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WHAT THE STANDARDS TELL US
ISO19906:2019 CSA S6 19



WHAT THE STANDARDS TELL US
SP 38.13330.2018 N400:2023

N400:2025



THE PROBLEM

• Based on Arctic conditions

• Fixed boundaries in standards
• Suitable for: Dams, closed berth structures, large bridge pillars

• Not suitable for: Open berth structures, slender bridge pillars

ice cover



THE CONSEQUENCE

→ High design loads

→ Overconservative design

( Especially for flexible structures )



THE BASIC IDEA
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• Calculation with flexible boundaries
• Also suitable for: Open berth structures, slender pillars, sluice gates

POSSIBLE SOLUTION

k1 k2



THE CHALLENGE

• Temperature profile • Solve the heat equation



THE CHALLENGE

• Young’s modulus
• Viscosity (creep)
• Poisson ratio

• Temperature profile

• Temperature dependent 
material properties



THE CHALLENGE

• Influence of creep depends on
• Temperature
• Stress
• Structure of ice

• Solution is particularly 
sensitive to the creep model

• Hard to determine a correct 
creep model

• Temperature profile

• Temperature dependent 
material properties

• Creep



THE CHALLENGE

• Solution is sensitive to the 
stiffness of the structure

• Difficult to find structure 
stiffness

• Temperature profile

• Temperature dependent 
material properties

• Creep

• Structure stiffness



THE CHALLENGE

• What is the worst case 
temperature change?

• How often foes such an even 
occur?

• Location specific

• Temperature profile

• Temperature dependent 
material properties

• Creep

• Structure stiffness

• Weather statistics



THE CHALLENGE

• Numerical solution of linear 
and non-linear differential 
equations

• Probably not suitable for 
standards for the time being

• Temperature profile

• Temperature dependent 
material properties

• Creep

• Structure stiffness

• Weather statistics

• Advanced calculation



• Simulate a temperature change

• Perform numerical calculations

• Done in python (numpy, matplotlib, ice)

SIMULATION
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snow

ice
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SIMULATION Clamped

Spring on one side
Spring on two sidesSpring on two sides

+ snow



SIMULATION



RESULTS FROM SIMULATION

• Structure flexibility is important

• Should provide better guidance in standards

• Load combinations (time delay) may also be important
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