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Safety Factors versus Strength Loss

 The Static Load Test
 The Triangle of Statics
» Safety Factors

* Section Modulus

e Case Studies
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Wind Load Analysis analogous to DIN 1055-4

Project Site Tree Number
Project Name Brandon Hill
Project Number co87

Test Date 17/04/2015 Altitude a. sea level 62 m

Tree Data Applied Material Properties
Tree Species as for Quercus robur
Stem circumference Source Stuttgart

Stem Diameter Compressive Strength 28

in 1m height Modulus of Elasticity 6900
Bark Thickness Limit of Elasticity 0.41
Tree Height Green Density 1.03

Crown Outline

Load Direction NNE/20°

Surface Area Analysis

Crown Base 3.7
Effective Height 16.5
Total Surface Area 541
Crown Eccentricity 23

Applied Structural Parameters

Drag Factor 0.25
Natural Frequency 0.75
Damping Decrement 0.6
Form Factor for Dead Weight 0.8

Applied Site Parameters
Windzone GB 21
Speed of Applied

Design Wind Speed 22
Air Density 1.28
Roughness Catagory  Landscape
Exponent for Wind Profile 0.16
Proximity Factor for Effects

in Near Ground Wind Flow 1.08
Factor for Crown Exposure 1.00

Results

Wind Load Analysis Tree Static Analysis

Mean Wind Pressure Dead Weight Tree 35 t

Gust Reaction Factor Critical Degree of Hollowness 94 %
Load Centre Critical Residual Wall Thickness 4 cm
Torsion Moment Assuming an Uncompromised Residual Wall

Design Wind Load Basic Safety Factor 6

General
Comments

Treework Environmental Practice © ArboSafe
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Stability

generalized tipping curve

inclination of the butress in i from 400ﬁmeasuned trees
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Substitute load standardized to a fixed hurricane relationship




Generalised Tipping Curve
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LOAD Maximum load a structure is
expected to be exposed to.

J

FORM MATERIAL

Geometry - the shape and The physical properties of
size of a structure the material of the structure




Quantified Tree Risk Assessment (Ellison, 2005)
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Quantified Tree Risk Assessment (Ellison, 2005)
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LOAD Maximum load a structure is
expected to be exposed to.

J

ORM MATERIAL

Geometry - the shape and The physical properties of
size of a structure the material of the structure




Safety Factor

Polypropelene Rope Steel Cable Dyneema Rope
@ 22mm @ 16mm @ 14mm
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Safety Factor

Polypropelene Rope Steel Cable Dyneema Rope
@ 22mm - MBS 50kN @ 16mm - MBS 150kN @ 14mm - MBS 200kN



Safety Factor

Polypropelene Rope Steel Cable Dyneema Rope
@ 22mm - MBS 50kN @ 16mm - MBS 150kN @ 14mm - MBS 200kN




Safety Factor

Polypropelene Rope Steel Cable Dyneema Rope
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Safety Factor

Polypropelene Rope Steel Cable Dyneema Rope
@ 22mm - MBS 50kN @ 16mm - MBS 150kN @ 14mm - MBS 200kN

SF = 1 SF=3 SF = 4



Safety Factor

Polypropelene Rope Steel Cable Dyneema Rope
@ 22mm - MBS 50kN @ 16mm - MBS 150kN @ 14mm - MBS 200kN
50% SL 50% SL




Safety Factor

Polypropelene Rope Steel Cable Dyneema Rope
@ 22mm - MBS 50kN @ 16mm - MBS 75kN @ 14mm - MBS 100kN
50% SL 50% SL




Safety Factor

Polypropelene Rope
@ 22mm - MBS 50kN

SF =1

Steel Cable Dyneema Rope
@ 16mm - MBS 75kN @ 14mm - MBS 100kN
50% SL 50% SL

SF=1.5 SF =2
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Safety Factor > 1.0-1.5
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Safety Factors For Trees — Late Mature
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Section Modulus

Neutral Axis
Second Moment of Area

Section Modulus

A =

y dA /
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Section Modulus

Cross Section Area A =(m/2) d?
Section Modulus  Z=(mt/32) d3




Section Modulus

Stem Diameter Cross-sectional Area Section Modulus

50cm 1,963cm? 12,226¢cm?



Section Modulus

Stem Diameter Cross-sectional Area Section Modulus
50cm 1,963cm? 12,226¢cm?
100cm 7,850cm? 98,125¢cm?
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Section Modulus

Stem Diameter

50cm
100cm

200cm

Cross-sectional Area

1,963cm?
7,850cm?
31,400cm?

Section Modulus

12,226¢cm?
98,125cm?
785,000cms3



Section Modulus

Stem Diameter

50cm
100cm
200cm

Factor 2

Cross-sectional Area

1,963cm?
7,850cm?
31,400cm?

Factor 4

Section Modulus

12,226cm3
98,125cm?
785,000cm3

Factor 8
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Section Modulus

A=4072 cm? A =4.,000 cm?
Z = 36,644cm? Z =74,600 cm?



Section Modulus

A =7.854 cm? A =4.,000 cm?
Z = 98,175cm?3 Z =74,600 cm?



Section Modulus

A=1,000 cm? A=4,000 cm?
Z=9,325 cm? Z =74,600 cm?



Section Modulus

A = 2560 cm? A =4.,000 cm?
Z = 38,200 cm3 Z =74.600 cm3



Section Modulus

A =2560 cm? A=1,716 cm?
Z = 38,200 cm? Z = 38,200 cm?



Section Modulus

There is an increasing mechanical advantage derived from an
Increase in stem diameter

Trees with larger stem diameters can carry proportionally greater
loads

Trees with larger stem diameters have greater safety factors for a
given wind load

Trees with larger stem diameters can afford more decay and
thinner residual walls for a given wind load



Rate of Loss of Section Area and Section Modulus with Increased Hollowing

0.9
0.8
0.7
0.6

0.5

t/R

Remaining A
0.4 Remaining Z

0.3
0.2

0.1

0
100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 0%

Remaining Section Area (A) and Section Modulus (2)



t/R =0.3 - A Useful Failure Criteria?

70% Hollow

t/R=0.3
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Wind Load Analysis analogous to DIN 1055-4

Project Site Tree Number T1
Project Name Henhayes Recreatior Henhayes Recreation Ground
Project Number B276 Bryants Row, Crewkerne
TA18 8DA , UK
Test Date 11/06/2012 Altitude a. sea level 65 m
Tree Data Applied Material Properties
Tree Species hispanica 'Lucombeana’ as for Quercus robur
Stem circumference 565 cm Source Stuttgart
Stem Diameter ] 180 cm Compressive Strength 28 MPa
in 1m height | 180 cm Modulus of Elasticity 6900 MPa
Bark Thickness 5 cm Limit of Elasticity 041 %
Tree Height 23 m Green Density 1.03 g/lem?®

Crown Outline

. Load Direction SE/145°
St P>
21 Surface Area Analysis
e Crown Base 23 m
;E/ Effective Height 147 m
i Total Surface Area 403 m?
1; Crown Eccentricity 046 m
1
s Applied Structural Parameters
' Drag Factor 0.25
8 Natural Frequency 0.75 Hz
¢ Damping Decrement 0.6
Form Factor for Dead Weight 0.8
NG Z_C/' °  Applied Site Parameters
¢ Windzone GB 22
Speed of Applied
Design Wind Speed 231 m/s
Air Density 1.28 kg/m?
Roughness Catagory Suburb
Exponent for Wind Profile 0.22
Proximity Factor for Effects
in Near Ground Wind Flow 12
Factor for Crown Exposure 1.00
Results
Wind Load Analysis Tree Static Analysis
Mean Wind Pressure 31.7 kN Dead Weight Tree 43 t
Gust Reaction Factor 24 Critical Degree of Hollowness 95 %
Load Centre 121 m Critical Residual Wall Thickness 4 cm
Torsion Moment 35 kNm Assuming an Uncompromised Residual Wall
Design Wind Load 918 kNm Basic Safety Factor 14.7
General
Comments

Treework Environmental Practice, The Old Rectory, Pilgrims Way, Chew Stoke, BS40 8TT © ArboSafe




Calculated Fracture Stability according to Pull Test

Tree Data
Project Henhayes Recreation Ground Tree Number ™
Tree Species Quercus x hispanica 'Lucombeana’ Date 11/06/2012

Setup Pulling Test

Height of the Stem Anchor 135 m Measurement No.
Rope Angle 225 - Load Direction ENE/60°

Graphic Display (test data and best linear fit)

0 03 06 09 12 15 18 21 24 27 }

Strain / Strain Limit [%)]

Elastometer Measurement in 90 91 92 |

Measurement Height m 1.8 0.2 1
Position COM TEN TEN
Stem Diameter 1 cm 161 251 180
Stem Diameter 2 cm 161 251 180
Bark Thickness cm 5 5 5
Load part % 100 100 100
Breaking Stability (derived from the gradient of the best linear fit)
Safety Factor 11.76 10.5 10.91

Control Value
Coefficient of Determination R?  0.9977 0.9963 0.9975

Residual Stiffness % 97.8 25 68.7
Degree of Hollowness % 28.1 90.9 67.9
Compression originating from

Dead Weight % 0.8 1.9 1.2
Substitute Load % 27.2 26.7 274

Treework Environmental Practice, The Old Rectory, Pilgrims Way, Chew Stoke, BS40 8TT © ArboSafe




Calculated Tipping Stability according to Pull Test

Tree Data
Project Henhayes Recreation Ground Tree Number ™
Tree Species Quercus x hispanica 'Lucombeana’ Date 11/06/2012

Setup Pulling Test

Height of the Stem Anchor 135 m Measurement No.
Rope Angle 17 = Load Direction SE/145°

Graphic Display (test data and best fit to tipping curve)

0 00021 00042 00063 00084 00105 00125 00146 00167 00188 00200

Inclination [*]

Inclinometer Measurement 80 81

Position x-axis/E  x-axis/NNE
Tipping Stability (based on Generalized Tipping Curve)
Safety Factor 6.72 3.73

Control Value in
Standard Deviation % 5.26 3.33
Substitute Load % 28 28
Load Direction at Inclinometer x-Axis x-Axis

General for Pull Test

Consultant Paul Muir
Witness / Assistant Jedd Dunn

Measurement Comments

Treework Environmental Practice, The Old Rectory, Pilgrims Way, Chew Stoke, BS40 8TT © ArboSafe
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Wind Load Analysis analogous to DIN 1055-4

Project Site Tree Number T1
Project Name 202 Newbridge Road 202 Newbridge Road
Project Number B321 Bath
BA1 3LF, UK
Test Date 18/06/2012 Altitude a. sea level 23 m
Tree Data Applied Material Properties
Tree Species Fagus Sylvatica as for Fagus sylvatica
Stem circumference 345 cm Source Stuttgart
Stem Diameter ] 98 cm Compressive Strength 22.5 MPa
in 1m height Y. 115 cm Modulus of Elasticity 8500 MPa
Bark Thickness 2 cm Limit of Elasticity 0.26 %
Tree Height 19 m Green Density 1.05 g/iecm?
Crown Outline
Load Direction SE/140°
- Surface Area Analysis
Crown Base 44 m
Effective Height 132 m
Total Surface Area 206 m?
Crown Eccentricity 0.36 m
Applied Structural Parameters
Drag Factor 0.25
Natural Frequency 0.6 Hz
Damping Decrement 0.5
Form Factor for Dead Weight 0.8
Applied Site Parameters
Windzone GB 21
Speed of Applied
Design Wind Speed 22 m/s
Air Density 1.29 kg/m?
Roughness Catagory Suburb
Exponent for Wind Profile 0.22
Proximity Factor for Effects
in Near Ground Wind Flow 1.2
Factor for Crown Exposure 1.00
Results
Wind Load Analysis Tree Static Analysis
Mean Wind Pressure 14.4 kN Dead Weight Tree 13:1 ¢
Gust Reaction Factor 2.56 Critical Degree of Hollowness 93 %
Load Centre 111 m Critical Residual Wall Thickness 4 cm
Torsion Moment 13 kNm Assuming an Uncompromised Residual Wall
Design Wind Load 412 kNm Basic Safety Factor 5.2
General
Comments

Treework Environmental Practice, The Old Rectory, Pilgrims Way, Chew Stoke, BS40 8TT ©

ArboSafe




Calculated Tipping Stability according to Pull Test

Tree Data
Project 202 Newbridge Road Tree Number ™
Tree Species Fagus Sylvatica Date 18/06/2012
Setup Pulling Test
Height of the Stem Anchor 73 m Measurement No. 1
Rope Angle 103 = Load Direction SE/140°
Graphic Display (test data and best fit to tipping curve)
S
0 0.0021 00041 00062 00083 00104 00124 00145 0.0166 00207
Inclination [*]
Inclinometer Measurement | 80 81
Position x-axis/INEE  x-axis/N
Tipping Stability (based on Generalized Tipping Curve)
Safety Factor 4.07 8.86
Control Value in
Standard Deviation % 2.63 11.26
Substitute Load % 31.6 31.6
Load Direction at Inclinometer x-Axis x-Axis
General for Pull Test
Consultant Paul Muir
Witness / Assistant Jim Walker
Measurement Comments
Treework Environmental Practice, The Old Rectory, Pilgrims Way, Chew Stoke, BS40 8TT © ArboSafe
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load analysis acc. to DIN 1056 + dynamics

Brudi & Partner TreeConsult, experts on tree-statics, Berengariastr. 7, D-82131 Gauting, Germany, phone: 01149-89-752150




tipping safety (acc. to generalized tipping curve)

inclination in degrees

vertikal
tangent

100 150 200 250 300 390 400

Inclinomethod tipping safety in %
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load analysis acc. to DIN 1056 + dynamics

Brudi & Partner TreeConsult, experts on tree-statics, Berengariastr. 7, D-82131 Gauting, Germany, phone: 01149-89-752150




Safety Factors versus Strength Loss

» \We should estimate likelihood of failure not the extent of a defect
* Triangle of Statics - Load, Form and Material Properties
« Safety Factor and the role of load and absolute stem diameter

« Strength loss is relevant in relation to rate of change

Physiological condition

A t/R of 0.3 is not appropriate as a failure criteria

Precautionary crown reductions are generally unnecessary/inappropriate

Engineering terminology and concepts
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Seminar 20

Tree-lined Routes & the Linear Forest

A new vision of connected landscapes
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Wednesday 25 November 2015 Registration from 8.30am / Seminar commences at 9am
mArb Jodrell Laboratory Lecture Theatre, Kew Gardens, Richmond, TW9 3AB
°°°j’“f"$"“ £175 (plus VAT) Includes lunch, refreshments & Delegates’ Book Book Now: treeworks-seminars.co.uk




