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EVALUATION OF TWO MOTOR-MANUAL 
DELlMBlNG TECHNIQUES 

A biomechanical model measuring t h e  
loading on the  lower spine during two 
d i f f e r e n t  del imbing t e chn iques  showed 
s i g n i f i c a n t  reduc t ions  i n  both  t h e  
compression and shear forces . Using the  
technique which gave the reduced loading 
resulted i n  a 10% reduction i n  the  daily 
productivity of the f a l l e r .  

INTRODUCTION 

While t h e r e  have been recen t  a t tempts  
t o  mechanise t he  de l imb ing  f u n c t i o n  i n  
l o g g i n g  o p e r a t i o n s ,  t h e  d e l  i m b i n g  i n  
c l  e a r f e l l  i ng r a d i  a t a  p i n e  i s  s t i  11 
c a r r i e d  o u t  m o t o r - m a n u a l l y .  The 
" T r a n s i t i o n "  crop, i n  which t h i s  s tudy 
was c a r r i e d  ou t ,  i s  t y p i f i e d  as hav ing  
more green branches than "Old" crop,  as 
a  r e s u l t  o f  hav ing  been grown a t  w ide r  
spacing. Growing r a d i a t a  a t  such wide 
s p a c i n g  has r e s u l t e d  i n  a  v e r y  heavy  
b ranch ing  h a b i t .  

The conven t iona l  t echn i  que f o r  cha i  nsaw 
del  imb i  ng i nvo l  ves t he  ope ra to r  wal k i n g  
a l o n g  t h e  t o p  o f  t h e  l o g  r e m o v i n g  
branches t h a t  a re  immediate ly  obv ious . 
T h i s  r e q u i r e s  a  s t ooped  p o s t u r e  t o  be  
adopted by t h e  opera to r .  I n  an a t tempt  
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These two f a c t o r s ,  l o n g  bars  and l a r g e  
saws, mean t h e  o p e r a t o r  c a r r i e s  
c o n s i d e r a b l y  more w e i g h t  t h a n  i s  
necessary.  Th i s  technique y i e l d s  a  poor 
q u a l i t y  o f  t r i m  which o f t e n  necess i t a t es  
r e c u t t i n g  o f  many b ranch  s t u b s  a t  t h e  
1  andi  ng. 

Del  i m b i  n g  u s i n g  t h e  above t e c h n i  que 
i n c u r s  t h e  l a r g e s t  p r o p o r t i o n  o f  
acc iden ts  r e p o r t e d  through t h e  Logging 
I n d u s t r y  Acc iden t  Repor t ing  Scheme. On 
average d u r i n g  t h e  p a s t  t h r e e  yea rs  30% 
o f  a1 1  l o s t  t ime  acc iden ts  have occur red  
w h i l e  t h e  o p e r a t o r  has  been d e l i m b i n g  
( G a s k i n ,  1 9 8 8 ) .  A  r e c e n t  s t u d y  o f  t h e  
l o g g i n g  w o r k f o r c e  (Gask in ,  Sm i t h  and 
W i l s o n ,  1988 )  f o u n d  t h a t  45% o f  a l l  
l ogge rs  s u f f e r e d  back problems. 

I n  1980,  t h e  i n d u s t r y  i n v e s t i g a t e d  an 
a1 t e r n a t i  ve technique o f  de l  imb ing  (LIRA 
and Swed fo r ,  1980 )  w h i c h  i n v o l v e d  t h e  
ope ra to r  wal k i n g  a1 ongsi  de t h e  l o g  where 
e v e r  p o s s i b l e ,  s u p p o r t i n g  t h e  saw on 
e i t h e r  t h e  l o g  o r  t h e  t h i g h .  The 
technique r e q u i r e d  a  s h o r t e r  bar  (15 t o  
16 i n c h )  and,  as a  r e s u l t  a  s m a l l e r  
chainsaw c o u l d  be used. The advantages 
o f  t h i s  method  o v e r  t h e  c o n v e n t i o n a l  
method were g iven  as f o l l o w s :  

r educe  t he '  amount bending - m e  s tandard o f  de l imb ing  i s  h i ghe r .  
r e q u i r e d ,  l o n g e r  t h a n  n e c e s s a r y  g u i d e  

b a r s  ( l8 22 rich) are u s e d .  - AS t he  opera to r  i s  ope ra t i ng  t h e  saw 
F u r t h e r m o r e ,  c h a i  nsaws emp loyed  a r e  much c l o s e r  t o  h im ,  he  has  more 
o f t e n  20cc l a r g e r  than what i s  r equ i r ed .  c o n t r o l  over  i t .  
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Sc. Student  work ing a t  LIRA d u r i n g  t h e  resulting from falls. 
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- By a d o p t i n g  a  b e t t e r  p o s t u r e  l e s s  
* *Ca ro l  S l appende l  i s  a  L e c t u r e r  a t  s t r a i n  w i l l  be p l a c e d  on t h e  

Massey U n i v e r s i t y  o p e r a t o r ' s  back. 



The a1 t e r n a t i  ve t e c h n i  que was f i r s t  Table 1 - stand Details 
a s s e s s e d  i n  r a d i  a t a  t h i n n i n g  ( G a s k i n ,  
1 9 5 6 ) .  W i t h  t h e  r e c e n t  move t o  
c l  e a r f e l l  i n g  t r a n s i t i o n  c r o p  i t  has  
become f e a s i b l e  t o  e v a l u a t e  t h e  Compartment 1003 
a1 t e r n a t i  ve t e c h n i  que i n  c l e a r f e l l  i ng . E s t a b l i s h e d  ( regen)  1960 

The two techn iques a r e  shown i n  f i g u r e s  Pruned 
1 and 2 

Low 1963 1000 stems 
Medi um 1966 400 stems - - -  

H igh  1968 300 stems 

Th inn ings  : 

1 s t  non-com. 1964 1000 stems 
2nd non-com. 1968 600 stems 
Prod. ( p u l  p )  1979 210 stems 

Mean p i e c e  s i z e  a t  c l e a r f e l l  - 2.0m3 

Mean t o p  h e i g h t  ( b e f o r e  f e l l i n g )  - 37 

T e r r a i n  c o n d i  t i o n s  were f a v o u r a b l  
Figure 1 - ConventionaZ P r i m i n g  n e a r l y  f l  a t ,  w h i l e  undergrowth was 1  i g h t  

t o  moderate. The undergrowth cons i  s t e d  
o f  sparse b l a c k b e r r y  , bracken, and 1  ow 

Figure 2 - A Ztarnative Methoci 

Thi  s  r e p o r t  eva l  ua tes  t h e  b i  omectiani c a l  
l o a d i n g  on t h e  o p e r a t o r ' s  l o w e r  s p i n e  
f o r  each o f  t h e  two techn iques,  and a l s o  
i n v e s t i g a t e s  p r o d u c t i  v i  t y  imp1 i c a t i  ons. 

STUDY AREA 

The s tudy  was conducted i n  compartment 

1003 s i t u a t e d  on t h e  Reporoa f a c e  o f  
K a i  n g a r o a  F o r e s t  d u r i n g  J a n u a r y  1988 .  
T h i s  s tand  had been i n t e n s i v e l y  t r e a t e d  
(Tab le  1 ) .  

pungas. 

STUDY METHOD 

Ttie measurement o f  b i  omechani c a l  1  oadi  ng 
and p r o d u c t i  v i  ty  was done s e p a r a t e l y .  

Biomechanical Load on the Logger's Spine 

L o a d i n g s  were c a l c u l a t e d  u s i n g  a  t w o -  
dimensional  s t a t i c ,  s a g i t t a l  p lane  model 
d e s c r i b e d  by C h a f f i n  and Andersson  
(1984) .  Body measurements r e q u i  r e d  f o r  
t h e  model were o b t a i n e d  f rom C h a f f i n  and 
Andersson  ( 1 9 8 4 )  f o r  a  p e r s o n  w i t h  a  
h e i g h t  o f  186 cm and we igh t  o f  88.4 kg.  
I n  a d d i t i o n  t h e  we igh t  i f  t h e  headgear 
used by t h e  o p e r a t o r  was 0.75 kg, w h i l e  
t h e  saw w e i g h t  was 11.5 kg.  A s t y 1  i s e d  
r e p r e s e n t a t i  on o f  t h e  model and i nputs  
i s  shown i n  f i g u r e  3. 

These measurements  were c o m b i n e d  w i t h  
t h e  measurements o f  ang les o f  t h e  t r u n k ,  
upper arm and lower  arm w i t h  r e s p e c t  t o  
t h e  h o r i z o n t a l  . These p o s t u r e  measure- 
ments  were o b t a i n e d  by r e c o r d i n g  on 
v i d e o  t h e  o p e r a t o r  del  imb ing  t h r e e  t r e e s  
u s i n g  each  t e c h n i q u e .  The v i d e o  was 
p l a y e d  back and, a t  5  second i n t e r v a l s ,  



Figure 3 - The mode2 used t o  
ca2cuZate forces a t  the L5/Sl 

(Chaf f in  & A ndersson, 19841 

body ancjl es were recorded i n  mu1 t i p 1  es 
o f  10 degrees. Angles were measured by  
o v e r l a y i n g  a p r o t r a c t o r  d e v i c e  on t h e  
v i  deo sc reen  ( S l  appendel  and Gask i  n  , 
1988).  

The d a t a  were e n t e r e d  i n t o  t h e  model 
which had been developed on a  personal  
c o m p u t e r  s p r e a d s h e e t  p r o g r a m .  
C o m p r e s s i o n  and s h e a r  f o r c e s  w e r e  
c a l c u l a t e d  a t  t he  sp ina l  d i s c  connec t ing  
t h e  5 t h  lumbar  v e r t e b r a e  w i t h  t h e  
sacrum.  T h i s  j o i n t ,  w h i c h  w i l l  be 
r e f e r e d  t o  as L5/S1 i s  l o c a t e d  i n  t h e  
l o w e r  back .  Research has shown t h a t  
between 85% and 95% o f  d i s c  h e r n i a t i o n s  
( s l i p p e d  d i s c s )  o c c u r  a t  t h i s  a r e a ,  
( C h a f f i n  and Andersson, 1984) .  

A n a l y s i s  was c a r r i e d  o u t  f o r  t h r e e  
d i f f e r e n t  de l  imb i  ng methods: 

1.CONV - Convent ional ,  opera to r  on t o p  
o f  t h e  l o g .  

2. ALTl - Operator a1 ongs i  de t h e  1  og , 
1 og 1  ower than optimum h e i  g h t  . 

3. ALT2 - Operator a longs ide  t he  l o g ,  l o g  
a t  optimum h e i g h t .  

Saw w e i g h t  was v a r i e d  f o r  each  o f  t h e  
t h r e e  techniques .For t h e  CONV technique 
a  Husqvarna 181 equipped w i t h  a  20" ba r  
was used  (11 .5  k g ) ,  w h i l e  a  Husqvarna  
162 and 16"  b a r  were u s e d  ( 1 0  k g )  f o r  
ALTl and ALT2. 

Productivity 

P r o d u c t i v i t y  was a s s e s s e d  t h r o u g h  
cont inuous t ime  s tudy o f  t he  de l imb ing  
p a r t  o f  t h e  work on l y .  S i x t y  two c y c l e s  
were o b s e r v e d  f o r  t h e  c o n v e n t i o n a l  
method and 105 f o r  t he  a1 t e r n a t i v e s .  As 
t h e r e  was no s i  g n i  f i c a n t  p r o d u c t i  v i  t y  
d i  f f e r e n c e  between t h e  two a1 t e r n a t i  ve 
t e c h n i  ques, t h e y  were combined and 
compared w i t h  t he  conven t iona l  . 
The l e n g t h ,  l a r g e  end and s m a l l  end  
d i a m e t e r s  o f  e a c h  t r e e  w e r e  a l s o  
recorded.  From t h i s  i n f o r m a t i o n  t h e  stem 
v o l u m e  o f  e a c h  l o g  d e l  i m b e d  was 
c a l  c u l  a ted.  

RESULTS 

Biomechanical Loading 

Model p r e d i c t i o n s  o f  compress ion  and 
s h e a r  f o r c e s  f o r  a l l  t h r e e  d e l  i m b i n g  
methods  a r e  shown i n  F i g u r e s  4  and 5. 
The d i f f e r e n c e  i n  compress ion  f o r c e s  
between CONV and A L T l  i s  s i g n i f i c a n t ,  
w i t h  an even g r e a t e r  d i f f e r e n c e  between 
CONV and ALT2. Compression f o r c e s  were 
a1 so  s i g n i f i c a n t l y  d i f f e r e n t  between 
ALTl and ALT2 ( a t  t h e  99% l e v e l  ) .  

The same l e v e l  o f  s i g n i f i c a n c e  e x i s t e d  
i n  t h e  shear f o r c e  c a l c u a t i o n s .  

The r e s u l t s  o f  t he  compression and shear 
f o r c e s  a re  summarized i n  Table 2. 

The a1 t e r n a t i v e  technique was found t o  
be 27% s l o w e r  t h a n  t h e  c o n v e n t i o n a l  
( T a b l e  3 ) .  I t  mus t  be n o t e d  t h a t  t h e  
a1 t e r n a t i  ve t e c h n i  que r e s u l  t s  i n  a  
h i g h e r  qua1 i t y  o f  del  imb, t h e r e f o r e  t h e  
s k i d d y  has  l e s s  r e t r i m m i n g  t o  do. The 
o p e r a t o r ,  by a d o p t i n g  t h e  a1 t e r n a t i  ve 
t e c h n i q u e  and r e d u c i n g  t h e  l o a d i n g  on 
t h e  sp ine,  can expect  a  l onge r  work ing  
l i f e  t h a n  an o p e r a t o r  u s i n g  t h e  
c o n v e n t i o n a l  t e c h n i  que. F i n a l l y ,  t h i s  
s t u d y  was c o n f i n e d  t o  l o o k i n g  a t  t h e  
del  imbing f u n c t i o n  which accounts f o r  
approx imate ly  40% o f  t he  f a l l e r s  t o t a l  
work day. 
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Figure 4 - Compression Forces a t  L5/S1 
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Figure 5 - Shear Forces a t  L5/S1 

Note: Approx ima te l y  10 newtons e q u i v a l e n t  t o  one k g  



Table 2 - Comparison of forces, a22 techniques 

Technique Compression Force Shear Fo rce  
Newtons (N) Newtons ( N )  

Number o f  Number o f  
Mean SF * Observa t ions  Mean SF Observa t ions  

Convent iona l  5136 2.79 3 3 657 0.74 3 3 

A1 t e r n a t i v e  1 2975 4.56 3 3 239 1.81 3 3 

A1 t e r n a t i v e  2 2479 4.64 3 3 132 1.99 3 3 

* SF = Standard e r r o r  of  mean 

Table 3 - Productivity comparison of delimbing techniques 

V a r i a b l e  
Technique 

Convent iona l  A1 t e r n a t i v e  

Number o f  
Mean SD* Observat ions 

Number o f  
Mean SD Observa t ions  

T i m e l t r e e  2.66 0.7  6 2 

B u t t  D i a .  (cm) 4 9 7.8 6 2 

Length (m) 27.6 3.4 6 2 

SED (cm) 23.1 6.6 6 2 

Vol urnel t ree (m3 ) 2.4 0.7 6 2 

Time p e r  m 3  1.1 

Time p e r  met re  0.10 

* SD = Standard d e v i a t i o n  

R e g r e s s i o n  a n a l y s i s  on t i m e  v e r s u s  
l e n g t h  gave  r 2  v a l u e s  o f  . 3 9  f o r  
c o n v e n t i o n a l  and .48 f o r  t h e  a l t e r n a t i v e  
de l  imb i  ng techn ique  . Poor r e 1  a t i  onsh i  p s  
w e r e  f o u n d  b e t w e e n  t i m e  a n d  b u t t  
d iameter ,  and t i m e  and volume f o r  b o t h  
techn iques .  As sampl ing was c a r r i e d  o u t  
i n  s i m i  1  a r  c o n d i t i o n s ,  no s i g n i f i c a n t  
d i f f e r e n c e  was f o u n d  b e t w e e n  b u t t  
d i a m e t e r ,  l e n g t h ,  SED, o r  vo lume f o r  

DISCUSSION 

W h i l e  t h e  m o d e l  u s e d  t o  c o m p a r e  
b i o m e c h a n i c a l  l o a d i n g s  i s  a  s imp1  i f i -  
c a t i o n  o f  a  complex p o s t u r a l  t a s k ,  t h e  
r e s u l t s  c l e a r l y  show t h e  advantages o f  
keep ing  t r immers  o f f  t h e  t o p  o f  t h e  l o g .  
The N a t i o n a l  I n s t i t u t e  f o r  Occupat iona l  
Safe ty  and Hea l th  (NIOSH) i n  t h e  U n i t e d  
S t a t e s  has recommended t h a t  L5/S1 

e i t h e r  techn ique  . 



compress ion  v a l u e s  above 3400 N a r e  
cons idered  p o t e n t i  a1 l y  dangerous t o  some 
workers ( C h a f f i n  and Andersson, 1984). 
The I n s t i t u t e  no ted  t h a t  i f  these va lues 
exceed 6400 N, t he  j o b  w i l l  be hazardous 
t o  mos t  w o r k e r s .  The maximum v a l u e  
recorded f o r  t he  conven t iona l  techn ique  
i n  t h i s  s t u d y  was 5681 N, w h i l e  t h e  
maximum v a l u e s  f o r  ALTl and ALT2 were  
4743 N and 3747 N r e s p e c t i v e l y .  

The f o r c e  va lues no ted  i n  t h i s  a n a l y s i s ,  
e s p e c i a l l y  f o r  t h e  c o n v e n t i o n a l  
technique,  a re  l i k e l y  t o  be unders ta ted .  
The model was unable t o  i n c l u d e  t w i s t e d  
pos tu res  and a d d i t i o n a l  f o r ces  r e q u i r e d  
when c u t t i n g  w i t h  t h e  t o p  o f  t h e  b a r ,  
i e .  c u t t i n g  f r o m  t h e  u n d e r s i d e  o f  t h e  
b r a n c h  u p w a r d s .  F u r t h e r m o r e ,  n o  
c o n s i d e r a t i o n  was g i v e n  t o  t h e  t h e  
e f f e c t  o f  s h o c k  l o a d i n g s ,  i e .  
c o n t r o l l i n g  t h e  saw d u r i n g  a  k i ckback .  

I n  model 1  i ng t he  a1 t e r n a t i  ve techniques 
i t  was n e c e s s a r y  t o  assume t h a t  t h e  
we igh t  o f  t h e  saw was be ing  c a r r i e d  by 
t h e  o p e r a t o r .  One o f  t h e  s t a t e d  
advantages o f  t h i s  technique i s  t h a t  t h e  
saw i s  r e s t e d  on e i t h e r  t h e  l o g  o r  t h e  
o p e r a t o r ' s  t h i g h .  Had t h i s  been a l l owed  
f o r  i t  i s  l i k e l y  t h a t  compression va lues 
f o r  t h i s  technique would have been even 
1  ower . 
The p r o d u c t i  v i  t y  d i f f e r e n c e  between t he  
-two techniques,  t a k i n g  i n t o  account t h e  
f u l l  work ing day, was approx imate ly  10% 
r e d u c t i  on f o r  the  a1 t e r n a t i  ve t echn i  que . 
T h i s  d i f f e r e n c e  i s  b a s e d  on t h e  
assumption t h a t  40% o f  t he  f a l l e r ' s  day 
i s  s p e n t  t r i m m i n g .  I t  i s  a l s o  assumed 
t h a t  n e i t h e r  t e c h n i q u e  wou ld  have any 
e f f e c t  on o t h e r  p a r t s  o f  t h e  f a l l e r ' s  
n o r m a l  w o r k ,  i .e .  f e l l i n g ,  saw 
mai n tenance ,  smokos, e t c .  G i  ven t h e  
improved pos tu re  and reduced l oad ings  on 
t h e  s p i n e ,  a  10% d rop  i n  d e l i m b i n g  
p r o d u c t i v i t y  s h o u l d  be a c c e p t a b l e .  
P r e v i o u s  r e s e a r c h  has shown t h a t  t h e  
a1 t e r n a t i v e  technique a l s o  r e s u l t s  i n  a  
h i  gher s tandard o f  del  imb i  ng . 
F u r t h e r  r e s e a r c h  w i l l  f o l l o w  up t h i s  
model 1  i ng and p r o d u c t i  v i  t y  compa r i  son 
w i t h  an e v a l  u a t i  on o f  p h y s i  01 o g i  c a l  
workload by m o n i t o r i n g  t he  h e a r t  r a t e  o f  
opera to rs  u s i n g  bo th  t echn i  ques. 

CONCLUSIONS 

The a1 t e r n a t i v e  technique was s lower  and 
about 10% l e s s  p roduc t i ve  over  t h e  whole 
day.  T h i s  r e d u c t i o n  i s  f e l t  t o  be 
outwei  yhed by an inc rease  i n  q u a l i t y  o f  
t r i m  and t h e  b e n e f i t s  t o  t h e  i n d u s t r y  i n  
terms o f  reduced lower  back i n j u r i e s .  

The a1 t e r n a t i  ve d e l  i m b i n g  t e c h n i  ques 
were found t o  s i g n i f i c a n t l y  reduce bo th  
c o m p r e s s i o n  and s h e a r  f o r c e s  on t h e  
L5 /S1  d i s c  o f  cha insaw  o p e r a t o r s  i n  
c l e a r f e l l  t r a n s i t i o n  crop.  The r e d u c t i o n  
was o f  such a  magnitude t h a t  adop t ion  o f  
t h e  a1 t e r n a t i  ve technique would reduce 
t h e  r i s k  o f  l ow  back i n j u r y  assoc ia ted  
w i t h  d e l  i m b i n g .  The a d o p t i o n  o f  t h e  
a1 t e r n a t i  ve t e c h n i  que i n  moto r -manua l  
d e l i m b i n g  w o u l d  a l s o  e x t e n d  t h e  
w o r k e r ' s  e f f e c t i v e  work ing 1  i f e .  
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