81 Aiana pajjoq aq ospo pjnoys sjpund ajoy pup ybty 01 suun oy :sjop

"9 deis yim apacoud pup 4 de)g jpaday ‘¢

'Sawl ||o 3D BWDJ) SUO 0} PayODRD

lupd 3{o0q Jo 8pls 3u0 eAD3| 0) auns ag “awDl) 0) SwDlj YODJID 0} JSPJO Ul paAowal
99 0y pssu SHUN pajquiassD ayy o} sfsupd %opq sy} BuiyopyD s}oq ayj ‘paioys

9q [j# s[aund oD 'SUN Pa|qUIBSSD UO SAWDY JO Day 0} Ajposup sswioyy yooyy 7|
:palISSp S| MO 30Dq—0}—XoDq D J|

‘g daig
Yym apadoud puo Aquissso suipyy 0LSUl Jo poajsul A|quisssp awipuy pus asn |}

iSjuUn Jo Mol D pus of

'g dejs yym spasosd puo 4 da)s paday ‘|
, ¢ do)g sD Joupw
l3jul un pupis ‘g
¢ dajg

0} sjaupd %9pq YOOy ‘Q
*Sjun [ouonippo ppp of

'Sanfays Buluibwas soy g deyg ypaday /
‘Al1adoud Joes 0} Jjays yops uo umop ssaid puo S9ARYS woypoq pup doy (jpjsuj °g

: "SUOI}DIO)
Wblay pansap 3o sdijd Jjays pasu| “uotysod [Do14eA D ul Ajquiassp sy} pupig g
"900(d oju psjjoq pup jnu aq Jo 9sDq U0 }sal

M Jjays Jo uol{ "sasnq 3sod 19sj0 UM pasn jou aip ieys wopoqg uo sdijp juosy

:8joN “buiuayybyy usym sisod jo wonog yym Ysnj} si aspq eins aYop -uorysod }samo)
10 S}j0q pUD SINU Ypa sisod jasyjo Juoy o apisul 0} (papnjour J1) aspq yooyy ‘4

: Jubn sabuy synu eADa| ‘pasisap aup sjiun %onq

~0}-40ng | "sysod Jo wopoq wouy sjoy 1| pup ‘dpjsA0 sjsund alaym ‘sysod jo doy
ulodj sjoy pi 30 SHOq pub sjnu yum sisod 3880 Jo episur oy sjeund 190G Yooy ‘¢
‘9bps uo sayquessp swniy omy pumg -z

"SNOILONYLSNI
ATBIISSY SIAVYES 03S010 1SOd" 13S440 Jod sp sswpiy somsyur pup pus ajqusssy ‘|

‘Alquiassp oy Joud suopsnnsui o poay
S[qUISSSy 0} MO{

awps Ul sjound 30DQ 0} YoDNJO pub uorsod [DOIUSA D E.mEot 10

SD JOuDW 3WIDS Ul 2WDJj Jouajul Buipuoys Jo pas Jo apisul

o099 ¢




"8l Kiane pajjoq aq ospp pinoys sjeund “Us|oy pup ybiy 0l spun o4
'9pis Jayjo Joj | deyg joadey g
M} usamiaq sjaund apis yobny |
‘Alquasso 0} Joud suolpaniysur o poay

SWDI{ JOUSIU[ 9[qUisSSy O] MOf]

‘dopieno sfaund aJsaym puo ‘doy wouy sjoy pig sy ‘Woy0q woy 8oy Is| 30 S}0q pud SYNU YK s)sod Jesyo o

8L A1sAs payog aq osjp pjnoys sjaupd 3|0} pup ybiy (| syun Joq
‘SWDYY O SpISIN0 U0 aq pjnoys s)oq Jo SPDaH :a)ON

. "8pIs Jayjo Joy | deyg ypadsy ‘g

0 8pisul 0} sfaund apis Yooy |
‘Alquisssp 0} Joud suoionssul (o ppay
4 SWDI{ PUT S[qUISSSY 0} MOH

‘dopano sjaund siaym puo ‘doy woly sjoy pig ey ‘WOROQ W0} 3joy 1S| 1D S}oQ PUD SINU LM }SOd 185)J0 -}

(o] - P - (2}
(o] ¢ o ° o]
(o] o ]

(s} o) o
o] o o o (o]
o| o '

o] o) (o]

(v} o
(o] (o) [0}
il VN[
\
< ‘ 0
o] (o]
|}
(o] i (@]
SWIDI] JOLIa0] 3WoJ] pug . .
(o]




SHELVING BRACING CONSIDERATIONS

FOREWORD AND INTRODUCTION

The Shelving Manufacturers Association, hereinafter referred to as SMA, is a product section of
The Material Handling Institute. Inc. and is comprised of manufacturers engaged in the design,
fabrication, sale and installation of industrial grade steel shelving. The Engineering Committee of
the SMA has developed a “Specification for the Design. Testing, Utilization and Application of
Industrial Grade Steel Shelving,” which subsequently was adopted by The American National
Standards Institute (designated as MH 28.1, 1982).

The intent of this document is to provide guidelines relative to the purpose, function and proper
application of shelving bracing. This guide is primarily a user's guide outlining some of the
characteristics pertaining to the bracing of industrial grade steel shelving. The SMA has developed
this guide for the benefit of users including consultants and installers who are involved with the
general design, use, installation, and application of industrial grade steel shelving. It is
recommended that this document be used in conjunction with shelving that has been
manufactured to ANSI MH 28.1, 1982, and installation instructions. drawings or manuals
supplied by the manufacturer. :

This guide is intended to be used only as reference and does not imply any warranty or
responsibility by any of the member companies, the SMA or by The Material Handling Institute,
Inc. Further, these following guidelines do not assure compliance with applicable federal. state, or
local regulations and codes. )

COMMENTARY

The proper application of any product requires that it be fit for the intended use. The application
of shelving requires the design of adequate bracing for structural stability. The considerations that
follow sre by no means all-inclusive, but represent some of the more commeon considerations when
designing shelving. Therefore, these considerations must be taken into account when applying
shelving.

This guideline is not intended to be a textbook but has been developed only to alert the user to the
need for a formal approach to adequate bracing to prevent failure. The shelving manufacturer’s
staff engineers or consulting engineers should provide specifics for any condition.

DEFINITION OF BRACING

Bracing, as related to shelving, is a physical member usually made of steel—flexible or rigid—
whose function is to support, sustain, buttress, prop or bolster the structure surrounding it in an

upright or plumb position.



PURPOSE OF BRACING

There are two primary reasons to adequately brace a shelving storage structure.

1. To provide stability and resistance against lateral (horizontal) forces induced by the
following possible conditions.

A

Out of plumb: While the ANSI specifications restrict out of plumb to 1 inch in 10 feet,
this small allowance will create a lateral force. (About 0.833% of the vertical dead load
plus live load in each unit of shelving.) Out of plumb is usually caused by uneven
floors and minor looseness or flexing of connections. '

Other external forces such as wind (if outdoors) and seismic forces; if a structure is to
be designed to resist possible earthquake or wind forces, the lateral load may be of such
magnitude that additional bracing is required.

Impact by carts, jacks, vehicles: These vehicles impart load factors and forces that are
difficult to define in quantitative terms. However their existence should be considered
and provided for if the installation is adjacent to high-traffic areas. (The shelving itself
being hand loaded.)

2. To provide for post stiffness.

The ability of the shelving post to carry gravity loads is heavily affected by the “effective”
unbraced length of a post. Bracing reduces side sway or movement of the shelving
structure. It also can substantially reduce the effective unbraced length of the post,
thereby allowing the post to carry more load. The type of bracing used in the shelving
structure is critical in determining the effective unbraced post length. Analysis should be
conducted for every unusual situation.
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INDICATES LATERAL ————X

LOAD APPLIED TO THE

SHELVING UNITS

Bracing should be staggered or spaced so

that a load path is provided to carry the

¢

laterial load applied to the shelving structure
from the top down to the floor. Contact the

shelving manufacturer for size of bracing,
location and amount of bracing to use.
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TYPES OF BRACING AND EXAMPLES

1. Cross bracing is generally used [or open-type shelving (side
and back sway braces). Usually one or two diagonal bars at
various locations in the shelving structure, depending on \ / \

conditions, X \
d N

M P JIIIIIII’

2. Partial panel (panel sway brace). Usually a light gauge narrow
panel used to make an open upright assembly.

A ST

3. Full panel, also referred to as closed shelving (closed upright and
back). Usually light gauge, running from bottom to top of shelving
unit. Full panels should be attached to the columns at sufficiently
close intervals to be effective as a bracing element.

4. Moment connection (corner angle brace, spreaders and beams).
Usually a corner brace rigidly located at post to shelf position. Spacing
of moment connections may vary depending on load conditions.
Contact shelving manufacturer for recommendations.
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5. Anchor to rigid structure “towers” or building (if building has been
designed to take this load).
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BRACING RECOMMENDATIONS
AND OTHER CONSIDERATIONS

1.

When checking for adequacy of connection and members, the bolt, brace and post it attaches
to should be analyzed to determine the weakest member. .

Very special attention should be given to a “pass thru” (no sway bracing) situation, as this
makes the design of adequate bracing a much more complex consideration. This is the

moment connection type of bracing.
Bracing should be attached as close to the bottom of posts as possible. -

To derive the best benefit from sway bracing, it should connect the posts as close to shelf levels
as possible.

Top ties are normally used where overturning of units is evident. The top tie provides
horizontal stability by connecting single faced units to double faced units which normally
corrects the overturning problem.

Cross aisle supports used in two level or multi-level shelving provides a labyrinth, which
connects all shelving units together by the attachment of decking material in the aisles to form
one large mass which helps to stiffen the installation.

Floor anchors are used to prevent movement or overturning due to seismic considerations.

Also, upright assembly anchoring should be used when the top loaded shelf is over 8' 3" (2 5m)
high and the height to depth ratio of shelving exceeds four (4).



