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iiiGuide for Free Standing Steel Stack Construction • Third Edition

FOREWORD

This Third edition of Guide for Free Standing Steel Stack Construction formerly known as Guide for Steel Stack Con­

struction – is intended for use by contractors, fabricators, and designers of heating equipment and industrial process

facilities.

The Steel Stack Task Force was formed to expand, review, and revise this standard of practices for the selection, fabric­

ation and installation of steel stacks. This document is the result of that effort.

The main changes and additions contained in this edition are:

� A technical review of all the stack selections was completed and a considerable number of improvements

made. The vast majority of the changes came in two categories: First, the previous edition contained a number

of stacks selected on the basis of resonant vibration where the critical wind speed plus a 20% cushion ex­

ceeded 60 MPH, not recognizing that steady state wind conditions are necessary for resonance to be experi­

enced, and steady state wind is not encountered in practice above 60 MPH. Second, the task force established

a limit in both stack diameter and material thickness for stacks to be fitted with test platform and access lad­

der. Therefore, stacks must be 24 inches in diameter or greater and the section to which the platform is to

be welded must be a minimum of 10 gage. These two concepts resulted in the vast majority of changes to

the stack selection tables.

� All the stack selection tables were expanded to include from one to three larger diameter stacks than the previ­

ous edition, up to a new maximum of 120 inches in diameter.

� New requirements for anchoring to Concrete in ACI 318 (Appendix D) resulted in larger bases and anchor

bolts than previous editions. Additionally, for some of the larger stacks, this resulted in unusually large an­

choring components, forcing consideration of custom designed anchoring systems instead of a standardized

schedule.

SHEET METAL AND AIR CONDITIONING CONTRACTORS’
NATIONAL ASSOCIATION, INC.

Provided by IHS Licensed by www.sepana.ir
Sale for Only By www.sepana.ir, 07/21/2014 10:41:26 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
,
`
`
,
,
,
`
`
,
`
,
,
`
`
,
`
,
`
`
,
`
,
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: SMACNA 1167 2011

http://www.avadocuments.com/doc/smacna-1167-2011
http://www.avadocuments.com/doc/smacna-1167-2011


iv Guide for Free Standing Steel Stack Construction • Third Edition

STEEL STACK TASK FORCE
Chuck Schuermann, Chairman

C&R Mechanical Company

Bridgeton, Missouri

Ken Groeschel Jr., P.E.

Butters­Fetting Co., Inc.

Malone, Wisconsin

Ernest J. Menold, P.E.

Ernest D Menold, Inc.

Lester, Pennsylvania

Mark Graves

Graves Sheet Metal, Inc.

Kokomo, Indiana

Jeff Lindell, P.E.

Sheet Metal Engineering, Inc.

Des Moines, Iowa

G. A. Navas, Staff Liaison

SMACNA, INC

Chantilly, Virginia

Allison N. Fee, P.E., Staff Liaison

SMACNA, INC

Chantilly, Virginia

Craig T. Christy, P.E.

Industry Consulting Engineers

Portland, Oregon

FORMER COMMITTEE MEMBERS AND 
OTHER CONTRIBUTORS

Lyle E. Wirth

East Moline, Illinois

John Gundlach

Seattle, Washington

Mitchell Hoppe

Fremont, California

Bernard F. Kuenz

Bridgeton, Missouri

Robert Seiden

Pittsburgh, Pennsylvania

Donald Partney

Granite City, Illinois

Harry Basore

Kansas City, Missouri

Arnold Holming

Milwaukee, Wisconsin

C. Stuart Perkins

Los Angeles, California

Michael G. Poja

Milwaukee, Wisconsin

Jack Puhl

St. Louis, Missouri

Francis J. Walter

Evansville, Indiana

Norman White

Detroit, Michigan

Harold Weisgerber

Cincinnati, Ohio

Marvin Hicks

Idaho Falls, Idaho

Wallace E. Fizer

Lexington, Kentucky

William Harbaugh

Houston, Texas

Harold Nepereny

SMACNA, Inc.

Vienna, Virginia

John Stratton

SMACNA, Inc.

Chantilly, Virginia

Provided by IHS Licensed by www.sepana.ir
Sale for Only By www.sepana.ir, 07/21/2014 10:41:26 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
,
`
`
,
,
,
`
`
,
`
,
,
`
`
,
`
,
`
`
,
`
,
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: SMACNA 1167 2011

http://www.avadocuments.com/doc/smacna-1167-2011
http://www.avadocuments.com/doc/smacna-1167-2011


vGuide for Free Standing Steel Stack Construction • Third Edition

NOTICE TO USERS
OF THIS PUBLICATION

1. DISCLAIMER OF WARRANTIES

a) The Sheet Metal and Air Conditioning Contractors' National Association (“SMACNA”) provides its product for informational
purposes.

b) The product contains “Data” which is believed by SMACNA to be accurate and correct but the data, including all information,
ideas and expressions therein, is provided strictly “AS IS,” with all faults. SMACNA makes no warranty either express or implied
regarding the Data and SMACNA EXPRESSLY DISCLAIMS ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR
FITNESS FOR PARTICULAR PURPOSE.

c) By using the data contained in the product user accepts the Data “AS IS” and assumes all risk of loss, harm or injury that may result
from its use. User acknowledges that the Data is complex, subject to faults and requires verification by competent professionals, and
that modification of parts of the Data by user may impact the results or other parts of the Data.

d) IN NO EVENT SHALL SMACNA BE LIABLE TO USER, OR ANY OTHER PERSON, FOR ANY INDIRECT, SPECIAL OR
CONSEQUENTIAL DAMAGES ARISING, DIRECTLY OR INDIRECTLY, OUT OF OR RELATED TO USER'S USE OF
SMACNA'S PRODUCT OR MODIFICATION OF DATA THEREIN. This limitation of liability applies even if SMACNA has been
advised of the possibility of such damages. IN NO EVENT SHALL SMACNA'S LIABILITY EXCEED THE AMOUNT PAID BY
USER FOR ACCESS TO SMACNA'S PRODUCT OR $1,000.00, WHICHEVER IS GREATER, REGARDLESS OF LEGAL
THEORY.

e) User by its use of SMACNA's product acknowledges and accepts the foregoing limitation of liability and disclaimer of warranty
and agrees to indemnify and hold harmless SMACNA from and against all injuries, claims, loss or damage arising, directly or indi­
rectly, out of user's access to or use of SMACNA's product or the Data contained therein.

2. ACCEPTANCE

This document or publication is prepared for voluntary acceptance and use within the limitations of application defined herein, and
otherwise as those adopting it or applying it deem appropriate. It is not a safety standard. Its application for a specific project is contin­
gent on a designer or other authority defining a specific use. SMACNA has no power or authority to police or enforce compliance with
the contents of this document or publication and it has no role in any representations by other parties that specific components are, in
fact, in compliance with it.

3. AMENDMENTS

The Association may, from time to time, issue formal interpretations or interim amendments, which can be of significance between
successive editions.

4. PROPRIETARY PRODUCTS

SMACNA encourages technological development in the interest of improving the industry for the public benefit. SMACNA does not,
however, endorse individual manufacturers or products.

5. FORMAL INTERPRETATION

a) A formal interpretation of the literal text herein or the intent of the technical committee or task force associated with the document
or publication is obtainable only on the basis of written petition, addressed to the Technical Resources Department and sent to the
Association's national office in Chantilly, Virginia. In the event that the petitioner has a substantive disagreement with the interpreta­
tion, an appeal may be filed with the Technical Resources Committee, which has technical oversight responsibility. The request must
pertain to a specifically identified portion of the document that does not involve published text which provides the requested informa­
tion. In considering such requests, the Association will not review or judge products or components as being in compliance with the
document or publication. Oral and written interpretations otherwise obtained from anyone affiliated with the Association are unoffi­
cial. This procedure does not prevent any committee or task force chairman, member of the committee or task force, or staff liaison
from expressing an opinion on a provision within the document, provided that such person clearly states that the opinion is personal
and does not represent an official act of the Association in any way, and it should not be relied on as such. The Board of Directors of
SMACNA shall have final authority for interpretation of this standard with such rules or procedures as they may adopt for processing
same.

b) SMACNA disclaims any liability for any personal injury, property damage, or other damage of any nature whatsoever, whether
special, indirect, consequential or compensatory, direct or indirectly resulting from the publication, use of, or reliance upon this docu­
ment.  SMACNA makes no guaranty or warranty as to the accuracy or completeness of any information published herein.

6. APPLICATION

a) Any standards contained in this publication were developed using reliable engineering principles and research plus consultation
with, and information obtained from, manufacturers, users, testing laboratories, and others having specialized experience. They are
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vi Guide for Free Standing Steel Stack Construction • Third Edition

subject to revision as further experience and investigation may show is necessary or desirable. Construction and products which com­
ply with these Standards will not necessarily be acceptable if, when examined and tested, they are found to have other features which
impair the result contemplated by these requirements. The Sheet Metal and Air Conditioning Contractors' National Association and
other contributors assume no responsibility and accept no liability for the application of the principles or techniques contained in this
publication. Authorities considering adoption of any standards contained herein should review all federal, state, local, and contract
regulations applicable to specific installations.

b) In issuing and making this document available, SMACNA is not undertaking to render professional or other services for or on
behalf of any person or entity. SMACNA is not undertaking to perform any duty owed to any person or entity to someone else. Any
person or organization using this document should rely on his, her or its own judgement or, as appropriate, seek the advice of a compe­
tent professional in determining the exercise of reasonable care in any given circumstance.

7. REPRINT PERMISSION

Non-exclusive, royalty-free permission is granted to government and private sector specifying authorities to reproduce only any
construction details found herein in their specifications and contract drawings prepared for receipt of bids on new construction and
renovation work within the United States and its territories, provided that the material copied is unaltered in substance and that the
reproducer assumes all liability for the specific application, including errors in reproduction.

8. THE SMACNA LOGO

The SMACNA logo is registered as a membership identification mark. The Association prescribes acceptable use of the logo and
expressly forbids the use of it to represent anything other than possession of membership. Possession of membership and use of the
logo in no way constitutes or reflects SMACNA approval of any product, method, or component. Furthermore, compliance of any
such item with standards published or recognized by SMACNA is not indicated by presence of the logo.
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INTRODUCTIONCHAPTER 1

1.1Guide for Free Standing Steel Stack Construction • Third Edition

1.1 INTRODUCTION

This publication is devoted exclusively to vertical,

uniform diameter, free­standing stacks founded at

ground elevation. Tables are provided for stacks of

specific height ranging from 20 to 120 feet; specific

wind velocities of 100, 125, and 150 miles per hour;

and diameters ranging from 12 to 84 inches. When a

desired stack, not listed in the tables, is subject to field

conditions that may affect the structural integrity of

the stack—i.e., higher  design wind velocity, increased

stack height, etc.— special consideration must be giv­

en to the design of the stack to compensate for these

conditions.

Generally, the third edition stack weights vary from

the weights of the second edition, which did not in­

clude the weight  of the anchor ring and plates. Some

are lighter than the second edition, and most are heav­

ier. This edition’s weights are the result of several

changes that can add or reduce overall stack weight.

The reasons are technically sound and important im­

provements. Previously a conservative design concept

was used which added thickness to the stack from the

bottom up such that the critical wind velocity was

comfortably in excess of the design wind speed (10 or

more mph higher than the design wind speed of 100,

125 and 150 mph). This is unnecessary once the critic­

al wind speed is higher than 72 mph because it takes

a steady state wind to achieve stack resonance, not the

wind gusts which actually exist once the wind speed

approaches 60 mph. Beyond that wind speed, winds at

ground level through the 100 foot elevation are turbu­

lent and made up of gusts of various speeds and direc­

tions, not steady state. This makes a large design dif­

ference for stacks between 42 and 60 in. in diameter.

Also the previous scheme of allowable stress based on

an older document (ASCE 1975 – Design and Con­

struction of Steel Chimney Liners) was updated result­

ing in this edition’s use of an allowable stress scheme

based on the ASME Steel Stack Guide ASME /ANSI

STS­1, 2006 edition. In many cases both design stress

values coincide, but often the ASME allowable stress

value is higher resulting in somewhat lighter stacks.

There are also a number of stacks affected by the Task

Force decision not to weld platforms and ladders onto

stack sections thinner than 10 gage. Many stacks that

had top sections in 12 gage have been upgraded to 10

gage and all stacks under 24 in. in diameter were elim­

inated from having permanent platforms and ladders.

The Sheet Metal and Air Conditioning Contractors'

National Association does not assume any responsibil­

ity or liability for the application of the principles and

techniques contained in this publication.

1.2 DESIGN  LIMITATIONS

This manual is concerned with the design of steel

stacks under the following limitations or assumptions:

� The stack will be free­standing and founded

directly on concrete. If steel  nuts are used for

leveling (commonly referred to as jacknuts),

they will be loosened after shimming the base

of the stack.

� The stack will be fabricated of steel with a

minimum yield stress of 36 Ksi.

� The stack will have a constant diameter from

top to bottom and will be unlined (galvaniz­

ing excepted).

� The stack will be anchored on a 4,000­psi or

greater concrete foundation, founded directly

on the ground.

� The bottom of any breeching or other open­

ing will be at least 5 feet above the ground and

its width will not exceed two­thirds the dia­

meter of the stack.

� The inlet temperature of the gases will not ex­

ceed 300°F

� The concrete foundation for the stack must

extend beyond the anchor bolts a minimum

distance equal to 1.3 times the anchor bolt

embedment length (lb) listed in the tables of

Chapter 2.

1.3 LOCATION REQUIREMENTS

The location and height of a stack is greatly influenced

by the location, size, and configuration of surrounding

buildings and topography.

Air flow over a building creates a positive pressure

zone on the upstream side of the building and a negat­

ive pressure zone (cavity) on the roof and lee side of

the building.

Although contour and cavity zones remain relatively

unchanged as the wind velocity changes (only the

pressures within these zones change), the contour zone

and cavity envelopes can often be erratic in shape due

to wind turbulence.

Wind flow around stacks creates negative pressure

zones and eddies behind the stack in the same manner

as air flow around buildings (Figure 1­1). Low stack

discharge velocities permit the effluent to be drawn in­

Provided by IHS Licensed by www.sepana.ir
Sale for Only By www.sepana.ir, 07/21/2014 10:41:26 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
,
`
`
,
,
,
`
`
,
`
,
,
`
`
,
`
,
`
`
,
`
,
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: SMACNA 1167 2011

http://www.avadocuments.com/doc/smacna-1167-2011
http://www.avadocuments.com/doc/smacna-1167-2011


1.2 Guide for Free Standing Steel Stack Construction • Third Edition

to the stack eddy zone and may cause down wash. This

reduces the effective stack height and may cause the

effluent to enter the building cavity, even though the

discharge may be well above this cavity. Increasing

stack discharge velocity and temperature will increase

flume height and thus effective stack height.

The stack­to­wind­velocity ratio should be 1.5 to 1 or

higher so that the effluent will break cleanly from the

stack, down wash will be eliminated, and the effective

stack height will be maximized. In most cases, a stack

discharge velocity of 3,000 to 4,000 feet per minute

will provide adequate performance.

The designer is cautioned that the Environmental Pro­

tection Agency (EPA) and state and local ordinances

may dictate the stack height and location. Federal Avi­

ation Agency (FAA) regulations will often restrict the

height and location of stacks. Designers should adhere

strictly to the requirements of all codes and other gov­

ernment regulations.

NOTE: A stack's location, height, and discharge ve­

locity can be critical in preventing the reentry of stack

exhaust into a building's ventilation system. Although

the criteria suggested above have been found satis­

factory in many cases, the user is directed to Chapter

24, Air Flow Around Buildings, in the 2009 Funda­

mentals Volume of the ASHRAE Handbook  for more

extensive treatment of this and other design topics.

FIGURE 1−1 STACK DISCHARGE AND AIR FLOW AROUND STACK
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FREE STANDING STACK SELECTIONCHAPTER 2

2.1Guide for Free Standing Steel Stack Construction • Third Edition

2.1 DEFINITIONS

The following definitions apply to the stack selection

tables:

� Material thickness is presented by gage

through 10 gage and by plate designation for

thickness above 10 gage.

� Where material thicknesses change, the stack

section height and material thickness are

presented successively with the lowest sec­

tion listed first.

� Shaded columns indicate dampened stacks.

� Allowable stress is the maximum stress that

can be tolerated at the point where maximum

stress is developed.

� N designates the total vertical load in Kips for

which the foundations should be designed.

� M designates the overturning moment in

Kip­ft.

� Anchor bolts are:  ANSI F1554, Grade 105.

� n/d designates the number of bolts and the

bolt diameter required.

� lb = embedded anchor bolt length (Figure

2­8).

� a/b/c describe the base plate dimensions.

(Figure 2­9).

� To ensure maximum anchoring strength, the

distance between the anchor­bolt circle and

the nearest edge of the concrete foundation

should be equal to, or greater than, 1.3 times

the embedded anchor bolt length (lb).

2.2 TERMS

� Critical velocity—the wind velocity that will

cause the stack to resonate (vibrate).

� Damping—the act of diminishing vibration

or oscillation.

� Eddies—currents of air running contrary to

the main current; whirlpools.

� Effective stack height—distance from the

ground to the top of the stack plus the vertical

distance of the discharge plume.

� Founded—set or grounded on something sol­

id.

� Vortices—a mass of air having a whirling or

circular motion that tends to form a low pres­

sure center.

2.3 SELECTION PROCEDURE

This chapter includes material selection tables for free

standing stacks with and without test platforms and

ladders. To make the selection possible the required

stack diameter, stack height, and design wind velocity

must first be established.

Tables 2­1 through 2­8 list stacks with test platforms

and access ladders (as illustrated in Figure 2-1) starting

at 24 inches in diameter. The tables are organized on

the basis of  stack height, starting at 20 feet, followed

by tables for 30, 40, 50, 60, 80, 100 and 120 feet.

Tables 2-1 through 2-8 contains selections for diamet­

ers of 24, 28, 32, 36, 42, 48, 54, 60, 72 and 84 inches

as applicable, arranged in three sections, correspond­

ing to gust wind velocities of 100, 125, and 150 mph

respectively.  The 100 and 120 foot tables extend to 96,

108 and 120 in. diameter stacks.

Tables 2­9 through 2­12 list stacks without platforms

and ladders starting at 12 inches in diameter. The

tables are organized on the basis of stack height, start­

ing at 20 feet, followed by tables for 30, 40, and 50

feet. Tables 2­9 through 2­12 contains selections for

diameters of 12, 14, 16, 18, 20, 22, 24, 28, 32, 36, 42,

48, 54, 60, 72, and 84 inches, as applicable, arranged

in three sections, corresponding to gust wind velocities

of 100, 125, and 150 mph respectively.

In many instances, the stacks are to be constructed in

sections of varying material thickness. In these situ­

ations, the lowest section is listed first, and the remain­

ing sections listed consecutively thereafter, with the

top section (often the lightest section) listed last.

Stack base and anchor bolt specifications are also set

forth in the tables. Gussets are required at each bolt

location as shown in Figure 2­7. When the number of

gussets required exceeds twice the number of anchor

bolts, the additional gussets are to be placed

equidistant between anchor bolts. Load (N) the total

stack weight including appurtenances, and the over­

turning moment (M) are listed to assist in the design of

the stack foundation.

Table 2­13 lists stack stiffener ring sizes and spacing

(Stiffener rings are used to prevent stack ovalling res­

ulting from stack resonance with wind eddies) and
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2.2 Guide for Free Standing Steel Stack Construction • Third Edition

companion flange selection requirements for stack

sections to be field bolted  using companion flanges,

rather than field welding. Table 2­14 is the source for

number and size of bolts for securing companion

flanged stack sections, when not field welded.

NOTE: Not all the tables contain stack base and an­

chor bolt sizes for every diameter, stack height and

wind speed combination,  because for some stacks the

combination of traditional anchor rings and the re­

quirements of Anchoring to Concrete in ACI 318 (Ap­

pendix D) result in unusually large anchoring com­

ponents, forcing consideration of custom designed

alternative anchoring solutions.

2.4 TYPES OF MATERIAL

Hot­rolled carbon steel is the most common material

used in steel stack construction. This material is easily

fabricated and easily welded. Specifications for the

various types of the hot­rolled carbon steels are: (1)

hot­rolled structural steel shapes and plate, ASTM

A­36; (2) hot­rolled steel sheet, ASTM A­569, com­

mercial quality; and (3) hot­rolled steel plate, ASTM

A­635, commercial quality.

Although carbon steels are generally suitable for ap­

plications up to 650�F, galvanized steels up to 400�F

and stainless steels much higher, the stack selection

tables are based on a design limit of 300�F and the

strength characteristics of carbon steel. Therefore, a

change in type of material or application temperature

exceeding 300�F requires professional structural ana­

lysis leading perhaps to a new design.

The same caution must be exercised before substitut­

ing stainless steel for carbon steel because their

strength, elasticity, and temperature characteristics

vary considerably and the direct substitution of stain­

less for carbon steel cannot be assumed to be structur­

ally sound without professional analysis.

Galvanized sheet and plate having a yield strength of

36 ksi or greater, may be used interchangeably with the

carbon steel thicknesses listed in the stack selection

tables. However, galvanizing only provides some cor­

rosion protection against atmospheric attack, but is not

recommended for systems handling corrosives. In

those cases, stainless steel alloys highly resistant to

corrosion and for use at high temperatures are readily

available.  Consult steel manufacturers for selection of

the material best suited for the application, and submit

the stack design to professional analysis.

2.5 STACK DAMPING

The stack diameter and height determine critical wind

speed conditions at which a stack may resonate. Res­

onant vibration, if uncontrolled, can result in progress­

ively larger displacements of the top of the stack and

can ultimately result in structural failure of the stack.

In instances where analysis has indicated the possibil­

ity of resonant vibration, the selection tables require

stack damping; these instances are indicated by shaded

columns. Typically, resonance can be controlled

through one of a number of available methods of

damping. Damping is a method for absorbing enough

of the kinetic energy transferred from the wind to the

stack so the amplitude of vibration of the stack will not

increase interminably, thereby controlling its deflec­

tion. Figure 2­2 depicts a typical stack base and Figure

2­3 a common procedure for damping using a ring of

preformed material. Damping rings generally vary in

thickness up to 2 inches, with 1 inch being the most

common.

When damping is required, the contractor can consult

with one of several damping ring manufacturers with

the stack details (provided in the selection table), and

the manufacturer will recommend the selection of the

ring, leveling plate, and anchor bolt washers based on

their design procedures. They will also provide the

contractor with detailed installation instructions,

which must be strictly followed to ensure a satisfactory

installation.

2.6 STACK OPENINGS

Openings in the stack to accommodate duct connec­

tions, access doors or breeching (see Figures 2­4 and

2­5) must be adequately reinforced to maintain the

structural integrity of the steel stack. The rules for

design of this reinforcement are:

� The reinforcement must be sufficient to

provide a moment of inertia equal to or great­

er than the moment of inertia of the stack

shell with no openings.

� One procedure for satisfying this rule is to

make the cross­sectional area of the rein­

forcements at least equal to the cross­section

of the material removed for the width of the

opening (width of the opening × thickness of

the shell).

� The reinforcement must extend beyond the

top and the bottom of the opening for a min­

imum distance equal to three­quarters the

width of the opening to ensure a smooth
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FIGURE 2−1 TYPICAL FREE–STANDING STEEL STACK
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FIGURE 2−2 TYPICAL STACK BASE

Metal or Plastic Sleeve

FIGURE 2−3 TYPICAL DAMPING PAD DETAILS AT BASE OF STACK

Metal or Plastic Sleeve
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2.5Guide for Free Standing Steel Stack Construction • Third Edition

transfer of the forces which are interrupted by

the opening.

� The welds to the stack along both sides of the

vertical reinforcements (one reinforcement

member on either side of the opening) must

be sufficient to transfer the total axial load ca­

pacity of the reinforcements along the dis­

tance equal to the height of the opening. The

welds must be continuous along the full

length of the reinforcements. An example of

a properly reinforced stack opening is shown

in Figure 2­4.

� Under no circumstances shall the opening re­

inforcement be carried all the way to the

foundation without a special design to trans­

fer an axial compressive or tensile stress from

the reinforcements to the foundation without

disturbing the pattern of stress transfer

through the base plate to the concrete (com­

pression) or the anchor bolts to the concrete

(tension).

� The maximum width of the opening must not

exceed two­thirds the diameter of the stack.

2.7 STACK SELECTION EXAMPLE

Assume a steel stack must be constructed with a dia­

meter of 60 inches and a height of 80 feet. Stack design

must be based on a gust wind velocity of 125 miles per

hour.

As indicated in Table 2­6, this stack can be constructed

entirely of ¼ inch plate.

The base configuration and dimensions are as shown

in Figure 2­6. The anchor base requires ten 1­½ inch

diameter anchor bolts with an embeddement length of

30 inches, and thirty gusset plates uniformly distrib­

uted about the anchor bolts, as per the arrangement in

Figure 2­7.

Next we turn to Table 2­13 for the selection of ring

stiffeners. Angle ring stiffeners of 2½ × 2½ × ¼ in. or

bar stiffeners (flat rings) of 4 x ¾ in. on 10­foot centers

are required. The arrangement of stiffeners starts with

a stiffener at the top of the stack, followed by evenly

spaced stiffeners at not more than 10­foot intervals.

Additionally,  stiffeners are also required at the top and

bottom of the stack breeching opening; these are to be

coordinated with the stiffeners spaced at 10 foot inter­

vals, not in addition. In other words the spacing

between stiffeners may be adjusted throughout the

length of the stack so that  all stiffener intervals are

reasonably uniform and less than the maximum spa­

cing listed for the stack. The stack may be fabricated

in two sections, with a companion flange connection

at midpoint. Table 2­13 lists companion flanges of 2½

× 2½ × ¼ angle or 4 × ¾ bar. This flanged joint may

substitute for one of the stiffeners, and—since the ma­

terial thickness for the stack shell is ¼ inch throughout,

either the angle or flat rings both exceed the minimum

requirement of three­fourths the shell thickness. Bolt

requirements for this flange connection are shown in

Table 2­14. For a stack designed for a wind velocity of

125 miles per hour, with the flanged joint located 40

feet from the stack top the bolt size listed is ½ inch

ASTM A325 or A449. The number of bolts required is

equal to half the stack diameter as stated in inches (60

× ½ = 30), that is thirty ½ inch bolts.

When considering an opening in the stack to connect

the breeching, the opening must not exceed: 2
3
�D in

width. For this example:

2
3
� 60�in. � 40�inches�wide.

The bottom of the opening must be at least 5 feet from

the bottom of the stack (top of the concrete founda­

tion). Assuming a typical stack velocity of 3,000 fpm

the opening can reasonably  be estimated at 40 inches

wide by 64 inches high (Flow area of approximately 18

ft2).

The cross sectional area of the vertical reinforcement

members, on either side of the opening, must be calcu­

lated. The reinforcement concept requires that these

vertical reinforcement members (together) provide a

cross­sectional area equal to the horizontal cross­sec­

tion of the material removed from the stack shell to

form the opening.

Therefore, the cross sectional area requirement for the

vertical reinforcement members for this example is the

equivalent of 40 in. × 0.250 in. (nominal thickness of

¼­inch plate) = 10.0 in.2  As there are two vertical rein­

forcements (one on  each side of the opening) each re­

inforcement must have a minimum 5.0 in2 cross sec­

tional area. The length of each reinforcement is the

height of the opening plus 2 × ¾ the width of the open­

ing.

For small stacks, reinforcement requirements can usu­

ally be met with standard angle and channel shapes.

However, for larger stacks, the designer will need to

select combinations of plate and rolled shapes to satis­

fy the requirements.
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FIGURE 2−4 REINFORCEMENT OF STACK OPENING

NOTES:

1. THE CROSS−SECTIONAL AREA OF EACH OF THE VERTICAL REINFORCEMENT MEM-
BERS MUST EQUAL OR EXCEED ONE−HALF OF THE CROSS−SECTION OF STACK MA-
TERIAL REMOVED FOR THE OPENNING. SEE SECTION 2.7 STACK SELECTION
EXAMPLE.

2. FOR MAXIMUM SIZE OF ACCESS DOORS AND REINFORCEMENT REQUIREMENTS
SEE FIGURE 2−5
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FIGURE 2−5 TYPICAL ACCESS DOOR INSTALLATION

in Section 2.6

in Section 2.6
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2.8 INTERPOLATING MATERIAL

SELECTION TABLES

Usually, interpolation of table values for an intermedi­

ate size stack can be safely done if the stack propor­

tions are such that the stack is not threatened by wind

resonance. That is frequently evidenced by there being

no shaded columns to either side of the desired stack.

Shaded columns represent designs controlled by a

bending moment resulting from vortex shedding (res­

onant vibration) in excess of that resulting from wind

gusts.

The same cannot be said, however, if the stack propor­

tions are such that the presence of wind resonance is

suspected. In this case, the safe thing is to seek engin­

eering assistance and have the desired stack analyzed

for resonant vibration. The basic criterion for deciding

if resonance may be a problem is the magnitude of the

critical velocity. If the critical velocity listed is relat­

ively small (i.e., below 25 mph), one can proceed with

interpolation.  But, as the critical velocity increases

above this value, the risks inherent in the process of in­

terpolating also increase until the critical velocity ex­

ceeds 72 mph when it is again safe to attempt interpol­

ating the table data. 

18“

20“

FIGURE 2−6 EXAMPLE STACK BASE CONFIGURATION AND
DIMENSIONS
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FIGURE 2−7 GUSSET PLACEMENT
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