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Long-term Fatigue 
Monitoring of a Large Steel 

Roof Structure and a 
Natural Gas Storage 

Facility
Dr. M.  Wieland

Poyry Switzerland Ltd., Zurich, Switzerland

New Congress Centre in Lucerne, 
Switzerland

Problem
Wind can cause fatigue problems in 
bolted and welded connections of 
steel girders of roof structure
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Key facts about Congress Centre of Lucerne
• Architect: Jean Nouvel, Paris
• Structural design: Electrowatt Eng., Zurich
• Start of construction: 1995
• Service date: 2000
• Total cost of building: US$135 million
• Cost of roof structure: US$ 5.5 million
• Cost of roofing membranes: US$ 4.9 million
• Awards:

European Structural Steel Design Award 1999
Among the top 10 structures according to the results 
of a readers’ survey carried out by the journal 
Structural Engineering International on the occasion 
of its 10th anniversary

• 112.7 m 107.2 m
• Grid of 5.4 m 5.4 m
• Full-web steel I-beams
• 3 diagonal beams to 

stiffen the corner region
• Depth varies from 3.7 

m at the supports to just 
5 cm at the edges

• Cross-bracing

Structural system of roof

44.8 m

Concert 
hall

Cantilevering 
roof
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Structural design criteria

• Strength and stability criteria
• Deflection serviceability (stiffness) criteria

small deflections (< 50 cm under live 
loads)
natural frequencies > 1 Hz

• Fatigue due to wind-induced vibrations

• Welded connections 
were made in the 
workshop.

• Steel girders were 
assembled at the site 
using high-strength 
bolts.

• Very tight tolerances 
were required to achieve 
perfectly straight edges.

Construction of roof
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Loads and deflections at northeast corner

• Dead load: 28 cm 
• Temperature ( T = Ttop – Tbottom):

- summer ( T = +20°C): 22 cm (downwards)
- winter ( T = -10°C): 11 cm (upwards)

• Snow load (1.5 kN/m²): 23 cm
• Wind load (based on wind tunnel tests):

- upward: 19 cm
- downward: 16 cm

• Earthquake action: 2 cm

Roof vibrations

1.37 Hz

2.1 Hz

2.4 Hz
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Roof monitoring system

• 9 strain gauges 
(DMS)

• 2 vertical 
accelerometers 
(ACC)

• 1 thermometer 
• 1 anemometer

Objectives of roof monitoring system

• To study the full-scale performance of the 
cantilevering parts of the roof 

• To monitor possible fatigue problems due 
to wind loads in the welded and bolted 
connections of the main roof girders

• To generate an alarm under the following 
conditions:
– Wind speed > 100 km/h
– Vertical acceleration > 0.1 g
– Stress change > 100 N/mm2
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Typical monthly record: December 1999

Lothar storm of Dec. 1999

Histograms of 
cumulative stress 

ranges from 
September 1998 

to December 1999
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Development of 
number of stress 
cycles with time
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Lothar storm 1999

Graphical plots of a part 
of the event recorded on 
26 Dec. 1999

Maximum wind speed: 
112.8 km/h (strongest 
event)
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Power spectra of vertical accelerations
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Gas storage plant in Zurich

Problem
Due to daily fluctuating changes in 
demand of gas in winter (heating) 
large pressure variations occur in the 
storage vessels, which may cause 
fatigue problems
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Technical details

•9 parallel interconnected pipes with a length of 
320 m each, a diameter of 250 cm made 

•Steel StE 480.7 TM with an average yield 
strength of 537 MPa

•Design concept: Operation as pipeline as this 
allows the use of pipeline code rather than the 
more detailed pressure vessel code

Different Generations of Gas Storage Facilities

50 bar

10 bar

<1 bar
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Layout of gas storage plant: Locations of 
points used for fatigue assessment

Recorded time history of gas pressure in storage 
tank

Out of operation from April to 
November, reduced pressure
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Stress concentration at manhole

Internal 
pressure

Histograms of pressure and stress 
variations in tanks

Pressure Stress

Manhole (c)

Stress

Transition (b)

Stress-pressure 
relation for (b) 
ds = 8.76 dp
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Concluding remarks on roof
• The real-time roof monitoring system (in 

operation since 1998) has provided valuable data 
about the full-scale behaviour of the roof structure 
during strong winds. The wind-induced stresses 
measured during the 1999 Lothar storm, 
considered to be a 100-year event, were below 
20% of the design values estimated from the wind 
tunnel tests.

• The fatigue safety of the critical connections and 
joints is much better than what was anticipated 
based on the results of the wind tunnel tests. 

Concluding remarks on storage tanks

• The fatigue monitoring system of the storage 
tanks (in operation since 1994) allows a realistic 
assessment of the fatigue damage at critical 
elements.

• Since all histograms and essential information are 
stored since the very beginning of both projects it 
is possible to perform more sophisticated fatigue 
analyses with other damage models if that should 
be needed.


