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Abstract 
   

In this study a Finite Element Model (FEM) of a backspar system was developed 

with three guylines opposing the skyline strap tension. An iterative routine was 

developed to find the allowable skyline strap tension and this routine was found to 

converge rapidly from initial values that were below and above the allowable skyline 

strap tension. Two algorithms were developed for finding the maximum normal stress on 

a transverse cross section of a tree, Method 1 and Method 2. If the plane that the tree 

displaced in was known a priori then Method 2 could be used and it was found to be less 

sensitive to mesh coarseness. If the plane that the tree displaced in was not known a priori 

then Method 1 had to be used with a less coarse mesh.  

It was found that the stress concentrations due to the simplified cable connections 

were not significant for rigging configurations that allowed a larger rigging point 

displacement. This was because for the flexible rigging configurations the stress field was 

dominated by bending, while for stiff rigging configurations the stress field was 

dominated by axial compression. Therefore, to accurately model stiff backspars it will be 

necessary to improve the cable connection model. 
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1. Activities 

There were four tasks to be completed in the work plan for this project; 

1. Finite Element Model (FEM) development of a guyed backspar, 

2. parameter analysis to determine the affect of rigging configurations on the 

allowable skyline strap tension, 

3. analysis of the modeling results, and 

4. dissemination of the results. 

1.1 FEM DEVELOPMENT 

In order to develop a FEM of a guyed backspar it was necessary to determine the 

appropriate elements and elastic properties to use for the guylines and the tree. It was 

found that the cables could be adequately modeled using the ANSYS® LINK10 element 

set to the tension only option.  

The procedure used to model the guylines was as follows. For a given guyline the 

following are known; the rigging point location, the guyline anchor location, and the 

initial guyline tension at the lower end. Carson’s (1976) catenary equations for a single 

cable segment were used to calculate the initial guyline length given the initial tension. 

Using the initial length of the guyline a line was constructed, and meshed, with the 

upper end attached to the backspar at the rigging point and the lower end located past the 

anchor position. The lower end was then displaced to the guyline anchor location. This 

procedure was found to be sensitive to the coarseness of the meshing; however, Figure 

6.1 shows that the model stabilizes once 60 elements are used. Therefore, each of the 

guylines was divided into 100 elements. 
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Figure 6.1, Sensitivity of guylines to meshing coarseness (Rigging Height =15m, 
Radial distance = 35m, Initial Tension = 300 N) 

 

The wood in trees is usually considered to be orthotropic with respect to the 

cylindrical coordinates. It is difficult to include the orthotropic properties of wood in an 

FEM of a backspar because the planes of symmetry are with respect to the cylindrical 

coordinates. In order to use a rectilinear coordinate frame the material properties of the 

tree were simplified to those of a transversely isotropic material (Table 1.1) 

 
Table 1.1 Engineering constants for Douglas fir averaged so it is transversely isotropic 
 

EZ
a (Pa) E� (Pa) ER (Pa) G�Z

b (Pa) GRZ (Pa) G�R (Pa) 

1.476E+10 8.053E+08 8.053E+08 7.712E+08 7.712E+08 8.508E+07 

�ZR
c 

�Z� �R� �RZ ��R ��Z 

0.362 0.362 0.375 0.020 0.375 0.020 

a Young’s modulus,  b Shear modulus, c Poisons ratio 

 

The base of the tree was supported by an isotropic cylinder with the modulus of 

elasticity calculated so that it acts similarly to the rotational spring proposed by Pyles 

(1987). In addition the base of the tree will be restrained from vertical translation by an 

inverted cone with a modulus of elasticity equal to 000,10*zcone EE =  (Figure 1.1). 

298.5

299.0

299.5

300.0

0 20 40 60 80

Number of elements

Te
ns

io
n 

at
 lo

w
er

 
su

pp
or

t (
N)



 4

Figure 1.1, Tree base. 

The bole of the tree was modeled using ANSYS® SOLID92 elements. The base and 

the bole of the tree were meshed using the ANSYS® smart meshing option, with mesh 

coarseness ranging from 10 (most coarse) to 4 (less coarse). Note, the ANSYS® license 

used in this study was limited to 100, 000 nodes. The limit in the number of nodes that 

can be used in this study results in mesh coarseness 4 being the finest mesh that can be 

used. 
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1.2 PARAMETER ANALSYS 

This project will consider the scenario where the second guyline anchor is either 

significantly farther away from, or closer to, the base of the backspar than the other two 

guylines (Figure 1.2). 

Figure 1.2, Guyline anchor location 

 

The Skyline strap angle is described as the angle between the vertical and the 

Skyline strap (Figure 1.3). 

Figure 1.3, Skyline strap angle 

Two sets of parameters were considered for this project. First a reduced set of 

parameters (Set 1) was considered in order to develop solution algorithms and to 
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determine the sensitivity of the model to meshing coarseness. Second a larger set of 

parameters (Set 2) was considered in order to determine the sensitivity of the skyline 

strap tension to variation in the rigging configuration. 

The naming codes for the rigging configuration considered in this study are as 

follows: 

��The first number represents 1IG , where 

NIG 200*numberthe1 =  

��The second number represents φ , if the second number is 1 then o5=φ and if 

the second number is 2 then o10=φ . 

��The third number represents the ratio 12 / IGIG , where 

25.0*numberthe/ 12 =IGIG  

��The fourth number represents 2R , if the fourth number is 1 then mR 152 = , if 

the fourth number is 2 then mR 252 = , and if the fourth number is 3 

then mR 352 = . 

��The fifth number represents the Dbh of the tree, if the fifth number is 1 then 

mDbh 35= , and if the fifth number is 2 then mDbh 65= . 

Here, iIG is the initial tension of guyline i, and Dbh is the diameter at breast height. 
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The parameter values in Set 1 and Set 2 are presented in Tables 1.2 and 1.3 

respectively. 

Table 1.2 Parameter values for Set 1 

Parameter Values that will be 
considered for parameter 

Guyline size (mm) 15.9  
Skyline strap angle, φ , (degrees) 5  

Guyline1  
             Radial Distance ,R1, (m) 
             Polar Angle, θ1, (degrees) 
             Initial tension, IG1, (N) 

 
25 
45 
600 

 
 
 
1000 

Guyline2  
             Radial Distance, R2, (m) 
             Polar Angle, θ2, (degrees) 
             Initial tension, IG2, (N) 

 
25 
0 
0.5*IG1 

 
 
 
1.5* IG1 

Guyline3  
             Radial Distance, R3, (m) 
             Polar Angle, θ3, (degrees) 
             Initial tension, IG3, (N) 

 
25 
-45 
IG3 = IG1 

 
 
 
IG3 = IG1 

Tree dbh (cm) 35 65 
Tree Height (m) 30  
Rigging height (m) 15  
Allowable normal stress on a 
transverse cross section (Pa) 

1.103E7  

 

Table 1.3 Parameter values for Set 2 

Parameter Values that will be considered for parameter 
Guyline size (mm) 15.9     
Skyline strap angle (degrees) 5 10    
Guyline1  
             Radial Distance (R1) meters 
             Polar Angle (θ1) degrees 
             Initial tension (IG1) newtons 

 
25 
45 
600 

 
 
 
800 

 
 
 
1000 

  

Guyline2  
             Radial Distance (R2) meters 
             Polar Angle (θ2) degrees 
             Initial tension (IG2) newtons 

 
15 
0 
0.5*IG1 

 
25 
0 
0.75* IG1 

 
35 
0 
IG1 

 
 
 
1.25* IG1 

 
 
 
1.5* IG1 

Guyline3  
             Radial Distance (R3) meters 
             Polar Angle (θ3) degrees 
             Initial tension (IG3) newtons 

 
25 
-45 
IG3 = IG1 

 
 
 
IG3 = IG1 

 
 
 
IG3 = IG1 

  

Tree dbh (cm) 35 65    
Tree Height (m) 30     
Rigging height (m) 15     
Allowable normal stress on a transverse 
cross section (Pa) 

 
1.103E7 
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In this study the phenomenon of interest was the skyline strap tension that resulted in 

the normal stress on a transverse cross section of the tree being equal to the allowable 

stress for the wood being considered. To find the maximum allowable skyline tension a 

first guess was made at the skyline tension )( oT . Using this first guess the FEM was run 

and the greatest normal stress in compression on a transverse cross section )( maxσ  was 

found within B. The model checks whether maxσ is within ±1% of the allowable stress 

value for the backspar. If maxσ  is not within ±1% of allσ  then oT is corrected as 

follows.  

o
all

all
corr TT �

�

�
�
�

�
+

−
= 1

)( max
σ

σσ
      (1.1) 

The model is then run using corrT . This procedure is repeated until maxσ is within ±1% 

of allσ . The corrT  that results in maxσ  being within ±1% of allσ  is called allT . 

Two methods for determining maxσ were considered in this study. The first method 

considered in this study, Method 1, searched for maxσ anywhere in B. Method 1 is the 

preferred method when the plane that the backspar will displace in is not known a priory. 

The ANSYS® SOLID92 element is a 10 node tetrahedron, with 4 nodes located at 

the corners and 6 nodes located midpoint between the corners. During the meshing 

process the meshing algorithm in ANSYS® attempts to form the backspar, which is a 

tapered column with cylindrical cross sections, using the SOLID92 elements. Since the 

SOLID92 element has straight sides the meshed volume is not exactly the same as the 

original backspar volume (Figure 1.4). 
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Figure 1.4, Backspar cross section with meshing error due to element shape 

 

Consider the problem where the stresses are dominated by bending loads, with the 

lateral displacements occurring in the XZ plane. In Figure 1.4 nodes A and B, which 

would be corner nodes of some elements, fall on the boundary of the actual backspar 

volume with node A being located at the point where the maximum compressive load on 

the transverse cross section occurs. 

If the hexagon in Figure 1.4 was rotated 30 degrees clockwise then the meshing 

algorithm would again put corner nodes A and B on the actual boundary of the backspar. 

However, in the rotated Figure 1.4 the meshed volume would be oriented so that it is less 

efficient at supporting the bending loads and it would have a lower second moment of 

inertia. In fact the ANSYS® meshing algorithm is alternating the patterns found in 

Figures 1.4 and the rotated Figure 1.4, with the result that a search for maxσ anywhere in 

B will find a stress concentration on cross sections similar to the rotated Figure 1.4. 

Finding maxσ at a stress concentration that is a function of the meshing algorithm will 

result in an underestimation of allT .  
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The underestimation of allT will of course decrease as the coarseness of the mesh 

decreases; however, this is at the cost of longer solution times. Therefore, a second 

method for finding maxσ was developed. The second method considered in this study, 

Method 2, is preferable when the plane that the backspar will displace in is known a 

priory. Method 2 searches for maxσ on corner nodes that are nearest to the distal fiber in 

the plane that the backspar displaces. Method 2 forces the algorithm to pick nodes that 

are near the lateral surface of B. Since the problem, as noted by Lyons (1997), is strongly 

affected by bending it is expected that maxσ  should occur on the lateral surface of B. In 

addition Method 2 forces the algorithm to search for maxσ on cross sections similar to 

those found in Figure 1.4, because this is the only time that corner nodes are located on 

the distal fiber. Searching for maxσ on cross sections similar to Figure 1.4 results in the 

algorithm avoiding the stress concentrations resulting from meshing, and so the algorithm 

will be less sensitive to mesh coarseness.  

1.3 ANALYSIS OF MODELING RESULTS 

1.31 Analysis of Set 1 Results 

This study indicates that the backspar system may be modeled with solid elements 

using the commercial software ANSYS®. The model results stabilize at mesh coarseness 

levels that allow solutions for a given rigging configuration in a reasonable amount of 

time (0.1 days at mesh coarseness 7). In this study an iterative routine was developed to 

find allT , and this routine was found to converge rapidly from initial values that were 

below and above the allowable skyline strap tension. 
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In the analysis performed in this study the plane that the backspar displaced in was 

known a priori due to the symmetry of the rigging. Knowing the plane that the backspar 

displaced in a priori permitted the use of the Method 2 search for maxσ . The Method 2 

search for maxσ was less sensitive to mesh coarseness, with at worst only a 5.2% 

difference in allT from mesh coarseness level 10 to mesh coarseness level 5.  When the 

time required to calculate a solution is considered this study indicates it is most efficient 

to use mesh coarseness level 7 and Method 2 to calculate allT .  

The magnitude of the displacement of the rigging point on the backspar affects 

maxσ for a given skyline strap load and therefore affects allT . Sag in the guylines and 

slack and strain in the connections with the backspar and anchors will affect the 

magnitude of the displacement of the backspar. Therefore, further model development 

must include consideration of the cable connections to the backspar and anchors.  

Improved modeling of the cable connection to the backspar is also important when 

considering the stress concentration resulting from simply connecting the cables to a node 

on the surface of the backspar. It was found that the stress concentration due to simplified 

cable connections were not significant for rigging configurations that allowed a larger 

rigging point displacement. This was because for flexible rigging configurations the 

stress field was dominated by bending, while for stiff rigging configurations the stress 

field was dominated by axial compression. Therefore, to accurately model stiff backspars 

it will be necessary to improve the cable connection model to reduce the stress 

concentrations due to simplifications. 
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1.32 Analysis of Set 2 Results 

The analysis of the Set 1 parameters has been competed and indicates there are two 

classes of guyed backspars. The first class has a larger displacement of the rigging point, 

which results in maxσ being dominated by bending. The second class has a smaller 

displacement of the rigging point, which results in maxσ being dominated by axial 

compression. The analysis of the Set 2 parameters is ongoing. The initial runs have been 

completed; however, further analysis is required in order to determine the backspar class 

of each rigging configuration. 

 

1.4 DESEMINATION OF RESULTS 

The first paper, which is titled Finite Element Modeling of Guyed Backspars in 

Cable Logging, summarizes the modeling work done in this study. The first paper has 

been completed and will be submitted for publication by April 30, 2003. The second 

paper, which will summarize the parameter analysis performed in this study, will be 

completed by September 2003. 
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2. Evaluation of outcomes 

The four tasks outlined in the work plan for this project have been completed (Table 

2.1). 

Table 2.1 Task Summary 

Task Outcome 

Finite Element Model (FEM) development of a 
guyed backspar 

A solid element model has be constructed 
of a guyed backspar that considers the wood to 
be transversely isotropic, the base to be 
flexible, and the guylines to have significant 
sag. 

Parameter analysis to determine the affect of 
rigging configurations on the allowable skyline 
strap tension 

Two sets of parameters have been 
analyzed. The first set considered the affect of 
mesh coarseness and the solution algorithm on 
the solution time and allT . The second set of 
parameters is considering the affect of the 
rigging configuration on allT .  

Two solution algorithms were developed. 
The first algorithm was more general; however, 
it was found to be more sensitive to the mesh 
coarseness. The second algorithm can be used 
when the plane that the tree displaces in is 
known a priori. The second algorithm is less 
sensitive to mesh coarseness. 

Analysis of the modeling results The analysis of the Set 1 modeling results 
has demonstrated that guyed backspars can be 
efficiently modeled as solid element, finite 
element models, using ANSYS®.  

The analysis of the Set 1 and Set 2 
modeling results indicates there are two classes 
of backspars. One class where maxσ is 
dominated by bending and a second class 
where maxσ is dominated by axial 
compression. This finding has important 
implications in modeling backspars and in the 
development of rigging guidelines.  

Dissemination of the results The first paper summarizing the work 
performed in this study has been completed and 
will be submitted for publication by April 30, 
2003. 
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3. Project knowledge contribution 

This study has made several important contributions to the structural analysis of trees 

and to rigging backspars.  

1. The FEM and solution algorithms that were developed in this study make it 

possible to efficiently model backspars with a variety of rigging 

configurations. The analysis methods developed in this study will also be 

useful for the structural analysis of log stringer bridges, and for the analysis 

of the wind firmness of trees. 

2. The identification of two classes of backspars is an important observation. 

This observation is significant for modeling of backspars because the class of 

backspars where maxσ  is dominated by axial compression will be very 

sensitive to the method used to model the guyline connections. In addition, 

this observation will have important implications for developing rigging 

guidelines for backspars, as there will be two different failure criteria.  

This study indicates further work is required in modeling of the guyline connections 

to the tree.  Rather than simply connecting the guylines to single nodes on the tree it will 

be necessary to model the connections as a distributed loads around the circumference of 

the tree. Further work will also be required in determining allowable stress values for the 

wood in live trees. These allowable stress values will have to be specific to the two 

backspar classes identified in this study.  
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4. Key operational variances 

 

The key operational variance in this study was to model the backspar using solid 

elements rather than using beam elements. This increase in the sophistication of the 

model was key to the identification of the two classes of backspars. In addition, the solid 

element model will allow further advancement of the cable connections while using the 

solution algorithms developed in this study.  

 
 


