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A. EARTHQUAKE == SEISMIC ACTIONS

A.1 Seismic actions are affecting

Warehouse Building Design

Storage Equipment Design, like Racking & Shelving (R &
Mezzanine / Platform Design

Mechanical Equipment Design (??)

The Concentrated Compression and Tension Forces indude
R & S into its Foundation (= Warehouse floor)
Horizontal Sway Deformations of R & S Warehouse

sz

éééé.

To o Do Do Do Do o

S)

Examples of @Ierfaces
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A. EARTHQUAKE mmmmp SEISMIC ACTIONS

A.2 Determination Seismic Actions for Europe

EUROPEAN STANDARD EN 1998-1
NORME EUROPEENNE
EUROPAISCHE NORM December 2004

v . ENV 100813 1
English versior
FEM RACKING AND SHELVING PRODUCT GROUP
European Racking F ederat
Eurocode 8: Design of structures for earthquake resistance -
Part 1: General rules, seismic actions and rules for buildings FEM 10.2.08

RECOMMENDATIONS FOR THE

DESIGN OF STATIC
STEEL PALLET RACKS
IN SEISMIC CONDITIONS

y

Other racking types:

Only Pallet Racking

- Research and Code Drafting still to be done

- Apply the APrincipleso from FEM
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EUROPEAN-MEDITERRANEAN SEISMIC HAZARD MAP

NPea Gr oun

|

Deep red 0.45¢g
Red 03 g
Orange 0.15¢g
Yellow 0.08 g
Green 0.04 g

Light green 0.02¢g

g = gravity acceleration
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A. EARTHQUAKE wm=mmm SEISMIC ACTIONS

Including its components and connections

Eurocode 8 (EN 1998l1) gives insufficient guidance
 Z

Research was necessary
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A. EARTHQUAKE i SEISMIC ACTIONS

A.4 Recent Research: Seisrack |

Subsidized by the European Commission, Research Fund for
Coal and Steel

Limited variation in rack makes

4 |
‘ iMore questions t
4

CARLO ANDREA CAsTiGLION! Arbitrary decisions needed
SEISMIC BEHAVIOUR OF STEEL STORAGE by a Commlttee Of Experts

PALLET RACKING SYSTEMS ‘
\ll(ll’lllull:l.'l\lll&l\(.ml'\ul\u\l ﬁ B e s t I‘ { FEM 10.2.08
[FOLITECNICO DI MILANO, ITALY -
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A.EARTHQUAKE mmm)p SEISMIC ACTIONS

DIFFICULTY RACKING ¢ C EARTHQUAKE

Which Enerqgy will be Absorbed by the Rack Structure ??

Ductility Reduction Factor

c
he]
2 Elastic AR / AE
AE__ _____________ Y Stiff
Ars| & " Flexible " fiHi gho Seimmi c Zonce
]
ARf i \ || : t{
N/ T Bracing might be necessarymp
! Reality
i Elasto - Plastic ‘
i Balance between Stiffness
—-
Deformation & Strength (H)
PG Racking & Shelving 9
Harmonization and Standardization / Congress September 2010

beam 130 x 45 x1.5 mm
section 1-1 section 2-2 section 3-3

LS
P e o —

w o=

N

130ECCS-2
— 130Fy25-1
— 130FY50-2
— 130Fy66-1

130Fy75-1

PG Racking & Shelving 10
Harmonization and Standardization / Congress September 2008



PUSH-OVER TEST DOWN-AISLE (Seisrackl)

Collapse mechanism

PG Racking & Shelving 1
Harmonization and Standardization / Congress September 2010

Movementsof the jacks are controlled by soft ware
VIDEO simulating an actual earthquake
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Hy=UW : EN 15512 wp U

Hn(orman ¢ Y !

X
radiang ‘
: Hy=W/200 & W /500

W
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ow

x  Medium bl / 10

x  High :b°1/4
(Unbracedl
:b0o1/2
(Braced)
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Braced :

Relatively stiff
l_'_l

e

Single rack run :

e

N

SPINE BRACING
UPRIGHT

complexer modelling
due to excentric bracing

(4]
P
v

A—
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A. EARTHQUAKE mmmmp SEISMIC ACTIONS

c. Horizontal forces on the pallet supporting beams

In case
Y% Hg > (Friction Coeff.) x W === S| |IDING
Sliding in cross aisle direction ===  P3|let may fall down !!

AA0O solution (FEM 10.2.08)

Safety H
b back stop Pallet will always
Operating | | slide backwards
Aisle [5—1_**—_7’——7_*_——7*_— — _—gJ .
—~— L7 7 against the pallet stop !!

PG Racking & Shelving
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A.EARTHQUAKE mmmp  SEISMIC ACTIONS

Sliding displacements are unpredictable due to :

Random nature of earth quakes
Variation of actual friction coéfficients (wear & tear) !!!

Safety
I

oparsting | e Il Inclination of at least1%
Aisle ﬁf::::;:(:; — _
- Ifﬁl - (to be on the safe side )
I
f

1% T Installation Tolerance}s + Safey 2% !!
Y
(O 1/ 350)
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A. EARTHQUAKE mmmp SEISMIC ACTIONS

Determination of Friction Coéfficients

BY TESTS
(Research Project

PG Racking & Shelving 19
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VIDEO 2 Dimensional VIDEO Cross Aisle
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PALLET TYPES

Table 2.7 - Recommended reference values for the pallet-beam friction coefficient

B3 : Reference Friction
Materials in contact Environment coefficient s
Steel beams - all coatings s
Wooden pallet Warehouse conditions 0.37
Steel beams — all coatings =
Plastic and steel pallet Warehouse conditions 0.15
Steel beams — all coatings
Wooden pallet Cold store 0.30
Steel beams - all coatings
Plastic and steel pallet Cold store 0.10
Steel beams —all coatings | Chill store 0.0
Wooden pallet Wet pallets :

Potential Sliding : Lower Bound Values ; Hg: Upper Bound

PG Racking & Shelving
Warehousing in a Seismic Area 22
FEM Congress September 2010
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4

Might damage other rack components

\ g

Local or Tot al (AProgr essi
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A.EARTHQUAKE  mmmmp SEISMIC ACTIONS

SLIDING == Pallet might fall == Damaging the rack

Pallet(s) fall(s) down in a Very Narrow Aisle (Attentiofii S o |UnitdLoads)
(e.g. VNATruck or Crane Racking)
L ’ J
Localdamage mmp POSssi bl e Progr
PG Racking & Shelving
27

Warehousing in a Seismic Area
FEM Congress September 2010

A. EARTHQUAKE ‘ SEISMIC ACTIONS
d. Seismic Sway Rack and Warehouse
ent nC

Suffici
required between both

SeismicAction
to avoid colliding at an earthquake

Warehouse may move to the right ,
while rack moves to the left

1 \
[ Ta” |
+ + | '
l
1

SeismicAction {

[
R
» r/ -\f/:,j{/w,_ SWAY \areHouse + SWAY rack
7 7 g B -
: : SWAY pack 1 + SWAY gack 2

28
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Smaller H ggigmic (FEM 10.2.08: Reduction by E,)

Table 2.8 - Pallet weight modification factors

Ep, Stored good classes | Example
Frozen goods (cold storage)
1.0 ggx?g\rmw Steel sheet package
Coils and paper rolls
Big number of pieces stored on the pallet whose size is
0.8 WEAK small in comparison to the pallet size, including goods
stabilized by stretch wrapping
07 LOOSE AND Goods that can easily move around inside the container
‘ UNCONSTRAINED e.g. granulated materials
1.0 LIQUID Unit load containing liquid that can slosh in the container

PG Racking & Shelving
Warehousing in a Seismic Area 29
FEM Congress September 2010

2

Certain Energy Absorption ,
but
Goods may fall dow

5

5
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A EARTHQUAKE ™=  SEiSMIC ACTIONS

AROCKI NGo PALLETI SED C

The goods on the pallets might fall down during an
earthquake : This shall be preventedA!

A Sufficient Stretch / Wrapping / Banding
Advised Unit Load : (Max. Height) / WidthO 2

FEMA Report 460 AnPall et Til

%) FEMA RS

PG Racking & Shelving 32
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16



A EARTHQUAKE ™=  SE|SMIC ACTIONS

ACCES BY PUBLIC : SPECIAL APPROCH
STRUCTURAL SAFETY &
POSSIBILITY OF GOODS FALLING FROM THE PALLET

Seismic Considerations for
Steel Storage Racks

Located in Areas Accessible to the Public

FEMA 460 - September 2005

PG Racking & Shelving 33
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A.EARTHQUAKE mmmp SEISMIC ACTIONS

Speci fic Safety Approach

Table 2.1 — Importance factors for racks

Importance factor
Importance S 30 year
Class BEsmipion dggi y:’al‘i;e design life
g [See (2)]
Warehouses with fully automated storage
| operations 0.8 0.67
Low warehouse occupancy [See (1)]
i Standard warehouse conditions, including picking 1.0 0.84
areas e
1] Retail areas witipublic access) 1.2 See (2)
V; Hazardous product storage_ 1.4 See (2)
PG Racking & Shelving 34
Harmonization and Standardization / Congress September 2008
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B. ROLE END-USER and/or SYSTEM DESIGNER

B.1 End-User Position

Final responsible for Safety & Logistic Performance
His Investment / Financial Risk

END USER / CLIENT

WAREHOUSE BUILDING 4——> | STORAGE SYSTEM
DESIGNER DESIGNER

PG Racking & Shelving
Warehousing in a Seismic Area 35
FEM Congress September 2010

B. ROLE END-USER and/or SYSTEM DESIGNER

Examples of

relevant issues for the Storage System — Designer

FEM 9.223 || STORAGE SYSTEM DESIGNER | FEM 9.841

!
§ : : z

Internal Transport lep] Operations || S/R Machines PN Racking

@ Conveyors ® Through put ® Capacity ® Lay-out & Configuration
® AGVS ® Design life ©® Tolerances & Deform ® Specification Unit Loads
©® Industrial trucks * WMS ® Tolerances & Deformat

. @ Training
©® Maintenance
L

® Fire safety

PG Racking & Shelving 36
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B. ROLE END-USER and/or SYSTEM DESIGNER

END 1 USERS and also sometimes
SYSTEM DESIGNERS or even SUPPLIERS
are Not Always Aware of their Responsibilities

RESPONSIBILITIES OF SUPPLIERS [
AND USERS OF PALLET RACKING

‘ ERF Info 01 Storage Fquipment Information Bulletin
Ne. 1
THEREFORE > > |
t
|
|

and in addition also :

‘

FEM 9.841 / FEM 10.2.10
il nterfac

PG Racking & Shelving 37
Harmonization and Standardization / Congress September 2010

B. ROLE END-USER and/or SYSTEM DESIGNER

B.2 Seismic End Conditions = Project Interface

FEM CODE Al NTERFACESO wi | | be

Doc. no. N 072 (Drajé )

FEDERATION EUROPEENNE DE LA MANUTENTION FEM
o Intralogistic Systems
o Racking & Shelving 9.841/10.2.10
Rail dependent storage and retrieval systems
lilestaces 22 July 2010
Whole Group

INTERFACERA Sei smi ¢ End Con
have to be part of the Project Specification

PG Racking & Shelving
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B. ROLE END-USER and/or SYSTEM DESIGNER

Relevant Seismic Interfaces for the Rack Design

1. Soil characteristics
2. Charactepof storedgoods ( dempach , A f | leuidsib)

3. ReducedlesignweightUnit Loads atanEarthquake??

4. Rackfilling gradereductionfactor(downaisle

PG Racking & Shelving 39
Harmonization and Standardization / Congress September 2010

B. ROLE END-USER and/or SYSTEM DESIGNER

5. Typeof LMA (e.g.wood, dry or wet; plastic; stee)
6. Seismicdesignlife,  Normal . 50Years

Reduced . 30Years
7. Interfacesvith Warehousauilding, e.g. :

- Additional Upright andAnchoringforces
- SeismicSwaydeformatiorWarehous@&uilding

PG Racking & Shelving 40
Harmonization and Standardization / Congress September 2008
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Transit Area, Picking Area and / or Gang / Traffic Ways

)

1l
It

- m— 1

APi k i |
(1) Transit / Picking Warehouse as He atstes

(2) Fully automated High Bay Warehouse

PG Racking & Shelving 41
Harmonization and Standardization / Congress September 2010

SEISMIC DESIGN DATA OVERVIEW 7772
/JQShde 4¢

1 Is seismic design required? (by client, local authorities etc.) Y Jy
2 Design Code / Standard FEM 10.2.08
3 Postal Code of site
4 Seismic Zone or Ground Peak Acceleration
5 Response Spectrum Type (Type 1, Type 2 or spectrum specified by

National Regulations based on EN1998-1 approach — in this case name of

the Regulation shall be specified e.g. DIN1998-1 etc)

@ PG Racking & Shelving 42
Harmonization and Standardization / Congress September 2010
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6 | Ground Type

7 | Importance Class (see table 2.1)

8 | Design life (standard for racking: 30 years / buildings: 50 years: see FEM
10.2.08, table 2.1)

9 | Retail area with public access (see table 2.1)

10 | Storage of hazardous products (see table 2.1)

11 | Re = Rack filling grade reduction factor, only in down aisle direction (see
234)

12 | Storage environment (e.g. standard, cold store, chill store with wet pallets
;see 2.3.3)

PG Racking & Shelving
Harmonization and Standardization / Congress September 2008

43
13 | Type of load make up accessory (e.g. wooden or plastic pallet; steel box
pallet: see 2.3.3)
14 | Class of stored goods (‘compact”, “weak” etc: see table 2.8)
15 f’gsmic sway of the Bwjlding
16 N<Client to be informe:
a. Risk related to sliding of unit loads (Annex F)
b. Risk related to rocking of stored goods (Annex D)
c. When an earthquake is noticed, to check for the ground acceleration
Ag;published:
which is always published in such a case, and
when agpupiished > 0,30 agr S =|:] a check for the integrity of the rack
is required.
@ PG Racking & Shelving 44
Harmonization and Standardization / Congress September 2008
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B. ROLE END-USER and/or SYSTEM DESIGNER

B.3 Endi Users Responsibilities

INVESTMENT
PERFORMANCE

Y
L

IN BALANCE WITH

SAFETY OF
WORKERS

AT WORK
COMPANY RISK

@ Harmonization and Standardization / Congress September 2008

PG Racking & Shelving

B. ROLE END-USER and/or SYSTEM DESIGNER

IS SEISMIC DESIGN REQUIRED,

WHEN WAREHOUSE IN A SEISMIC AREA ??
(l'tem 1 of

Tabl

e

45

Sei smi c

One has to Comply with Rules & Legislation

Safety of Workers at Work A

A Risk Inventarisation & Risk Evaluation

Structural Steelwork A

A Structural Safety Reauirements

Y

N PRI

NC I

P L

E ARYESO

@ Harmonization and Standardization / Congress September 2010
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B. ROLE END-USER and/or SYSTEM DESIGNER

UNFORTUNATELY THE DAILY PRACTICE
IS NOT ALWAYS WHAT IT SHOULD BE

Some End Users / Clients
for Lower Prices

seem to bury their heads in the sand ,
rather than accept the

budget consequences
of building in a seismic area.

PG Racking & Shelving
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B. ROLE END-USER and/or SYSTEM DESIGNER

DESIGN RISK_& A FINANCIAL RISK

Price Indication per Storage Location for Pallets

(Mid 2010)
*ANormal o , Lift Tr uwiB%- -Op4bs at
* Drive-in : 020/ -- 025/

*Hi gh Bayo, Crane o pié0ra-t é100;-

Transaction Prices. €/tonne.

Attention : -
Costs highly influenced - 2\ /“
by steel price ==
b Steel price fluctuates "R e _Beel e e

jubstantially Bottom G 400;- ; Top G 800;- ; Now G 400;-
per ton steel

PG Racking & Shelving 48
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Cost of Operation Limitation / Stop
Substantial

Costs of Damage of Company Image
Might be substantial

Insured persons or worst

Beyond price !!!

PG Racking & Shelving 49
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Recorded by Surveyance Camera
(Earthquakeless intensivehan action according Seismic Design Standard)

PG Racking & Shelving 50
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http://www.youtube.com/watch?v=6HFp7ai0OBY




