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Typhoon Mangkhut
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Typhoon Mangkhut strike:
 16 September 2018
 No. 10 Hurricane Signal for 10 hours
 Sustained maximum wind speed at 250 km/h 
 The most powerful since records began in 1946.

Fortuitous events:
 Weakened after sweeping 

through the Philippines 
 Reduced from super to 

severe typhoon shortly before 
reaching Hong Kong

 Did not strike directly, closest 
at 100 km SSW of HK

 Did not stay longer
 Did not strike during 

astronomical spring tide
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Wind speed and 
tree damage: 

Traditional wind 
scales (variable 
and subjective)
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Saffir-Simpson Hurricane Scale

Fujita-Pearson Tornado Scale

Source: Engineer Diary



5C Y Jim: Typhoon Mangkhut Impacts on Trees

Factors of 
vulnerability 
of trees to 

wind damage 

Source: Kana Kamimura
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Tree natural frequency (fN) and resonance
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 Every object has a natural frequency
 Every tree part has a fN

 If wind pulses arrive at a frequency near fN
 More efficient transfer of energy from wind to tree
 Inducing tree sway at higher amplitude

 May create resonance
Wind force amplifies tree sway as oscillatory motion
Enhanced absorption of wind energy by the tree 
Quickly and considerably increases the magnitude of displacement
Exerted force can reach a threshold called the critical bending moment 

above which the tree may fail

Source: Casteren et al. 2013
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Critical wind speed (CWS)
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CWS > 42 m/s or 151 km/h: Massive tree failure, conifers (soft wood) and broadleaf (hard wood)

Weakly related to biomechanical traits: Stem diameter, tree height, wood elastic property, species

At < 20 m/s or 72 km/h: Little or no damage 

Source: Virot et al., 2016
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Main modes of tree failure
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Stem lodging (snapping, buckling, breakage)

Root lodging (uprooting, windthrow, toppling)

Source: USDA
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Young tree inherited circling roots from poor nursery practice

Source: C.Y. Jim 2019
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Small root ball with little root growth into site soil since planting

Source: C.Y. Jim 2019
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Roots of young tree unable to extend into site soil to establish anchorage

Source: C.Y. Jim 2019
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Large tree trapped in “standard” tree pit

Source: C.Y. Jim 2019
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Large tree with root growth shaped and restricted by tiny pit

Source: C.Y. Jim 2019



16C Y Jim: Typhoon Mangkhut Impacts on Trees

Large tree with few roots extending beyond small circular pit

Source: C.Y. Jim 2019
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Large tree with stout roots failing to break out of the tiny pit into the site soil

Source: C.Y. Jim 2019
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Large tree with roots tightly packed in tiny planter

Source: C.Y. Jim 2019



19C Y Jim: Typhoon Mangkhut Impacts on Trees

Large tree with dense and entangled roots boxed in the tiny circular planter

Source: C.Y. Jim 2019
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Large tree with roots jailed in tiny and shallow planter

Source: C.Y. Jim 2019



21C Y Jim: Typhoon Mangkhut Impacts on Trees

Large tree with roots squeezed into the very narrow planter

Source: C.Y. Jim 2019
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Large tree with dense root system locked in the shallow planter

Source: C.Y. Jim 2019
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Large tree imprisoned in a tiny pit at a large and paved site

Source: C.Y. Jim 2019
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Very shallow root growth due to poorly drained soil

Source: C.Y. Jim 2019
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Shallow, coarse-texture and gravelly soil

Source: C.Y. Jim 2019
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Heavily compacted and very poor soil in the planter

Source: C.Y. Jim 2019
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Planter filled with soil composed of coarse and loose sand and gravles with little organic matter

Source: C.Y. Jim 2019
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Planting site filled with loose, sandy amd stony soil with poor structure and meagre organic matter

Source: C.Y. Jim 2019
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Very poor soil composed of largely compacted construction rubbles

Source: C.Y. Jim 2019
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Tree pit covered by a surface layer of concrete

Source: C.Y. Jim 2019
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Tree pit fill with a layer of concrete near the surface

Source: C.Y. Jim 2019
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Tree planted in soil of merely a few cm in depth

Source: C.Y. Jim 2019
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Large tree with roots repeatedly damaged and cut by adjacent trenching and road works 

Source: C.Y. Jim 2019
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Large tree with thick anchoring roots cut in the past

Source: C.Y. Jim 2019
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Roots entangled with and constrained by the tree grille

Source: C.Y. Jim 2019
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Large tree girdled by the metal ring of the tiny tree pit

Source: C.Y. Jim 2019
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Slope stabilization work resulting in soil compaction and shotcrete sealing

Source: C.Y. Jim 2019
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Slope stabilization work harming existing roots and limiting new root growth

Source: C.Y. Jim 2019
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Soil area provision (SAP) reckoned by crown diameter

1 m crown diameter requires 1.8 m3 soil volume
or 1.8 m2 of soil area with 1 m soil depth

Source: C.Y. Jim 2019
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Strategies for roadside soil volume extension
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Strategies for roadside 
soil volume extension: 

Soil connectors
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Suspended paving: Soil 
and root spread
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Thank You
Comments and Questions are 

Welcome
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