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Ground Failures at Port Facilities
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Embankment Failures along Ruta 5

Possible liquefaction
of thin soil layers 
under the main fill 
caused lateral 
spreading
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Viña del Mar, V Region
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Some general remarks

In general, engineered structures together with adequate 
standards in construction practices performed well.  
There are a few exceptions that need to be studied in 
depth to be able to understand the causes of the observed 
failures or poor behavior.

There are a few instances where it is apparent that the 
existing codes have not been able to succeed in providing 
appropriate behavior; consequently they need to be 
improved.

The effects of site soil conditions and of irregularities in 
the building / structure configuration appear as the main 
cause of problems, more so than the actual very large 
size of the earthquake.
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Some remarks about codes

Applicable codes are used regularly in the design of 
engineered structures.

Appropriate quality control both in design and construction 
practices.

Peer review process has been implemented, as a legal 
requirement, for several years now (since 2005).

After the earthquake, the level of damage observed, mainly in tall engineered 
buildings, created the “need” for an “Emergency Revision of the codes.”



Name Title Date Notes

A
ctio

n
s

NCh431 Snow Loading 1977

NCh432 Wind Loading 1971 Being revised

NCh1537 Permanent and Live Loading 1986
To be updated 

soon

M
aterials / D

esig
n

NCh427 Steel Design 1977
Being revised 

(AISC)

NCh430 Reinforced Concrete (Modified ACI 318) 2011 Revised after EQ

NCh1198 Wood Structures 2006

NCh1928 Reinforced Masonry 2003

NCh2123 Confined Masonry 2003

E
arth

q
u

ake

NCh433 Earthquake Design of Buildings 2011 Revised after EQ

NCh2369 Earthquake Design of Industrial Structures 2003

NCh2745 Design of Base Isolated Structures 2003

Building code revision:

New definition of the design 
spectrum, and changes to 
some of the existing 
additional requirements 
regarding irregularities and 
modeling assumptions.

Soil site characterization procedure requirements 
significantly upgraded. Soft soil sites definition must be 
based on V30.

In general, for soft soil sites the level of earthquake action 
increases, most importantly for intermediate period 
structures (from about 1s and up).



Reinforced Concrete design code revision:

Confinement requirements at structural shear wall ends 
increased to a level equivalent to ACI 318 requirements.

Several additional requirements for structural walls, mainly 
related to need for confinement, minimum reinforcement, 
maximum rebar sizes, maximum amount of edge 
reinforcement, etc.

There is some controversy on the applicability of these 
new requirements, probably a new revision will be 
implemented soon.

Effects of the 27 February 2010 Earthquake in 
(Industrial Facilities) in Chile

Ernesto F. Cruz, Ph.D. and Dania Valdivia, M.Sc.

P. Universidad Católica, Chile
Structural and Geotechnical Engineering Department

EQCO, Earthquake Engineering Consultants
www.eqcoeng.com  -- info@eqcoeng.com

2nd Japan-Peru Workshop on Enhancement of Earthquake and 
Tsunami Disaster Mitigation Technology,

Chiba University, March 9-11, 2011


