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WAREHOUSING

IN A SEISMIC AREA

¸Earthquake Design  /  Research

¸ Interfaces

¸Responsibilities
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A. EARTHQUAKE SEISMIC ACTIONS
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A.1 Seismic actions are affecting

ÅWarehouse Building Design

Å Storage Equipment Design, like Racking & Shelving    ( R & S )

Å Mezzanine / Platform Design

ÅMechanical Equipment Design (??)

Å The Concentrated Compression and Tension Forces induced by 

R & S into its Foundation  ( =  Warehouse floor)

Å Horizontal Sway Deformations of  R & S   +  Warehouse

Åéééé. 
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A. EARTHQUAKE SEISMIC ACTIONS
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A.2 Determination Seismic Actions for Europe

Other racking types:

- Research and Code Drafting still to be done

- Apply the ñPrinciplesò from FEM 10.2.08

Only Pallet Racking

PG Racking & Shelving
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FEM Congress September 2010



3

PG Racking & Shelving

Harmonization and Standardization / Congress September 2010
5

Seismic Areas in Europe

with 

ñPeak Ground Accelarationsò

Deep red 0.45 g

Red 0.3   g

Orange 0.15 g

Yellow 0.08 g

Green 0.04 g

Light green 0.02 g

g = gravity acceleration

A. EARTHQUAKE SEISMIC ACTIONS
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A.3 Seismic Behaviour Pallet Racking

¸Far from a ñtraditionalò steel structure 
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A. EARTHQUAKE SEISMIC ACTIONS
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Including its components ánd connections

¸ Eurocode 8 (EN 1998-1) gives insufficient guidance

Research was necessary

A. EARTHQUAKE SEISMIC ACTIONS

A. EARTHQUAKE SEISMIC ACTIONS
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A.4 Recent Research:  Seisrack I

Subsidized by the European Commission,   Research Fund for

Coal and Steel

Limited variation in rack makes

ñMore questions than answersò

Arbitrary decisions needed 

by a Committee of Experts

ñBest Practiceò 
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FEM 10.2.08
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A. EARTHQUAKE SEISMIC ACTIONS

DIFFICULTY RACKING            EARTHQUAKEċČ

Which Energy will be Absorbed by the Rack Structure ??

Ductility Reduction Factor

AR /  AE

ñHighò Seismic Zone             High Hs

Bracing might be necessary              Hs

Balance between Stiffness

&   Strength  (Hs)

PG Racking & Shelving

Harmonization and Standardization / Congress September 2008
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PUSH-OVER TEST DOWN-AISLE   (SeisrackI)
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VIDEO
Movementsof the jacks are controlled by soft ware 

simulating an actual earthquake
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A.5 Earthquake Consequences for Pallet Racking

a. Relatively high horizontal forces

¸ NO SEISMIC AREA , only a function of 

- Installation non-verticality

- Possible looseness of the beam hook-in connections

HN= ŬW   ;   EN 15512 Ŭ

HN = W / 200  à  W / 500
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A. EARTHQUAKE SEISMIC ACTIONS
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¸ SEISMIC AREA

HS = bW

Seismic Effect

× Low : b º1 / 20

× Medium : b º1 / 10

× High : b º1 / 4 

(Unbraced)

: bº1 / 2 

(Braced)

PG Racking & Shelving
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!! b  > >  1 / 200  !!

A. EARTHQUAKE SEISMIC ACTIONS
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Unbraced :   Relatively weak

Braced :   Relatively stiff

Single rack run : 

complexer modelling

due to excentric bracing

A. EARTHQUAKE SEISMIC ACTIONS

HS
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b. A dynamic action with a certain frequency

Seismic FrequencyºEigen Frequency Rack (= Fundamental Period)

Oscillation in the ñEigen ModeòHS
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A. EARTHQUAKE SEISMIC ACTIONS

(like pushing a swing  with the right rithm)
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c. Horizontal forces on the pallet supporting beams

In case

½ HS  >  (Friction Coeff.) x W SLIDING

Sliding in cross aisle direction   Pallet may fall down !!

ñAò solution (FEM 10.2.08) :

Pallet will always

slide backwards

against the pallet stop !!

PG Racking & Shelving
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A. EARTHQUAKE SEISMIC ACTIONS
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Sliding  displacements are unpredictable due to :

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

!! Inclination of at least 1% 

( to be on the safe side )

1%  +  Installation Tolerances  +  Safety  Ą 2% !!

A. EARTHQUAKE SEISMIC ACTIONS

(Ò 1/350)
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Determination of Friction Coëfficients

A. EARTHQUAKE SEISMIC ACTIONS

BY  TESTS

(Research Project ñSeisrack Iò)
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VIDEO 2 Dimensional VIDEO Cross Aisle
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PALLET   TYPES
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FEM 10.2.08: RecommendedFRICTION COEFFICIENTS
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A. EARTHQUAKE SEISMIC ACTIONS

Potential Sliding : Lower Bound Values   ;       HS : Upper Bound    
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A. EARTHQUAKE SEISMIC ACTIONS
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In case no proper measure against sliding

Pallet might fall down

Might damage other rack components

Local or Total (ñProgressiveò) Collapse NOT UNLIKELY
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SLIDING will take place in case

H Seismic > (Friction Coefficient)  x  W

PG Racking & Shelving

Warehousing in a Seismic Area 

FEM Congress September 2010

A. EARTHQUAKE SEISMIC ACTIONS
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SLIDING Pallet might fall Damaging the rack
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A. EARTHQUAKE SEISMIC ACTIONS

VIDEO
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SLIDING Pallet might fall Damaging the rack
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A. EARTHQUAKE SEISMIC ACTIONS

VIDEO
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SLIDING Pallet might fall Damaging the rack

PaP

Pallet(s) fall(s) down in a Very Narrow Aisle  (Attention: ñSolidò Unit Loads)

(e.g. VNA-Truck or Crane Racking)

Local damage Possible Progressive ñCollapseò
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A. EARTHQUAKE SEISMIC ACTIONS
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A. EARTHQUAKE SEISMIC ACTIONS

d. Seismic Sway Rack  and  Warehouse

SeismicAction

SeismicAction

Sufficient ñClearanceò

required between both 

to avoid colliding at an earthquake 

Warehouse may move to the right ,

while rack moves to the left

SWAYWAREHOUSE + SWAYRACK

SWAYRACK 1 + SWAYRACK 2
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A.6 The Unit Load as a ñSubò- System

Unit Load  =  e.g  Pallet + Goods

Relatively weak or loose stored goods absorb part of the earthquake energy

Smaller H Seismic (FEM 10.2.08: Reduction by ED2)

A. EARTHQUAKE SEISMIC ACTIONS
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Example of a Unit Load

¸Certain Energy Absorption ,

but

¸Goods may fall down!!

ñLooseò Goods

A. EARTHQUAKE SEISMIC ACTIONS
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VIDEO

PG Racking & Shelving
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ñROCKINGò  PALLETISED GOODS

The goods on the pallets might fall down during an 

earthquake  :  This shall be prevented !!!  Ą

Ą Sufficient Stretch  / Wrapping  / Banding

Advised Unit Load : (Max. Height) / Width   Ò 2

FEMA Report 460 ñPallet Tilt Testò 

A. EARTHQUAKE SEISMIC ACTIONS
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A. EARTHQUAKE   SEISMIC ACTIONS

ACCES BY PUBLIC :  SPECIAL APPROCH  

STRUCTURAL SAFETY  & 

POSSIBILITY OF GOODS FALLING FROM THE PALLET

PG Racking & Shelving

Harmonization and Standardization / Congress September 2008
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Specific Safety Approach by ñImportance Factors 

A. EARTHQUAKE SEISMIC ACTIONS
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B.1 End-User Position

¸ Final responsible for Safety & Logistic Performance

¸ His Investment / Financial Risk

END USER / CLIENT

WAREHOUSE BUILDING

DESIGNER

STORAGE SYSTEM 

DESIGNER

B. ROLE END-USER and/or SYSTEM DESIGNER

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

SYSTEM DESIGNERS  or even SUPPLIERS 

are Not Always Aware of their Responsibilities

THEREFORE

and in addition also :

B. ROLE END-USER and/or SYSTEM DESIGNER

FEM 9.841 / FEM 10.2.10                    

ñInterfacesò

38

B.2 Seismic End Conditions  =  Project Interface

FEM CODE ñINTERFACESò will be published within half a year

INTERFACE ñSeismic End Conditionsò 

have to be part of the Project Specification

PG Racking & Shelving

Warehousing in a Seismic Area 

FEM Congress September 2010

B. ROLE END-USER and/or SYSTEM DESIGNER
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1. Soil characteristics

2. Characterof storedgoods (Ăcompactñ, Ăflexibleñ, Ăliquidsñ)

3. Reduceddesign weightUnit Loads, at an Earthquake??

4. Rack filling grade reductionfactor(down aisle)

Relevant Seismic Interfaces for the Rack Design

B. ROLE END-USER and/or SYSTEM DESIGNER

PG Racking & Shelving
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5. Type of LMA (e.g. wood, dry or wet ; plastic; steel)

6. Seismicdesign life ,      Normal :     50 Years

Reduced :     30 Years

7.  Interfaces with Warehouse Building, e.g. :   

- Additional Upright- andAnchoringforces

- SeismicSwaydeformationWarehouse Building

B. ROLE END-USER and/or SYSTEM DESIGNER



21

PG Racking & Shelving

Harmonization and Standardization / Congress September 2010
41

8. ĂImportance Classñ

¶Fully automated,  - No Persons ,   or with e.g.

- Pick Aisles

¶Hazardous stored goods 

¶Hig Bay Warehouse directly bordering area, as e.g.:

Transit Area, Picking Area  and / or  Gang / Traffic Ways

(1)  Transit / Picking Warehouse

(2)  Fully automated High Bay Warehouse

H(2) > 2 H(1) ???

as ĂPick aislesñ

Č

B. ROLE END-USER and/or SYSTEM DESIGNER
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FEM 10.2.08  :  TABLE INCLUDED FOR GUIDANCE

B. ROLE END-USER and/or SYSTEM DESIGNER

????

See Slide 46
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Continue Table FEM 10.2.08

B. ROLE END-USER and/or SYSTEM DESIGNER
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Continue Table FEM 10.2.08

B. ROLE END-USER and/or SYSTEM DESIGNER
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B.3 End ïUsers  Responsibilities

B. ROLE END-USER and/or SYSTEM DESIGNER

INVESTMENT 

PERFORMANCE

IN BALANCE WITH

SAFETY OF 

WORKERS

AT WORK

COMPANY RISK

PG Racking & Shelving

Harmonization and Standardization / Congress September 2010
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IS SEISMIC DESIGN REQUIRED, 

WHEN WAREHOUSE IN A SEISMIC AREA ??
(Item 1 of Table : Seismic Design Data Overviewò)

One has to Comply with Rules & Legislation

Safety of Workers at Work Ą

Ą Risk Inventarisation & Risk Evaluation

Structural Steelwork Ą
Ą Structural Safety Requirements

B. ROLE END-USER and/or SYSTEM DESIGNER

IN PRINCIPLE  ñYESò
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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

Warehousing in a Seismic Area 
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B. ROLE END-USER and/or SYSTEM DESIGNER
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DESIGN RISK   ăĄ FINANCIAL  RISK

Price Indication per Storage Location for Pallets

* ñNormalò , Lift Truck Operated Racking   :    ú35,-- -- ú45,--

* Drive-in   :    ú20,-- -- ú25,--

* High Bayò, Crane operated:    ú50,-- -- ú100,--

(Mid 2010)

Attention :
Costs highly influenced

by steel price

ƀSteel price fluctuates

jubstantially Bottom ú400,-- ; Top ú800,-- ; Now ú400,--

per ton steel

B. ROLE END-USER and/or SYSTEM DESIGNER
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Costs of a Pallet with Goods

å ú500,-- - å ú10.000,-- to even   ú100.000,-- or more

Cost of Operation Limitation / Stop

Substantial

Costs of Damage of Company Image

Might be substantial

Insured persons or worst

Beyond price !!!

Avoid to be

ñpenny wise

poundfoolishò   

B. ROLE END-USER and/or SYSTEM DESIGNER

PG Racking & Shelving

Harmonization and Standardization / Congress September 2010
50

Load case ĂEarthquake ñ has to be taken seriously

Video

B. ROLE END-USER and/or SYSTEM DESIGNER

ñSolidò

Goods

Recorded by Surveyance Camera

(Earthquake  less intensive than action according Seismic Design Standard)

VIDEO

http://www.youtube.com/watch?v=6HFp7ai0OBY



