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 (Brief) Introduction to arch dams
 Basic considerations for exercise 3
 Presentation of the case study
 Content of exercise 3
 Trial-load method
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Moiry Dam



 Advantages 
• Transmission of the water pressure over the valley flanks through arch action
• 3-dimensional hyperstatic system: high bearing capacity reserve
• Reduced concrete volume (but cost of concrete and formwork slightly higher)
• Reduced uplift effect (but important seepage gradients under the 

foundations)
 Constraints 

• Topographical (valley shape) and geological criteria (rock quality/ abutment 
stability
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Cavagnoli Dam



 Simple curvature arch dams 
• Similar to a cylinder with varying thickness in function of the pressure
• Variable radius to improve the bearing capacity of lower arches
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 Variation of the radius with height
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Mauvoisin Dam



 Double curvature arch dams
• Curvature of vertical (cantilevers) and horizontal sections (arches) 
• Optimization of the single curvature arch dams
• Distribution of the stresses through the arches AND cantilevers

Introduction to arch dams
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Valle di Lei Dam



 Arch forms
• Circular arches
• Parabolic segments
• Elliptical arches
• Logarithmic spiral segments

 Goal:
• Improve the incidence angle 

and the stresses near the 
foundations

• Adapt to the valley geometry
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Moiry Dam



 Preliminary design of an arch dam
 Documents:

• Design, Safety and Operation of Dams (A.J. Schleiss and H. Pougatsch)
 Considerations:

• The valley is assumed to be symmetric
• The cantilever is placed in the center of the valley (point of highest height)
• No freeboard is considered
• Eccentricities to be determined 
• Load cases: 

 Empty reservoir
 Full reservoir

Basic considerations for exercise 3
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 Berner Oberland
 Project for a new reservoir with 85’000’000 m3

 Construction of a hydropower plant with 80 MW

Case Study – Trift Dam
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Dam in 2028 - Kraftwerke Oberhasli (KWO)Actual situation -  swissinfo.ch



Case Study – Trift Dam 
RTS article from 13.10.2022
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 Study of single and double curvature variants for an arch dam with a 
height of 145 m, adapted to the topography
 2 variants will be studied and compared

Case Study – Trift Dam
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 Geometric definition of the arch dam with one cantilever and three 
cylindrical arches.
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 Determine the water pressure distribution between the cantilever and 
the three arches with the trial-load method (𝐸𝐸𝑅𝑅/𝐸𝐸𝐵𝐵 = 0.5) at a full 
reservoir.
 Calculate the stresses for the normal load case with full and empty 

reservoir: 
• At the crown and springing of the arches;
• At the foot of the cantilever.

 Sketch the stresses in the cantilever.
 Sketch the stresses (V, M) in the arch (y = 2Δy).
 Analyze the stresses (verification of the dam strength).
 Compare the results of the two given geometries and analyze/discuss 

the observed differences (in particular the stresses in the different load 
cases).
 If necessary, suggest a geometry modification to eliminate tensile 

stresses. 
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Excel



 Discuss the plan view of two geometries as well as possible 
improvements of the variant with simple curvature.
 Compute the volume of concrete required for the two variants and 

comment on the results.
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 Replace the dam with an orthogonal beam system
• Horizontal arches
• Vertical cantilevers

 Bearing capacity analyzed in two directions
 Distribution of the water pressure on horizontal arches and vertical 

cantilevers
 Elastic deformations of arches and cantilevers
 Compatibility of deformations at intersecting points between arches and 

cantilevers 

Trial-load method
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𝛿𝛿𝐴𝐴,𝑖𝑖 = 𝛿𝛿𝐶𝐶,𝑖𝑖



 Simplified model for preliminary calculations
• 3 arches
• 1 cantilever placed at the point with the highest height 

(center of the valley here)
 Objective: distribution of the water pressure between arches and 

cantilever 

Trial-load method
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 Compatibility of the deformation at each intersection point

Trial-load method
C

IV
IL

 –
 4

11

PL
 –

 L
C

H

17

b = 1 m

h = 1 m

d

δA1 = δC1
δA2 = δC2
δA3 = δC3

𝛿𝛿𝐴𝐴 = 𝛽𝛽𝑖𝑖 ⋅
𝑝𝑝𝐴𝐴 ⋅ 𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚

2

𝑑𝑑 ⋅ 𝐸𝐸𝐵𝐵

Arch deformation Canteliver
deformation

𝛿𝛿𝐶𝐶 = �
𝑀𝑀𝑀𝑀𝑀
𝐸𝐸𝐸𝐸

⋅ Δ𝑦𝑦 + �
𝑄𝑄𝑄𝑄′

𝐺𝐺𝐹𝐹′
⋅ Δ𝑦𝑦 + 𝛿𝛿∗

𝛿𝛿𝐴𝐴 = 𝛿𝛿𝐶𝐶



Trial-load method
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 US Bureau of Reclamation (1977) Design of Arch Dams



 Example of Punt dal Gall chapter 15.4.3.7 p. 358/378/376 (page 
number depends on the version)
 To complete the Excel table for a first time
 Then change the geometry for the two variants of the Trift Dam

Trial-load method
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 Classical report
• Maximum 16 pages
• Legible figure
• PDF document
• Moodle assignment

 Deadline : 25/11/2024 at 23h59!
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