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ABSTRACT

TUBULAR CONVEYOR GALLERY

John Christos Zissis

A recent. innovation in elevated conveyor galleries

_is the-tubular-conveyor gallety.

The tubular conveyor gallery consists of a thiﬁjb
~walled tube Qf‘iarge_diametef, whose function is to support

and house the conveydr and walkway.

This major technical report concerns itself with
the description of tubular conveyor galleries, theixr

adﬁantagés and ‘disadvantages, and their structural analysis

and design.
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" NOTATION .

The following list defines the princiﬁal symbols
used in this major technical report. For con%eq;ence of

reference, these are summarized for each chapter individ-

Y

ually. Other éymbols are defined in the text. ' -
caaprer 111
A area of cross-section of tube )
B.B. braced bent
Ce exposure factor
Cg - gust effect factor
Cn wind force zgefficient
c corrosiqn allowance :
D - inside diameter of the tube
_Do © outside diameter of the' tube
Fy " " yield strength of material
Ip | polar moment of inertia
L span between inverted V-bent and single

post support

MV moment calsed from vertical lcads
MH moment caused from horizontal loads
n=(g—) ratioc of inside diameter to outside diameter
o .
of tube

.| reference velocity pressure

e



CHAPTER IV

CHAPTER V

inside radius of the tube

radius of gyration of cross-section.of tube
single post support .
section modulus of cross¥sect;on of tube

thickness of the shell

inverted V-bent support

area of intermediate \circumferential ring
circumferential bendinly moment

radius’to the centroid of circumferential
ring .

section moduluds of intermediate circumfer-
ential ring ’
axiagl circumferential force

circumferential shear

‘tangential shear’

area of combined section
eccentricity of the support
width of ring girder

total effective width

reaction torgque of tubular gallery over

»

the inverted V-bent support
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J

vertical force reagtion of tubular gallery

t +

over the support

radius to the centroid dficombined sect;on
section modulus of combined seétion
taﬁgential shear

wind reaction {horizontal force) of tubular

gallery over the inverted V-bent support
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CHAPTER I

£ INTRODUCTION

A conveyor system is a continudus éystem of haulage
of bulk materials. It enables us to haul énything from
corn to i;on OEE/in a continuous flow from one end of the
plant to the other, feeding and réclaiming_material through
the different stages of process. Conveyors, besides be-
ing a major component of large material handling machines,

-and a vital part of almost all modern industrial plants,

enable us to haul bulk material such as corn from one .

site to the other. : '

Up tofnow, railroads and trucks have been employed to
fulfill this function, which is by nature, modular. But,lif
a continuous system (such as conveyors) can be employed
(which, in addition, are electricaliy powered) , the capacity
and timing due to automation, will be imﬁroved and the
ultimate ecological and environmental benefits will be pro-
vided, since the sysﬁem is void.of exhaust emigsions
associated with conventional means of transportation. The

function would be similar to that of a pipeline.
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1.1 SUPPORTING STRUCTURES OF BULK MATERIAL
' " HANDLING SYSTEMS .

[y

It-is axiomatic that 'in designing a bulk maﬁérial
handiing system, the prima}y consideratioﬁ is theifunéﬁionipg
of the machinFs. The structurelis éecondary,;its reasons
for being are to support; enclose ana-provide accéss to the
ﬁachine for Fervicing. fﬁis results in a Qide variety of
supporting structures, which can be classified igfo two main

categories, depending on the height 6f the belt from grade :

(a) Supporting.structures for a LEVEL CONVEYOR, where
the belt line is three and a half to four feet '
abo&é "grade". "Grade" may be.a timbér trestle, a
steel .floor, a concrete slab indoors, or in a
tunnel, a series of concrete footings, or even

railroad ties with or without ballast. Usually, .
standard channels are eﬁployed With the flanges
turned iﬁ-toward the center of the belt, support-

ing the idlers.

(b) Supporting structures for ELEVATED CONVEYORS where
tﬁe.height éan range from five feet above "gmzade”
to Ever one hundred. Spans may range from 30 ft
to more than 500 ft, and spans of 1,000 ft havé

'been considered. This category (elevated conveyor

galleries) is the most important and interesting



from the .structural point of view.
- . ‘. “‘:.l , .; 4+ ‘

1.2 STRUCTURAL ASPECTS OF ELEVATED CONVEYOR
) GALLERIES . = -

There are several variations of supportihg structyres
for conveyor galleries. The “structural engineer of today,
in choosing amoné thoée variations, has to pay conéiderable
.attentién to some factors, whose influence in industry is
of continﬁous growth and‘importance. Sharply rising costs
of labor, materiaié aﬂd plant maintenance, compel the
engineer to design plant systems and structureé which will
require a minimum of materials and labor for manufactufe,
installation and operation, and which will be maintenance-
free to a maximum degree. Also, the aesthetic value of in-
dustrial complexes should be considered. Industrial
communitiéé, once ceonglomerations of functicnal strﬁctures,_
are now payihg more attention to the aesthetic appeal of

their structures.

Stricter regulations and laws for ecological and

pollution control have ‘also to be tackled.

Up to now, the most common type of conVeybr support-
ing structure is the CONVENTIONAL ENCLOSED CONVEYOR GALLERY.
It generally employs two vertical trusses to carry the dead

] -

and live loads of the conveyor and walkways and any vertical
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wind load due to uplift on the gallery. Eﬁaciné{in tﬁ;

horizontal planeﬁfo take wind loadé and'déher-lateral forces
N . _ o
is provi/ded by horizontal trusses connected to the’ vertical

trusses at their top and bottom chord.

.

A more recent innovation igtconveyor.galleries is the -
TUBULAﬁ co YOR GALLERY (of circular or elliptical cross-
section). ton the basis of the comparison-made,betﬁeen the
conventional enclosed gallery and the tubular gallery, for
the support and housing of conveyor handliﬁg bulk material,
the tubular galléry, suppo:ted alternately on inverted
vV-bents and single pipe poéts, offers advantages over the

conventional gallery and its supports.

On the other hand, the tubular conveyor gallery, by
permitting simplified design and detailing, maximﬁm shop
fabrication using, welding techniques, rapid field
erection, and little mai teﬁance,‘is in accord with the fore-
going factors and requlremepts of modérp industry which are

the major reasons for the prevalence of this concept.

!

This report concerns-itself with the description,

stating the advantages and disadvantages, and the structural

- behavior of tubﬁlar conveyor galleries.
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CHAPTER IX

THE TUBULAR CONVEYOR GALLERY °

2.1 DBESCRIPTION

The tubular conveyor galleries (Figures 2.1 and 2.2)
consist of a tube, shop fabricated of steel plates formed

to the required radius and welded at 10ng1tud1nal and cix-
cumferentlal joint sectlons in a staggered pattern Struc-
\

tural grade steel, ASTM A-36 1is used for most cases,

although ASTM A—242 steel for corrosivn and aIloy steels

for reductlon in- dead we1ght~can be used when required.
L , .

For spans ranging from 60 ft to 90 ft and for

ASTM A-36 .steel, the usual thickness of plate is 1/4 inch.

‘For this range of span, the diameter of the cross-section

E ] " . .
is not dictated mainly by structural reasons, but by the

- requirement of providing sufficient space to accommodate

the belt conveyor and continuous walkway. Usually, for

.belt conveyors ranging in width from 24 inches to 54 inches,

and a cont}nuous walkway on one side of the belt of 2'-6",

a diameter of 10 ft will be suffiéient.

Inside the tube on the invert, lightweight concrete
is usually applied to'form_a sluiceway down which spillage

from the conveyor belt can be washed. Sluiceway concrete
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AISTTISTI

FIG. 2.1 Elevation of tubular gonveyor
gallery "
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. WAL K WAY

LIGHTWEIGHT CONCRETE SLUICEWAY

FIG. 2.2 Cross-section of tubular conveyor gallery



is to be—applied after the-gallery is in place, to avoid
-cracking resulting from handling stresses during erection.
Epoxy compound is usually applied to the steel surfaces
prio; to placing the concrete, to insure adhesion of con-
é}ete'to steel, and after the concrete has beep cured, to
the wearing surfaces of the concrete, to seal the éurface
and resist abrasion. BAn 8 inch to 12 inch drain pipe is
provided at the lower.end of the sluiceway to caéry épill-

age slurry to di5posal areas.

The walkway 1s located on one side of the conveyor,
about 3'-6" below the belt-line, and a couple of feet above
the sluiceway. The width usually is 2'-6" and a floor of
grating, checkered plate, or expanded metal is used.
Expanded metal turned in the right-direction makes an ex-
cellent non-skid footing on sloping galleries. A channel
(preferably Cl0) on the side of the walkway towards the
“conveyor, can servé both as support and kick-plate. Because
of the small height (a coup%e of f;et) of the walkway above

the invert of the tube, no handrailing is necessary.

Thermal insulation is required for galleries housing
conveyors far hahdling moist coﬁcentrate, at locations of
very Jlow winter tempe;atures. Blanket-type fiberglés in~
sulation, 3 inches:thick, can be strapped to the exterior

surface of the gallery, and a Z24-gauge galvanized metal



protective sheathing then applied. Heaters are'usually

employed to blow hot air into the gallery at .its lower end.

Thus, from the above description, we come to the
conclusion that the tubular conveyor gallery, by its shape,

fulfils at the same time, three functions.

(1) It acts as a structural member (as a beam of hollow
structural section) carrying the conveyor above

ground between supporting bents.

(2) It houses the conveyor and walkway to protect them
against weather (no additional roofing or siding

needed) .

(3) It provides a sluiceway, by means of its concrete
paved invert, down which spillage can be flushed .

(maintenance costs decreased).

2.2 SUPPORTS FOR TUBULAR GALLERIES

The superior wind shape factor and the uniform Bend-
ing strength of the tubular gallery section against hori-
zontal and vertical loads, permit the use of a design
whereby two types of gailery support, both fabricated of
steel pipe may be used. The first type of support is the
inverted V-bent (Figure 2.3a) and 1s capable of taking both

horizontal and vertical loads. The second type of support
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_is a single pipe post (Figure 2.3b) taking vertical loads
only. The V-bents are alternated with the single post
supports. The spacing between alternate bénts averages
approximately 160 feet, and between adjacent supports,

approximately 80 feet.

2.2.1 The Inverted V-Bent’

Bents are normally'made with two legs, generally.
battered with a slope of 1 in 6. The inéerted V-bent is
designed so that the axis of .the two pipe legs extended
will intersect at the point where the vertical dead and
live loads of the gallery and the horizontal wind load
intersect. (Figure 2.3a). All loads are thus transmitted
via the pipe legs to concrete footings, as compression and.
tension forces. The pipe legs are‘subjegt to a minimum of
‘bending imposed by the eccentrically located loads of the
walkway, walkway traffic, conveyor and conveyor material,
and uneven snow accumulations. The V-bents are shop-fabri-
cated of pipe sections, with sizes ranging f£rom 12 inches
(49.56 pounds per foot) tb 22 inches (72.3 pounds per foot)
in lengths of up to 100 feet. They are delivered to the
site with a base plate welded to-the lower end of each pipe
leg? for conne;tionlto anchor bolts embedded in concrete
footings. (Figure 2.4) At the upper end, a seat weldment

is provided, for the field-bolted connection to a weldment
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{(a) The inverted V-bent ‘ (b) The.siﬁgle post
support .- support

FIG. 2.3 Supports for tubular
) conveyor

y

v NPT

L

| |
' .

SECTION A—A

FIG. 2.4 Base plate details
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on the underside of the tubular gallery section (Figure 2.5).

2.2.2 Thé Single Post Support

The'single tubular posts, located at intermediate
points between the V-bents, are designed to také vertical
loads only and are provided with base plates and seat weld-
. ments in a manner similar to that described for the invert-
ed V-bents. fhe sections are compatible to those of the

iAverted V-bents (Figure 2.3b) .

2.3 ERECTION OF TUBULAR GALLERIES

Nearly all of the steel is shop-welded and field-
bolted using high strength bolts. Normally, the work is shop
assembled into the largest pieces which can be economically

éhipped and handled in the field.

Sections of the tubular gallery, of 60 ft to BO ft
in length can be shop assembled and conveniently shipped to
the job site, together with the V-bents and single post
supports which are also shop assembled. Lugs are provided
on -the exterior surfaces of the tube during fabrication,
for convenience in lifting during erection. Usually, the
tube is shipped in lengths sufficient to span the distance

between supports. For larger spans, sections of the tubular

gallery in lengths smaller than the span are shipped to the



FIG. 2.5 Seat weldment over inverted
V-bent ‘

13
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site, énd there two or more sections are bolted together to

form a span's length.

\
The conveyor components are field installed within

the tube prior to erection.

In erecting the structure, V-bents and single pipe

posts are lowered on' and secured to anchor bolts embedded

‘in the footings. Sections of the tubular gallery, complete

with conveyor components mounted in place, of sufficient
length to span the distance between a V-bent and adjacent
single tubular post, are then lifted into place and secured

to supports {(seats) by bolts.

2.4 THE CONVENTIONAL ENCLOSED CONVEYOR GALLERY

For the sake of realizing the advantages of the tubu-
lar conveyor gallery over the conventional gallery and 1its
supports, which is the most common type in industry (has been
extensively tried and generally accepted up to now), a
brief description of the convéntiohal enclosed conveyor

gallery will follow.

The conventional enclosed conveyor gallery. (Figure
2.6) as usually constructed,consists of two vertical steel
trusses ihstalled parallel to each other to carry the gravity
loads of the conveyor and walkway. The vertiéal trusses are

r
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connected at their top and bottom chords by framing, to

form two horizontal truss systems designed to take the wind

.load,

The vertical .trusses are installed a sufficient - .

L dlstance apart to accommodate the belt conveyor and a parallel

‘walkway extendlng the entire length of the conveyor. The

trusses are enclosed_wiﬁ@ sheet metal siding and roofing, with

‘the rfoofing at sufficient height above the walkway to provide

headroom and working space..-In cold climates, bottom closure
plates may be inetalled and.the conveyor gallery enclosure
may be insulateg, to protect equipment and to prevent freez-
ing and ensure the free flow of wet materials. Insulation

may be of the blanket type sandwiched between metal panels.

The box-type gallery formed by this construction is
supported by braced bents installed at intervals as reguired
to transmit vertical;and horizontal loads to concrete founda-

tions.

-

The maintenance of the conveyor, including belt in-
spection and idler lubrication, deck cleag;qp,-and idler re-
placement, as necessary, is performed from the continuous
walkway. Spillage from the conveyor belt to the floor and

walkway is returned to the belt manually.



HORIZONTAL TRUSS

CONVEYOR
VERTICAL TRUSS %@ VERTICAL TRUSS
. , : : —
[ ]
HORIZONTAL TRUSS . WALKWAY

FIG. 2.6 The conventional enclosed conveyor gallery
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2.5 ADVANTAGES OF THE ,TUBULAR GALLERY -

2.5.1 Structurai>hdvantages

. The tubular cross-section has a superior wind shape
factbr as compared to that of the conventional rectaﬁguiar
section. BAs a result, the wind locad per linear foot on
the tubular section will be. approximately 40% less than the
wind load on a conventional encloéed galléry of dimensions

to provide equivalent working space. This lesser wind load

is a favorable factor in the design of gallery supports

The tubular section has the same moment of inertia in

and foundations.

all difections ahd provides equal resistance to both hori-
- zontal and vertical léads. This uniform moment of,inertia;
or bending strength, makes it possible to carry wind loads
over long spans, using ihverted V—bent and single post sup-

ports alternately.

The tubular section is an ideal section for resist-
ance to the torsional stresses imposed by the eccentrically

located lpads of the walkway and conveyor,

]

The tubular section is an ideal column section for
taking compression forces imposed by conveyor belt pull. .

For inclined galleries rising from underground structures



and entering buildings, this-element may be used to advantage
by iﬂstalling the conveyor head pulley (traction forces

of the order of 30 kips or 'more} within the tubuld; section,
instead of on building structures. All longitudinal forcé;
are thus transmitted through the tubﬁlar gallery section to the
foundation structure at grade, and the necessity for brac- |
.jng bulldlng structures to take conveyor pull is avoided.

In this design, a rolling or slldlng bearlngvls prov1de&ﬂ
between building structure and conveyor.gallery to eliminate
the transfer of stressés‘from one struckture to the.other.
This method of transmitting belt pull to foundations was

" found to be especially advantageous in the design of indus-
trial'plants loéated.in an earthquake zone. In this case,
the building'struétureé are ﬁsually of non—braced; rigid-
frame désign to provide the flexibility of structures

desirable in earthquake zones.

The tubular gallery by nature (being a beam of hollow
tubular cross-section, having a uniform and substantial’

bending strength), by employing inclined inverted V-bent

" supports, permits the use of cantilever construction

-

(Figure 2.7), in order to eliminate interference with stock-

pile operations. Sometimes, the concrete foundations of
. . " L

the tubular gallery'habe-to be located well outside of the

live portion of the stockpile, or foundations of clinker

storage. In this case, the tubular section can be canti-
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FIG.2.7 JCantilever. construgtion
. < u_,.‘ ' °



h
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levered up'tb a considerable span (80 £t to 120 ft) beyond

its concrete foundations.

In areas where snow loads influence design, snow
buildup on'thé‘ﬁubular gallery will be minimal, as compared

with that.on the recfangular gallery of the same width.

-2.5.2 Advantages ‘as an Enclosure

Tﬁe tubular gallery functicns as'a very rugged en-
closure for the conveyér. As Eompared with tﬁe gonventional
gallery with sheet metal rooéiné'and‘sidiﬁg, ﬁhe tubﬁlér_
enélosufe is faf more resistant to damage by spillage of
heavy ore lumps,f:om the conveyor belt ana from damage by
mobile equipmeht. '

o
. B

. By virtue of its proper construction, thé tubular
~ _ ‘ -

gallery minimizes both the entrance of outside air and heat
losses from within the Structure. This is an advantage in

cold climates.

2.5.3 Maintenance Advantages

A 4-inch thick layer of lightweight concrete, applied

to the interior lower portion of the tube forms a sluiceway for

flushing away material spilled from the conveyor belt. . A’

drain line, located at the bottom of the sloping section of

the-gallery, will carry the slurry to 'a convenient disposal
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area, for periodic reclaiming by mechanical equipment.

All reasonably fine materials spilled from belts may be
removed periodically by this method. Large accumulations of
spilled materials and coarserxr sizes not susceptible to

removal by flushing, must be removed by manual methods.

The tubular section, free of inaccessible corners,
angles, and projections, presents a minimum of surface area
to be painted. The smooth exterior and interior surfaces of
the gallery will remain cleaner dgring operation and will
require far less surféce preparétion prior to repainting
than the conventionai gallery. The hollow structural section
of ﬁhe gallery, with its reduced surface area, free of pockets
where dirt ﬁay_collect, and-closed shape, has a lower sus-
ceptibility to corrésion than the conventional sharp-edged’
section. The tubé, therefore, can result in lower costs for

painting, galvanizing and other corrosion protection methods. ’

Lugs may be provided on the exterior surfaces of the
gallery during fabrication, for convenience of suspending
painters' scaffolds.

2.5.4 Advantages in Detailing, Fabrication
’ and Erection

Less time is reqﬁired for the steel detailing for

the tubular galllery, because of its uniform cross-section

-

-
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and the minimal number of connections required between

adjacent components.

In a shop ;pecializing in steel plate construction,
fabrication of the tubular-gallery is simple, using modern
welding teqhniques. In keeping with current trends in the
construction industry, the tubular construction lends itself
to maximizing shop-prefaprication and assembly so that
expensive field labour can be minimized. Sections 60 ft to
100 ft in length can be shop assembled, and'conveniently
shipped to the field, ready for installation of conveyor

cémpenents _and_subsequent erection.

Field erection time for the tubular gallexry is less than

that required for the conventional gallery.

L3

The uniform cross-section, simplicity of construction,
and durability of the tubular gallery,render it readily

adaptable to modification at reuse.

2.5.5 Advantages in Appearance

In examining the Figures of the tubular gallery
structures presented herewith, it.is evident that the clean,
simple lines of the tubular gallery and its supports present
an appearance greatly superior to that of the conﬁentional
" enclosed conveyor gallery. While this factor may.not be of

significance in some locations, it wil%mfg weighed carefully
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by management willing to create a favorable public image,

particularly by those whose plants border on parkways,

residential areas, and other areas in the public view.

2.5.6 Advantages of Inverted V-Bents and

Single Post Supports .

The advantages of the V-bent and single post Support

structure for conveyor galleries over the conventional type

support structure include the following:

(a)

(b} -

{c)

(d)

(e}

The supports constitute a minimum of obstruction
to plant operations. Mobile equipment and plant
personnel may move with ease between the legs of

V-bents and around single posts.

The supports offer a minimum of obstruction to

snow removal.

The single post support requires a very small

foundation.

The heavy pipe sections used are less vulnerable
to damage by mobile eguipment than are supports

with bracing of the conventional type.

Less frequent painting maintenance is required for
the supports for the same reasons given for the

maintenance of the tubular gallery section.
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2.6 . DISADVANTAGES OF THE TUBULAR GALLERY

F

(a) While‘the conventional enclosed gallery may be
easily daylighted by windows provided in the siding,
(louvre type) and.wili-require electric iightihg
during night hours only, the tubular gallery is not
conveniently adaptable to this treatment and will

require electric lighting 24 hours, a day.

rl

(b) Conveyor belt take-up construction, if required
to be located within the tubular gallery, will be more

complicated than that required for the conventional

galléry.

(c) A factor that must be taken into consideration

in designing long-span tubular galleries is the effect
of the sun's heat on the tube, one side of which may

be in full s;n while‘Lhe other side is in full shade,
with consequent distortion of the tube,to a degree

where it may affeds the conveyor operation. The
temperature differential between the shaéed and unshaded
surfageé of the tube may be considerably reduced by

the application of a paint selected for maximum reflec-

tive values.
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2.7 COST COMPARISONS

The calculation of cost presented herewith compares
the cost of the tubular gallery for bent conveyors, support-
ed on V-bents and single posts, with the cost of the con-

ventional conveyor gallery and supporting structure.

In the tabulation, the £otal cost of the tubular
gallery structure is given a value.of 100, with each major
component assigned its relative value in making up this
total. For the conventional galléry, relative values are
assigned to each major component of the structure. The
totals of these values may then be compared with the index
value of 100 assigned to the tubular géllgry, to determine

the relative costs of the structures.

The . values represént thé cost of the structures,
in place. The cost of conveyor components and belting is
not included, since the conveyor costs would be the same,
regardless of the type of supportigg structure. The tabula-
tioﬁ shows the cost of conventional galleries, both with and

without a bottom closure plate.
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TABLE 2.1

COST COMPARISON

26

Tubular Gallery versus Conventional Gallery

Tubular Conventional |Conventional
Gallery Gallexy Gallery
Without With
Closure Plate}Closure Plate
Steel for Gallery 76 59 71
Bents,Pgsts and 25 30 30
Foundations . .
Siding and Roof- __/ 14 14
ing .
Concrete for 5 . —
Sluiceway
TOTALS 100 103 115
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CHAPTER IIIX

ANALYSIS AND DESIGN RECOMMENDATIONS

3.1 LOADS

According to CSA Standard s 16 [19] the structure

must be checked for various load combinations, such as:

(a) DL + LL
Y by 0.75 (DL + LL + W) or 0.75 (DL + LL + E)

(c) DL + W or DL + E.

Loading conditions vary in different projects but

the following genéral data must be considered.

3.1.1 -Dead Load

Cfa) Own Welght of tubular structure = St lbs/ft.
NW
C_ st
5E 'n'DtpS + T (3.1)

D = inside diameter of the tube, in.

£ = thickness of the wall, in

p_ = unit weight of steel shell, 0.2833 lb.per in?
N = number of stiffeners (in cross-section)

W = weight of one stiffener, lbs.

L = span between inverted V-Bent and Single Post,ft.



(b) Weight of mechanical Equipment = Ge lbs/ft.

6e = belts + idlers + pulleys + drive + switches +

wiring + othex
(c) Weight of walkway = 6w lbs/ft.

Gw = checkered plate, grating, expanded metal +

stringers + posts.

(d) Weight of lightweight concrete on the invert = §_ lbs/ft.

_ LES D?
éc = 120(T§U sina) 1157

FIG. 3.1 Lightweight Concrete on the
Invert . e
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3.1.2 Live Load .

(a} Live load due to the material on the belt = Gé lbé/ft.

No allowance is made for the impact and due to the

bouncing of lumps as they move along the belt. -

(b} Live load on walkway = § lbs/ft.

1
W
Normally, it is taken at 100 lbs/ft? locally, but

25 1lbs/ft* for the span.

(c) 1Icing and snow (if applicable) = 6i¥5 lbs/ft. -

(d) Belt pull during starting, stopping or running = P, 1lbs.

(P is a 1ongitudinal force) .

3.1.3 Wind Load or Earthquake Load

Wind pressure should be considered as acting in any
direction. The design wind pressure W 1lbs/ft is specified
by the Canadian Strucﬁural Design Manual, [14]. W is usually
a horizgntal force. The wind load per linear foot on the
Atubular section (because of the shape of the cross-section)
will be less than the wind load on a conventional encl&sed
gallery of dimensions to ppovide equivalent working space.

The Wind Force Coefficient, Cn; for tubular and convgntional

galleries (from ?igureé B~11] and B-6 of reference [l14]) are

i) * .
B T D A



presented

galleries.

schematically, in Figure 3.2.

Cn=12(=07+05)

]

FIG. 3.2 Wind Force Coefficient, C_ for
Tubular and.Conventional Galleries

Total force per linear foot:

F = C..q.C -C.LD, lbs/ft - (3.2)

Coefficients q,Cg,Ce are‘the same for both types of

Tubular gallery:
F = 0.7.Q.gg.ce.D, lbs/ft | ‘ (3.3)
Conventional Gallery:

F o= l.Z.Q.Cg.Ce.H, lbs/ft (3.4)
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Earthquake forces should be considered according to
seismic zones and following the provisions of the Canadian

Structural Design Manual, [14]. . S

" 3.2 'STRUCTURAL BEHAVIOUR

As previously described, there are three different

kinds of loads acting oh\the structure. - The VERTICAL LOADS .
(dﬁe to gr;y%tf),.the ﬁOﬁiZONTAL LOADS (due to wind or efrth—'
quake) and LONGITUDINAL LOADS (due to head pulley of cgnvéyor
if located inside the tube). Tppse.ioaas which do not only /
differ in direction of application, but also in ,degr'ee.of_//r
importance épd_frequency of occurrence, cause éifferent gffecté

o the structure. The loads and their effects on the idealized

structural system are presented schematically in Figure 3.3.

—

BH%.l Vertical Loads

B

&
T

Vertical loads generélly include the following

compOneﬁts: o o ‘ . _ B
8:, 6., "Lbs/ft

‘Vertical loads are the most important loads, bééausé

they prevaii in magnitude and frequency of 'occurrence, (ét,

Ge, Gw are always there.) They-ara‘uniformly distribut-
- :

ed along the length of the gallery. The tubular gallery
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IDEALIZED STRUCTURAL SYSTEM

a) VERTICAL LOADS  °

J—
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Flexure:
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' b) HORIZONTAL LOADS
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(c)

FIG.3.3 Vertical, horizontal and longitudinal

loads - :
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IDEALIZED STRUCTURAL SYSTEM

S.P VB S.P AT S.p VB,

FIG.3.4 Effects of vertical and horizontal.
" loads o



‘ ¢) LONGITUDINAL LOADS
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FIG.3.5 Effects of longitudinal loads

34
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spanning over the inverted V-bents and single posts has to
resist flexure, as a continuous beam of hollow ?ircﬁlar
cross4seé£ion over numerous supports (span L). In addition

to flexure the vertical loads usually cause uniformly dis-
tributed torsional moment. The resultant of the vertical loads
in a typical cross-section of the gallery does not usually
coincide with the center of the tube. The eccentricity. is

often quite small and the tubular section is the ideal section

to resist torque.

- In order for the tube'to act as a beam; some reguire-—
ments héve to be met. The ordinafy theory of flexure can
be applied in this case, only if the cross-sebtion\of the
gallery :emains circular at and between the supports. Rigid
ring girders prevent the distortion of the tube at the location
of supports, and allow the ;upg to act as a beam. Another
function of the rigid ring girders is to resist torsion and
transmit it through the in&erted V-bents to the foundations.
The single post supports are designed to take only vertical

loads; Figure 3.3(a).

3.2.2 Horizontal Loads

The horizontal loads are wind pressure W lbs/ft-
or earthquake forces E 1lbs/ft. In this case, téo, the tube

spanning as a continuous beam (of span 2L} over the inverted
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V-bents (the single posts cannot transmit the wind force to
the foundation) resists the wind or earthquake in flexure.

Figure 3.3(b).

3.2.3 longitudinal Loads

Sometimes as explained before, it is profitable to.
locate the head pulley of the conveyor within the gallery
(usually at one end, the highest of an inclined gallery). As
a result, a longitudinal compréssive.force, originated by the
head pulley of conveyor, has to be resisted (by coipmn action)
by the tube, énd transmitted from one end of the gallery (the
upper for inclined galléries) to the other (lower) which is
held by braced bent against longitudinal translation. The

unsupported length of the hollow tubular column is 2L since ~

the single posts are considered as having zero flexural rigidity.

~

This compressive longitudinal force at one end of
the conveyor_gallery is usually eccentric with respect to the
center of the tube. As a result, two foments are induced, one
acting in a vertical, and one in a horizontal plane, at this
end of the gallery. Usually, Epe designex tries to minimize
this eccentricity and the magnitude of thoée moments is small.
On the other hand, they are applied at the first support of a
continuous -beam. If those moments are small, they can be

‘neglected altogether,otherwise they may be superimposed on
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the previous cases, since they act in horizontal and vertical

planes, respectively. Figure 3.3(c}).

3.2.4 Temperature Effects

The tubular gallery spanning over the inverted
V-bents and single posts consists of a continuous beam of

hollow c¢ircular cross-—-section.

The inverted V-bents and single posts,by not being
fully fixed at their foundatiohs, allow the tube to expand
frgély (by rotating) due to temperature chgnges,:without trans-
mitting any longitudinal forces due té restraintsf (Effect
similar to rollers of an idealized continuous beam). The
lower énd (usually) of the gallery is held against the longi-
tﬁdinal movemené, and it is designed to take any longitudinal
- forces (conveyor pull, wind forces) which may occur. For
relatively long conveyor galléries (more than 4 to 5 spans)_
it is better to break continuity of the tube in order to prevent
eccessive rotation of the inverted V—bentslénd single posts.

In this case, two or more braced bents must be provided to

- guard against 1ongitudinél movement.

-
o
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FIG. 3.6 Temperature Effects

.3.2.5 . Conclusion
t w

Thus, the structural function of the tubular
gallery is to resist vertical {(gravity lcads) and horizontal
(wind or earthquake) forces as a CONTINUOUS BEAM, longitudinal

f
compressive forces (if the conveyor's head pulley within

the gallery) as a COLUMN, and torsion (because of eccentri-
. cities of the vertical forces) as a series of beams with both
‘ =

ends fixed agaihst the torsion (span 21L), and transmit all

those components of force safely to the foundations.

In Figures 3.3, 3.4, and 3.5, an effort to isolate
the three categories of loads (vertical, horizontal,“aﬂd
longitudinal) and their effects on the structure ' (Moments,
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&
"shear forces, axial forces) was made. In the case of all of
them occurring simultaneously, by using the principle of
superposition we can get their combined effect on the struc-

~r

ture.

3.3 STRESSES

The vertical, horizontal and longitudinal loads
induce stresses in the tube. Those stresses will be consider-
ed first for each case séparately and second for their combined
effect. Before that somé geometric and material constants

of the cross-section of the tube will be given:

<Y

FIG. 3.7 Cross-section of Tube



The thickness t of the shell is very small and all the compu-

tations will be based on the inside diameter of the tube D

where
D = inside diameter of the tube, in.
t.= thickness of thg wall, in.

c =-corrosion allowance,,l/l6 in.

D_ = outside diameter of the tube, in.

E = 30,000 ksi

3
_ __E___ 30 x10° _ 3
G 31+ 2(140.3) 11.5 x 10 ksi
g o= 0.3
Fy = 36 ksi
A = wD(t-c), in? (3.5)
- _ -D? Y ek
I =1I = ﬂg— (t-c), in . {(3.6)
% Y . " '
8§ =8 = D? (t-c), in? (3.7)
e y TT4 r.
: =1 +1 =120 s in* 3.8
= = ﬂz—-ﬁ -c), in (3.8}

P X Y

¢
3.3.1 Stresses due to vertical loads

The vertical loads induce bending moment, torsional
moment .and shear in the tube. In discussing the maximum stress

produced in the shaft, it is necessary to consider:
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-

(a) Shearing stresses due to the torque M.

(3.9)

. . Mg, D 16 M,
3T

tmax=
Eiy
o

0

P tz(l -

(b) Normal stresses due to the bending moment

M, 32D M, . _
(o) = = (3.10)
: w(D: - D%)

In Equation (3.10), S is the exact section modulus.

n(D: - D%) WD; D ..
S = 32 Do = §zﬂ [l - (B;) } (3-11)

(c) Shearipg stresses due to the shearing fdrcé
Qv' The streés due to the shearing force is
usually only of secondary importance. IES
maximum value occurs at the neutral axis where
the normal stress due ta bending is zero. Hence
the maximum coﬁbined stress ﬁsually occuré at
the point where stresses given by equations (3.9)
and (3.10) are é maximum. In this case, at

the top and bottom surfaces of the tube.
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The principal stresses due to the combination of

x

{(3.9) and (3.10) are:

o |
s = =t } Jok+d 2

max 2

3

From Equations (3.9), (3.10) and (3.12), we

obtain (where n - g_)
_ 0

(3.12)

o - 16 (M + /ﬁéJrM,;.): —% (M, + fﬁf"ﬁ&% ) (3.13)

It should be noted that c%ax would have the same

value for a case of simple bending in which the EQUIVALENT

-,

BENDING MOMENT is:

- A2
M'equivalent 5(Mv * MV+MT)
Mequivalent
- or _ Oax S —=" s

where

S is given by Equation (3.7).

3.3.2 Stresses due to Horizontal Loads

s

(UH)max S

¥

(3.14)

(3.15)

(3.16)



where

S is from equation (3.7).

3.3.3 Stresses Due to Longitudinal
Loads

Q
1]
[ 1o
LI
L ]
]...l
=

where

A is . from equation (3.5).

The stress due to bending moments caused by phe eccen-

tricity of longitudinal load will be computed, as‘above.

3.3.4 Summary and Combination
of Loading Cases

_(a) Vertical loads (MV’MT):

Compute :

2 2
Mequiv. - a(Mv + V:S MT) (3.14)
‘Find:
equiv

0 ax 3 . (3.15)

(b) Vertical and Horizontal Loads (@v,MT,ﬂH?:

Compute:

Mrotal = %QMV)? + (MH.)2 (3.16)
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Compute:
. 1 = 2- 2
Mequiv &(MTotal + gQMtotal)-ﬁ (MT) ).(3.17)
Find: |
: M | N
5 - _equiv . . . (3.18)
max S |
»
(c) Vertical and Horizontal and Longltudlnal Loads
(M, My, MH ,P):
p . M : .
: = B, _equiv, _ -
Find: cmax - - (3.]79)

In the case of absence of horizontal loads:

Find: "M . o
_ P “equiv - g
Tmax.” A T TS - (3.20)

.
-

.3.4 ALLOWABLE STRESSES

Tubular steel structures must be designed to-satisfy

STRENGTH and STABILITY requirements.

3.4.1 Strength Requireménts

s

According to strength #requirements, the maximum stress
bat a point of a croés—section, selécted so that the mopments
and forées dpe'to one loading case or a combination of loading
cases are maximum, has to be smaller than the allowable

stresses specified by CSA STANDARD S 16. [19]

~
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By'inspéction of Figures 3.4,énd 3.5, the maximum
loaded section\of the gallery occurs over the inverted
V-bents (where the combination of loads is the most dfiqi~
"cal.) The maximum stresses (tensilé and compressive)} shall
be computed as presented by.equations f3.14)'to {3.205 and "
checked against the allowable stresses given by the Code.

“max,compressive < Uallogable(: 0.60 Fy) © (3.21)

] e

= 0.6 - (3.
( 0 Fy) (3.22)

o__: ... <G
max,tensilée. ~“allowable

3.4.2 Sﬁabiliﬁy Requireménts.
' ‘ ”

"A thin-walled cylindrical shell subjected to compresé-
ion, in the direction 6f its longitudinal axis-may fail either
by the instability of the shell as a whole, involwving bend-
ing of the axis, or by theqiocal instability of the wall of

the éhell, which maylnot at all involve lateral distortion
~of the axis. The former type of failure is ‘called OVERALL
or EULER BUCKLING, and the strength depends upon the ratio
of the length to the éadiuS'of gyration of the sﬁell (i/rt)ﬂ.
The latter type of failure is called LOCAL BUCKLING or WRINKL-
ING, and the strength depends upon the ratio oFf thicknesé

of the radius of the shell wall'(t/R).

As in the case of steel columns, we can classify a

cylinder under axial load into three categories.
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(a) Very short cylinders:

L < 1.72 /Rt

f = FZE(;ta/lz)- (3_23.)

(o (I_UZ)LZ
(b) Intermediate length cylinders:
1.72 /RE < L < 2.85 Jﬁa/t )
_ Et? : :
N~ classical buckling load
R/3(1-u%) ) (3.24)
: Ner Et ‘- ' |
' Oer.= £ = = classical buckling
) : R /3 (1-p3) stress
. . 1 _,'
x
(c} Long cylinders:
L > 2.85 V/R3/t
' .
Et TR 2 g
Ner.® 7 (22 o _
) ’ _ . . (3.25)
* 2 » 2
p _=o2mrN V=T Eqgpi - 1°EI
, cr. cr. L2 . 1,2

(Euleric;itical loéd)

The mode of buékling of the intermediate lenqthicylinders
is characterized by the formation of sufface:buckles in
both the longitudinal and circumferential direction,‘without

. . T A .
. lnvolvement of lateral distortion of the axis. Thus in
5 - ,
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P - o -
this case LOCAL BUCKLING OR WRINKLING governs. Long

cylinders buckle elastically as ordinary Euler columns
by bending of the longitudinal axis in one-half sine wave and

without local surface diétortions (OVERALL BUCKLING).
iy, ‘ ‘

For ordinary_tubular gallery dimensions (span between
" inverted V-bents and single posts up to 100 feet, shell
thickness 1/4 inch, diameter 10 feet) the LOCAL BUCKLING

* is prevailing.
’

For'Lu = 21, =2 x 100 = 200°-ft (in the horizontal

-

direction the single post provides no flexufal rigidity.)

-

D =10 f£, R =5 ft, t = 1/4 in, . R/t = 240, Lu/R = 40

?
."'e\j
and
= L :
1.72 VE/R <oep= < 2.85 VR/E T
becomes _ . .
: | 5 §
. L . ) .
0.111 < —= < 44.152.

. Therefore, the limits of applicabiliﬁy of the theory of
Local BUCKLING to the tubular conveyor galleries of average

length are comparativelj gréét,

The critical length for which OVERALL BUCKLING will
occur is: ;

L, > 2.85 R/R/T , (3.26)
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and for the above dimensions®:.

N L > 220.76 ft
cr. —

'.Critfcalglengﬁhs, L (above which overall buckling

cr’
governs) for cylinders with different ratios of radius-
to-shell thickness, R/t, are presented in Table 3.1, on

the fokrewing page.

3.4.3 Iocal Buckling or Wrinkling

Local buckling is the governing consideration in the
design of tubular galleries of moderate length. Failuré
of this type is due to ﬁhe formation of characteristic
"wrinkles or bulges, circular or lobed in shape. Wrinkl-
ing is local in nature and depeﬁds'upqn.the COMBINED

COMPRESSIVE STRESSES AT THE POINT under-consideration.

That means that the maximum combined compressive stress which

_—
—_—

-

3 \_- v
occurs at a point of the most qrrtlca%}y loaded cross--

section has to be smaller than the allowable.buckling

-

stress. : e

~

In studying £hin—wailed tubular structures, two con-
siderations are of‘importancel Fir?EThIBEEI‘buckling
should be prevented at stresses below yield strength;
secdndly, a more severe restriction is that the tendency

to buckle locally should not reduce the Qeneral buckling
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TABLE 3.1 CRITICAL LENGTH FOR OVERALL -
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BUCKLING
e *
L, = 2.85 R/R?t
t=1/4 inch [t=3/8 inch t=1/2 inch
R/t | ° 192 128 96
= 8 ft :
L 158 ft 129 ft 112 ft -
cr. : )
R/t - 216 144 108
= 9 ft - .
L . 188 ft 154 £t 133 ft
Jer.
_ R/t 240 160 120
= 10 ft o :
L 221 ft 180 ft 156 ft
cr. .
"R/t 264 176 132
=11 N -
R L 255 ft 208 ft 180
cr.
R/t 288 192 144 °
= 12 ft . _ )
L. 290 ft 237 ft 205 ft.




lcad of a whole séructUre.

+

" There is a serious disagreement,between the results of
classicakvequation (3.24) and expefimental stress for the
buckling of isotropic cyl;ndrical;shélls under AXIAL COM-
PRESSION. Similar discrepanéies can be Qbéerved for other
loadinglfonditions (bendiﬁg,'torsiah). fﬁése experiments

. a
have indicated critic;l stress levels in the order of 1/3 of
“ those given by the cléssica} linear theory; This is due
mainly to the nOnlinear naturg'éf the buckling pfbcess, the
initial imperfections of such shapes and the eage.effebts.
These facts were taken into consideration by introducing
into the‘recomﬁended design formulae and allowable stresses

certain CORRELATION FACTORS, Y, resulting from the experi-

mental tests.

The allowable buckling stresses which will be presented

hereafter are for elastic buckling.‘

3.4.3.1 Axial compression

By Plantema

_ 662 . ‘ :
gcr. = B/t + 0.399 Fy ksi (3.27)

The ratio D/t is valid for

i%ils,l‘,ﬂooo
Yy y
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Equation (3.27) is recommended by the American Iron

and Steel Institute.

By Wilson and Newmark

or by assuming a factor of safety of 1.5

cr.

By Baker et al

c
cr.

Valid for moderately

Z
where
L o=
Y1 = correlation fac
N = @
cr
P = o

cr

The recommended allo

in the function of D/t a

8, .
= —Wt— ksi (3.28)
_ 5,333 .
= —D7t_ ]‘CSl (3.29)
- t N
= 0.6 y1 E(g) Kksi (3.30)
long cylinders: ‘ ,
2
, 1?
2¢3
L> 2
RE V17H
tor obtained from Figure 3.9. .
= t?
crt = 0.6 YlE(ﬁ—)
' (3.31L
— 2
CrZ‘ITRt = 1.2 v,E7mt

wable stresses for local buckling

re shown in Figure 3.8.
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FIG.3.8 Axial compression. Recommended allowable
' buckling stresses.



3.4.3.2 Bending

N

Buckling tests on cylinders si@ to those tesled
in axial compression indicate that buckling occurs
ovef the compression side of thg cylinder in the same wave
form, with approximately the same wave;length,.as iﬁ
axially loaded cylinders. A comparison of axial
compression and pure-bending tests results show exactly the
same decrease of axial load P with an increase of the ratio

R/t, as shown by axially-loaded cylinders.

The inf;uence of initiél-impeffections in a shgll,
considering béndingﬁ should not be as great as in the axial
‘compressiom. On *he other hand, during the bending of shells,
.there occurs a certéin flattening of the cross-section, which
leads to an increase of maximum stress. Timoshenko found
that the theofetical maximum bending stress that would cause
the buckling of a circular cylindriéal shell was equal to

1.3 times the axial compressive buckling stress.

The design-allowable buckling stress for a thin-

walled circular cylinder subjected to bending is:

By Baker et al:

_ Et -
G = 0.6 Y2 (3.32)
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Valid for moderately long cylindérs.
Y2' = correlation factor obtained from Figure 3.1@
| fpr elastic_stresses the allowable momen£ is:
cr

M. = wR*to__ = 0.6y, EmRt® (3.33)

By Brazier:

- St
g = 0,34 E T (3.34)

3.4.3.3 Shear or Toxrsion

By Baker et al:

- 'Et -
Ter T Cs ;0.75 (3.33)

Valid for cylinders of moderate length:

100 < z < 78(R/t)*(1-u?)
For long cylinders:
Z > 78(R/t)?(1-u?) -

and the design-allowable buckling stress is:

0.261CSE (t)l.S
(l—}3)0'75

T = 7 {3.36)

Cr

The coefficient C, is given in Figure 3.11.
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FIG.3.11 Buckling stress goefficient, C , for unstiffened
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3.4.3.4 Combined loading

The criterion for structural failure 0¥ a member under
combined locading is frequently expressed in terms of a stress-

"

ratio equation

Rf + Rf + Rj =1 (3.37)

In general, the stress fatio R is the ratio of the allowable
Yalue of the,stress_éaused by a particuiar kind of load in

a combined-loading condition to the allowable stress for the
same kind of load when it is acting alone. The subscripts
denote the stress due~to a particular kind of loading
(compression, shear, etc.), and the exponents (usually
empirical) express the general relationship of the guantities
fof failuée of ﬁhe member. A curve drawn from such a stress-
ratio equation is termed a STRESS-RATIQ INTERACTION' CURVE.

In ?imple loadings, the term "stress ratio”" is used to denote
the ratio of applied to allowable  stress (Ra) and if the

equation .

R + RY + R < 1 - (3.38)
ai az a3

is satisfied (or the point falls on the left-side of the
stress-ratio interaction curve) the structure is safe.

-

-

{a) Combined torsion and axial loading:

A semi-empirical interaction curve for circular

cylinders is given in Figure 3.12. .
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FIG.3.12 Buckling-stress interaction curve for unstiffened
circular cylinders under combineq torsion and
axial loading



Ugr is found using Figure 3.9 and

using Figure 3.11. .

c
0 0 T— .
aggiled.+ ( aEEllEdjz

¢} Cr.
cr

L]

(b} Bending and torsion:

An empirical interaction curve is

Ugr is found from Figure 3.10 and

Figure 3.11.

b
g . T .
aggiled + agglled)z

o) cxr
cr

(c}) Axial compression and bending:

The interaction-curve is given in

Gzr is found from Figure 3.10 and

3.9.

sC 0b ,
applied applied
a< ' )
cr cr

4
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T is found
cr .

< 1 . {3.39)

given in Figure 3.13.

T from
cr :

<1 (3.40)

Pigure 3.14.
s

C s
om F1i e
O oy from gur

i (3.41)
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(d) ‘Axialfcompreséion, bending and torsion:

-

Although a slightly different interaction equatipmis
proposed for each cése, Schilling [10] suggests that'é///

single formula can be conservatively applied to all these

combinations. He proposes the relation:

C ‘ b

0appl‘ied + Gapplied + (Ta lied)z <1 (3.42)
c b T ‘ |
cr cr -

3.4.4 Overall Buckling or Column Type Buckling

'
he ]

Although (as it is shown in TébleZB.l} the local

buckling prevails for axially ldaded tubes of moderate

length and diameter (L = 180 to 200 ft, span between inverted.

V-bents, D = 10 £, t = 1/& inch), since the span between
the two. inverted V-bents does not exceed the critical buckl-

ing length, small variations of radius-to—thickness ratio

and'Spén may cause the structure tg fail in OVERALL BUCKLING.

Iin addition,xin several cases when the D/t ratio of a member
is such that LOCAL ﬁUCKLING is probable, the KL/r ratio .
of the member may be such théé column bgcklihg is aiso an
impértantAconsideration. According to AISI's "Specifica-
tion for Fhe Design' of Cgld—Formed Steel Structural Members"
purelylco;umh-type buckling of tubular,members'may occur with

L]

no LOCAL .BUCKLiNG as long as
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where

t

Fy = yield strength of material, ksi.

This formula is very conservative compared with the limits

defined by Equation (3.26).

3.4.4.1 Tube under axial compression

a The formulae which follow are valid for both unstiffen-
" ed and stiffened shells%(by longitudinal-stringers and
circumferential ring stiffeners.) In the case of stifferfed
shells, the stringers must be included in the calculation
of the radiﬁs-of—gyration " my®  of the tube cross-section,
while circumferéﬁtial stiffeners can be neglected since they

have no direct effect on the overall column-buckling mode.

A sketch of the stiffened cylindrical shell is.shown

in Figure 3.15.

FIG. 3.15 -Stiffened cylindrical sheﬁl
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where
. I '
Radius of gyration r = —EE , in (3.43)
Area of combined section
A = 7D{t-c) + mAst' in? (3.44)
Polar moment of inertia of combined section
I =I_+1 =1TD3(t—C) + NA__d?%,in"% (3.45)
p  x Y Cl st ' :
where . {
A . = area of one stiffener, in? .
N = number of longitudiﬁal stiffeners
d =

distance from center of tube to centroid

of stiffener,in.

-

The tubes under axial compression, are classified
as in the case of ordinary steel columns in two categories.

el

(a) Intermediate tubes

(b) Slender tubes

where
KL = effective length of circular tube for column-
! typeqbuckling (in this case K = 1 conservative)
Fy = yi®1ld strength of material, ksi
E = 30,000 Yoyng modulus for steel, ksi >

-
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F .
o A= wgé % fﬁx = non-dimensional slenderness (3.46)

ratio

Fa = allowable critical stress, ksi
Oop = theoretical critical axial stress, ksi
F.S = factor of ‘safety

The CRS Column Strength Curve can b# expressed by

(a) Intermediate Columns, A2 VZ o
g
' _ ¢r
- Fa T F.s
= - 2- : »
Ucr (1-0.25 X )Ey ) (3.47)
F.Ss = 1.67 + 0,265\ - 0.044X°

wf

(b) Slender Columns, A > /§r¥”ﬂm\,,

F = O_CE_ ]
a F.S
. . F
or = If ) (3.48)
F.S = 1.92 \\_

.

" The above equations of the critical buckling allow-
able stress are identical to those.of the wide flange

columns.
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Alternately, based on the results of tests with
electric Egsistance welded tubes of carbon steels having
vield strength of 45 and-55 ksi and for which stub-column
tests found proportional_limits'as low as 50% of the yield
strength, Wolford and Rebholz [10] proposed a more con-
servative column curve, which 1ls recommended for use ih

cases of tubular cold formed structures.

(a) Intermediate Columns, A< /3
g y
_ “er
Fa - F.S.
o = [1.0 - 2= AlF ) (3.49)
/3 ¥
F.5. = 1.67 + 0.145 X

‘ -

(b) Slender Columns, A > V3

o )
F = cIr
dha F.S.
F . o
) Oy = _;% ) (3.50)
F.5. = 1.92 .
r A Q\

A structural cylinder fabricated from plate will .
£ypically haye high circumferential re%}dual-stresées caused

by cold-forming processes, as well as from the circumferential
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and longitudinal residual stresses due to welding. Because
the exact nature of these stresses and their effect on
column strength are at this time, still a matter of conjec—

ture, it is usually conservative to use Equations {3.49) and

(3.50).

3.4.4.2 Tube under combined loading

In this case :hé-usual interaction-type formuia for
beam-columns in compfession and bjaxial bending will be
employed. allowable-stress .interaction equations for design
are essentially empiriéal. " The factor -of-safety depends
in part upon the'expressions chosen to-define the allowable
stresses, F, (axial) and Fy (bending) . In the discussion
éollowing, one has to keep in mind that LOCAL BUCKLING is
local in effect, (limits the strength of the structure at
a point of a certain cross-section), while OVERALL BUCKLING

has to do with the stability of the structure, as a whole.

The interaction equation is:

. C M C
P + jmv vt + mH MHt <1 (3.51)
) i "
¢ ? ev eH

2

or, in another form:

a
+ —— + 2 <1 (3.52)

.
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One has to observe that the~denominator of the second
and third term of equation (3.51) represénts the strength in
bending at a'pérticular point of a cross~section in vertical
and horizontal direction, respectively, magnified Ey a
factor (;——%—) to guard against overall bucklihg, wheré

e

P = applied longitudihal compressive force, kips

(@]
Q
I

reduction factors depgnding on the edge
conditions, transverée loading, and curvature
of beht, given in the CISC Handbook for Steel,
Columns

Mv = bending moment due to vertical loads, Fig.3.4
| .

B(M Ag$+M;) = equivalent bending moment due

&
it
n
o~

to vertical loads and torque M,

L Equation (3.14)

MH bending moment due to horizongal loads, Fig.3.4

»

My

= Myt 2+M2) = equivalent bending moment due
' to horizontal loads and torgque MT
) -
fta" = (3.53)
' e )
M ) '
- vt .. .
fov = 8 (3.54)
&y ’



ﬂbe is the elastic buckling strength of the member

N,

]
.FeH

where

2L =

The

take place

68

(3.55)

-

2
= = y = T°E =
OcrP RL,_ . T KD A
1.92(—)2 = X 1 _92(—%?
r 1T2 .E r
14§£°°° A (3.56)
u 2
(2
Pe 149,000 _ 149,000 (3.572)
A‘ - KL - (L)z *
(=) 2 r
T : . (
Fe _ 149,000 _ 149,000 3 57b5
R KL - 2L, » :
r

span between V-bent and single post
span between two V;bénts

unstupported length

loss of stability due tJ OVERALL BUCKLING will

in the horizontal direction, -where

L_ = 2L
u ' *
- : v
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In the vertical direction

(a} Overall buckling

L3

in the case of

Ly = 2L >> L = 2.85 R/R/E,

‘overall buékling will occur before local buckling. Since

local buckling is not present, the full bending strength of

the section can be considered.

Fbv = FbH = 0.60 FY | (3.58).

Fa will be taken from Equations (3.49) or (3.50).
The interaction equation (3.52) must be satisfied.

(b} Local buckling

In the case of . !

1.72/RE < L = 2L < 2.85 R/R/E
Fd
@ ‘ .

local buckling will occur before overall buckling. The
appropriate interaction equation for local buckling {egua-

tions (3.39) to (3.42)] must be satisfied first.
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Because of the loss of cross-sectional strength under
bending due to local buckling, overall buckling may occur,

and interaction equation (3.52) must be satisfied, too,
v i

where
Fa.; 0.60 Fy' or by equations (3.49), (3.50),
{the smaller)
_ _ = Et
Fbv = FbH = Ucr 0.6v2 = {3.59a)
or
[~
e — - E
Fbv = FbH = 0.y .0.34 E(R) (3.59Db)

}

(c) Local and overall buckling

For many practical applications, when the D/t ratio
of a member is such that local buckling is probable, the
KL/r ratioc of the member may be such that the column buckl-
ling is alsc an important considerationf. In other Wprds

" Lu = 2L = 2.85 R/R/t

’
In this case, both.local buckling (associated -with strength
locally) and overall buckling (associated with overall
stability of structure) must be checked. The requirements

are 3
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(1) The appropriate local buckling interaction
equation must be satisfied. Egquations (3.39)

to (3.42).

(2) The overall étability interaction eguation

(3.52) must be satisfied. '

~

In the second case, in ofder to establish the allowable
stresses (Fa,Fb) the approach suggested by Marshall [10]
will be fok}owed in a more geneial form. In this approach,
the theoretical local-buckling sﬁrength is substituted

for Fy in the appropriate beam~column formula. That is,
that since the local buckling limits the strength locally,
and occurs simultaneously with overall buckling, we can
assume an eguivalent maferial having a yield strength equal

to the theoretical local buckling strength,

' t
T = = —
E Fl = o, = 0.6 E < | (3.60)

which is identical to the formulae suggested by Baker [9]

without th% correlation factors Y1 and ya2.

. : - , t
= = ' = =
Fyo F 0.60 Fy 0.36 E " (3.61)

¢
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% \
- Fy 0.6 E(t/R)
F = Y = (3.62)

(F.S.)A2 1.92 A2

which is derived from Equation (3.50).

From Table 3.1, we see that the ratio R/t changes from
between 100 and 300. By considering Figures 3.9 and 3.10,
giving the correlation factors y: and y; versus the R/t ratio

we notice that 0.70 < y; < 0.90.

The correlation facters vy:1 and vy: are smaller than
1

1.92 A?
conclusion, the interaction Equation (3.52) yields c¢onserva-

the FS of 0.60 and , employed'in this case. In

tive results.



CHAPTER IV

' INTERMEDIATE CIRCUMFERENTIAL RINGS
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CHAPTER IV -

INTERMEDIATE CIRCUMFERENTIAL RINGS

L

4.1 DESCRIPTION

Along the length of a tubular gallery (for both
unstiffened and stiffened tubes) at equa} intervals of 10
to 20 ft.} circumférential stiffeners are located inside
the tube. BAlthough their spacing is normally such that
they should be considered discretely spaced, and have no

direct effect on the LOCAL and OVERALL buckling mode, they

serve a dual structural purpose:

1) To receive the posts and hangers, which
support at equal intervals, the idlers of the
éonveyor and stringers of the walkway, see

Figure 2.2.

2) To maintain the cross-section of the tube
between the supports circular, and thus to allow

the tube to act as a beam.

The circumferential stiffeners consist of angles or
T-sections, continuously welded on the inside surface of the
shell of the tube. Welded plates may form the section of

the stiffeners (T-section or angle) or the usual structural



74

rolled sections can be employed. If structural rolled sections

~are to be used, fhey are formed to the required radius at

lengths of one quarter of the tube's circumference, and shop-

‘welded to the shell of the tubular gallery.

I

4.2 DESIGN OF THE CIRCUMFERENTIAL RINGS

The stiffening rings héve'to be designed to meet
the STRENGTH REQUIREMENTS of CSA STANDARD;S 16. Therefore,
stresses due to bending moments and shears at a section of the
ring have to be smaller than the allowable stresses specified

in the standard.

2 P

p,

FIG. 4.1 Resolving of Forces



~

The forces which are applied on the ring due to
conveyor, walkway, and self-weight, aré shown above,-séhema—
tically. In the design of the ring, the LL on £he walkway

is taken at 100 lbs/ft?. The critical loading condition occurs
for DL plus fullgLL on the conveyor and walkways. Those lqa@s
can be.resolved iﬁ a vertical resultant IP (through the

center of the ring) and a moment MOL The analysis of the

ring under these loading cases is presented in Table 4.1.

In the design, the maximum value of the stréss

which results from the combination vf those loads, should be
: )
considered, (the maximum stress occurs at point A of the ring.)

L4

S = section modulus of ring, in?
" A = area of ring, in?
R = radius to the center of gravity of the ring,in.

due to bending moment

0.50 Mo + 0.24 RIP

£, = = ksi (4.1)

due to axial force -

=

0.24 IP

f2 = =3 ksi (4.2)

The maximum compressive stress at the section

is:
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.

- £, s o . 4.3
£ fl'?ti? hl fallowable ( )
. 0.60 FY for non-compact sections
fallow;able =

¥ .

0.66 Fy for- compact sections
N

-
Thq_maximumﬁéﬁeéf stress is:
v v ’ . .
we g A ,
0.4 M 1
t T = T ']{Sl (4.'4)

~ . o : .
The thickness of the shell has to be checked, if
it is adeguate to undertake the tangential shear. The

maximum tangential sheaxr occurs ,at. point B of thg ring.

.
.

- My - L
. v = '+ —x +kips/in (4.5)
2TR? . :
The”maximgm'shear“streséfin Eﬁe shell is:
_ i = 2 TR? TR s 1 e

(4.6)

t = thickness of shell, in

L

¢ ,r, corrosion allowance, 1/167.

4 -
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' CHAPTER V

RING GIRDERS AT SUPPORTS

.

5.1 DESCRIPTION

It has been found that rigid ring girders provide
very effective supports for tubular structures.. These girders
prevent the distortion of the tube at the location of supports

and thus maintain its ability to act as beams.

Typical ring girders are shown in Figures 5.1,
and 5.2. In Figure 5.1, the ring girder consists of a“plate
girder stiffened by radially located %tiffenerq at eqp'i\ip-_
tervals. In Figure 5.2, thé girder coqsi;té of two étiffenéf
rings‘continﬁously welded to the tube on both sides, ana‘tied.
together with aiaphragm plates welged between the two rings.
Two short columns consisting of wide—flangé I-beams are

bolted between the rings to carry'the load to the seat weld-

ments.

L]

In comﬁ@ting the section modulus of the ring girder,
a portion of the adjacent shell may be considered as acting
with the girder. [8] The total length of the shell thus

~acting is:

C = 1.56/RE + b, in (5.1)



A

-FIG. 5.1 Ring girder

(a) sliding support

(b} roller support .
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_-where
b = the width or ring girder, in. See

Fig. 5.3.

‘5.2. ANALYSIS AND DESIGN OF RING GIRDERS

The loads are transmitted from the shell of the
tube to the rings By tangential shear. A design for ring
girder construction, based on elastie»theory,‘was developed

by Schorer [7].

5.2.1 Vertical Loads

The shell transmits by circumferential shear to
the ring, a concentric vertical load Q (reaction of a
continuous beam) and a torque M, (reaction torgue of a

both-ends fixed beam). Thigfis the typical case for rings

over the inverted V-bents. (Fig. 5.4).

For rings over the single post supports only

Figure 5.4 (a) should'bé considered.

5.2.1.1 Concentric vertical load Q

- . -~

The bending moment diagram for an eccentricity of
‘the support equal to 0,04R is shown in Figure 5.6. Figure
5.5 shows the absolute values of Mo’ Mi and Ma plotted in

the function of the ratio, a/R. The eccehtricity, a, is taken
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FIG. 5.4 Effects of Vertical Loads on
Ring Girders

L

as positive when the reactions are applied outside the
neutral axis of the supporting ring. As we see from Figure
5.5, the minimum possible ring moment is obtained for

a/R = +0.04, in which case: ‘ .

M. = M_ = 0.010QR ' . (5.2)

The maximuin normal ring force (axial force), due

to the circumferentiai shear, occurs at X = 7/2 and is:



84

g = &
P0°0 = 3

x03 butx but
~-3X0ddns urt werbeTp
quouiow butpusg 9°'¢ HIJ

¥ yoo=-"

Crles

ud 23...:?1 ~

£ .

[ Fa

butx butzxoddns .
y ut sjuswow Hurpudg §°G°OId

H .. U AP JUIORY O EINITA :
oo 3100 Y100 7100 0100 9000 9000 ¥000 2000 0000

T~
<

//
NN -
// .V.-a_u \1\\ a0t
wﬁ/////. \\W\\ m
\\ s
- \\ . % /// ~ So..m..
T\ .

\NEEE

oto+




85

_Q e
T, = F \ (5.3}

The force exerts compression just above, -and tension

just below, the horizontal diametér. Since,.for a/R > +0.04,

the maximum beﬂq}ng stress is also found at this point, a
. somewhat smaller cémbihed stress’w;ll be obtained with +0.04 >
a/R > 0.0, although it is hard to be achieved because of

~fabrication reasons.

Y

&

Figure 5.5 can be uséd readily, and—{or a given
@ ﬂe values of

ratio of support eccentricity to radius, a

-moment coefficient, M.C. can be obtained, at poiéiﬁ/ a,i,o.

} M = (MC)QR _ (5.4)

The maximum combined stresses in the ring for

a/R > 0.04, occur at the horizontal diameter, where
. _ (MC)QR o)
pend. | faxial = s 't 74a

£, = £ (5.5)

and ' S ) =

S = section modulus of combined section, in?

(Figure 5.3}

A = area of combined section, in®. (Figure 5.3)

a =leccentricity of the support, in. (Figure 5.3)

R = radius to center of gravity of ring, in.
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-

And forfa/R = +0.04, the maximum combined stress

Cis:

0.010 QR . O .
S + —ix . (5.6)

f1=

5.2.1.2 Torque due to vertical loads

For the analysis of this éase,a(rigure 5.4 (b)),
. )

"use of the tables presented in Reference i[lgj was made.

FIG. 5.7 Ring Girder Under Torque Mj
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" The maximum bending,ﬁoment due to the combination

\

of those cases occurs at the horizontal diameter:

maxM = & MO =._:'T}§: MT (5.7}

The maximum axial force occurs at the same

point:

M .
_B_ T
maxT = 7 = IR {5.8)
The maximum combined stress at the horizontal
diameter is: - _ ' -
£, = f + £ . = iﬁ! + _ﬁl . (5.9)
2 “bend. axial 4RS 4RA ' :

5.2.2 Horizontal Loads

-~

The wind reaction, W, (over tHe inverted V-bents) ,

is transmitted from the shell of the tube to the ring girdexrs

*

by tangential shear. For the analysis of the ring girder
under horizontal loads the tables presented in reference [18]
will be employed, which are presented schematically in

{

Figure 5.8B.



- WIND DIRECTION
-

Ring Girder Under Horizontal

Load

N =

0.2387 W

4

0.5w

(5.10)

(5.11)

(5.12)

(5.13)



The maximum combined stress occurs at

diameter:

+0.08 WR ., +0.24 W
£a = S -t A

5.2.3 Summary o ’ .

a) Vertical locads

Ring girder above:

(1) Single post support:

g, = Q0L OR . 0

S 4 < fal‘low.

(2) Inverted V-bent:

: aM :
= _0.01 QR T 0
- SR B Y * ax T
~—
-i-__ME.(f
4RA all.
b)  Vertical and horizontal loads

Ring girder above:

(1) Single poét support: Eg. (5.15).

-
(2) Inverted V-bent support:

89

the horizontal

(5.14)



o

_+0.01 QR T
£+ £2 £ 3 4RS
M
0.08 WR Q , _ T, 0.24W
S iA © ZRA A

90

(5.17)

ol
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