
Roberto Nascimbene  - IUSS Pavia

WEBINAR 4: Silos, tanks, pipelines, 

towers masts and chimneys – Rules for 

Tanks

30th June 2023

CB0



Folie 1

CB0 Only your name ...
Christoph Butenweg; 2023-06-28T04:41:17.875



30th June 2023Roberto Nascimbene

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)).

RULES FOR TANKS  - SCOPE
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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.

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 - MODELLING
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(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.

MODELLING AND STRUCTURAL ANALYSIS - STRUCTURAL ANALYSIS
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o Bolted and welded steel tanks

qR = 1,0, qD = 1,0, qS = 1,2

o Reinforced concrete or prestressed precast reinforced concrete tanks: 

qR = 1,0, qD = 1,0, qS = 1,5

BEHAVIOUR FACTOR

Tanks: DC1

Substructure: DC1, DC2 and DC3

o To be applied as given in the relevant parts of EN 1998-1-2

o min(q; 1,5), where q is behaviour factor for the horizontal component

Behaviour factor for the vertical component
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SUBDIVISION OF SECTIONS – GEOMETRY/BEHAVIOUR ORIENTED

Spherical Embedded
Horizontal

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)
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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
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FORCE BASED APPROACH: VERTICAL CYLINDRICAL ABOVE GROUND TANKS
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� � �/� is the ratio of filling height to tank radius

SLENDER                              VS                         SQUAT TANK
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IMPULSIVE RIGID SUPPORT REACTIONS
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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 CB0
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CB0 You can reference to my part with Annex A ...
Christoph Butenweg; 2023-06-28T04:46:20.671
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IMPULSIVE RIGID SUPPORT REACTIONS
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CONVECTIVE SUPPORT REACTIONS
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Impulsive rigid pressure on the wall Impulsive rigid pressure on wall and base

CB0
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CB0 MAYBE ONLY THE FIRST MODE; AS WE NEGLECT ALL OTHERS: Or you can give an explanation ...
Christoph Butenweg; 2023-06-28T04:47:58.300
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SEISMIC PRESSURES ON TANK WALL AND BOTTOM
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The pressure function on the tank bottom may be calculated with � � 0
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SEISMIC PRESSURES ON TANK WALL AND BOTTOM
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The pressure function on the tank bottom may be calculated with � � 0
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SEISMIC PRESSURES ON TANK WALL AND BOTTOM – IMPULSIVE RIGID TERM
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CB0
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CB0 a(t)  is in time domain. It is better to be consistent with the force based approach. It should be the spectral acceleration ...
Christoph Butenweg; 2023-06-28T04:52:51.581
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FUNDAMENTAL PERIODS OF VIBRATIONS

15/24

Impulsive rigid vibration mode in horizontal direction In case of rigid tanks without consideration of soil–structure

interaction, the period �	
,� of the impulsive rigid vibration

mode should be taken equal to zero.

The period �	
,� of the impulsive rigid vibration mode

of the tank–foundation system including soil–

structure interaction may be calculated as

Horizontal component Vertical component

ANNEX B - SOIL-STRUCTURE INTERACTION EFFECTS OF TANKS

CB0
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CB0 Roberto, these functions are not given in the last versin in graphical form. I suggest to make reference to Annex B and to take 

the analytical solution. There was a probem with the graphical representation and we corrected it …

Consider the changes in the formulas ...

Christoph Butenweg; 2023-06-28T05:02:30.406
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FUNDAMENTAL PERIODS OF VIBRATIONS AND WAVE HEIGHT
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Convective vibration mode

Absolute maximum value of the vertical wave height in 

cylindrical tanks
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IMPULSIVE RIGID MASS AND LEVER ARM - WELDED & BOLTED STEEL TANKS
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CB0 Shorter without loosing the content … Decide ...
Christoph Butenweg; 2023-06-28T05:12:06.863



30th June 2023Roberto Nascimbene 18/24

CONVECTIVE MASS AND LEVER ARM - WELDED & BOLTED STEEL TANKS
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ELEVATED TANKS

Elevated tanks may be analysed using a two-

coupled-mass model representing the convective

and the impulsive vibration modes, including the

mass and flexibility of the substructure The

flexibility of the tank shell may be neglected.
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HORIZONTAL TANKS
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SUPPORT REACTIONS & HYDRODYNAMIC PRESSURES

 May be calculated as for rectangular tanks considering an 

equivalent rectangular tank

 If H/R exceeds 1,6, the convective pressure component and 

convective reactions may be neglected
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SPHERICAL TANKS

21/24

z

���: Annex A, Table A.11

First fundamental convective period

Impulsive rigid vibration mode

��,� � ��  �
 ��,�

Horizontal and vertical reaction forces and moments

��,� � ��,� ℎ�
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SUPERPOSITION OF HORIZONTAL AND VERTICAL SEISMIC PRESSURES
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1. Superposition of horizontal pressure components due to different modes of response

2. Superposition of vertical pressure components

3. Superposition of resulting pressures in horizontal and vertical directions (Clause 4) CB0
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CB0 Shorter, as presented in the first part (Basis for design …)
Christoph Butenweg; 2023-06-28T05:14:23.084



30th June 2023Roberto Nascimbene

SUPERPOSITION OF BASE SHEAR, OVERTURNING MOMENT AND 

VERTICAL REACTION FORCE

23/24

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
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VERIFICATION TO LIMIT STATES

24/24

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

CB0



Folie 24

CB0 It would be good to highlight, that we use EC3 for all verifications. That means we are in line with the Eurocode concept, which 

was not the case before. Maybe you can add a link to the main design codes to underline this fact (EN 1993 and EN 1992)
Christoph Butenweg; 2023-06-28T05:18:36.232


