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Part 1. Sapwood loss
and implications for
tree stability

Research project conducted in part at the ISA/TREE
Fund Biomechanics Week (2010) with Dr. Brian
Kane



Missing wood
contributes to
tree fallures,
MmosSt research
has focused
on internal
decay

It is generally accepted that up to 2/3 of the interior of
the stem can be lost without affecting stability



»

However, wood
can also be
absent from the
outer portion of

the tree '




Cutting notches and pulling testing with measured force
to determine the effects of sapwood loss on stability




Research Methods

Species: Red"maple (Acer rubrum)
Sweetgum (Liquidambar styraciflua)
Sawto_oth, oak (Quercus acutissima)

Number of trees: 45
Number of cuts: 188




Stem Cutting
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Relatibnship between Area of a
Sapwood Cut and Stress
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% Reduction in Area

small red maple (H), largé red maple (@), sweetgum (A j; and sawtooth oak ‘). The relationship (AG =1.10 - .
1.08 * AA) was significant (p < 0.001), robust (> = 0.84) and similar for all species (p = 0.258).
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Strong correlations between
both cross sectional of cut and
stability of the tree.

Minor differences among
SRecies: Sl i

How much loss
- Is too much?




Relationship between the reduction in
sapwood and the heartwood to cause an
equivalent magnitude of stress

s = 32PLsing/[p(d,3-d;®)] + 4Pcosq/[p(d,?-d;?)]
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% Ioss of heartwood to cause an equivalent stress

Small red maple (.) large red maple (®), sweetgum (A pand sawtooth oak @).
The relationship (AG =0.17 + 0.92 * AA) was significant (p < 0. 001) robust (1° =
0.76), and similar for. all spec:1es (p = 0.740). )




- Sapwood loss decreases
stress about twice as much
as heartwood loss

The generally accepted
maximum amount of allowable
concentric heartwood |oss is
2/3 of cross section,

So the maximum amount of
sapwood loss is about 1/3



~ " Likelihood of Impact
Which direction is the tree more likely to fail?
T . -, q:?‘ HENE U *vf iVEL f ‘ ’y,r G R ‘)“' B 44

K Away from cu J Nt A8 Toward cut

1N
AT

{
A

-
i,



Likelihood of Impact
Which direction is the tree more likely to fail?

Faillure is
more likely
to be In
toward the
Cut.

But wind
direction Is
probably
more
Important
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Part 2. Assessing tree
roots and root damage
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How do roots work?

'Forces on roots
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Types of Failures

- Root Failures
~ Soil Failures






Windthrow resistance due to:

e

1. Weight'of ‘root-plate’;

2. Root strength on windward side;

3. Root strength on leeward side;

4. Frictional properties of soil-
highly moisture dependant.
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Root Cuttlng research at the

Bartlett-Lab

1) Linear root cuts — how close can we
cut without affecting stability?

2) Individual root cuts at the trunk-
a. how many roots can we cut?

b. what 1s the best way to assess root




Root cuts
re common

n urban

-



" Root Cutting: How
close should you get?

Many municipalities allowi cutting to |
the trunk. How close is too close?
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Using a Stump Cutter to Severe
‘the Root System-of each Tree




Linear Cuts
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Linear Root Cuts on Willow oak

Mean Standardized Force to Move Trunk 1 Degree
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Red Maple Root Cutting
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@ 19 % soil moisture, clay loam soil
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| Virgin_ia, Pine Root Cutting
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' ' Distance from Trunk to Cut Line



Are there root system
: dlfferences among SPEecIes?

Root System Configurations
after Kostler et al. 1968.

A. Deep root or
Heart root system

'B. Horizontal,
lateral or plate
root system

C. Tap root system




~ Likelihood of Impact:
Which way are root
cut trees more likely
- to fall?
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Pulled away from root 'Cuts
Pulled toward root cut side

Pulled trees when the soil was
'dry’ 19% moisture (w/w)

Pulled trees with surface soil
was saturated, 36% moisture
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PuII (wind) dlrectlon does not affect force when the
soil'is dry.

Force IS S|gn|f|cantly dlfferent when soil is wet.
Tree more likely to fail toward root.cut when wet.
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PuII (wind) dlrectlon does not affect force when the
soil'is dry.
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PuII (wind) dlrectlon does not affect force when the
soil'is dry.

Force IS S|gn|f|cantly dlfferent when soil Is wet.
Tree more likely to fail toward root.cut when wet.
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Does Soil Moisture determine
where roots break?

Ash ( Fraxinus) trees grown
with and without root
barriers.

Pulled to failure.

Dry soil breaks occur in the
lower stem /root collar

And oblique roots broke in
25-50mm(1-2") dia.

In Wet soils All broke in 6-
12mm (Va to 2" )diamete




Root Cutting: One side cuts

GENERAL GUIDE FOR MINIMUM DISTANCE FOR ROOTCLT

5X DBH is likely to be a sustainable distance for many
species. There are significant species differences.
3 X DBH is as close as you should ever recommend.

Use greater distances if large tree, leaning trees, trees with
root rot etc.



‘What is the relation between
trunk cross sectional area
(CSA) at DBH and the CSA of
‘the buttress roots?

I

In our studieson & &
eastern hardwood, =&
the root CSA is |
three times the
trunk CSA
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Cutting Individual Roots
L . @ Roots cut on
the side
~opposite of the

pull force

(tension side)

Roots were cut one at a time until
roots were severed from 50% of
the trunk circumference



Red Maple with 50% of trunk

-circumference with roots cut




Std Force to move the

Individual Root Cuts on small Willow oak
as a percentage of number of roots
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Individual Root Cuts
Results are highly
variable, one root
cut can have 5 to
25% change

Best not to cut any
roots at the trunk

More than 1/3 will
significantly
increase likelihood
of failure




Limitations: 1) We tested with static
loads. However, trees experience

dynamic loads
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2) Trees will
compensate for §

growth over
time.

We tested.
Immediately
after damage.




~ As with all tree risk assessment,
Response growth and:L.oad should be
considered in addition to root loss
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Want more
Information
on Root
Management?
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Determmeﬁ/o'of mbts ‘ ,.|th Decay or
\é roots that are evered Gsr‘mlssmg |
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Likelihood of Failure
General Guidelines

Imminent- > 50% of roots with significant
decay, or if decay is uphill or opposite lean

Probable- > 33% of roots with significant
decay, or'is uphill or opposite lean roots are
significantly decayed

Possible- < 33% of roots with Some decay

Improbable - no significant decay or cut roots,
not in low or wet site etc



For more information:

Arboriculture & Urban Forestry 3 : March 2008

Arboriculture & Urban Forestry 2008. - 23-128. ARBORICUL
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Intermanional Socapty of Arboricuture

Root Pruning and Stability of Young Willow Oak

E. Thomas Smiley

Abstract. Two root-pruning methods simulated construction-related trenching and individual root cuts such as from decay after
root pruning. Tree trunks were pulled to an angle of 1° from vertical using measured force. A third of the study trees were pulled
to failure to determine the relationship between the 1° pull force and the pull-to-failure force. The regression had correlation with
1° equal to 0.76. Utility trenching was simulated with linear cuts across the root zone. Measurable decreases in force applied

acctred w cuts were w - as the - dig - fro p c yee decreased by 35% when = o al AaS

tsmiley@bartlettlab.com




