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INTRODUCTION 
Stump anchor fa i lure  in a cab le  logging sys tem can  be  catastrophic.  The re  may  b e  m o r e  risk 
of pull-out fa i lure  in f u t u r e  s t ands  where  t h e  t r e e s  a r e  of smal le r  d i ame te r  or  t h e  na tu re  of 
t h e  soils has l imited root  sys t em development.  

If a single s t u m p  is  not  expec ted  t o  provide suf f ic ien t  pull-out resis tance,  t hen  one  option is 
t o  employ a mult iple s t u m p  anchor.  Four possible configurat ions of two-stump anchors  a r e  
shown below : 

SERIES MULTIPLE 

EQUALIZER BLOCK 

ELEVATED TIEBACK TIEBACK 

F i g u r e  1 - M u l t i p l e  a n c h o r  r i g g i n g  c o n f i g u r a t i o n  

What is t h e  behaviour of t hese  various rigging sys tems under applied load? To resolve this  
question, research  on anchor sys tems was conducted  a t  Oregon S t a t e  Universi ty (Toupin 1985). 
A ma themat i ca l  model  was developed t o  descr ibe  t h e  sys tem behaviour under load and t h e  
model 's  predict ions were  compared  wi th  resu l t s  f rom t h e  f ie ld  tes t ing  of young growth  Douglas 
f i r  stumps. 

PREVIOUS WORK 
Information on single s tump  anchors  published in t h e  United S t a t e s  includes guidelines presented  
by Studier  & Binkley (1974), and  r e sea rch  findings presented by Stoupa (1984). Resea rch  in 
New Zealand has been documented  by Liley (1985). Multiple s tump  anchor tes t ing  was  repor ted  
by Kimbell (1981) for  o n e  rigging system. 

MULTIPLE STUMP SYSTEMS AND MODEL 
The  modelled rigging sys t ems  i l lus t ra ted  in F igure  I a r e  described a s  follows : 

(1) Ser ies  Multiple Sys tem - t h e  skyline is used t o  link t h e  two  s tumps  together .  
The  skyline is wrapped around t h e  f i r s t  s tump  in a notch,  passed $0 t h e  second 
stump, and wrapped around ~t in a notch  and-secured .  

(2) Tieback System - t h e  skyline i s  wrapped around t h e  f i r s t  s tump  in a notch  and 
secured. S t rawl ine  is used for  t h e  t ieback  line. It  is wrapped around t h e  t w o  
s tumps  severa l  t i m e s  and tensioned by twist ing t h e  wraps  with a stick. This 
t ype  of t ieback  i s  commonly cal led a "twister". 



(3) Elevated  Tieback Sys tem - similar  t o  t h e  regular  t ieback ,  excep t  t h e  tw i s t e r  
is a t t a c h e d  higher on t h e  f i r s t  s t u m p  than  t h e  skyline. 

(4) ' Equalizer Block Sys tem - t h e  equalizer  line is t ied  off t o  t h e  f i r s t  s tump, 
passed through t h e  block and t ied  off t o  t h e  second stump. The  skyline is 
a t t a c h e d  t o  t h e  block. 

T o  se l ec t  The bes t  mul t ip le  s t u m p  anchor  sys t em fo r  cab le  yarding, i t  i s  necessary t o  know 
how t h e  anchor  rigging sys t ems  respond t o  applied load. 

T h e  ma themat i ca l  model  which was  developed provided load-deformation cu rves  which r e l a t e  
t h e  movement  of t h e  s t u m p  t o  t h e  applied load. These loads range  f r o m  z e r o  t o  a maximum 
value based on equat ions  developed by Stoupa. T h e  focus  of t h e  model  was  t o  de t e rmine  how 
t h e  load-deformation behaviour of t h e  individual s tumps  could be  combined t o  descr ibe  t h e  
behaviour of a t w o  s tump  system. 

RESULTS FROM THE MODEL 
A comparison of t h e  fou r  rigging sys t ems  was made  by using model  resul ts  fo r  varying s tump  
capac i t i e s  and diameters .  T h e  t ieback  configurat ion resul t s  also included t h e  effect of 
varying t ieback  pretension. F igure  2 shows t h e  load-deformation curves  fo r  a weak f i r s t  
s tump, and a s t rong second stump. The  equalizer  block cu rve  i s  significantly lower than  
t h e  o the r  sys tems which means  t h a t  t h e  sys tem has  a lower maximum capacity.  I t  will 
a l so  r each  i t s  maximum capac i ty  a t  a smal ler  deformat ion  than  t h e  o the r  systems. The  
resul ts  wi th  a s t rong f i r s t  s t u m p  and a weak second s tump  would be  nearly t h e  s a m e  as 
those  shown in Figure 2 for  t h e  se r i e s  multiple, t h e  t ieback,  and t h e  equalizer  block systems. 
T h e  e l eva ted  t ieback  would have  nearly t h e  s a m e  maximum load, but  would exper ience  about  
20% m o r e  deformat ion  at a given load if t h e  weak s tump  is t h e  second stump. 
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F i g u r e  2 - Model  l o a d - d e f o r m a t i o n  c u r v e s  for f o u r  
r i g g i n g  c o n f i g u r a t i o n s .  T h e  c u r v e s  e n d  a t  , the 

l o a d  w h e r e  s y s t e m  f a i l u r e  o c c u r s  

Based on o t h e r  model computat ions,  t h e  se r i e s  multiple, t ieback ,  and equalizer  block sys tems 
have  identical  load-deformation curves  if both s tumps  have  t h e  s a m e  maximum capaci ty .  
The  load-deformation cu rve  f o r  t h e  e l eva ted  t ieback  sys tem was  consistent ly above  t h e  
o the r  sys tems up t o  i t s  maximum capaci ty ,  but  i t s  maximum was  slightly lower than  t h e  
regular  t ieback  and t h e  ser ies  mult iple  systems.  Additionally, t ieback  pretension does  not  
grea t ly  a f f e c t  t h e  model  results.  



FIELD TESTING 
Young growth Douglas f i r  s tumps  w e r e  f ie ld  t e s t e d  using a sys t em of rigging and equipment  
as shown below : 

F i g u r e  3 - S i d e  v i e w  o f  the d a t a  collection r i g g i n g  
c o n f i g u r a t i o n  f o r  the series m u l t i p l e  s y s t e m  

COMPARISON OF RESULTS 
In general ,  t h e  model  predict ions compared  favourably with t h e  f ield measurements .  A t  t h e  
highest  load measured  fo r  e a c h  test, t h e  a v e r a g e  f ie ld  measured  load ranged f r o m  38% t o  
101% of t h e  model  predic ted  load. While th is  r ange  is qu i t e  large,  i t  is within t h e  prediction 
l imi ts  of t h e  model. The  genera l  shape, and  order  of t h e  f ie ld  load-deformation curves  for  
t h e  four rigging sys tems ag reed  wi th  t h e  model  prediction. 

DISCUSSION 
The  model  computa t ions  indica te  t h a t  t h e  se r i e s  mult iple  and both t ieback  sys tems a r e  so  
s imilar  in behaviour t h a t  i t  i s  no t  reasonable  t o  recommend o n e  over t h e  others .  However, 
t h e  equalizer  block sys t em appea r s  t o  have  a much lower load-deformation curve,  and  
maximum capac i ty  under s o m e  si tuat ions,  making i t  less  desirable t han  t h e  others. In 
general ,  t h e  maximum capac i ty  of t h e  se r i e s  mult iple  or  t ieback  sys tems approaches  t h e  sum 
of t h e  capaci t ies  of t h e  individual stumps. The  maximum capac i ty  of t h e  equalizer  sys t em 
appears  t o  b e  about  t w i c e  t h e  capac i ty  of t h e  weaker  of t h e  t w o  s tumps  ( the  angle  be tween 
t h e  t w o  sides of t h e  equalizer  l ine  will fu r the r  r educe  this). 

The  present  model  is l imi ted  by t h r e e  f e a t u r e s  which would be  t h e  subjec t  of fu r the r  
a t t en t ion  in more  advanced s t ages  of modelling. These  a r e  : 

- t h e  research  has  only considered pull-out fa i lure  but  s tumps  may  f a i l  
through o the r  means  such as being sheared  by t h e  wire  rope. 

- t h e  computed  movemen t  and  d i rec t ion  of applied load a r e  paral lel  t o  
t h e  ground surface.  In prac t ice ,  most  skylines r i se  a t  a n  angle  f r o m  
t h e  ground. 

- t h e  l inkage be tween t h e  s tumps  is considered t o  b e  rigid, so  t h a t  any  
movement  in t h e  f i r s t  s t u m p  causes  immedia t e  movement  in t h e  
second. In rea l i ty ,  t h e  l inkage is not  rigid and may  lengthen be fo re  
t h e  second s tump  shares  much of t h e  skyline load. Linkage length m a y  
change  as t h e  processes of wire  rope  s t re tch ing  and wood crushing 
t a k e  p lace  in t h e  t w o  t i eback  configurations. For . the  se r i e s  mult iple  
system, both l ine  s t r e t c h  and wood crushing occur  as well  as skyline 
movement  around t h e  f i r s t  s tump  under increasing skyline tension. 



As p a r t  of t h e  f ield t e s t ing  phase of t h e  project ,  t h e  load t r ans fe r r ed  t o  t h e  second s tump  
in a se r i e s  sys tem was  de termined.  The  resul t s  shown in Figure  4 indica te  t h e  f requency 
of load t r ans fe r  f rom t h e  skyline t o  t h e  second stump. The  variat ion is a funct ion  of 
t h e  individual s tump  s t r eng ths  and t h e  behaviour of t h e  linkage. The  graph indica tes  
t h a t  on ave rage  t h e  second s t u m p  t a k e s  less  than  half of t h e  skyline load. 
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Figure 4 - Frequency o f  load transfer  - skyline t o  
second stump 

This research  was  conducted  on Douglas f i r  in relat ively dry soil. I t  is expec ted  t h a t  t h e  
resu l t s  f o r  d i f f e ren t  soil mois ture  condit ions would vary  f rom those  presented  by Toupin, 
but  t h e  modelling technique  should s t i l l  apply. The  model needs t o  b e  expanded t o  
include o the r  species and  d i f f e ren t  t imber  growing sites. 
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