e e e 6
4-2 Plates and Sheets . . ..o v ittt i e it it et e e e et e 6
4-3 Structural Shapes . . ..o v ittt e e e e e 6
4-4 Castings and FOrgings . . . .. oo vttt i it ittt i it it it it ittt 6
4-5 Fasteners and Anchor Rods . . . ... o i ittt i i e it it i e 7
4-6 Welding Material . ... oo v ittt ittt ittt e e e 7
4-7 Gaskets and Sealants . . ..o o i ittt e e e e et e e 7
4-8 Cladding . . o vttt e e e e e e 7
Section 5 Loadings Imposed by Bulk Solids . .. ......... ... ... i, 12
5-1 INtrodUuction . . .o v vttt ittt ittt e et et e e 12
5-2 Calculating Loadings Imposed by Bulk Solids . . ........... . i, 12
Section 6 D LT 1 1 26
6-1 160 26
6-2 Information to Be Furnished by the Purchaser ... ........ ... ... . .. L. 26
6-3 Welded JoIints & .o v vttt e et i et et e et e ettt et e e e 26
6-4 Design Considerations . . . ..o vt vttt ittt ittt ettt e 27
6-5 Special Considerations . . ..o v vt ittt ittt it ettt ettt e 29
6-6 Shell Design of Welded and Smooth-Wall Bolted Containers . .................... 30
6-7 Openings in Cylindrical and Conical Shells . . . ...... ... .. i, 35
6-8 ROOf DeSIgN « v v vttt e e e e e e 35
6-9 Anchorage Design . . ..o vttt ittt i e e et i e 42
6-10 Containers With Suspended Conical Hoppers ... ... ..., 44

il



6-11 Column-Supported Elevated Containers . ... .... ...ttt ennnns
6-12 Smooth-Wall Bolted Containers . ... ......ouiiii it ittt inenennns
6-13 Corrugated-Wall Bolted Container .. ....... ..ottt enennnns
Section 7 Fabrication . .. ... ... . i i e
7-1 General Fabrication and Erection .. ......ov ittt i i e
7-2 Fabrication and Erection of Welded Containers .. .........cocviiiinininenen..
7-3 Erection of Bolted Containers . .. ... ... ..ottt ittt it enenns
Section 8 Examinationand Testing . . . ....... ... i it
8-1 General o . v e e e e e
8-2 Shop InSpection . . ... v ittt i et e e e e
8-3 Dimensional Tolerances . . .. ... v ittt ii it ittt ittt it
8-4 Radiography . .. ..ot e e e e e
8-5 Ultrasonic Examination of Welded Joints .. .......... ... . ineennn.
8-6 Magnetic Particle Examination ... ...... . i e e
8-7 Liquid Penetrant Examination . ... ... ... .. ittt
8-8 Visual Examination . . ... .ot i ittt ittt et e e e e
8-9 Coating INSPection . ... v v it ittt i i i it i i i i i e e e
8-10 Container Load Testing . . .« oo v ittt ittt ittt ittt ittt ettt eneneann
8-11 Inspection Prior to Shipment . . ... ... . it it it e
8-12 Inspection and Testing of Bolted Containers . ...........cviiiiiiirennnnnn.
Section 9 Overpressure Protection Venting . . . ......... ... . i,
9-1 3161 01
9-2 General Requirements for Overpressure Protection Systems .. ..................
9-3 Design Basis for Explosion (Deflagration) Protection . ............. ... ... ... ...
9-4 Selection and Location of Overpressure Protection Devices . . ...................
9-5 Sizing and Setting of Overpressure Protection Devices .. ...........ccovvn..
Mandatory Appendix

I Foundation Design Recommendations ... ........ ...t ininen..

Nonmandatory Appendices

A
B
C
D

Figures
5-1.1-1
5-2.6.1.1-1
5-2.6.1.2-1
5-2.6.1.3-1
5-2.6.2-1
5-2.6.2-2
5-2.6.2.2.3-1
5-2.6.2.3-1

Coatings and Linings . . . . .ot i i ittt i i i i e e e e e
ASME SBS Data Sheet for Bulk Solids Storage Containers . ............... oo
Flow Patterns . . ... oo i it i i i i i i e e e
Bulk Solids Properties . ... ..o i it ittt i e e e e

Container Geometry Definitions . ... ... ..ottt
Symmetrical Pressures in the Cylinder Segment . ... ......... ... .. .
Pressures in a Squat or Intermediate Slenderness Container . . ..................
Pressures in a Retaining Container . ... ..... ..ttt ittt innennn.
Boundary Between Steep and Shallow Hoppers .. ........ ... i,
Distributions of Filling Pressures in Steep and Shallow Hoppers . .. ..............
Pressures on the Bottom of a Squat or Intermediate Slenderness Container . ........

Discharge Pressures in a Steep Hopper . . . . .. oot i it ittt it ittt i

50
53
58
61
61
63
89
90
90
90
90
91
92
92
92
93
93
94
94
94
96
96
96
96
96
96

97

13
16
18
18
19
20
21
22



5-2.6.2.3-2
5-2.6.2.3-3
5-2.6.3.2-1
6-3.3.1-1
6-3.3.1-2
6-8.2.3-1
6-8.4.6-1
6-8.5.8-1
6-10.5.1-1
6-10.5.3-1
6-10.5.3-2
6-10.5.3-3
6-11.1-1
6-11.2.1-1
6-11.2.2-1
6-11.4-1
6-12.3.7.1-1
7-1.3.5-1
7-2.2.1.3-1
7-2.2.2.1-1
7-2.2.2.2-1
7-2.2.5.1-1
7-2.2.7.1-1
7-2.3.2.3-1
7-2.3.2.4-1
C-1.1-1
C-1.2-1
C-2-1

Tables
4-2-1

4-5-1

4-7-1
5-2.1-1
5-2.4-1
6-3.2-1
6-3.3.6-1
6-5.3-1
6-6.1.2-1
6-11.3-1
6-11.4-1
6-12.3.7.1-1
6-12.3.7.1-2
7-1.2.2-1
7-1.3.3-1

Conical Boundary Between Mass Flow and Funnel Flow for Pressure Calculations . . ...
Plane Flow Boundary Between Mass and Funnel Flow for Pressure Calculations . . .. ..
Pressure for Container Storing Fluidized Solids . ............ ... . . ...
Typical Bottom JOINES .« . v v v vt i ettt ittt e e e e e e e
Typical Horizontal and Vertical Shell Joints .. ....... ... ..o vt
Permissible Roof-to-Shell Connection Details . . ........ ...,
Maximum Spacing of Rafters in Spherical/Umbrella Dome Roofs . ... .............
Dome Roof Rafter Buckling Modes . .. ..... o ittt i
Hopper Apex Half Angle . .. ...t i ittt it e e ettt et e eeeennn
Effective Area of Compression Ring at Cone-Cylinder Junction . ..................
Typical Cone-Cylinder Compression Rings . .. ...... ...,
Placement Limit for Added Material Relative to Springline . .....................
Typical Ring Girder/Column Attachment Details . . ........... ... ... ..
Ring Girder on Equally Spaced Supports Under Uniform Vertical Load . ............
Angle Between Support and Point Under Consideration . .......................
Horizontal Force Orientation . . ... .. ..ottt ittt ittt it ittt
Examples of Joint Configurations and Calculated Efficiencies, E ... ...............
Radial Tilt . . o oot e e e e e e
Butt Welding Plates of Unequal Thickness .. ......... ... ..
Head- or Cone-to-Shell Attachment Types . . . ..ot v it it ittt ittt i enennnnn
Weld Joints in Shells, Heads,and Roofs . ... ...... ... . ..
Weld Joint Categories . . . v v vttt it it it it it i i e e e e e
Weld-Spacing Requirements . .. ...ttt ittt
Acceptable Types of Welded Nozzles and Other Connections to Heads, Shells, etc. . . . ..
Some Acceptable Types of Small Fittings . .. ....... ...
Mass Flow Pattern . . . ..o o vttt i i i i et i e
Funnel Flow Pattern ... ... oottt i i i i ittt i e

Mass Flow Design Diagrams . . .. ..o oot n it ittt ittt it it et e

Materials . . v oot e e e e e e e e e
Fastener Materials . . . ..o vttt it i i e e e e
Physical Requirements for Gasket Material . ......... ... i,
Slenderness Category . v v v v v v vttt ittt it it ettt e e e
Values of Bulk Solid Properties to Be Used for Load Case for Design Class 2 Containers

Minimum Fillet Weld Sizes . . ... oo oot e

Minimum Top Angle SIZes . . v o v vttt ittt i e e e
Annular Bearing Plate Thickness ... ...... . ot it
Minimum Shell Plate Thickness for Welded Containers . ........... ... oo
Coefficients for Thrusts and Moments From Equally Spaced, Equal Radial Loads, P . . . .
Coefficients for Maximum Reactions in the Ring Girder From Horizontal Forces . . . . ..
Nominal Tensile Strength and Shear Strength for Bolts 20.25 in. and <0.5 in. in Diameter
Nominal Tensile and Shear Strength for Bolts 0.5 in. in Diameter .. ..............
Elastic Forming LImits . . . .o oo v it i i i i e e e
Roundness Tolerance . . ... ... .ottt it ittt it it i et et

10
11
13
15
26
29
30
30
54
55
56
57
62
62



7-2.1.4.1-1
7-2.1.8.4-1
7-2.2.1.6-1
7-2.2.5.1-1
7-2.2.6-1
7-2.6.1.1-1
7-2.6.1.1-2
D-1-1
D-1-2

Form
B-1-1

Joint Alignment Tolerances for Butt Weld Joints . . ......... ..., 64

Weld Reinforcement . . ... .o ittt i it i e i e e 65
Minimum Fillet Weld Size . . ... .. o i e 66
Weld Joint Categories « v v v v v vt it ittt et ettt e et e e et e e aensasasneasas 72
Maximum Allowable Joint Efficiencies for Arc- and Gas-Welded Joints . .. .......... 73
PWHT Requirements for Carbon Steels . . ... ..... ... .t ininnnn.. 84
Alternative PWHT Requirements for Carbon Steels . . .......... ... ... . 84
Bulk Solids Properties . . .. ..o ittt it i e et e e e e 117
Wall Surface Definition . . . ..o v vttt i e e 118
ASME SBS Data Sheet for Bulk Solids Storage Containers . ............. .. oo 106

vi





