
 

 - 1 -

DIN EN 16681:2016-12 (E) 
 
 
Steel static storage systems - Adjustable pallet racking systems - Principles for 
seismic design 
 
 

Contents            Page 
 
 
European foreword  .......................................................................................................................................... 5 
 
0 Introduction  .................................................................................................................................... 5 
 
1 Scope  ............................................................................................................................................... 8 
 
2 Normative references ..................................................................................................................... 8 
 
3 Terms and definitions  .................................................................................................................... 9 
 
4 Symbols and abbreviations  ........................................................................................................ 10 
4.1 Symbols  ........................................................................................................................................ 10 
4.2 Abbreviations  ............................................................................................................................... 12 
 
5 Performance requirements and compliance criteria  ................................................................ 13 
5.1 Applicability  .................................................................................................................................. 13 
5.2 Performance requirements  ......................................................................................................... 13 
5.2.1 No collapse requirement  ............................................................................................................. 13 
5.2.2 Damage limitation requirement  .................................................................................................. 13 
5.2.3 Movement of unit loads  ............................................................................................................... 13 
 
6 Ground conditions and seismic action  ...................................................................................... 14 
6.1 General  .......................................................................................................................................... 14 
6.2 Damping  ........................................................................................................................................ 14 
6.3 Importance factor I  ....................................................................................................................... 14 
6.4 Horizontal component of the seismic action  ............................................................................ 15 
6.5 Vertical component of the seismic action  ................................................................................. 15 
6.6 Design ground displacement  ...................................................................................................... 15 
6.7 Racks supported by suspended floors  ...................................................................................... 16 
 
7 Methods of analysis  ..................................................................................................................... 16 
7.1 General  .......................................................................................................................................... 16 
7.2 Limitation of the vertical load referred to the critical Euler Load  ........................................... 16 
7.3 Inter-storey drift sensitivity coefficient  ...................................................................................... 16 
7.4 Analysis procedures  .................................................................................................................... 17 
7.4.1 General  .......................................................................................................................................... 17 
7.4.2 Second order effects  .................................................................................................................... 17 
7.4.3 Lateral Force Method of Analysis (LFMA)  ................................................................................. 18 
7.4.4 Modal Response Spectrum Analysis (MRSA)  ........................................................................... 20 
7.4.5 Large Displacement Method of Analysis (LDMA)  ..................................................................... 20 
7.4.6 Combination of the effects of the components of the seismic action  .................................... 20 
7.4.7 Displacements calculation  .......................................................................................................... 21 
7.5 Design parameters for seismic analysis .................................................................................... 21 
7.5.1 General  .......................................................................................................................................... 21 
7.5.2 Design spectrum modification factors  ....................................................................................... 21 
7.5.3 Unit load-beam friction coefficients  ........................................................................................... 22 
7.5.4 Design seismic weight of the unit load  ...................................................................................... 23 
7.5.5 Unit load weight modification factor  .......................................................................................... 23 
7.5.6 Other seismic weights  ................................................................................................................. 24 
7.5.7 Weight of the seismic masses  .................................................................................................... 24 
7.5.8 Position of the centre of gravity of the unit load  ...................................................................... 24 



 
 - 2 - 

7.5.9 Positioning tolerances  ................................................................................................................ 26 
7.5.10 Structural regularity criteria  ....................................................................................................... 26 
7.6 Modelling assumptions for structural analysis  ........................................................................ 27 
7.6.1 Sub-modelling  .............................................................................................................................. 27 
7.6.2 Distribution of the masses  ......................................................................................................... 27 
7.6.3 Specific modelling requirements for the analysis  ................................................................... 28 
7.6.4 Moment redistribution near the upright's base due to the floor reaction  ............................. 29 
 
8 Specific rules  ............................................................................................................................... 31 
8.1 Design concepts  .......................................................................................................................... 31 
8.1.1 General  ......................................................................................................................................... 31 
8.1.2 Materials  ....................................................................................................................................... 31 
8.1.3 Structural systems  ...................................................................................................................... 32 
8.1.4 Regularity criteria  ........................................................................................................................ 32 
8.1.5 Unbraced racks  ............................................................................................................................ 38 
8.1.6 Rules for the design of low dissipative structures  .................................................................. 39 
8.1.7 Rules for the design of dissipative structures  ......................................................................... 39 
8.1.8 Anchoring conditions  ................................................................................................................. 39 
8.2 Structural systems withstanding the seismic action  ............................................................... 40 
8.3 Structural types and behaviour factor ....................................................................................... 41 
8.3.1 Upright frames  ............................................................................................................................. 41 
8.3.2 Moment resisting frames  ............................................................................................................ 42 
8.3.3 Racks with vertical bracings in down aisle direction  .............................................................. 44 
 
9 Seismic analysis and design  ...................................................................................................... 47 
9.1 Actions  .......................................................................................................................................... 47 
9.1.1 Actions to be considered simultaneously with earthquake  .................................................... 47 
9.1.2 Actions not to be considered simultaneously with earthquake  ............................................. 47 
9.2 Safety Verifications  ..................................................................................................................... 48 
9.2.1 Ultimate limit states  ..................................................................................................................... 48 
9.2.2 Movements of the unit loads  ...................................................................................................... 49 
9.3 Pallet beam design  ...................................................................................................................... 50 
9.3.1 Actions on pallet beams  ............................................................................................................. 50 
9.3.2 Buckling length in the horizontal plane  .................................................................................... 51 
9.3.3 Correction coefficient for horizontal bending  .......................................................................... 52 
9.3.4 Buckling length factor in the vertical plane  .............................................................................. 52 
9.3.5 Beam design check  ..................................................................................................................... 52 
 
Annex A (informative) Analysis methods including second order effects  ............................................. 54 
 
Annex B (normative) Evaluation of the unit load -- beam friction coefficient  ........................................ 61 
 
Annex C (informative) Principles for modelling the unit load masses  ................................................... 66 
 
Annex D (informative) Simplified method to evaluate the influence of the centre of gravity of the 

pallet regarding the beam level  .................................................................................................. 69 
 
Annex E (informative) Principles for the design of racks supported by floors ...................................... 70 
 
Annex F (normative) Additional detailing rules for dissipative elements (Concept B)  ......................... 72 
 
Annex G (normative) Testing procedure for beam-upright and floor connections for dissipative 

design (concept B)  ...................................................................................................................... 73 
 
Annex H (informative) Assessment of the stability of the unit load  ........................................................ 76 
 
Annex I (informative) Data to be exchanged between the Specifier/End User and the Rack's 

Supplier  ........................................................................................................................................ 78 
 
Annex J (normative) Complementary rules to EN 15635  .......................................................................... 79 
 



 

 - 3 -

Annex K (informative) Complementary rules to EN 15629 -- Warehouse environmental condition 
category  ........................................................................................................................................ 80 

 
Annex L (informative) A-deviations  ............................................................................................................. 81 
 
Bibliography  ................................................................................................................................................... 83 
 


		2026-06-24T20:17:05+0000
	DIN Deutsches Institut fuer Normung e. V.
	Dokument ist zertifiziert




