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Trees Under Urban Strain
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• Limited root space

• Compacted soil

• Surrounding impervious surfaces

 



Effects of Climate Intensification on Urban Trees
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Tree Failure Modes:

• Uprooting

• Stem breakage

• Partial damage

Consequences:

• Road closures & blocked access

• Vehicle/property damage

• Utility line outages

• Public safety injuries/fatalities



The Combined Action of Wind and Rain

4

The climate-related hazards occur simultaneously or 
consecutively, making multi-hazard conditions more frequent and 

complex.



Mechanical models
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Alexis Achim and Bruce Nicoll. 2009

2- Evaluating the Resistance at the base

Quantitative assessment of root-soil interaction

Two separate simplified models are developed. 

One for the above-ground part of the tree to evaluate the 

wind effect and resulting moment, and one that evaluates the 

resisting moment-rotation behavior of the soil-root system.

1- Evaluating the acting wind force



Root-Soil Models

6Yang et al. 2014

Rahardjo et al. 2014

Alexis Achim and Bruce Nicoll. 2009
Padmavathi Venkata Sagi, 2016

Lee, D. T. T. 2016



Developing a New Root-Soil Model
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o A better understanding of root and soil interaction

o Estimating the soil failure paths

o Uncertainties in root shape and its mechanical properties



Root-Soil Interaction Modeling
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(a) Initial boundary and distribution of attraction points; (b); (c) Development of root skeleton.

1) Defining an envelope in which the roots grow.

2) Distributing N random points (Attraction points).

3) Starting from a point on the soil surface and the middle of 

the envelope.

4) Finding an average vector toward the closest attraction 

points near the selected point.



Root-Soil Interaction Modeling

9

wind

F = wind force (kN)

H = Height of the tree (m)

M = resultant moment (kN.m)

AGB = Above-ground biomass (kN)



Root-Soil Interaction Modeling
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Displacement fields at the soil in a vertical section of the Plaxis3D model.

Windward side Leeward side 



Root-Soil Interaction Modeling
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Effect of the stochastic simulation of root geometry on the overturning moment and base 
stiffness for different root ratios (R).

Root ratio is the total volume of roots relative to the volume of the predefined boundary for root distribution.



Root-Soil Interaction Modeling
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WT = -3 m

Rain = 0 mm

WT = -1 m

Rain = 35 mm
WT = 0 m Rain = 0 mm

WT = -1 m

Rain = 15 mm

(Dry)

(Fully saturated)



Simplified model of tree structure
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For the wind force on the tree trunk: 

For the wind force on the crown: 



Simplified model of tree structure
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The dynamic response: 

Spectral-Based Model for Wind Loading on Trees:

The random vibration (frequency domain) approach to resonant dynamic response.  

(Davenport,1963)

The static response: 

Linear stepping analysis:

The process updates the structural stiffness based on the 

rotation–moment relationship, ensuring convergence 

between the linearized response and the actual nonlinear 

behavior.



Fragility analysis
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U: uprooting

Uc: complement of U

S: Stem breakage

The bending stress due to wind effects the bending moment resistance of a tree stem can be estimated using the 

following mechanical formula (Peltola, 2006): 



16

Thank you for your attention!

Mahtab Shiravi
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