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Figure 1.1 Checklist prior to rigging operations (draft) 
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Structural failure of a stem* 

Solid cross-sections, or tree parts with a more limited amount of decay, will usually fail by 
simple bending fracture, or by fracture caused by torsion. The load-bearing capacity of solid 
stems and branches, and the influence of decay, can be assessed using standard engineering 
formulae derived from cantilever beam theory, up to an advanced degree of hollowness (see 
Chapter 5 on the Bearing Capacity of Tree Species). 

A frequent form of failure in trees is uprooting, or the fracture of roots at the stem base. In both 
cases, the whole tree will fail. During rigging operations tipping poses a danger when the root 
system is severely compromised, or when a great portion of the stem base is decayed. Generally 
speaking, an applied moment of force reaches its maximum at the stem base. Yet most trees 
have adapted to this by expanding their stem diameter towards the base and developing a root 
system capable of dissipating the loads it is exposed to. 

2.1.4 Tree-related hazards 

Failure of the load-bearing structure (roots, stem or branch) may occur during rigging and 
dismantling operations due to one or several of the following reasons: 

•	 strength loss due to biotic effects (e.g. fungal decay, cavities, damage generated by 
wood-boring insects) 

•	 abiotic damage like lightning strike, sunscald, severed roots, old cracks 

•	 poor structural development (included bark, poor grafts, weak anchorage) 

•	 previous failure (e.g. inclined root plate, split crotches, over-bent branches, fresh cracks) 

•	 insufficient load-bearing capacity of the anchor point (inappropriate diameter, long lever 
arms, using dead branches) 

* Picture courtesy of C. Luley, Urban Forestry LLC, Naples, NY 
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2.4.3 Key steps 

The following system of key steps can be applied to visual tree inspection prior to rigging and 
dismantling operations, with regard to structural defects and failure of the tree as a load-bearing 
structure: 

•	 rank the overall susceptibility of the tree species for failure of tree parts. 

•	 identify compromised tree parts (branch, major crotch, stem, roots) and the magnitude 
of hazard. 

•	 consider structural characteristics of the tree (tree form and development, stem 
inclination, pruning history, incremental growth). 

•	 assess the potential loading of the compromised tree part in a rigging system (e.g. used 
as anchor point, redirect or main support, subjected to unilateral bending, torsion or 
compression). 

•	 evaluate the likelihood of failure during the prospective rigging operation, eventually 
by probing the stability with simple load tests. 

•	 evaluate the risk for climber, ground personnel and property. 

•	 check if loading can be avoided, or if appropriate remedial measures can be applied. 

•	 determine whether the tree is safe to climb and dismantle using standard practices, or 
consider the use of advanced techniques or machine supported felling. 

•	 continue visual inspection while climbing and dismantling/rigging. 

2.5 SYMPTOMS FOR TREE-RELATED HAZARD 

2.5.1 Root system 

In most cases, the anchor strength of the root system, counteracting any tipping forces, cannot 
be assessed visually. Only on rare occasions, when the stability of the tree is severely affected, 
will it be possible to detect a significant strength reduction when testing anchor points (e.g. by 
weight tests such as those described in the penultimate paragraph of the previous page). 

Destabilised or tilted root flare, cracks in soil 

A tilted root plate and a leaning stem are obvious indicators of lost anchoring strength. 
However, such acute signs of hazard are not always still visible when arborists are called in. 
Other symptoms, which frequently occur when root strength is compromised, may also point to 
a potential hazard when dismantling a tree. 

"Soil mounding, cracking or similar disturbances at the base of the trunk behind the 
lean and/or broken roots are indicators of higher probability of failure." (Matheny, Clark 
1994) 

According to Wessolly, Erb (1998), the static effective root zone extends over a distance around 
the stem base that roughly equals 1 to 1.5-times the diameter of the stem base. In this zone, 
cracks in the soil may be found after primary failure of the anchoring roots (Lonsdale 2000), or 
soil mounding may remain visible. Figure 2.6 (overleaf) illustrates how cracks may occur in the 
effective root zone (cf  Wessolly, Erb 1998; Bader 2000).  
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d d 

wind direction 

Soil cracks in the static 
effective root zone. 

Figure 2.6 Effective root zone 

Tilted root flare 

A raised root flare and cracks in the 
soil indicate primary tipping failure.  
These trees may be very unstable. 

Cracks in the soil 

It is possible for a tree to re-stabilise its root system after primary tipping failure, with such re
stabilisation often leaving soil mounding on one side of the stem base (see illustration overleaf). 
Whether or not such a tree is safe to climb is not sufficiently assessable by visual inspection 
alone. In the European Tree Worker Handbook, increased lean of the stem without a righting 
response of the leader is listed as an indicator of overloading and initiation of tipping failure. 
Trees with leaders that have changed to the vertical direction again as a result of negative 
geotropism are not considered hazardous (European Arboricultural Council 2005). However, 
this cannot be taken for granted, due to the fact that decay, or subsequent damage in the static 
effective root zone, may have occurred without there being any visible lean, and may still be 
present despite an apparent righting response. 
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Soil mounding
Due to overloading by wind, ice or snow, 
the roots might have been permanently  
deformed. Such primary failure may be 
detected by increased lean, without any  
visible change in the growth direction 

 the stem. 
 Leaning tree without righting response 

Leaning trees experience additional loads generated from the eccentric weight of the crown. 
Findings from tree hazard assessments, based on tree-statics, indicate that this influence is only 
significant if lean exceeds an angle of roughly 15° from the vertical (tests carried out by the 
authors as well as Heilmann B., pers. comm. May 2007).  

Due to stem inclination, loads generated from rigging operations may also increase. As shown 
in Chapter 5, the bending moment depends on the rope angle relative to the stem axis at the 
instant when the peak force occurs (i.e. when the fall of a log is being stopped by the rope). This 
angle may be increased on a slanting stem. Furthermore, the impact of a log hitting the stem 
tends to increase if the tree leans away from the direction of fall (see Chapter 8). Therefore, 
significant lean should always be considered as a hazard in a risk assessment. 

Trees on slopes or embankments may also be destabilised as a result of erosion and landslide 
effects. If the root system is exposed from the soil, the soil-root matrix is detached (see 
illustration overleaf) and anchoring strength usually decreases. Strong, swaying movements 
may also reduce the stability of trees if their root systems are not adapted, or if soil conditions 
are adverse for oscillating loads (e.g. due to the ‘parodontosis-effect’, see section 2.6.4). Water-
saturated soil, especially on trees that develop shallow root systems, may enhance these effects 
and reduce the anchoring force of the roots. Similarly, holes in the ground within the static 
effective root zone, often dug by animals (e.g. rabbits), may also destabilise the root system and 
result in an increased likelihood of failure, especially in a leaning tree. 

Compromised roots in the static effective area 

Mostly, root damage occurs when excavations for construction or roadworks are being carried 
out in the vicinity of trees. Lopping of roots, severing with machinery, overfilling of the root 
plate, or compressing the soil may result in severe damage and the loss of stability. 
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If large portions of the soil have been 
removed, the stability of a tree is often 
compromised. 

Eroded root-soil matrix 

Root damage usually causes decay in 
the stem base. Vigorous trees react to 
the strength loss experienced from 
root lopping, by an increased 
formation of reaction wood 
(compensation growth). If this is not 
the case, the load-bearing capacity 
may be severely reduced. 

Lopped roots with decay* 

Lopped roots are not always obvious. Signs like newly-constructed sewerage systems, 
underground cables, walls or buildings, fresh tar cover on pavements, or level changes in the 
surrounding terrain, hint at defects in the root system, especially if accompanied by die-back in 
the crown. Therefore, the vigour of a tree is also an important factor in visual inspection. Yet, in 
many cases, arborists are called in to dismantle trees because of obviously poor vigour. In such 
cases, it is essential to check for potential root damage by inspecting the site, talking to the tree 
owner and/or neighbours, and eventually excavating any suspect areas of the root  zone. 

Severing of roots often leads to the formation of adventitious roots at the base of the trunk. 
These smaller roots are put out to supply the crown with sufficient amounts of water and 
nutrients. Yet, they are not able to support the tree mechanically due to their place of origin, 
angle of attachment and insufficient size. The formation of adventitious roots at the stem base 
can be a sign of extensive damage in the root system and may also indicate that the stability of 
the tree is compromised (Matheny, Clark 1994). 

* Picture courtesy of P. van Wassenaer, Canada 
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Construction work in the root zone may 
have resulted in severe lopping of roots. 
If construction has been carried out 
recently, the defect may very well be 
betrayed by a vigorous crown. 

If roots were lopped a longer time ago, 
die-back in the crown, and eventually 
fruiting bodies of wood-decaying fungi, 
may be present. 

Construction works 

When the primary root system is not 
able to sustain water and nutrient 
supply, trees develop adventitious 
roots near the soil surface. 

Root lopping or changes in the soil 
(compaction, overfilling, sealing of  by 
tarmac) are often indicated by this 
symptom (Costello 2005). 

Adventitious root 

Straight lines on a root flare should generally be taken as an indicator that mechanical damage 
has been done to the roots at some time during construction (Kane 2006). Trees that have been 
overfilled usually do not show buttress formation, and their stems enter the ground in a more or 
less parallel direction. If trees are not able to compensate for the loss of fine absorbent roots 
resulting from root damage, the bark on the buttress roots will often become dysfunctional and 
may even die back. In these cases, loose bark and other signs of cambial necrosis, as well as 
mycelia or fruiting bodies of sapwood-decaying fungi (such as, for example, the honey fungus 
Armillaria spp) may be detectable. Such signs would serve as indicators of reduced anchoring 
strength of the root system (cf Reinartz, Schlag 2006). 

Many defects within the root area may only be detected if soil is removed from around the stem 
base. A root-trenching experiment indicated that a tree lost its stability gradually, when root and 
soil were removed at a decreasing distance from the stem. When the static effective root zone 
(expanding around the stem base at a distance of 1 to 1.5 times the diameter at the base) was 
affected, the tree lost its stability against occurring wind forces (Bader 2000). 
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In the long term, dysfunction of 
major roots leads to visible defects, 
like sunken areas, or dead bark at 
the stem base. 

In such cases, a root crown 
examination would be required, to 
investigate the extent of damage to 
roots in the static effective area. 

The straight line formed by the 
newly constructed curb is also an 
indicator of root damage – 
obviously, no regard was paid to 
existing tree roots when excavating. 

Bark damage at the root crown 

Therefore, an inspection of the roots and the stem of the base can focus on the immediate 
surrounding area of the stem base, and does not necessarily have to cover more than the static 
effective root zone (root crown inspection acc. to Matheny, Clark 1994). Also, it cannot be fully 
discounted that root damage at a greater distance from the stem may affect the stability of the 
tree. Large wounds will eventually cause rot in the static effective roots and in the stem base, 
thus affecting the load-bearing capacity. 

The decision as to whether or not a tree is safe to dismantle by climbing techniques depends 
greatly on the secured information available, on the remaining load-bearing capacity of the tree 
and the loads generated by the rigging operations. It is essential that any safety assessment 
should rather err on the side of caution. 

If the root zone has been overfilled 
with soil, a thorough root crown 
examination might be required, to 
detect areas of dead bark, decay, 
lopped roots or adventitious roots 
that originate from the stem base. 

Root crown inspection* 

* Picture courtesy of D. Neustaeter, Canada 
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Confined root spread 

If the development of anchoring roots is confined, the stability may be compromised. In 
particular, species that are nitrogen independent and drought resistant (e.g. Robinia 
pseudoacacia) are capable of reaching reasonable height and enduring in sites with very limited 
root space. However, their stability could still be compromised. 

In rigging operations, the loads applied are usually rather small when compared to wind loads 
occurring during storms. Therefore, it is unlikely that trees will be unable to withstand the loads 
generated from dismantling, if they were able to survive at the site they are growing in, even if it 
is very confined. But even a small extent of decay could considerably affect their stability. 

Some trees grow in narrow spaces and 
may not always be able to develop  
sufficiently strong anchoring systems. 

Yet, in many cases, they will be perfectly 
stable against the wind loading they 
experience and, therefore, will also be 
safe to climb. 

Confined root zone 

Fruit bodies of wood-decaying fungi 

Decay in roots at a distance from the stem base may very well leave the tree with sufficient 
safety margins for regular dismantling scenarios to be applied, particularly if buttress roots that 
compensate for the decay have developed (cf Reinartz, Schlag 2006). As a precaution, adequate 
measures should be taken to reduce loads generated from rigging operations, or to avoid 
anchoring in the compromised tree. 

If fruiting bodies of wood-decaying fungi are present at the very base of the stem, and the tree 
does not show signs of compensation growth, the load-bearing capacity may be significantly 
reduced. If decay extends to more than one-third of the roots, the tree should not be considered 
safe to climb, or further diagnosis should be carried out initially. 
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Meripilus giganteus at roots of  Fagus sylvatica 

The fruiting bodies of the Giant 
Polypore appear at a rather small 
distance from the stem. But the stem 
base shows an increase in diameter, 
due to compensation growth and 
formation of buttress roots. 

This tree could be dismantled using 
climbing techniques, if no other 
symptoms for structural defects are 
present. However, other techniques 
should be preferred or (as a 
precaution)  loads from rigging 
operations should be reduced as 
much as possible. 

The fruit bodies of Kretzschmaria 
deusta on Birch indicate extensive 
decay at the stem base and a great 
likelihood of root damage. There are 
no visible signs of adequate 
compensation growth. 

The load-bearing capacity of this 
tree is severely reduced and loads 
generated from dismantling 
operations might lead to failure. 

Kretzschmaria deusta on Betula pendula 

2.5.2 Stem base, root crown 

Missing or decayed buttress roots 

If buttress roots are decayed, the resistance of the tree to uprooting may be affected. It is 
virtually impossible to tell, simply from visual assessment, whether or not the tree is able to 
withstand loads generated from rigging in a worst-case scenario. If required, load tests could be 
applied to determine the residual strength of the respective tree’s anchoring system. 

If more than one-third of the major roots are lopped, there is a great likelihood of failure due to 
wind forces. According to Fraedrich, Smiley (2002), the threshold for critical risk of failure is 
set at a loss of 50% of all major buttress roots. Kane (2006) states that a tree may very well be 
prone to failure during a dismantling operation, if buttress roots are decayed on more than half 
of the circumference. 
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It seems reasonable to recommend further consideration where more than one-third of the 
circumference is decayed on one side of the stem base, or where more than 50% of all buttress 
roots show structural damage. In these cases, alternative technical methods to climbing should 
be used to dismantle the tree, or, if rigging cannot be avoided, loads generated should be 
reduced as much as possible. 

In this case, two structural roots  
have been severed and one is 
already decayed. It depends on 
how many others are still intact,  
and able to withstand the loads 
generated from the wind, as to 
whether this tree would be safe 
to climb or not. 

Generally speaking, wind loads can 
reach many times the bending 
moments generated during a 
dismantling operation. However, 
when a tree survives storms, no 
reliable conclusions can be drawn 
on its current stability. 

Decay in the root crown 

If decay at the buttress roots is not 
clearly restricted to a distinct area 
and not being compensated for by 
increased radial growth, a greater 
likelihood of failure should be 
expected. 

Loss of buttress roots in more than one-third of the stem base 

Girdling roots 

If trees develop roots that circle the stem base near the soil surface, bark will be included 
between root and stem. Growth in diameter will eventually result in girdling of the stem base, 
causing deformation of wood fibres and, sometimes, where damage occurs to the cambial layer 
under great pressure, this may provide an entry point for wood-decaying fungi. 
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Therefore, girdling roots … 

"[…] may affect the health and structural stability of container-grown or field-grown 
trees. The severity of these defects is determined by their location (in the root system) 
and the amount of root system that remains unaffected. Severe defects may cause 
tree decline or structural failure." (Costello 2004) 

This is a common phenomenon in street trees, but it also occurs in park, garden and forest trees. 
It affects incremental growth and thus the tree’s ability to gain strength with increasing height, 
or when decay occurs. Due to the fact that loads generated from rigging operations are rather 
small, girdling roots will not generally cause hazards for dismantling operations, but the 
presence of severe decay may eventually prove otherwise. It may, therefore, be necessary to 
inspect the root crown in order to detect stem decay in the vicinity of girdling roots. 

This girdling root has affected 
diameter growth of the stem base at 
half its circumference. The 
formation of reaction wood and 
compensation growth is inhibited 
here. 

In this case, the load-bearing 
capacity of the stem at the girdled 
base was measured by a pulling test. 
It was reduced to half of the stem's 
strength at greater height. 

Girdling root 

Due to the restrictions in incremental 
growth, this tree was unable to 
increase the diameter of its stem base. 

The hazard was enhanced by wood- 
decaying fungi that were able to 
penetrate through the dysfunctional 
bark enclosed in the area of girdling. 

Failure of girdled tree 
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Growth depressions, inclusions, loose bark 

Growth depressions or sunken areas may result from cambial dysfunction and are often a 
consequence of hidden decay or root damage (Reinartz, Schlag 2006). If loose bark or cracks 
especially are found in a flattened area of the stem's circumference, it should be suspected that 
the load-bearing capacity is decreased due to rot. 

This Poplar shows no signs  
of incremental growth at its base.  
No buttress roots are present. 

Obviously more than half of the  
stem circumference is affected 
by decay. 

Growth depression 

Grooves, seams or sunken areas at the stem base may be a result of, or be connected to, decay in 
the inner perimeter of the trunk. Some species, however, show a typical growth pattern, with 
deep inclusions on the trunk, e.g. Carpinus betulus or Robinia pseudoacacia. Also, developing 
buttress roots at the stem base often produce areas of reduced incremental growth. Even though 
the load may be supported mainly by the buttress roots, the sunken areas play an important role 
in visual inspection. Fruiting bodies of fungi, causing decay in the stem base, may appear in 
these grooves at first, simply because the rate of wood production (i.e. compensation growth 
counterbalancing decay processes) is slowed down. Therefore, it becomes easier for fungal 
mycelium to reach the cambium and form sporopores. 

This decay column in F. sylvatica 
would not necessarily have posed any 
hazard during regular rigging and 
dismantling operations. Its presence in 
the cross-section was indicated by the 
groove on the left (red arrowhead). 

Note the smaller distance between  
grooves on the right side of the 
cross-section, where residual walls  
are significantly thinner (red arrows). 

Grooves and hidden decay 
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Typically, the distance between two grooves decreases as residual walls get thinner, due to 
lacking compensation growth. Bark damages in the vicinity of grooves, or along the 
circumference of the stem base, are clear indicators of a fungal infection and advanced spread of 
decay. 

The sunken area above the loose section of  
bark has caused strong zones of growing  
compensation wood at its sides, discernible  
by the brown striation stripes. 

Dead bark at the stem base 

Another symptom of extensive decay eventually affecting the structural integrity of the lower 
trunk may be sawdust, milled by insects such as ants and large beetles. 

Cracks 

Cracks in the lower stem zone are often referred to as shear cracks. They are reported to occur 
in slanting trees (Mattheck, Breloer 1994, Hayes 2000), but also at the base of upright 
specimens, supposedly due to shear stress concentrations (according to Mattheck et al 2006). 
Typical shear cracks form on two opposite sides of the stem, because the entire stem is split in a 
vertical plane (cf Meilluer 2007). This effect seems to be limited to species that show great 
differences between longitudinal and tangential strength in their wood fibres (e.g. spruce). A 
strongly growing seam running along the stem axis, on the opposite side of a visible crack, often 
indicates that only a small residual wall is preventing splitting.  

Cracks on one side only, and higher up along the stem, are often the result of excessive torsion, 
induced by asymmetric wind loads due to eccentric crown shape or lean. In such cases, a typical 
sideways skipping of the crack (stepwise) may often be noticed. This is a result of the formation 
of delamination cracks, between bundles of fibres, as the stem is twisted around its axis and 
splits in different places along its perimeter. 

Not all cracks are formed due to mechanical failure. Recent publications indicate that initial 
damage may result from a variety of factors, including exposure to sunlight, temperature 
changes, poor genetic material and infection by Verticillium (Schneidewind 2006, Wilhelm et al 
2006). 
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‘Shear crack’ in Platanus x acerifolia

In leaning trees, cracks (red arrowheads) may 
form due to the uneven dissipation of stresses in 
the perimeter of the cross-section. 

If thin-shelled parts of the circumference are 
located between the thick buttress roots, loaded 
in compression and tension respectively,  
stresses may reach a critical value and cause 
longitudinal splitting of the residual wall. 

These trees should be regarded as hazardous 
due to the eventual presence of decay and the 
primary failure of the residual wall. In cases 
where other techniques cannot be applied, 
precautionary measures have to be considered 
to prevent further splitting of the stem (e.g. using 
ratchet straps -  see section 2.8). 

On the opposite side of the crack, 

only a small residual wall is present


(red arrow). This is indicated by a

seam of strong cambial activity, 


which results in a ridge with

younger bark at the surface.


 Cracked cross-section with seam opposite the opening* 

Decay, conks and other fungal fruiting bodies 

Fruiting bodies appearing at the stem base indicate the presence of decay. If conks or 
mushrooms appear on one side of the stem base only, and if they are situated in grooves, 
between strongly growing buttress roots, the residual strength of the tree as a structure is usually 
still strong enough to bear regular dismantling operations. Even so, every precaution should still 
be taken to minimise loads generated and to secure a safe working position for the climber. 

Where fruiting bodies occur on the actual buttress roots, the likelihood of failure is often 
greater. Generally speaking, the load-bearing capacity decreases as the areas of sound tissue 
between grooves or fruiting bodies get smaller, indicating only small residual walls. 

* Picture reprinted from Shigo 1989a, courtesy of Shigo and Trees Associates 
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On this side of the stem only small 
seams of sound wood are left between 
grooves with black fruiting bodies of 
Kretzschmaria deusta (arrowheads). 

The load-bearing capacity is 
significantly diminished, yet at least 
one of the visible buttress roots (red 
arrow on the right) shows signs of 
compensation growth and solid wood. 

If the buttress roots on the other sides 
are not affected, the tree could be 
considered safe to climb. Should the 
back side be decayed to a similar 
degree, the likelihood of failure during 
dismantling would be too great. 

Kretzschmaria deusta on Fraxinus excelsior 

At a further stage of decay, Kane (2006) reports cracks that appear in buttress roots. Also Sinn 
(2000) lists cracks in buttress roots as a typical sign of immediate hazard. These cracks usually 
appear when a large portion of the stem is decayed and only small residual walls are left. 
Apparently, all types of recent primary failure indicate significant strength loss and are 
symptoms of very dangerous situations. 

2.5.3 Stem 

Decay, conks, cavities 

Decay reduces the load-bearing capacity of stems. Kane (2006) indicates that stems are safe 
against fracture when they are less than 70% hollow – a criterion for proneness to wind 
breakage of conifers in the western parts of the USA (published by Wagener in 1963). Even the 
strength of trees that are not adequately safe against wind forces may be sufficient to withstand 
standard dismantling operations. Yet, the presence of decay, cavities, or fruit bodies (conks) 
demands a thorough risk assessment prior to climbing or rigging and, where necessary, even the 
use of diagnostic tools and expert consultation. Common methods of assessment and published 
thresholds for determining strength loss due to decay are described in Chapter 5. 

Whether or not a compromised stem is sufficiently strong to sustain the load it is subjected to 
during rigging operations depends on the diameter, geometry and integrity of the stem, the 
material properties of sound wood tissues, the presence of compensation wood and, most 
importantly, the actual forces generated from rigging. 

With regard to purely visual assessment, it seems important to state that critical stages of decay, 
where residual walls become very thin and mechanical failure under comparably small loads 
may occur, are often indicated by the presence of several symptoms like dead bark, growth 
depressions, crack formation, inrollings or seams and fruiting bodies of wood-decaying fungi. 
Accordingly, signs of compensation growth, strong wound-wood formation around cavity 
openings (often indicated by growth striations) and the absence of the above-mentioned 
symptoms for dysfunction in bark or sapwood, hint at a lower degree of strength loss. 
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Even proponents of conflicting methods of tree diagnosis agree that compensation growth, e.g. 
by the formation of wound-wood tissue around the opening of a cavity, acts as a reinforcement 
and restores some of the strength loss caused by decay in central parts of the trunk (Mattheck, 
Bethge 2003; Wessolly 2005). 

The stem of this Celtis would not have had 
sufficient strength to withstand an estimated 
wind load at speed 12 Beaufort, according to 
results of a pulling test (Elasto-Inclinomethod). 

Despite the strong formation of wound-wood 
next to the cavity, and the increased diameter at 
the base, the tree exhibits cracks in the bark on 
the right side (see arrowhead), indicating 
damage to the cambium and a thin residual 
wall at the stem base. In these cases, it is 
essential to carefully examine the amount and 
spread of sound wood fibres in the cross-
section of the stem. 

Conks in and around a cavity in the lower trunk 

Lightning scars 

Lightning can cause severe cracks in the stems and branches of trees (cf Coder 2004, Meilleur 
2007). It is believed that initial cracks are able to propagate through the timber as a result of 
temperature changes, as well as bending or torsion generated by storms, or from dismantling 
operations. These cracks are suspected of having caused fatal accidents during rigging 
operations (Palmer, pers. comm. 2003). They may also be symptoms of decay because the 
openings improve the microclimatic conditions for wood-decaying fungi inside the trunk (better 
gaseous exchange, i.e. more oxygen and less carbon dioxide) until they have been successfully 
closed by wound wood (cf Schlag, 2006). Even slight movements of the crack surfaces, often 
induced by torsion of the crown in moderate wind, will effectively prevent the wood tissue from 
joining again. 

In many cases, old trees (often Oaks) show several lightning scars along the perimeter of their 
stems. In order for an old, overgrown crack to propagate during dismantling operations, 
extensive shock loading, severe log impacts on the stem or considerable torsion stress would be 
required. Whether or not old cracks initiate failure of the entire structure depends very much on 
the diameter of the trunk and the loads generated. Slender stems with hidden cracks will require 
considerably lower stress to fail than trunks with greater diameter. But during exceptional storm 
events, it has been observed that old cracks reopened and may very well have initiated failure of 
mature Oaks. Therefore, it is essential to monitor old, overgrown cracks during the course of 
dismantling operations, and to be prepared to mitigate the risk of failure. 
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Stem split by lightning 

Grooves, inrollings, seams  

In a similar way to defects at the stem base, grooves, inrollings or seams, running in a 
longitudinal direction along the stem, may originate from central decay or old cracks that were 
closed by wound-wood formation. In both cases, a significant reduction of the load-bearing 
capacity should be anticipated. 

It is unclear whether the internal decay results from 
a crack now closed by wound-wood, or if  the decay 
extended from the perimeter of the trunk outward 
and at one point was able to penetrate the sapwood. 

For a visual inspection, the consequences remain 
the same – an inrolling or groove indicates 
potential presence of extensive decay in the stem. 

Inrolling related to decay 
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As grooves appear typically on some tree species, it is sometimes hard to differentiate between 
a defect or hazard and an unspecific phenomenon of growth. If grooves occur along a greater 
length of the stem of species of Tilia, for example, they are very often a result of an infection by 
wood-decaying fungi e.g. Kr. deusta (Reinartz, H., pers. comm. May 2007). 

Cracks, poor grafts 

Hidden cracks may be indicated by rib-like protrusions (Lonsdale 1999), as well as grooves, 
both eventually showing signs of wound-wood formation. Generally speaking, fresh cracks 
without wound-wood can be considered more hazardous, because they are likely to propagate 
through the wooden body, along the fibre grain, when load is applied.  

Cracks generated some time ago may be surrounded by newly-formed tissue that may be able to 
stop the crack propagating, by releasing stress concentrations at the extremities of the crack 
(Gordon 1991). However, it has also been observed that old cracks, especially if they have 
never been entirely closed by wound-wood, may open up again under extensive loads.  

If cracks are found on both sides of the 
stem, the load-bearing capacity may be 
significantly reduced (by more than 50%). 

If rigging loads have to be applied, 
precautionary actions are recommended, to 
prevent failure due to longitudinal splitting 
(see section 2.8). 

Fresh crack through the stem 

 An old crack opened when the tree failed 
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This radial crack was indicated only by a groove 
on the perimeter of the stem. Since trees of the 
species Robinia pseudoacacia typically form a 
structured stem, with long ribs and sunken areas, 
the crack would probably not have been detected. 

The residual load-bearing capacity was greater 
in the direction parallel to the crack. Therefore, it 
would have been advantageous to set up the 
rigging in this direction (cf Wessolly, Erb 1998). 

Hidden cracks 

The load-bearing capacity of a stem with a radial crack is significantly diminished where the 
crack reaches from one side to the other. One-sided longitudinal cracks of limited depth (such as 
many lightning scars) hardly reduce the strength in bending, provided the stem is loaded in a 
direction parallel to the direction of the opening (Wessolly, Erb 1998). However, crack 
propagation and reopening can present significant hazards. 

Grafts can eventually form very weak connections because of included bark and the hidden 
presence of decay (Lonsdale 2000). A ring of sound wood may surround a cracked or severely 
compromised inner section, betraying an imminent risk of failure.  

Poor graft connection* 

* Picture courtesy of U. Thomsen, Baumpflege Thomsen, Germany 
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Other than grafts, horizontal cracks are rarely encountered in living trees. It is hard to determine 
whether stiff bark plates have cracked in a horizontal plane due to strong incremental growth, or 
if wood tissue actually has been fractured. Horizontal seams on the bark may also indicate 
overgrown objects like wire or steel bandages. Local restrictions in diameter growth and stress 
concentrations around such objects, may initiate cracks in the wooden body when stems 
containing them are loaded in bending. Cracks frequently appear in dead wood due to shrinkage 
resulting from drying and rot. If present, they are a distinct sign of strength loss in degraded 
wood, although the strength of living fibres could be adequate. 

The horizontal crack in the opened and degraded 
wood tissue indicates that the strength in the 
wounded section of this Beech has been reduced 
significantly. 

It is essential to determine whether or not the 
sound wood around the decayed part is 
sufficiently strong to bear loads generated from 
prospective rigging operations. 

Horizontal crack* 

Loose or dead bark 

Loose or cracked sections of bark indicate that bark and cambium are dead. This may result 
from mechanical damage, decay or dysfunction in the sapwood or fungal infections of the active 
vascular system. In such cases, the very parts of the trunk that would eventually have been able 
to compensate for strength loss by adaptive growth, are the parts that are compromised, and a 
tree showing such signs may very well be in a terminal condition. 

Dead bark or cambial necrosis resulting from sun scald is usually a local problem that does not 
affect the strength of the underlying wood fibres during initial stages. But trees with these 
symptoms are no longer able to prevent fungal infections and compensate for decay in the load-
bearing structure. They are, therefore, often prone to failure in their future development, and 
may be hazardous at the point in time when arborists are called in to dismantle them. 

On the other hand, striation and extension cracks in the bark are signs of strong incremental 
growth. In general, the occurrence of striations is a sign of good vigour and an ability to 
compensate for decay, cracks and other structural defects (see Lonsdale 1999). 

* Picture courtesy of J. Scott, Vine & Branch, IN, USA 

51 



Loose bark also poses an 
imminent danger to the climber, 
when strips of bark suddenly 
detach and cause the climber’s 
spurs to lose their grip. 

Dead bark*

In a progressive state of 
the disease, the fibres may 

degrade due to fungal 
attack and decay. 

 Sun scald on Fagus sylvatica 

Perennial canker 

Target or perennial cankers may cause significantly weak regions in the stem, due to repeated 
degradation of fibres and the infection of newly-formed wound tissue and reaction wood 
(Lonsdale 2000). Cankers should be thoroughly inspected to determine the extent of decay.  

However, determining the potential strength loss poses the same problems and uncertainty as is 
the case for central decay. Cankers also affect the outermost fibres that bear most of the load in 
bending (bending stresses concentrate on the periphery of a round section on two opposite 
sides). Therefore, decay initiated by cankers has a greater potential to affect the load-bearing 
capacity than central cavities decayed to the same extent. 

* Picture courtesy of D. Neustaeter, Canada 
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Some  canker (resulting from infections by 
Netria) cause large wounds that cannot be 
closed by the formation of wound-wood. 
Even though the canker may not actively 
cause decay (Dujesiefken et al. 2005), it 
may enhance the effect of subsequent 
infections by other fungi. 

Perennial canker on Ash 

2.5.4 Branch attachments 

Included bark, V-shaped crotches 

Included bark in V-shaped crotches significantly reduces the load-bearing capacity of the 
branch junction. Mattheck, Breloer (1997) even advocate the theory that incremental growth 
forces the two limbs apart. On the other hand, limb diameters are usually significantly reduced 
inside a V-shaped crotch, in comparison with their diameters higher above. This indicates that 
limited space inside the V-shaped crotch confines incremental growth and may compromise the 
cambium. 

D 1 D 2 

Figure 2.7 Cross-section of a V-shaped crotch with included bark 

53




Often, the bark dies when enclosed in the crotch, a condition that may give rise to infestations 
by fungi and often leads to decay in the crotch (the strength of which is already reduced due to 
inhibited incremental growth). Dead bark in a crotch is hard to detect, yet it is an important sign 
of a higher probability of failure. In some cases, dead bark may be visible at the sides of a V-
shaped crotch, where growth forms rib-like extrusions, also referred to as ‘ears’ (Mattheck, 
Breloer 1997). Sometimes, this symptom is the only indicator of extensive decay caused by 
Kretzschmaira deusta in V-shaped crotches of Beech. 

V-shaped crotch, longitudinal section and outside view* 

The lack of a stable connection of wood fibres inside the crotch and the inhibited growth in 
diameter results in a greater likelihood of failure of V-shaped crotches with included bark. 
Smiley (2003) postulated that all co-dominant forks should be considered weak, whether bark 
was included or not. Lonsdale (2000) lists signs of significant hazard in forks and other unions. 
Among them are: 

•	 structure of the branch bark ridge, which becomes a double ridge if bark is included 
•	 angle above the union: co-dominants that do not bend upwards just above the union may 

bear excessive leverage from the weight of the crown 

Species or cultivars of trees show different susceptibility to crotch failure. High risk types 
include, according to Lonsdale (2000): 

•	 species of Willow and Poplar 
•	 Horse Chestnut 
•	 Beech 
•	 Ash 
•	 true Cedars 

* Exhibit courtesy of U. Thomsen, Pinneberg 
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With reference to other publications (Hauer et al 1993), and also drawing on the experience of 
the authors, other tree species should be included: 

• Acer saccharinum 
• Gleditsia triacanthos 
• Robinia pseudoacacia 
• species of Elm 
• some species and cultivars of Linden e.g. Tilia tomemtosa 

Lonsdale reports a low risk of crotch failure for Carpinus betulus, Alnus and many conifers, 
among them Larch, Spruce and Redwood.  

Generally speaking, V-shaped crotches with included bark should not be loaded when used as 
temporary anchor points in trees. Using redirects, or choosing a suitable rigging set-up that 
ensures that forks are being loaded in compression only, may reduce the likelihood of failure, 
even for structurally weak crotches. It seems natural that compression should be transferred 
through included bark and that the entire crotch should be able to  withstand compression forces 
(as indicated in Mattheck, Breloer 1997). However, no study was found in the course of the 
present review that showed, on a reliable basis, that it is safe to load V-shaped crotches in 
compression. 

Branches arising all at one level may also have a decreased load-bearing capacity (Clark, 
Matheny 1993). Another sign of a hazardous weak junction, according to Lonsdale (2000), is 
the presence of cracks and decay (see following paragraphs). 

Old and active cracks 

Cracks in a junction indicate that failure has occurred when the fork has been exposed to 
excessive loads. Crotches have to dissipate the load from two or more limbs and, therefore, 
often have to bear greater stress than other parts of the crown. Failure modes for crotches with 
included bark are described in Mattheck, Breloer 1997. Included bark acts like internal cracks, 
because notch stresses are concentrated when the fork is loaded in tension (Gordon 1978). 

The load-bearing capacity of a cracked fork may 
be so much reduced that failure could occur when 
the limbs are loaded. 

In some cases, the initial strength of the union 
may have been so great that even the separated 
halves are strong enough to support fairly low 
loads from climbing or rigging operations. 

But without reliable tests on how much load the 
compromised structure can bear, and without 
precautionary measures to mitigate the risk of 
failure, it would be irresponsible to use such a 
stem as an anchor point (akin, for example, to 
using a karabiner with a crack in its metal). 

Crack in branch union, Horse Chestnut 

55 



If fresh or old cracks are present, the load-bearing capacity of branch attachments may be 
significantly reduced. Therefore, limbs attached here should not be used as anchor points 
without further investigation (load test). Regardless of whether load is applied in tension or 
compression, these cracks may result in failure.  

Decay 

Due to the increased stresses in a fork during storm gusts or rigging operations, thin-shelled 
cross-sections are prone to failure, due to shear and tangential splitting (delamination) of wood 
fibres. Often, the application of load produces cracks and the whole limb is torn out from the 
junction because the wood fibres are exposed to tangential tension, in response to which they 
are significantly less robust. 

If the sound wood in a branch union’s cross-
section is reduced to a thin wall only, the 
likelihood of failure increases because fibres 
are being pulled out. 

High forces lead to a longitudinal separation of 
the wood fibres, causing tear-out failure of the 
thin-walled shell. In these cases, compression 
failure of marginal fibres generated from 
bending stresses is not a relevant measure for 
the bearing capacity (cf chapter 5). 

Thin-shelled crotch 

The same is true where the stem behind a branch attachment is severely decayed. Then the 
mechanical support, provided by overlapping layers of stem and branch tissue inside the trunk 
and in the branch collar (Shigo 1989), is lacking and, more or less, only the tangential hold of 
the wood fibres will be able to prevent fracture. This is a very weak connection that may fail 
under little load. 

Large wounds extending into the centre of a branch, where living parenchyma cells are absent, 
lead to decay. Along the branch centre, near the pith, decay can spread rather quickly along the 
axis of a branch into the branch attachment and, depending on the vigour and species-dependent 
properties of the tree, even into the trunk. Therefore, decay in the vicinity of branch unions may 
also indicate a decreased bearing capacity of the attachment. At the same time, the lever of 
gravitational forces (the weight of the crown, at times increased by rain, snow and ice) is greater 
at the base of the branch. Therefore, branch decay in the vicinity of the crotch may increase the 
likelihood of failure significantly. 
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In sound trunks, anchorage of 
branches is provided by a 
sequence of branch and stem 
collars. If the stem is entirely 
hollow, the overlapping collars 
are absent and the branch is held 
only by the tangential strength of 
the residual wall. 

Stem decayed at the attachment 

Due to poor compartmentalisation 
along the axis, decay often spreads into 
the fork, thus decreasing the load-
bearing capacity of the limb. 

Cavity next to the branch attachment 

2.5.5 Limbs, branches 

Generally speaking, symptoms of structural weakness in limbs and branches do not differ much 
from those already previously discussed. Most defects, like central decay (finally resulting in 
thin-shelled cross-sections), cracks leading to reduced load-bearing diameters, and dead bark, 
occur both in the crown and in the stem. However, some special aspects may be added to those 
already mentioned. 
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Decay 

Fracture is most likely on branches where decay has reduced the residual wall to a thin shell. 
These hazardous cross-sections are usually detectable by a dull, hollow sound, when using a 
mallet. Inspection from the ground may not reveal the likelihood of failure, especially in species 
that are anatomically capable of sustaining their crowns with only a small number of active 
annual rings (e.g. Ash, Horse Chestnut, Willow, Oak). 

Thin-shelled cross-sections are susceptible to 
failure under impact loads and torsion stresses. If 
the residual wall falls below 4 cm thickness, they 
are often detectable with a mallet. 

At the same time, further symptoms like little 
diameter growth, bark damage, woodpecker holes 
and conks usually become visible at such an extent 
of decay. Both sapwood and cambial layer may be 
dysfunctional and  prone to penetration by 
pathogens. 

Thin-shelled branch 

Depending on the ability of the species to compartmentalise infections, woodpecker holes and 
conks can be signs of extensive decay, as can growth depressions, bark damage and cavities. If 
such symptoms are present, visual inspection focussing on the integrity of anchor points is 
required to identify hazard branches, prior to undertaking rigging operations. For this purpose, 
the use of binoculars may sometimes be necessary. A tree’s vigour and its ability to form 
compensation wood may be an important criterion in assessing the severity of such defects. If 
further inspection is required, primary anchor points that are considered to be safe could be used 
to access the canopy, in order to more closely investigate the bearing capacity of other anchor 
points that might be used in rigging operations. 

Decay initially spreading from large pruning wounds may affect the strength of branches (Shigo 
1991). If multiple branches have formed at the perimeter of a large topping cut, bark inclusions 
and poor incremental growth (due to lack of space) may give rise to weak attachments 
(Matheny, Clark 1994). Ornamental trees that form overhanging crowns may show substantial 
damage on the upward side of their top branches. Cultivars of Beech (F. sylvatica 'Pendula'), 
especially, are susceptible to sun scald that may give rise to extensive decay on the topside of 
the branches in the periphery of the crown (although, due to the successive growth in height of 
such trees, limbs in the centre of the crown may also be affected by decay). In particular, the 
fungus Oudemansiella mucida is reported to cause significant strength loss on Beech branches 
damaged by sun scald (K. Schöpe, pers. comm. 2007). 
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The activity of a woodpecker may 
indicate extensive decay in the cross-
section of a branch, that might otherwise 
be available for use as an anchor point 
in climbing or rigging operations. 

If foliage and twigs show signs of 
decline, it may be concluded that decay 
has spread into the sapwood of the 
branch and caused a wide and extended 
decay column. 

Woodpecker hole 

A large portion of the cross-section is 
missing as a result of sun scald. 

The defect is hard to detect by visual 
inspection from the ground. 

Bark necrosis and decay on Beech 

These defects are often discernible from the ground only by an altered shape of the branch. 
Wound-wood develops at the sides of the branch in order to close the wound. Due to repeated 
necrosis of the newly-formed bark, the width of the branch increases locally and uneven 
structured bark may be visible from underneath. These branches show a greater likelihood of 
failure, and should not be used as anchor points if their residual load-bearing capacity cannot be 
reliably assessed. 

In recent times, the Massaria-disease, caused by Splanchnonema platani ([Ces.] Barr), has led to 
decay in branches of London Plane (Platanus acerifolia) and subsequent failures in Germany 
and Switzerland (Dujesiefken et al 2005, Wohlers 2005). These defects often become visible on 
the upside of branches of up to 25 cm diameter only (see illustration overleaf). The infection 
renders a pinkish bark before the occurrence of sporopores changes the colour to black. The 
extensive decay under discoloured bark is reported to cause brittle failure under loading, 
especially after the black fruiting bodies develop (Wohlers, pers. comm. 2007). It is quite likely 
that this disease will, eventually, also colonise British trees, unless it can be held in check by the 
less favourable climatic conditions. 
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The upside of the branch is often 
covered with black, dust-like 
sporopores (red arrows) after an 
infection by the Massaria-disease. 

Failure of branch infected by the Massaria-disease* 

Fracture of branch with the Massaria-disease† 

Previous mechanical failure 

As with other defects, internal cracks are reported to change the form of a branch as a result of 
compensation growth. Therefore, irregularities in the shape of a branch should be rated as signs 
of an eventual hidden structural defect. 

"Branches and trunks may possess internal cracks without any obvious external 
indication. We have observed sections of branches with internal cracks to be 
asymmetric in form, sometimes diamond-shaped [...]." (Matheny, Clark 1994) 

Mechanical failure decreases the strength of branches significantly. Split forks may leave the 
remaining co-dominant structurally weak (strength loss of 75% in the direction perpendicular to 
the split, according to Wessolly, Erb 1998). Similarly, horizontal cracks in solid cross sections, 
arising from radial delamination of fibres in an upward bent branch (‘hazard beam’ according to 
Mattheck, Breloer 1994), are associated with a 50% reduction in strength (cf  Wessolly, Erb 
1998; Mattheck et al 2006). 

* Picture courtesy of A. Wohlers, Zürich 
† Picture courtesy of R. Kehr, Göttingen 
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The strength of this delaminated branch 
will be roughly 50% of the intact cross- 
section (according to static calculations). 
However, even smaller loads may result  
in failure due to crack propagation. 

Split branch (‘hazard beam’) 

Splitting a branch in half reduces its strength 
to 25% of the load-bearing capacity of the 
round cross-section in a perpendicular plane 
to the surface of the crack. 

Split fork 

Large gaps in the crown of a tree are also common signs of previous mechanical failure of 
branches. If limbs are loaded beyond their elastic limit by the weight of snow, or the force of a 
gust, they can be permanently deformed (primary failure). If this occurs, the branches can 
change their position in the crown and may open up a formerly dense crown. This may be used 
as an indicator of reduced bearing capacity of the respective branches, and of the need for a 
closer inspection of this part of the crown. 

Xylobiontic insects 

Wood-boring beetles are capable of damaging large fractions of a branch's wooden body, thus 
reducing its strength significantly. The Large Poplar Longhorned Beetle (Saperda carcharias) is 
responsible for damage mainly in the poplar genus, whereas the Asian Longhorned Beetle 
(Anoplophora glabripennis), recently also found in Europe, seems to infest any species of 
broad-leaved tree. The damage affecting stability is hidden inside the branches and may only be 
detected by bore holes, sawdust or die-back of the branch and eventual bark damage. 
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Large cavities, formed by the larvae, 
reach the perimeter of the branch 
and expose the wooden fibres to 
infestations of wood-decaying fungi. 

Some branches found in this 
research, on a 20 year old specimen 
of P. canescens in Germany, were 
so largely hollowed that they posed 
a hazard to the road traffic beneath. 

Bore holes of S. carcharias 

Dead or loose parts of the crown 

Dead branches are an obvious hazard to tree climbers and their crew. As the actual risk is hard 
to determine, dead branches should always be removed early in the course of a dismantling 
operation. They should never be used as anchor points for rigging or climbing operations.  

The likelihood of fracture of dead branches varies 
with species. Dead wood in Beech and Ash, for 
example, is known to break easily at the base. In 
Oak trees, strong branches usually remain in the 
crown after they die back and decompose before 
falling to the ground in small pieces. 

Nevertheless, oscillations induced by rigging 
operations may give rise to cracks in the dead 
wood and also lead to fracture of these dead 
branches. The risk of injury and damages can be 
avoided by removing all dead branches from the 
tree being dismantled, as early as possible during 
a dismantling operation. 

Dead branches cannot provide reliable support 
for anchor points. 

Dead branches in Oak 

Hanging and broken branches also pose risks to climbers and other personnel on site, and 
should, therefore, be removed at the beginning of a dismantling operation, or at least when the 
climber or groundworkers need to position themselves under, or in the vicinity of, such 
branches. 
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Even though the broken top seems to 
be ‘firmly stuck’ in a crotch, it may 
very well come loose, due to sways 
of the crown induced by climbing or 
dismantling the tree. 

Hanging branches 

A specific hazard from Palms was reported by Magargal (2007). Skirts of loose Palm fronds 
may slide down the trunk while a climber is ascending the palm. Under the weight of the fronds, 
the arborist is immobilised in his climbing system and usually unable to lift the load. In several 
cases, suffocation caused death within minutes, whilst in other cases rescue by a qualified 
colleague was required. Magargal lists signs of increased probability of sloughing (shedding of 
skirts of fronds) on Palms, a phenomenon that seems to be limited to the genus Washingtonia 
(Pedersen, pers. comm. 2007). 

Hazardous sloughing in Washingtonia palms* 

* Picture reprinted from Magargan (2007), courtesy of A. Pedersen 
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Broad-leaved trees with an intact crown 
generally do not show a distinct natural 
frequency of oscillation (James et al 2006). 

The bare stem of a conifer may very well be 
susceptible to strong sway when the tip is cut 
and lowered, independent of whether a 
lowering line is being used, or the section is 
being dropped directly to the ground. 

Enhanced susceptibility to oscillation* 

Adamietz (2006) studied branches of two tree species with regard to their ratio of length vs 
diameter (l/D). The findings did not support the existence of a distinct threshold of an l/d ratio 
of 40 for the safety of branches against fracture, as recently postulated in Mattheck’s VTA 
method (Koch 2007). 

2.7 WOOD-DECAYING FUNGI 

Strength loss, due to fungal decay of wood fibres, strongly depends on the capacity of fungal 
hyphae to advance through reaction zones and the ability of an infected tree to compensate for 
decay by increased incremental growth. By gaining a larger diameter and compartmentalising 
damage inside the wooden body, trees may remain safe to climb for a long time, despite the 
presence of decay. 

Reinartz, Schlag (2006) describe the basic principles of decay and compensation growth, and 
list specific parameters for determining hazards from trees which are infected by wood-
decaying fungi. Among these parameters are: 

• die-back of the crown 
• lack of the formation of buttress roots or other compensation growth (growth deficiencies) 
• areas of dead bark at the buttress roots 
• extensive decay, without discrete margins or the formation of wound-tissue 
• formation of fruit bodies close to the stem, or at visually intact stem sections 

* Picture courtesy of S. Klima, Germany 
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2. 	 Reduce the likelihood of failure by: 

•	 tying or cinching up the trunk with ratchet straps, in order to prevent splitting 

•	 bolting split crotches to stop crack propagation 

•	 loading crotches with included bark in compression only 

•	 guying the tree to the ground, or to adjacent trees, in order to dissipate peak  
loads and prevent stem fracture and/or tipping failure 

Use of ratchet straps* 

3. 	 Reduce loads generated in rigging operations (see Chapter 8) by: 

•	 cutting shorter sections, thus reducing their weight and distance of fall. 

•	 using appropriate arborist techniques (e.g. the fish-pole technique, cf Donzelli, 
S. Lilly 2001). 

•	 positioning the friction device at the best position (with regards to stem inclination  
and cutting direction). 

•	 adding more rope to the rigging system, by including another arborist block at the  
base of the tree being dismantled, and shifting the friction device to an adjacent tree 
(Palmer, K., pers. comm. 2003). 

•	 retaining lower branches while taking the top out, in order to damp stem oscillations.  

* Picture courtesy of K. Palmer, USA 
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Figure 2.8 Damping of sway* 

Figure 2.8 illustrates the retention of the lower branches along the stem, in order to avoid strong 
oscillation before removing and lowering the top of the crown  (cf James 2003). 

Figure 2.9 Adding more rope to the rigging† 

Figure 2.9 illustrates the principle of adding more rope to the rigging system, by diverting the 
fall of the lowering line through an additional block at the base of the trunk and placing the 
friction device on an adjacent tree. By this method, more rope can be added to the rigging 
system without altering the rope angles at the rigging point (changing the rope angles could 
eventually increase the bending moment generated in the stem). 

* Drawing courtesy of Q. Adjei-Freeman, Berlin 
† Modified, original drawings by Brian Kotwica reprinted from Donzelli, Lilly 2001 courtesy of International Society 
of Arboriculture, USA 
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Figure 2.10 Adverse rigging set-up* 

The rigging set-up shown in Figure 2.10 has been warned against by experienced arborists. A 
set-up of this type is disadvantageous because it generates a greater bending moment on the tree 
(in both the trunk and the anchoring roots) than the standard procedure (i.e. friction device at the 
base of the tree being felled). In order to add rope to the rigging system, the fall of the rope 
should be redirected at the base of the tree as shown in Figure 2.9. 

* Diagram courtesy of K. Palmer, USA 
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Figure 5.4 Strength loss for standard cross-sections (SIA-method) 

The strength losses indicated in the above diagram, particularly for the more extreme cases, may 
not be as great as might be anticipated. This is because, under bending, stresses are concentrated 
in the marginal fibres, and a great loss of wood in the core section does not affect the residual 
strength as much as might be expected. However, where there is an opening in the marginal 
fibres, there is a much greater strength loss in the direction of the opening. 

Unless wall thickness falls below a critical value of 1/10th of the stem radius, the calculations 
based on bending failure are usually seen as a good approximation to strength loss (Spatz 1994). 
Mattheck et al (2006) use stress magnification factors to assess the strength loss in a hollow 
cylinder after a radial crack has split a stem in two halves. If the stem was previously 70% 
hollow, the stress in the marginal fibres increases by a factor of roughly 3.7 on the compression 
side after the section split. 

Open cavities and eccentric decay columns can be taken into account in some of the formulae 
used to assess strength loss. Some of the calculations continue to work on beam theory (Coder 
2000b); others adopt proportional factors in order to take into account openings within the 
circumference (Smiley, Fraedrich 1992). Mechanical defects in the neutral plane of stems are 
also evaluated by Coder's biomechanical calculations (Coder 2000c). The results are similar to 
the assumptions in Wessolly's SIA method: for example, for the co-dominant stem that is 
equivalent to a radially cracked stem (as described in Coder's work). 

Practitioners might find difficulty in applying strength loss calculations to derive reliable figures 
on which to base a risk assessment. Simple diagrams, as used in the SIA-method, based on 
biomechanical calculations of acknowledged validity, may offer an option that enables 
practitioners to get a better understanding of the loads a compromised stem or limb can bear.  

“Until better information is generated about the reliability and interpretation of the 
calculations, we caution against relying on strength loss calculations to quantify trunk 
failure potential” (Matheny, Clark 1994). 
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Particularly in severely damaged structures, with open cracks or decayed wood tissue, there 
would be no value in advising a strength loss calculation. However, where visible symptoms 
indicate that the tree has reacted to structural defects, simple assumptions for strength loss could 
be made, according to the SIA-method (as depicted in Figure 5.4). At the very least, if the 
residual wall thickness falls below one-tenth of the radius, the weakened structure should be 
regarded as prone to failure, not due to bending stresses, but by the formation of delamination 
cracks and buckling of fibres. 

Structural failure of a thin-shelled cross-section* 

5.5 STRENGTH OF LIMBS AND BRANCHES USED AS ANCHOR POINTS 

The choice of anchor points in a tree is usually determined by the crown structure and 
limitations arising from targets on site, or the location of potential drop zones. For branches 
submitted to dynamic loads generated by rigging operations, a table of critical dimensions 
would enable arborists to detect rigging systems that are potentially prone to overloading.  

According to regulations in many countries, as well as in the United Kingdom, prospective 
climbing anchor points must be inspected for structural defects and increased likelihood of 
failure. Weight tests are required to be carried out prior to using a natural anchor point in a tree 
for climbing (Arboricultural Association 2005). International standards and arborist training 
programmes also contain information on how to choose and test temporary anchor points for 
tree climbing. Yet recommendations on what diameter a branch needs to have for it to be used 
safely as an anchor point are rarely found. 

One method of field testing branches in trees for structural integrity was recently presented by 
D. Neustaeter in an article in a Canadian magazine (Neustaeter 2007). The idea is to reveal 
hidden structural defects in limbs, by observing the pattern of sway when the branch is pulled 
and released rhythmically by two persons on the ground. The way the oscillation dissipates 
through the limb into the trunk is used as an indicator of weak or decayed sections. While this 
method may still have to prove its practical applicability on a wider basis, guidance on the 
selection of anchor points remains a vital issue for undertaking safe rigging operations. 

* Picture courtesy of D. Neustaeter (Arboriculture Canada Training & Education Ltd) 

114 



Figure 6.8 Weight reduction due to decay 

6.3.4 Moisture content 

Obvious changes in SG may also result from differing moisture content.  The sapwood, 
especially, is prone to seasonal changes in moisture content. The water conducting vessels are 
filled with a surplus of water in early spring, due to water pressure generated from the root 
system (Zimmermann, Brown 1980). In summer, the vessels may contain less water due to 
negative pressure resulting from transpiration of water in the crown, and photosynthetic 
processes in the leaves. The changes in moisture content cause a diurnal swelling of the stem 
which were recorded as early as 1897 by Friedrich.  

In the wet core of Poplar, the moisture content may reach 185% directly after felling 
(Wagenführ 2000). The Wood Handbook (Forest Products Laboratory 1999) lists a moisture 
content of over 160% for the heartwood. Among other tree species that can develop a wet core 
are Fagus sylvatica (Koch 2004), Aesculus hippocastaneum (Habermehl, Ridder nd.) and Abies 
alba. The wet core of Silver Fir is reported to contain up to 220% of moisture content, whereas 
regular heartwood only reaches 30 to 40% of moisture content (Grosser 1977). Depending on 
the extent of the wet core and the diameter of the stem, logs of Silver Fir may increase their 
weight significantly when they contain a wet core. However, data listed in Lavers (1983) 
indicates that an increase in moisture content of up to 220% will not render a log's SG greater 
than the maximum value given in Table 6.2. 
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Figure 8.6 Trajectories of 4 logs from lab tests* 

Top row: conventional notch 36, 72 and 120 ms after hinge fracture 
Bottom row: Humbolt notch 36, 72 and 120 ms after hinge fracture† 

* Illustration created from motion capture data, recorded and evaluated at Universität der Bundeswehr, Neubiberg, 
courtesy of Prof. Schneider 
†  High-speed video sequences filmed at Universität der Bundeswehr, Neubiberg, courtesy of Prof. Schneider 
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operations used in the dismantling of trees in the 
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■ planning and organising rigging operations; and 
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peso specifico legno e legnami  

legno peso (t/m3) legno peso (t/m3) 

abete rosso 1 - 0.4 ontano 1 - 0.5 

acero 1 - 0.55 palissandro 1 - 0.65 

balsa 0.1 pero 1 - 0.65 

castagno 1.02 - 0.54 pino 0.9 - 0.4 

ciliegio 1 - 0.7 pioppo 0.85 - 0.5 

faggio 1.05 - 0.7 pitch-pine 0.9 - 0.75 

frassino 1.1 - 0.6 platano 1 - 0.55 

larice 0.85 - 0.5 robinia 1.05 - 0.75 

mogano 1.01 - 0.6 rovere 1.1 - 0.75 

noce 0.9 - 0.6 sughero 0.24 

olmo 1 - 0.6 tiglio 0.85 - 0.4 

n.b. le due indicazioni del peso, si riferiscono alle condizioni di legni allo stato verde e legni stagionati 
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