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Agenda
•Spillway structural components

•The loads, the magnification from static load to 
dynamic load.

•The responses of spillway structural component 
with respect to the loads

•Some examples and practice procedures when work 
on these assignments
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Spillway
Hydraulic structure that passes normal (operational) 
and/or flood flows in a manner that protects the 
structural integrity of the dam and/or dikes.
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Emergency Spillway

•Emergency spillway provides additional protection 
against dam and/or dike overtopping and intended 
for use under unusual or extreme conditions. 
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Spillway Profile
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Spillway Walls
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Pier
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Gate
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Spillway Wall PFM discussion in 
Best Practice
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Pier Discussion and its PFMs in 
Best Practice

Load(s)

Structural 
Response
=f(Strength, load 
path ability)

Some levels of warning from 
structural responses, while does not 
show here, the risk tree includes 
intervention=Impact of Human 
factor
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Pier Discussion and its PFMs in 
Best Practice (2)

Load(s)

Structural Response
=f(Strength, load 
path ability)

Some levels of warning from 
structural responses, while does not 
show here, the risk tree includes 
intervention=Impact of Human 
factor
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Loading
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Loading, design criteria for concrete 
retaining walls-1971 publication

National Dam Safety Program Technical Seminar 13



Loading (2)
Seismic water pressure on rigid 
wall

Seismic water pressure on 
flexible wall
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Loading 
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Loading (3)
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Pressure in soil, static and 
dynamic approximation
Static Dynamic
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Pressure in soil, static and 
dynamic approximation (2)
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Loadings and spillway structural evaluation prior to risk 
analysis

Start with Linear elastic analysis

Utilize the available load approximation methods

Evaluate structural performance

Utilize the approximation/relationship  of structural 
performance and probability of failure 

Consider nonlinear analysis if needed, which allows team to 
review structural failure mechanisms (concrete cracks, steel 
yields)
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Loadings and spillway structural evaluation prior to RA

Start with Linear elastic analysisà Does load occur at the 
site?
To what elevation of my structural the load reaches to?

Utilize the available load approximation methods

Evaluate structural performance

Utilize the approximation/relationship  of structural 
performance and probability of failure 

Consider nonlinear analysis if needed, which allows team to 
review structural failure mechanisms (concrete cracks, steel 
yields)

National Dam Safety Program Technical Seminar
20



Evaluation in pier
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Linear analysis in pier
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Linear analysis in pier (2)
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Loadings and spillway structural evaluation prior to RA (2)

Start with Linear elastic analysis

Utilize the available load approximation methods

Evaluate structural performance

Utilize the approximation/relationship  of structural 
performance and probability of failure 

Consider nonlinear analysis if needed, which allows 
team to review structural failure mechanisms 
(concrete cracks, steel yields)
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Best Practice references
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What if the structural responses show 
nonlinear results?
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Signs of nonlinear
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Sign of nonlinear

BOR Spillway inventory list 57 spillways that are designed before and in the 1940s.

The first seismic design code for buildings was published in 1940, one year after the 
destructive Erzincan earthquake.

EVOLUTION OF SEISMIC BUILDING DESIGN AND CONSTRUCTION PRACTICE IN TURKEY
(https://pubs.usgs.gov/of/2001/of01-
163/GENERAL_PUBLICATIONS/Sezen_StructDesignofTallBld.pdf)
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Loadings and spillway structural evaluation prior to RA (3)

Start with Linear elastic analysis

Utilize the available load approximation methods

Evaluate structural performance

Utilize the approximation/relationship  of structural 
performance and probability of failure 

Consider nonlinear analysis if needed, which allows 
team to review structural failure mechanisms (concrete 
cracks, steel yields)

National Dam Safety Program Technical Seminar
29



Nonlinear evaluation example
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Nonlinear evaluation example (2)
Load Structural responses, RC failure mechanism
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Wall nonlinear example/State of 
reinforcement
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Wall nonlinear example/State of 
reinforcement (2)
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Gate (2)
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Gate (3)
Load Strength
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Gate (4)
Structural performance
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Loadings and spillway evaluation prior to RA

Start with Linear elastic analysis

Utilize the available load approximation methods

Evaluate structural performance

Utilize the approximation/relationship  of structural 
performance and probability of failure 

Consider nonlinear analysis if needed, which allows team to review structural 
failure mechanisms (concrete cracks, steel yields) or even with 3D effect or 
other considerations
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3D effects
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3D effects (2)
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Gate (5)
When there are other 
factors beside hydro-
dynamic load:
• Gate arm buckling
• Counterweight 

movement
• Nonlinear Steel 

Properties
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Spillway slab
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Flow Patterns Look Similar
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Spillway Slab 
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Spillway Slab (2)
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Other Potential Failure Modes

Topic presented in DOI Safety training in 2018
•Overtopping of the spillway chute walls
•Stagnation Pressure
•Foundation Erosion
•Hydraulic Jacking
•Concrete block sliding 
(diversion dam/spillway block)
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