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Stumps .a re  t h e  most  common fo rm of anchor  in cab le  logging sys tems and may be  used 
as a t t a c h m e n t s  fo r  skylines, guylines, o r  t h e  hauler  itself.  The  holding s t r eng th  of t h e  
s tumps  is of c r i t ica l  concern  t o  t h e  e f f ec t iveness  and sa fe ty  of t h e  system. To d a t e  
in New Zealand, t h e r e  has  been  no  recorded tes t ing  of s tumps'  l i f t  resistance.* In many 
ins tances  t h e r e  has  been  no  r ea l  requi rement  fo r  such tes t ing  as la rge  secu re  s tumps  have  
been  available. 

Within t h e  fu tu re  New Zealand cab le  logging industry, w e  c a n  expec t  a t rend  towards  
smaller  stumps, more  d i f f icu l t  soil conditions, and  haulers  supported by f ewer  guylines. 
Under t hese  c i rcumstances ,  tes t ing  s t u m p  holding s t r eng th  is considered t ime ly  and this  
Repor t  describes t h e  resu l t s  of  ini t ial  trials.  

L I R A  acknowledges the assistance o f  New Zealand Forest Service,  Golden Downs, 
and i n  part icular,  George Bonner, i n  providing equipment, personnel, and 
advice for  the t r i a l ,  and Lotus Enterprises for  the loan o f  t h e i r  load 
measuring equipment. 

METHOD 
(1) Stumps f o r  tes t ing  w e r e  se lec ted ,  t h e  c r i t e r i a  being t h a t  t hey  were  in 

locat ions typical  of guyline o r  skyline anchors. 

(2) Afte r  grooving t h e  s tumps  a t  ground level,  t h e  d i a m e t e r  was  measured  
(inside bark)  in two  d i rec t ions  - paral lel  and perpendicular  t o  t h e  
prevailing slope. 

(3) A t r a c t o r  and s t r a in  gauge  w e r e  rigged in one  of two  sys tems necessarv 
t o  keep  t h e  l ine tensions within t h e  t r a c t o r ' s  t r ac t ion  limit.  
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System 1 : Tension on stump assumed t o  be twice s train  gauge 
reading ( t h e  two parts o f  the winch rope remained s u f f i c i e n t l y  

parallel for  t h i s  t o  be correct t o  within 1 % ) .  

* A s t ~ ~ d y  by Somerville (1979) considered the overt.urning resistance of young (lla year old) trees in 
the windprone Eyrewell forest. Somerville, A. 1979 "Root Anchorage and Root Morphology of Pinus 
Radiata on a Range of Ripping Treatments", N.Z. J.For.Sci. 9 (3) : 294-315. 
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S y s t e m  2 : " B u r t o n "  p u r c h a s e  s y s t e m .  L i n e  tensions on the 
s t u m p  c o u l d  be u p  t o  f o u r  t i m e s  the s t r a i n  g a u g e  r e a d o u t  

w i t h  a l l  r o p e s  p a r a l l e l  

(4) The  direct ion and incl inat ion of t h e  pull on e a c h  s tump  was  measured. Where 
t h e  t w o  p a r t s  of rope  A diverged signif icantly , t h e  angle  of d ivergence  was  
a lso  measured. 

In a l l  cases, t h e  r e su l t an t  pull d i rec t ion  was  paral lel  t o  t h e  ground surface.  

( 5 )  With a l l  equipment  in p lace  and t h e  t r a c t o r  "bedded" in, t h e  s t u m p  was  
s teadi ly  winched unti l  i t  failed. Rope  tensions w e r e  recorded by 
ins t ruments  a t t a c h e d  t o  t h e  s t r a in  qauqe,  which provided a c h a r t  t r a c e  
f o r  l a t e r  re ference .  

RESULTS 
T h e  following t ab le  descr ibes  t h e  distr ibut ion of t h e  tests : 

Direction of Characteristic 
Species pull of anchor for: 

Radiata Downhill 

Radiata Ridgetop 

Radiata Uphill 

Corsican Downhill 

Corsican Uphill 

Douglas Fir Uphill 

Skyline 

Skyline 
Guyline 

Guyline 

Skyline 

Guyline 

Guyline 

Range of 
Number of Maximum 
stumps Diameter lift 
tested range resistance 

(cm) (tonnes) 

Li f t  res i s tances  fo r  a l l  s tumps  t e s t e d  a r e  p lo t ted  for  comparison on  t h e  following graph. 
The  d i f f e ren t  symbols used correspond t o  t h e  d i f f e ren t  test c i rcumstances  described 
above. The  ver t ica l  ax is  r ep resen t s  maximum tension applied before  s tump  failure. 
Basal a r e a  of t h e  s t u m p  is  shown on t h e  horizontal  axis. 
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Graph s h o w i n g  i n c r e a s e  i n  s t u m p  l i f t i n g  

r e s i s t a n c e  w i t h  a n  i n c r e a s e  i n  b a s a l  a r e a  

The  following l inear  regression was  f i t t e d  t o  t h e  combined d a t a  fo r  t h e  R a d i a t a  and  Cors ican  
pine : 
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The  r 2  value for  this  equat ion  was  0.68, meaning  t h a t  t h e  ma themat i ca l  relat ionship accoun t s  
for  68% of t h e  variat ion in r e s i s t ance  abou t  basal  a rea .  This  is reasonable,  given t h a t  t h e  
res i s tance  could be  expec ted  t o  vary  wi th  a va r i e ty  of o t h e r  f a c t o r s  discussed below. 

EQUIVALENT DIAMETER (rm) 

39 SO 6 0  68 I 

The  Douglas F i r  s tumps  have  no t  been  included in t h e  regression as they  appeared  t o  follow 
a d i f f e ren t  t rend.  With t h r e e  of these ,  t h e  wire  rope  sheared  through t h e  tops  of t h e  
s tumps  before  they  uprooted. Insuff icient  Douglas F i r  s tumps  were  t e s t e d  t o  justify 
fu r the r  regression analysis. 

DISCUSSION 
As might  be  expec ted  f r o m  a n  ini t ial  t r ia l ,  a number of quest ions a r e  raised : 

- What is t h e  e f f e c t  of var ia t ion  in soils? Four  soil samples  t aken  f r o m  beneath  
s tumps  during t h e  t r i a l  w e r e  analysed by t h e  Fores t  Resea rch  Inst i tute ,  and  t h e  
resul ts  w e r e  : 

% sand % s i l t  % c lay  

Sample  1 r idge 59.4 24.5 16.1 sandy loam 
Sample  2 hillside 42.7 17.4 39.9 c l ay  loam 
Sample  3 hillside 45.7 19.6 33.7 c l ay  loam 
Sample  4 r idge 45.7 23.6 30.7 c lay  loam 

In such soil, a l l  uprooted R a d i a t a  and  Corsican pine s tumps  had a fair ly narrow and 
shallow roo t  pad. The  radius of m o s t  pads ranged f r o m  1.2 m - 1.8 m and showed no  
c l e a r  relat ionship wi th  s t u m p  d iame te r .  Soils which allow b e t t e r  root  development  
should lead  t o  increased s t u m p  l i f t ing  resis tance.  
During t h e  week prior t o  t h e  t e s t s ,  t h e r e  had been  very  heavy rain and soil mois ture  was  
consequently high. This i s  likely t o  have  reduced t h e  s t u m p  holding s t rene th .  B e t t e r  
knowledge of  t h e  weakening e f f e c t  of soil mois ture  will be impor tant  as s tumps  a r e  used 
in a l l  weathers .  



- The tes t ing  showed a lmos t  no  discernible d i f ferences  in s t u m p  l i f t ing res is tance  wi th  
d i f f e ren t  angles of pull. The  d i rec t ion  of applied tension could b e  described by t w o  
angles  - a horizontal  bearing,  and a ve r t i ca l  inclination as shown below : 

DIRECTION OF PULL PREVAILING SLOPE 

DIRECTION 

T o  t e s t  t h e  e f f e c t  of t h e  d i rec t ion  of pull, mult iple  regression analysis was  used t o  
r e l a t e  t h e  tension a t  f a i lu re  t o  t h r e e  variables; s t u m p  basal  a r e a  (as  before), t h e  
angle  be tween t h e  d i rec t ion  of pull and  prevailing slope direct ion,  and t h e  ve r t i ca l  
inclination. 

Including t h e  horizontal  angle  in t h e  ma themat i ca l  relat ionship improved t h e  f i t  only 
marginally f rom a n  r 2  of 0.68 t o  a n  r 2  of 0.70. The  resul t  of including t h e  ve r t i ca l  
inclination was  insignificant.  

The  ve r t i ca l  inclination may  prove signif icant  if a n  angle  is c r e a t e d  be tween t h e  l ine 
inclination and t h e  ground slope a s  i l lustrated.  This was a s i tua t ion  t h a t  could not  b e  

t e s t e d  with t h e  equipment  avai lable - in a l l  
tests t h e  pull was  paral lel  t o  t h e  ground surface.  
Since skylines, and  especial ly guylines, a r e  not  

GROUND SLOPE commonly paral lel  t o  t h e  ground sur face ,  fu r the r  
t e s t ing  of this  e f f e c t  is required. 

- Fur the r  tes t ing  m a y  a l so  resolve t h e  impor t ance  of : 

- In t e rmi t t en t  o r  cyc l ica l  loading. With r epea ted  rocking, t h e  s tump  may  work 
loose, reducing i t s  l i f t ing res is tance .  

- Height  a t t a c h m e n t .  In principle, t h e  e f f e c t  of raising t h e  height  of a t t a c h m e n t  
of ropes  up t h e  s t u m p  should b e  predictable.  This requires a n  analysis  of t h e  
torque  on t h e  s t u m p  which in t u r n  requi res  identif icat ion of t h e  point abou t  which 
i t  r o t a t e s  during fai lure.  Field t e s t ing  will be  essent ia l  t o  conf i rm such a n  analysis. 

- Stand stocking. Xoot  compet i t ion  within t h e  s t and  may  mean  t h a t  t h e  number of 
s t e m s  per  h e c t a r e  has  a n  impor t an t  e f f e c t .  Conversely, during t h e  tests one  t r e e  
wi th  marked edge  t r e e  cha rac t e r i s t i c s  ( a symmet r i c  c rown and lean) proved t o  have  
a higher t han  normal  l i f t  res i s tance .  

CONCLUSIONS 
- The resul ts  f rom t h e  Radiata and  Corsican s tumps  show t h a t  t h e  maximum 

res is tance  of a s t u m p  is l inearly r e l a t ed  t o  t h e  a r e a  of i t s  t o p  - in o t h e r  words, 
t h e  maximum tension i s  d i rec t ly  proport ional  t o  t h e  square  of t h e  s t u m p  diameter .  

- Stump fa i lure  was  fa i r ly  rapid once  t h e  maximum tension was reached.  In general ,  
no p la teau  was observed in t h e  tension t r a c e s  as t h e  s t u m p  l i f ted.  No useful reac t ion  
t i m e  would be  avai lable t o  t h e  ope ra to r  in which t o  drop  his lines. This is in con t r a s t  
t o  deadmen  where  fa i lure  is prolonged. 

- In those  s tumps  where  s o m e  roo t  d a m a g e  w a s  evident  (resul t ing f rom t r a c t o r  grousers  
or  bladework), s t u m p  fa i lure  occurred  at signif icantly lower tensions. The  p rac t i ca l  
implicat ion is c l ea r  : s tumps ,  with even  minor appa ren t  damage,  should not  b e  used 
a s  anchors. 

LIRA would welcome the co-operation of other logging organisations in continuing this 
work. 
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For Further Information Contact: N.Z. LOGGING INDUSTRY RESEARCH ASSOC. INC. 
P.0.Box 147, 
ROTORUA, NEW ZEALAND. Phone 87-168 


