
Vol. 9 No. 1 1987 \ -  
-I NEW ZEALAND 

PIECE SIZE CHARACTERISTICS OF 
MANAGED STANDS AFTER FELLING 

A Report by A. Twaddle, Forest Research Institute, Rotorua 

INTRODUCTION 

Large  r ad ia t a  p ine  t r ee s ,  when fe l led  by 
t rad i t ional  chainsaw methods ,  break  when 
they  h i t  t h e  ground. The re  a r e  many  reasons  
f o r  t h i s  breakage ,  s o m e  of which h a v e  been  
identif ied by Murphy and Gaskin 1982 
(crossing o t h e r  t r e e s ,  crossing s tumps ,  sha rp  
changes  of slope). O t h e r  reasons,  n o t  y e t  
ful ly understood,  r e l a t e  t o  t h e  physical  
s t r u c t u r e  of r a d i a t a  p ine  and  t h e  dynamic  
f o r c e s  involved when a t r e e  s t r i kes  t h e  
ground. L i t t l e  c a n  b e  d o n e  t o  p reven t  s t e m  
breakage  when using manual  techniques,  
al though d i rec t ional  fel l ing c a n  minimise t h e  
damage.  

The  n a t u r e  of t h e  p ieces  i n t o  which a t r e e  
b reaks  def ines  t h e  s i z e  of p i eces  which a n  
ex t r ac t ion  sys t em mus t  handle, and  l imi ts  
t he i r  subsequent  processing options. Tha t  
t h e  old c r o p  broke  i n t o  seve ra l  merchan tab le  
p i eces  o n  fel l ing i s  common  knowledge. I t  i s  
a l so  well known t h a t  our  m o r e  managed 
s t ands  now coming on  s t r e a m  wi l l  break  on  
felling. Since t h e  cha rac t e r i s t i c s  of t h e s e  
merchan tab le  p i eces  a r e  n o t  w e l l  known, a 
sma l l  s tudy on  p i ece  s i z e  was  c a r r i e d  o u t  by 
t h e  F o r e s t  Resea rch  Inst i tute .  A s  only t w o  
s t ands  w e r e  measured,  o n e  in  Kaingaroa 
S t a t e  Fo res t ,  t h e  o t h e r  in Kinlei th Fores t ,  
t h e  resu l t s  d o  n o t  lend  themse lves  t o  broad  
general isat ions.  S tands  outs ide  t h e  Bay of 
Plenty may  h a v e  d i f f e ren t  breakage  
charac ter i s t ics .  

STAND DETAILS 

Both of t h e  s tudy s t ands  had  rece ived  
pruning a n d  thinning t r e a t m e n t s  a l though t h e  
t iming and  in tens i ty  d i f fered .  T h e  impor t an t  
s t and  de t a i l s  a r e  in  Table  1. The  s t ands  

w e r e  t h e  s a m e  a g e  b u t  a higher s i t e  index at 
Kinlei th and  i t s  m o r e  in tens ive  thinning 
history resul ted  in i t  having a l a rge r  a v e r a g e  
t r e e  s i ze  t h a n  did Kaingaroa (3.3 m vs 
2.4 m 3 ,  respect ively) .  

A common  f e a t u r e  of  t h e  t w o  s t ands  w a s  
the i r  relat ively e v e n  and  f l a t  t e r r a i n  ( a t  
Kinleith t h e  t e r r a i n  rose  gent ly  a t  o n e  e d g e  
of t h e  stand). The  resul t s  of t h i s  s tudy 
should b e  r e l evan t  t o  b reakage  occurr ing  on 
s t e e p e r  t e r r a in  s ince  s lope  s t eepness  has  
been  observed t o  a f f e c t  ne i the r  t h e  number 
of p i eces  in to  which a t r e e  b reaks  no r  i t s  
break  he ight  (Murphy, 1984). However,  t h e  
a m o u n t  of b reakage  in t h i s  s tudy i s  likely t o  
unde res t ima te  t h a t  f o r  d issec ted  t e r r a in ,  as 
sha rp  changes  in s lope a r e  a n  impor t an t  
inf luence on  s t e m  breakage .  

T a b l e  1  - D e t a i l s  on the  a g e  a n d  s i z e  
o f  t rees  i n  the  t w o  s t u d y  s t a n d s  

K a i n g a r o a  K i n l e i t h  

Age  ( y e a r s )  3  1 3  1 
L i v e  s t o c k i n g  f s t e m s l h a )  3 0 0  2 1 1  
Mean tree  h e i g h t  ( m )  3 9 . 4  4 4 . 5  
Mean t ree  d b h o b *  ( c m )  4  7 

3 
5  3 

Mean t o t a l  t ree  vol . ( m  ) 2 . 4  3 . 3  

* d i a m e t e r  a t  breast  h e i g h t ,  o v e r  b a r k  

FELLING TECHNIQUE 

The  t w o  s t ands  w e r e  being c lear fe l led  at t h e  
t i m e  of measu remen t ,  using typica l  
techniques  and  ex t r ac t ion  methods.  The  
f a l l e r s  would f e l l  blocks o r  s t r ips  of  t h e  
s t and ,  making a reasonable  a t t e m p t  t o  
minimise s t e m  breakage.  Wedges w e r e  used 
t o  d i r e c t  t h e  m o r e  d i f f icu l t  t r e e s  al though 
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driving was  used periodically. Ground T a b l e  2  - C h a r a c t e r i s t i c s  o f  F i r s t  
skidding me thods  w e r e  used  f o r  ex t r ac t ion .  B r e a k p o i n t  - 

K a i n g a r o a  K i n l e i  

N o .  s a m p l e  trees 2 0 0  1 5 9  

A v e r a g e  b r e a k  d i a m e t e r  
0 . b .  ( c m )  2 2 2 5 
( r a n g e  ) 8 - 3 5  1 0 - 4  

P r o p o r t i o n  t h a t  b r o k e  w i t h  
d i a m e t e r  > 9  c m  9 9 1 0 0  

A v e r a g e  re la t i ve  b r e a k  
h e i g h t  I % ) *  0 . 6 6  0 . 6 5  
( s t a n d a r d  d e v i a t i o n  ) ( 0 . 1 0 )  1 0 . 0 9  

* a s  p e r c e n t  o f  t o t a l  s t e m  h e i g h t  

F i g u r e  1 - L e a v i n g  m o r e  of t he  t o p  
p i e c e s  b e h i n d  m a y  not  c r e a t e  s i g n i f i c a n t  (b) Number of Merchantable Pieces 

p r o b l e m s  i n  r e - e s t a b l i s h m e n t  As c u r r e n t  harves t ing  s y s t e m s  for  
clearfel l ing r equ i r e  a l l  merchan tab le  
p ieces  t o  b e  handled individually, t h e  

MEASUREMENT METHOD number of merchan tab le  p ieces  in to  
which a t r e e  b reaks  is impor tant .  The  

The  sample  t r e e s  in e a c h  s t and  w e r e  number  of merchan tab le  p i eces  above  t h e  
measured  a f t e r  a block had  been  fe l led  bu t  f i r s t  break  varied f rom 0 t o  3 (Table 3 )  
befo re  any  p ieces  w e r e  ex t r ac t ed .  The  in both  stands.  Also, t h e  s t r u c t u r e  o f  
lengths,  d i ame te r s ,  and  qual i t ies  of e a c h  breakage  w a s  similar  f o r  both s tands ;  
merchan tab le  p iece  (not  less  t h a n  2.4 m in abou t  40% of t h e  broken t r e e s  did n o t  
length  and  n o t  less  t h a n  10  c m  in small-end produce a n  addit ional  merchantable  p i ece  
d i ame te r )  f r o m  a broken t r e e  w e r e  recorded.  above  t h e  f i r s t  break ,  ano the r  40% 
To ta l  t r e e  he ight  w a s  recorded w h e r e  produced only o n e  addit ional  p iece ,  wi th  
possible by recons t ruc t ing  t h e  s t e m  f r o m  a l l  remaining proport ions genera t ing  t w o  and  
of t h e  broken p ieces ,  bo th  merchan tab le  and  t h r e e  e x t r a  pieces.  
unmerchantable.  

The  d a t a  on t h e  cha rac t e r i s t i c s  of t r e e  
b reakage  w e r e  co l l ec t ed  a s  p a r t  of a 
large-scale s tudy of va lue  recovery.  
Therefore  de t a i l s  on t h e  va lue  cha rac t e r i s t i c s  
could a lso  b e  subsequently ca lcula ted .  

RESULTS AND DISCUSSION 
( a )  First Breakpoint 

All of  t h e  sample  t r e e s  b roke  on  felling. 
The  break d i a m e t e r  a t  t h e  f i r s t  
breakpoint  w a s  1 0  c m  o r  g r e a t e r  in 
a lmos t  a l l  of t h e  t r e e s  (Table  2). T h e  
mean  f i r s t  break  d i a m e t e r s  w e r e  22  c m  
and 25 crr! for  t h e  Kaingaroa and 
Kinleith s amples  respec t ive ly ,  both  just 
under half (47%) of t he i r  a v e r a g e  s t a n d  
dbhob. The f i r s t  break  he ight  m a t c h e d  
t h e  usual approximation in t h e  Bay of 
P lenty ,  being abou t  two-thirds t r e e  
height .  

(c) Relative Importance of Butt and Top 
Pieces 
The b u t t  and t o p  p ieces  w e r e  q u i t e  
d i f f e ren t  - a re su l t  of  s t e m  t a p e r  and  
t h a t  t h e  t r e e  general ly f i r s t  b reaks  a t  
two-thirds of t o t a l  height .  The  b u t t  
p ieces  had l a rge r  volumes and lengths,  
and t h e r e f o r e  a r e  m o r e  likely t o  produce 
t h e  higher valued,  larger  dimension 
products. In c o n t r a s t ,  t o p  pieces,  
al though numerical ly impor t an t ,  produce 
mainly pulpwood. Thus, t h e  t r e e  c a n  b e  
divided in to  t w o  sec t ions  of widely 
differ ing volurr.e and  value;  t h e  s ingle 
b u t t  p i ece  and t h e  combined t o p  pieces. 

The  b u t t  p i ece  conta ined  a b o u t  96% of 
t h e  t o t a l  merchan tab le  volume and  abou t  
99% of t h e  value in t h e  t w o  samples  
(Table 4). Obviously, t h e  r e l a t ive  values 
used for  t h e  d i f f e ren t  products  will 
a f f e c t  t hese  resu l t s  b u t  in t h i s  analysis  
t h e  on-truck values be tween high and low 
value products  w e r e  n o t  a typica l .  



T a b l e  3  - Number o f  M e r c h a n t a b l e  P i e c e s  Above  t h e  B r e a k  

K a i n g a r o a  K i n l e i t h  

- 

No. o f  m e r c h a n t a b l e  No. o f  trees % o f  No. o f  t rees  % o f  
p i e c e s  a b o v e  1 s t  b r e a k  i n  s a m p l e  s a m p l e  i n  s a m p l e  s a m p l e  

Note : As some  o f  t h e  t o p  p i e c e s  o f  7 trees c o u l d  not  be l o c a t e d  i n  t h e  K i n l e i t h  
s a m p l e ,  the t o t a l  n u m b e r s  o f  trees p r e s e n t e d  h e r e  i s  less  t h a n  t h a t  i n  T a b l e  
2  ( 1 5 2  vs  1 5 9 ) .  

T a b l e  4 - C o m p a r i s o n  o f  B u t t  and Top  P i e c e s  

B u t t  P i e c e  Top  P i e c e s  

K a i n g a r o a  S t a n d  

S a m p l e  s i z e  200  

A v e r a g e  l e n g t h  I m )  2 6 . 1  

A v e r a g e  v o l u m e  f m  3 ,  2 . 2 3  

A v e r a g e  v a l u e  f $ )  1 2 7 . 9  

A p p r o x i m a t e  v a l u e  p e r  h a  f $ 1  38370  

% t o t a l  m e r c h a n t a b l e  v o l u m e  9 5 . 7  

% t o t a l  m e r c h a n t a b l e  v a l u e  9 9 . 0  

K i n l e i  t h  S t a n d  

S a m p l e  s i z e  

A v e r a g e  l e n g t h  f m )  

A v e r a g e  v o l u m e  f m 3 )  

A v e r a g e  v a l u e  f $ 1  

A p p r o x i m a t e  v a l u e  p e r  h a  f $ )  

% t o t a l  m e r c h a n t a b l e  v o l u m e  

% t o t a l  m e r c h a n t a b l e  v a l u e  



Figure 2 - These two b u t t  pieces w i l l  contain about 9 9 %  o f  the  t o t a l  merchantable 
value able t o  be produced from a l l  o f  the pieces i n t o  which these t rees  broke 

CONCLUSIONS 
Trees  will cont inue  t o  break  during 
clearfel l ing if t h e  industry pers i s t s  wi th  
manual  cha insaw felling, as i s  likely f o r  a t  
l ea s t  t h e  n e x t  f ive  t o  t e n  years .  
Fur thermore ,  according t o  th i s  s tudy,  t h e  30  
yea r  old, managed s t ands  in t h e  Bay of 
P lenty  region will cont inue  t o  b reak  a t  abou t  
two-thirds t r e e  height  during harvest ing.  
Therefore  abou t  45% of t h e  merchantable  
p ieces  t o  b e  e x t r a c t e d  will  cons is t  of t o p  
pieces, but  t h i s  45% will cons t i t u t e  only 4% 
of t h e  t o t a l  volume of wood avai lab le  and  1% 
of i t s  t o t a l  value. 

re-establ ishment expenditure.  Even t h e  
worse  c a s e ,  of having t o  c a r r y  o u t  a burn 
which o therwise  could have  been  avoided, 
would only increase  c o s t s  by a b o u t  $150/ha 
(pers. com.  P. Robin, Kaingaroa Forest) .  

A f a c t o r  t h a t  c a n  over-r ide t h e  
considerat ions of both  logging and  
es tabl i shment  c o s t s  is a need  f o r  wood f ib re  
in periods of wood shortage.  Pulp mills 
demand a regular  sou rce  of r a w  m a t e r i a l  and  
t h e  t o p  p i eces  r ep resen t  a re la t ive ly  easi ly 
exploi table resource.  

Such s t a t i s t i c s  lend  weight  t o  t h e  a rgumen t  
t h a t  if  productivi ty of  thve ex t r ac t ion  s y s t e m  

This Technical Release i s  the work o f  w e r e  t h e  so le  c r i te r ion  for  deciding wha t  
the  author and. i s  not the  resu l t  o f  

be extracted, then of the top LIRA p r o j e c t  work. LIRA publishes it in 

pieces be lef t  in the bush. the i n t e r e s t s  o f  wider dissemination o f  
Calcula t ions  at t h e  Fores t  Research  Ins t i tu te  in the i n d u s t r y .  L IRA  takes  
based on  d a t a  co l lec ted  during t h e  harves t ing  no responsibility for  the accuracy o f  
of t h e  Kaingaroa s t and  indica ted  a po ten t i a l  

f i gure s  nor does it support increase  in production of 23% wi th  a n  or d i sagree  w i t h  
a t t e n d a n t  18% dec rease  in logging c o s t s  if the  opinions and 

conclusions shown. 
t h e  bu t t  p ieces  a lone  were  e x t r a c t e d  (pers. 
corn. M. McConchie, FRI). This i nc rease  
corresponds t o  a reduction in logging c o s t s  of 
C. $1000/ha. 

Increased re-establ ishment cos t s  have  t h e  
potent ia l  t o  o f f s e t  t h e  reduced logging cos ts .  
However, t h e  e f f e c t  o f  leaving a n  addi t ional  
2 5  tonnes  of wood on e a c h  h e c t a r e  is 
unlikely t o  markedly inc rease  

For further information, contact: 

N.Z. LOGGING INDUSTRY RESEARCH ASSOC. INC. 
p.0. BOX 147, 
ROTORUA, NEW ZEALAND. 

Telephone: (0731 87-168 
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