


W o o d  C o n t e n t  O f  S t a c k e d  4 - f o o t  

R o u n d  P u l p w o o d  I n  C o n n e c t i c u t u  

Applicable To Plantation-grown Pine And To Mixed Hardwoods 
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Buying wood stacked i n  &foot lengths i s  sometimes l i k e  buying a 
pig i n  a poke. A cord i s  simply a pile 4 by 4 by 8 feet ,  o r  128 cubic 
feet .  Even though wood pi led t h i s  way may stack up t o  the specified 
dimensions, the actual mount of wood i n  the p i l e  may vary greatly. The 
species, the s ize  of the  s t icks ,  the thickness of the bark, the crooked- 
ness of the  st icks,  and the presence of protruding knots a l l  have a 
bearing on the amount of sol id  wood tha t  a p i l e  contains.. While one 
p i l e  may be packed t ight ly ,  another may be f u l l  of big a i r  holes. I n  
this study, the factor  most affect ing the sol id  content appeared t o  be 

* 

the method of p i l i ng  the wood. If the stacks were put up haphazardly 
the solid content was usually appreciably lower thaz fo r  neat, well- 
stacked pi les .  

A re la t ive ly  easy method fo r  measuring the actual  wood content 
of such p i l e s ' i s  d e s c r i b e d i n t h i s  paper. The resul ts ,  f roma short  
p i l o t  study made i n  Connecticut, are applicable t o  white and red pine 
pfilpwood cut from plantations i n  Connecticut, and t o  mixed hardwood 
pulpwood also cut from stands i n  t h a t  s ta te .  

The cubic-foot wood content per standard cord--with bark and 
without bark--is summarized i n  table 1. The ef fec t  of average s t i ck  
diameter on solid content i s  clear ly  shown i n  comparing red and white 
pine. hlpwood cut*Prom the l a t t e r  was considerably smaller wood 
lbith a rather large number of s t icks  of 2- and 3-inch diameter (which 
i s  usable f o r  mofing fiber but generally too small for  pulpwood). 
Red pine averaged nearly 2 inches la rger  i n  diameter and, i n  most 
of the p i l e s  examined, tended t o  f a l l  lrithin a narrow range of 

This study was carried out under a cooperative project i n  
farm forestry reseaFch sponsored joint ly  by the  Connecticut State  
Forestry Service, the Connecticut Agricultural Ekperiment Station, the  
Connecticut Forest and Park Association, and the Northeastern Forest 
Experiment Station of the U.S. Forest service. 
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Table 1,--Solid content of stacked 4-f00t pulpwood 

i n  Connecticut 

Species 

Softwoads: 

1/ , Red pine- 

S o l i d  content 
of stacked cord / average " r d q  outside pl 

Number Inches Cubic Oubic 
f e e t  f e e t  - I 

I Mixed hardnoods: I 
Red maple predominant 89 6.5 

Oaks predominant 92 6.5 

1/ Includes 2 samples of Scotch pine. - 

diameters. Uniformity of s t i c k  s i z e  i n  any p i l e  general ly resu l t ed  
i n  c l o s e r  p i l i n g  with a r e s u l t i n g  increase i n  s o l i d  content.  

It has been genera l ly  thought t h a t  a standard cord of hard- 
wood c o n b i n s  l e s s  wood volume than a similar quan t i ty  of softwood. 
The study shows t h a t  t h i s  i s  not necessar i ly  t rue .  I f  t h e  s t i c k s  
a r e  of good s i z e  and f a i r l y  s t r a i g h t ,  the  cord of mixed hardwoods 
may have a wood content equal t o  t h a t  of t h e  plantation-grown pines. 
The oak pulpwood examined i n  t h i s  study tended t o  be of b e t t e r f o r m  
than the  maple and of appreciably l a r g e r  diameter than t h e  pine. 
This i s  why t h e  cords i n  which oak was the  predominant species 
averaged considerably higher i n  wood content. 

I n  using these  da ta  it may not always be convenient t o  r i c k  
t h e  wood i n  standard cords. The method used makes it poss ib le  t o  
est imate wood content on a percentage basis--regardless of the  height  
and length of the  p i l e .  These data  a r e  shown i n  t a b l e  2: They should, 
of course, be used only f o r  wood cu t  i n  t h e  &-foot -length. Shor ter  
s t i c k s  would have somewhat l e s s  t a p e r  and therefore  would f i t  together  
more closely.  Longer s t i c k s  would tend t o  bulk up with somewhat 
l a r g e r  a i r  spaces. 



Table 2.--Percentage of space occupied by so l id  

wood and bark i n  ,!+.-foot pulp~vood r i cks  

Species 

11 Red pine- 

Wood 
w i t h  
bark 

White pine 

/ Ytixed hardwoods: 

. -minus 
bark 

Percent Percent Percent 

71.7 61.7 10.0 

Bark 
alone 

. I Red maple predominant 63.6 55.5 8 .1  1 
I Oaks predominant 73.2 64.1 9.1 1 
I I 

I/ Includes 2 samples of Scotch pine. 

THE METHOD USED 

The wood volumes were estimated from photographs. A dot g r i d  
system was employed t o  determine the  r a t i o s  of wood, bark, and a i r  
space i n  stacked p i l e s .  

The o r i g i n a l  plan was t o  l o c a t e  a t  random a f a i r l y  l a rge  num- 
be r  of p i l e s  of stacked pulpwood, r icked separa te ly  by species i f  
possible. However, a l l  t h e  wood photographed was cut  by commercial 
operators,  and it was not possible t o  ge t  a d i f f e r e n t i a t i o n  among 
species. I n  the f i n a l  tabula t ion,  the  t o t a l  stacked wood was divided 
i n t o  four groups: a l l  red pine,  a l l  white pine, mixed hardwood with 
red maple predominating, and mixed hardwood with oaks predominating. 
It gas  considered des i rable  t o  photograph only round wood, because 
s p l i t t i n g  introduced an unknown var iab le  i n  the  ne t  cubic content. 
The p i l e s  photographed--24 i n  all--mere not taken e n t i r e l y  a t  random 
because of photographic l imi ta t ions ;  f o r  example, i n  some places the  
camera point  could not be located  the  required distance from t h e  
p i l e ,  



Photographic Procedure 

A l l  photographs were made from a distance of 12 f e e t ,  having 
the  l i n e  of s igh t  of t h e  camera a t  r i g h t  angles t o  t h e  s ide  of the  
p i l e  being photographed. T h i s  seeme6 t o  be the  bes t  range. A c lose r  
view would not include enough of the  s ide  area  of t h e  p i l e  f o r  a 
representa t ive  cross  sect ion.  A longer range would obviously have 
resu l t ed  i n  a smaller image' on the  negative. Making the  photographs 

Figure 1.--Pile of red  pine s t i c k s  4 t o  7 inches i n  
diameter, with dot templet superimposed. I n  t h i s  p i l e ,  
t h e  s o l i d  content i s  73.8 percent  with bark, 62.2 per- 
cent  without bark. So l id  volume per  cord i s  94.5 cubic 
f e e t  with bark, 79.6 cubic f e e t  without bark. 

from the  same distance,  of course, r e su l t ed  i n  negatives of i d e n t i c a l  
sca le ,  

A l l  obstructions such a s  brush, leaves,  o r  snow were removed 
e n t i r e l y  t o  give a c l e a r  v i e w  of the  ends o f  the  b o l t s  appearing i n  
t h e  photograph. 

A 9 x 12 cm. film-pack camera was used, mounted on a tr ipod.  
A l l  exposures %ere made on f a s t  panchromatic film. A l i g h t  meter was 
used t o  determine length of exposure and t o  assure standard negative 
qual i ty .  P a r t i c u l a r  a t t e n t i o n  was paid t o  exact focussing t o  insure  
the  sharpest  possible negatives.  



A yardstick with c lear ly  defined divisions was included i n  most 
of the  pictures,  giving a permanent scale  f o r  use i n  l a t e r  diameter 
measurements, i f  desired. On some of the  p i les ,  black keel was used 
t o  record on one o r  two of the  bo l t s  such information a s  species, date 
of photo, and location by town. 

It was noted t ha t  the  photographs obtained k d e r  shade condi- 
t i ons  were be t t e r  adapted t o  the subsequent dot count. Those made 

- -- 
Figure 2. --Red pine s t i cks  5 t o  12 inches i n  diame- 

t 
t e r .  The wood content of this p i l e  i s  70.6 percent 
with bark, 61.2 percent without bark. Solid volume 
per cord i s  90.4 cubic f e e t  with bark, 78.4 cubic 
f e e t  without bark. Although the  average diameter 
of t h i s  wood i s  appreciably l a rge r  than t h a t  i n  Fig- 
ure 1, the ne t  so l id  content i s  lower because of the  
ra ther  loose pi l ing.  

under br ight  sunlight were incl ined t o  be too contrasty, although the  
degree of contrast  i s  under some control  i n  the  pr in t ing  o r  enlarging 
process. Light f i l t e r s  were deemed unnecessary; i n  f a c t ,  t h e i r  use 
tended t o  increase t he  contrast  i n  the  photos with some lo s s  of d e t a i l  
i n  the shadow portions. 

Preparation of the  Photographs 

The finished photographs, ready f o r  t h e  dot count, were pro- 
duced a s  follows: a transparent dot templet, 3 by 4 inches, was 
placed over the  photographic paper. I n  printing,  t he  negative image 



e 
was enlarged about 1s times so t h a t  usually the  image of the  pulpwood 

11 
s t i c k s  was s l i g h t l y  l a r g e r  than t h e  dimensions of the  dot templet. 
The r e s u l t  was a - p r i n t  of the ends of the  b o l t s  with a p a t t e r n  of 
white dots  on them. The p r i n t s  were made on glossy paper. 

The t ransparent  dot  templet used was gridded i n t o  1-inch 
squares, a t o t a l  a rea  of 12 square inches; and contained 432 equi- 
spaced dots  approximately 1/40 inch i n  diameter, wi th  36 dots  pe r  
square- inch. 

Figure 3.--Mixed hardwoods mith 90 percent  red maple, 
s t i c k s  4 t o  12 inches i n  diameter wi th  t h e  majori ty 
i n  the  smaller  c lasses .  Sol id  content i s  63.2 percent 
with bark, 53.2 without bark. So l id  volume per  cord 
i s  81.0 cubic f e e t  with bark, 68.2 cubic f e e t  without 
bark. 

Two enlargements were made from each negative. For the  second, 
t h e  templet was s h i f t e d  s l i g h t l y .  This  gave a t o t a l  dot count of 864 
i n  most cases f o r  each s tack of mod  photographed, 

Dot Count Procedure 

The only a i d  needed i n  counting the  dots  was an inexpensive 
hand magnifier. Two d i f f e r e n t  counts were made f o r  each photograph, 
one t o  determine the  s o l i d  wood content only, the  o ther  t o  determine 
wood plus  bark content.  For ease of counting and t o  reduce t h e  chance 
of  e r ro r ,  the  dots  were read from l e f t  t o  r i g h t  and from top'down, 

.. 



s t a r t i ng  a t  the  top l e f t  corner. Sl ight ly  more than 3 minutes were 
required t o  make one dot count of a photograph. 

For determining the amount of sol id  wood only, only those dots 
t h a t  f e l l  on wood were counted. If a dot f e l l  partly on wood, it was 
counted i f  more than one-half the dot appeared t o  be on wood. Border- 
l i n e  dots were a l te rna te ly  considered "ion o r  noutn; these cases were 

Figure 4. --Hixed hardwoods with oaks predominant, 
s t icks  4 t o  12 inches i n  diameter, the majority i n  
the larger  s ize  classes. Solid content 74.3 percent 
with bark, 68.3 pezcent without bark. SoUd volume 
per cord 95.1 cubic f e e t  with bark, 87.6 cubic fee t  
without bark. 

rare, however, as close inspsction with the  hand lens generally indi -  
cated whether the dot was t o  be counted. This count, divided by the 
t o t a l  number of dots on the sample, provided the ratio of wood t o  
bark and air space. 

For determining so l id  wood plus bark, only those dots were 
counted t h a t  clearly f e l l  neither on the wood nor on the  bark; t ha t  
i s ,  the  dots appearing on the a i r  spaces. (The same provision as 
above was made f o r  borderline cases. ) This count--obviously a 
re la t ive ly  small figure--subtracted from the t o t a l  number of dots and 
divided by the same to t a l ,  gave the r a t i o  o r  percent of' wood plus 

I) 
bark i n  the sample. 

The percent of bark i n  the sample, therefore, was the difference 



between the  percent of s o l i d  wood and the  percent of so l i d  wood plus  
bark. 

f 
With some of t he  smaller and lower stacks of wood, a por t ion of 

the  dot templet f e l l  outside the  limits of the  stacked woo& i n  t he  
photograph. I n  these  cases the  dot count was made only of t h a t  
rectangular por t ion of the  templet t h a t  f e l l  e n t i r e l y  within t h e  area  
f i l l e d  by wood. 

The accuracy of this method could bes t  be checked by measuring 
c l o s e l y t h e  cubic volume o f t h e  woodphotographed. This could be done 
by immersing the  wood i n  water and measuring t h e  displacement. It was 
not possible t o  do this because of l i m i t a t i o  s i n  equipment. However, 
such a comparison was made i n  another i t u d 9 3  on spruce and f i r  pulp- 
wood. T h i s  study disclosed, i n  two separate t e s t s  involving 10 and 
6 t  cords respectively, va r ia t ions  between t he  two methods of only 0.51 
and 0.58 cubic f e e t  of wood per  cord. 

d 

g/ ~ e e p e r s ,  C. H. A new method of wood evaluation. Paper 
Trade Jour. 117 (TAPPI Sect. ) : 93-97, i l l u s .  8 
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