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1) Estimated differences: ~70–80% of the content is either new or 
substantially reworked.

2) The NEW version represents a major structural and technical
revision, not just an update.

3) Engineers familiar with the 2006 edition should treat the 2025 
edition as a fundamentally new document.



Rules for silos

Section 5 of EN 1998-4 gives rules for the structural analysis and
design of steel, reinforced concrete and prestressed reinforced
concrete silos subjected to seismic actions.
A distinction is made between:
- on-ground;
- and elevated silos, supported on a skirt extending to the ground
or by substructures.

The principles of seismic analysis procedures can be applied to
aluminium silos, considering the provisions of EN 1999-1-1 for
verification.

The dynamic effects of the silo content should be considered by
additional structural masses assuming that the particulate content
moves together with the silo shell.
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Rules for tanks

Section 6 of EN 1998-4 should be used for the structural analysis
and design of steel, reinforced concrete and prestressed precast
reinforced concrete liquid storage tanks with circular and rectangular
cross sections subjected to seismic actions. Rules are provided for
anchored and unanchored tanks with fixed or floating roofs.

A distinction is made between:
- above-ground.
- underground.
- elevated tanks, supported by substructures.

The principles of the seismic analysis procedures may also be
applicable for tanks made of other materials (e.g. glass fibre-
reinforced plastic/polymer (GFRP), high density polyethylene (HDPE)
or polyethylene (PE)).
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Modelling and structural analysis  - MODELLING

Dynamic calculation models of the tank should reproduce
accurately the stiffness, the strength, the damping, the mass and
the geometrical properties of the tank structure and should
account for the hydrodynamic response of the contained liquid.
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The calculation model for tanks under
horizontal seismic actions may be
represented by spring-mass models
which describe the hydrodynamic
response by impulsive rigid, impulsive
flexible and convective masses with
corresponding lever arms.



Modelling and structural analysis - STRUCTURAL ANALYSIS

(1) Above-ground and elevated tanks with or without substructures should
be analysed with the force-based approach with calculation models
specified in previous slide. The dynamic effects of the convective and
impulsive modes of vibrations should be described by equivalent static
pressure distributions applied on the tank wall and bottom.

(2) Above-ground tanks and elevated tanks with substructures may be
analysed with nonlinear approaches according to EN 1993-1-6, using
non-linear response-history analysis and application rules given in EN
1998-1-1.

(3) The substructures of elevated tanks may be analysed using non-linear
static or non-linear response-history analysis according to EN 1998-1-1.
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SUBDIVISION OF SECTIONS – GEOMETRY/BEHAVIOUR ORIENTED
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Spherical EmbeddedHorizontal
cylindrical

Vertical
cylindrical

Vertical
rectangular

6.8 6.96.6

Elevated

6.7

Annex A

6.56.4

Annex A
- Pressure functions
- Reaction forces

Modelling rules (6.3.1) and structural analysis (6.3.2)
„Distinction“ between rigid or flexible tanks (Table A.10)



SUBDIVISION OF SECTIONS – GEOMETRY/BEHAVIOUR ORIENTED
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6.4.1.1 Total base shear, overturning moment and vertical reaction force
at tank bottom
6.4.1.2 Seismic pressures on tank wall and bottom
6.4.1.3 Fundamental periods of vibrations
6.4.1.4 Impulsive rigid (flexible) and convective masses and lever arms
6.4.1.5 Convective wave height

6.10 Superposition of horizontal and
vertical seismic pressures
6.11 Superposition of base shear,
overturning moment and vertical
reaction force
6.12 Verification to limit states

𝛾𝛾 = 𝐻𝐻
𝑅𝑅

is the 
ratio of filling 
height to tank 
radius



Example
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Impulsive rigid pressure on the wall

Impulsive rigid pressure on wall and base

r
r

Coefficients are
provided in Annex A



Example
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ANNEX B - Soil-structure interaction effects of tanks
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Impulsive rigid vibration mode in horizontal direction
In case of rigid tanks without consideration of soil–structure 
interaction, the period 𝑇𝑇ir,h of the impulsive rigid vibration mode 
should be taken equal to zero.

The period 𝑇𝑇ir,h of the impulsive rigid vibration mode of 
the tank–foundation system including soil–structure 
interaction may be calculated as

Horizontal component Vertical component



Superposition of base shear, overturning moment and vertical 
reaction force
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1. Superposition of base shear

2. Superposition of the vertical reaction forces

3. Superposition of overturning moments above the base plate

4. Superposition of overturning moments below the base plate

1. Superposition of horizontal pressure components due to different modes of response

2. Superposition of vertical pressure components



Verification to limit states
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Verification of Significant Damage (SD) limit state

Global stability
Foundation
Tank shell
Substructures of elevated tanks
Anchorage system
Leak tightness, freeboard and hydraulic 

systems of the tank
Inlets, outlets and ancillary elements

Verification of Damage Limitation (DL) limit state

Verification of Fully Operational (OP) limit state
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THANK  YOU  !!!
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