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PERFORMANCE OF STEEL STORAGE RACKS IN THE 

DARFIELD EARTH QUAKE  

Ian Connor
1 

SUMMARY  

The author inspected 18 racking installations at various food storage facilities in Christchurch for damage from the 

4th September 2010 Darfield Earthquake.  The type of racking installations and damage suffered are listed with 

some photographs of specific damage.  The damage ranged from minor to complete collapse with large product 

loss.  Although inspection access was limited, the collapse mechanism for racking installations is assessed and 

suggested.  The damage inspected indicated some variation in the application of design approaches and potential 

areas where the behaviour of rack structures may not have been fully understood during design.  General 

conclusions are drawn from the damage inspections, and suggestions offered for the refinement and improvement 

of racking design approaches.

INTRODUCTION  

Damage to racking in food storage facilities in Christchurch 

during the 4th September 2010 Darfield earthquake resulted in 

product losses of several hundreds of millions of dollars.  This 

paper is a summary of personal inspections and observations 

of damage caused to steel racking during the earthquake.  In 

the four weeks immediately following the earthquake, the 

author undertook inspections for owners of 18 different 

racking installations in food and cold storage facilities.  The 

racks were a variety of types of installation ï selective, 

double-deep selective, drive-in, and satellite ï and all but one 

were constructed from light gauge cold-formed steel sections, 

typical of New Zealand commercial racking.  These racking 

installations suffered a range of damage from essentially 

undamaged right through to complete collapse with near-total 

loss of stored product. 

Reported ground accelerations in Christchurch (1), where the 

racking collapses occurred, were between 0.17g to 0.23g ï 

less than the 1/500 return period ñdesignò earthquake, though 

this may vary depending on soil conditions.  Earthquake 

induced racking damage inspected indicated several areas 

where design and loading assumptions may have shortcomings 

and/or be misunderstood or incorrectly applied by designers. 

The paper is intended to be complementary to the paper 

Damage to Steel Storage Racks in Industrial Buildings in the 

Darfield Earthquake [2] published in the December 2010 

edition of the NZSEE Bulletin, extending and expanding the 

observations in that paper, and adding the authorôs suggestions 

for reviewing the procedures in existing New Zealand design 

guidelines for steel store racking. 

BACKGROUND  

Most racking structures in use in New Zealand, particularly in 

the food and cold storage industry, use light cold-formed steel 

sections for the main structural members.  The installations 

have traditionally been designed by the racking manufacturers 

and erectors, using in-house or specialist consultant structural 

designers.  Design has historically been based on the New 

Zealand loadings and structural steelwork design standards [3, 

4], plus the Australian cold-formed steel structures standard 

[5].  As none of these standards specifically apply to New 

Zealand racking installations, designers traditionally made 

experience-based assumptions for loading cases, load diversity 

and site application.  The Heavy Engineering Research 

Association (HERA) has coordinated industry practice with 

the design standards to produce broad guidelines and 

recommendations for the design of cold formed steel racking 

[6, 7, & 8].  The initial 1983 publication [6]was general, but it 

was updated in 1995-99 [7, 8] to produce design 

recommendations and guidance notes on seismic design of 

racking structures, incorporating loading, design and material 

code requirements and with a basis for assessing racking 

loads.  These have been widely used as a basis to consider 

racking design and are likely to have been the basis for design 

of most of the racking installation inspected and reported on in 

this paper.  The guidelines were written around the then-

loadings design standard NZS 4203:1992 [3], so need 

updating to NZS 1170.5:2004 [4] for the current seismic 

design approach. 

In 2007, BRANZ produced a guideline for the design of 

selective racking systems in retail storage installations (ie. 

publically accessed racking installations) [9].  It has been 

specifically written as a design guide for selective racking, 

single and double-deep and is probably the most appropriate 

guide available at present for the seismic design of this type of 

racking in New Zealand.  Curiously, it appears the BRANZ 

guideline was written without reference to the HERA design 

guides. 

Some non-New Zealand racking designers  appear to use 

overseas seismic  design bases, but the author thinks these 

guidelines are inappropriate for use in New Zealand design 

without detailed assessment.  The standards are unlikely to 

comply with the NZ Building Code Verification Method or 

Acceptable Solution designs, and seismicity factors for 

overseas design standards may not be related to New Zealand 

conditions. 

Although there has historically been variation around New 

Zealand in Building Consent Authoritiesô requirement for 

building consents for racking installations, racking structures 

are ñbuildingsò in terms of the Building Act [12] so should 

have a building consent before they are erected.  The racking 

should be specifically designed for the storage environment 

treated as a building structure, and have a building consent, 

not be regarded as a mechanical plant item.  The design basis 

and compliance will be determined by product loading and 

handling requirements, but seismic loadings should be 

considered in accordance with either the BRANZ [9] or 

HERA design guidelines [7, 8].                     .   
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Post-earthquake observations of damaged racking 

 

PHOTOGRAPHS OF RACKING DAMAGE  

 

 

 

 

 

No.1 Single deep selective racking.  No.1 Single deep selective racking. 

 

 

 

No.1 Beam/column joint in above.  No.1 Clip beam/column joint in above. 

 

 

 

No.3 Single deep selective racking.  No.3 Single deep selective racking. 
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Table 1:      Post-earthquake observations of damaged racking 

No. type 
height 
(No.pallets) Product 

est'd pallet 
weight 

% loaded 
at E/Q Orientation 

estimated year of 
installation Nature of E/Q damage 

1 
single deep 
selective 

4 pallets pallets of bagged flour 1 tonne 100% 
facing both E-W 
& N-S 

mid 1990s 
sway collapse down-rack, rotation of end frames 
and progressive collapse 

2 
single deep 
selective 

3 pallets pallets of carton blanks 600 kg 100% pallet faces E-W early 2000s no damage or deflection 

3 
single deep 
selective 

4 pallets 
pallets of cartoned 
consumer dairy products 

1 tonne 80% 
facing both E-W 
& N-S 

mid-late 1990s rotation of end frames and progressive collapse 

4 drive in - 6 deep 4 pallets pallets of cartoned milk 1 tonne 70% 
drive in from E & 
W 

mid-late 1990s 
lateral sway collapse;  lateral deflection rack 
columns allowing pallets to drop 

5 
single deep 
selective 

6 pallets FMCG supermarket goods 850 kg 95% pallet faces N-S 1991  rotation of end frames - 75% progressive collapse 

6 
single deep 
selective 

6 pallets FMCG supermarket goods 850 kg 95% pallet faces N-S 1991  rotation of end frames - 75% progressive collapse 

7 
single deep 
selective 

6 pallets FMCG supermarket goods 850 kg 95% pallet faces N-S 1991  rotation of end frames - 75% progressive collapse 

8 
single deep 
selective 

6 pallets FMCG supermarket goods 850 kg 95% pallet faces N-S 1996 
damage to b/plates & verticals, less than 5% lateral 
instability 

9 drive-in 9 deep 3 pallets Cartoned cheese 850 kg 50% drive in from N 
late 1990s  
(re-erected) 

minor lateral sway, lateral deflection rack columns 
allowing pallets to drop 

10 drive-in 9 deep 4 pallets Cartoned cheese 850 kg 15% drive in from N 
late 1990s 
 (re-erected, non-
standard col altns) 

no damage or deflection 

11 post pallets 3 pallets cartoned frozen meat 1 tonne 100% 
stacked on top of 
each other 

1980s lateral sway collapse 

12 
double deep 
selective 

5 pallets cartoned frozen meat 1 tonne 100% 
drive in from E & 
W 

early 1990s lateral sway collapse 

13 
single deep 
selective 

5 pallets FMCG supermarket goods 1 tonne 90% pallet faces N-S early-mid 1990s 
sway collapse down-rack, rotation of end frames 
and progressive collapse 

14 
single deep 
selective 

5 pallets FMCG supermarket goods 1 tonne 90% pallet faces N-S early-mid 1990s 
sway collapse down-rack, rotation of end frames 
and progressive collapse 

15 
single deep 
selective 

5 pallets FMCG supermarket goods 1 tonne 90% pallet faces N-S early-mid 1990s 
sway collapse down-rack, rotation of end frames 
and progressive collapse 

16 drive-in 11 deep 4 pallets Cartoned cheese 850 kg 45% 
drive in from E & 
W 

2009 (re-erected) 
lateral sway collapse;  lateral deflection rack 
column allowing pallets to drop 

17 
double deep 
selective 

5 pallets cartoned frozen poultry 850 kg 95% drive-in from N-S 2002 
sway collapse down-rack, rotation of end frames 
and progressive collapse 

18 
satellite racking 
approx 8 deep 

4 pallets 
bulk bins & cartoned frozen 
vegetables 

1 - 1.5 tonne 85% pallets face E-W 2009 no damage or deflection 
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PHOTOGRAPHS OF RACKING DAMAGE  continued: 

 

 

 

No.4 Drive-in racking.  No.4 Drive-in racking. 

 

 

 

No.4 Eccentric & inadequate X bracing to drive in racking.  No.5 Single deep selective racking. 

 

 

 

No.5 Single deep selective racking.  No.5 Single deep selective racking columns. 
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No.8 Single deep selective racking.  No.8 Baseplate yielding to racking columns. 

 

 

 

No.8 Baseplate & brace yielding to columns.  No.9 Distorted bracing to drive-in racking. 



66 

 

 

 

No.9 Deflected columns to drive-in racking.  No.9 Forklift damaged columns. 

 

 

 

No.11 Distorted post pallets.  No.12 Double deep selective racking. 


