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SUMMARY

Hear t - in  s tuds  o f  h igh  tenpera ture  dr ied  and
convent iona l l y  d r ied  p inus  p inas ter  A i t .  t inber r  g rowt  l r )
wes tern  Aus t ra l ia ,  were  s to red  in  exposed s i tua t ions ,  o r
under  cover ,  soon a f te r  d ry ing .  Subsequent  changes 1n
mols tu re  conten t ,  d inens ions ,  and tw is t  were  neasured a t
lwo-week in te rva ls .  The resu l ts  ind ica ted  s iqn i f i canL
d i f fe rences  in  mo is tu re  conten t  be tween " *po" , i r .
t rea tments ,  a l though t rends  were  s imi la r .  D imens ions
increased s l igh t ly  as  rno j .s tu re  was taken up ,  wh i le  the
anount  o f  tw is t  was  reduced.  o ! ,e ra l l ,  the  s tudv
conf i rned tha t  hear t - in  s tuds  o f  p ,  p inas ter .  " i " .nu ,
h igh  te rnpera ture  dr ied  or  convent ionat ly  d r ied ,  wou ld
per fo rn  sa t is fac to r i l y  in  serv rce .
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INTRODUCTION

The two major softra'cod species grown
for  commerc ia l  t imber in  Western Austra l ia
are Pjaus zadiata D,  Don and p,  p inastet
Ai t .  At  present  p.  tad iata has a bet ter
r e p u t a t i o n  w i t h  i n d u s t r y  t h a n  p .  p j n a s t e r ,
possibly because the forrner specres
has been well- promoted by the Radiata pine
A s s o c i a l i o n  o f  A u s t r a l i a  ( R . p . A . A .  )  .

Most  local  sawrni l lers  dry these p ines
in a convent ional  k i ln ,  wi th  a tvp ica l
dry ing schedule of  83oc dry buJ.b 

-and 
63cc

wet  bulb temperatr l re  for  seven days.  This
is followed b!' about one and a half hours
of  s tean recondi t ion ing to re l ieve st ress.

Research in  the ear ly  I970s ind icated
that  twis t  in  ' rhear t - in"  s t ructura l  t inber
of  P.  radiata could be a l lev iated by h igh
tenperature dry ing under  rest ra int  (Mackay
and Runba1l ,  1972) .  Hear t - in  wood is
3uveni le  wood wi th shor t  t racheids,  h igh
n i c e l l a r  a n g l e ,  a n d  h i g h  s p i r a l  g r a i n
( H i l I i s ,  1 9 7 5 )  ,  w h i c h  f o r  p r a c t i c a l .
purposes is  def ined as nater ia l  wi th in a
5 0  r n m  r a d i u s  o f  t h e  p i t h  ( R . p . A . A . ,  1 9 7 9 ) .
The major  advantages of  h igh temperature
dry ino over  convent ional  dry ing nethods
are the h igher  percentage of  acceptable
hear t - in  rnater i .a l  produced in  each k i ln
charge,  and the great ly  reduced dry ing
t ime.  Exper ience at  the Forests
Departmentrs  p ine research mi11 at  Harvey
has shown that P, p:r:asrer can De
successfu l ly  seasoned us ing tbe R.p.A.A.
d r y i n g  s c h e d u l e  f o r  P .  r a d j a t a  ( R . p . A . A . ,
L 9 7 9 \ ,

The present  s tudy was in i t ia ted to
conpare the stabi.lity o\rer several. months
of  hear t - in  s tuds of  h igh temperature dr ied
a n d  c o n v e n t i o n a J l y  d r i e d  p .  p i n a s t e r ,  i n
both exposed and shel tered posi t ions.

METHODS AND MAIERIALS
The study ra,as made at the Forests

Depar tment - rs  sawmi l l  a t  Harvey .  The
nater ia l  used was h igh  tenpera ture  dr ied
( H . T . D . )  2 . 4  m  h e a r t - i n  s t u d s  o f

P .  p jnas ter  f ro rn  the  Myafup  p lan ta t i cn
west  o f  Harvey ,  g raded as  F5,  and s imj . la r
convent iona l l y  d r ied  (C.D. )  p ine  f rom
Gnangara  p lan ta t ion  nor th  o f  per th .

The t rea tnents ,  each us ing  n ine
randomly  se lec t -ed  s tuds ,  were  as  fcL lows:

( 1 )  H , T . D .  e x t e r n a l  s e v e r e  s t o r a g e

( 2 J  H . T . D .  e x t e r n a l  m o d e r a L e  s t o r a g e

/ ? \  I J  r F  n  i h F a r h . l  d l - ^ t- -  -  - - j a .ge

( 4 )  C . D .  e x t e r n a l  s e v e r e  s t o r a g e

(5)  c .D.  external  noderate s torage

( 6 )  C . D .  i n t e r n a l  s t o r a g e

External se!,ere exposure Was achieved
by leav ing studs against  a br ick r4/a l l  wi th
a nor ther ly  aspect ,  and wet t ing them each
day when no ra in fe l l .  The external
moderate exposure treatment was enacted by
hanging the stLrds on a fence where they
were shaded for  about  hal f  the day.  Wi th
internal  s torage,  the studs h 'ere hung
ins ide an open shed.  A1l  s tuds were
unrestra ined.

Measurements were made in i t ia l ly  in
la te January 1982,  and then each two weeks
to rn id-June.  The paraneters measured werer

( 1 )  m o i s t u r e  c o n t e n t  o f  c a s e  ( s u r f a c e )
and core (centre)  at  two posi t ions
6 n  a ^ . h  < f r r . l  r r < i h d  ^  r a < i < f a h ^ a

type moisture rneter .

(2)  d inensions of  vr id th and th ickness
at  the centre of  each stud and
30 cm f rom each end,  us ing vern ier
c a l i p e r s .

( 3 )  t w i s t  o v e r  a  2 . 3  n  s p a n ,  u s i n g  a
frane \dhere one end of each stud
was f ixed,  and the other  set  in  a
suppor t  which moved across a
^ r : A , r . l - a z l  c ^ . 1 a

T h e  s t a t i s t i c a l  a n a i y s i s  o f  t h i s  d a t a
was by  ana lys is  o f  var iance us ing  a
f A ^ f ^ r i 5 l  A d c i ^ 6

RESULTS

The resu f ts  o f  the  ana lys is  o f  var iance
( F  v a l u e s  a n d  - L e v e l s  o f  s i g n i f i c a n c e )  a r e
g iven in  Tab le  1 .  The mean va lues  and
t rends  fo r  h igh  tenpera ture  dr ied  versus
convent iona l l y  d r  j -ed  mater ia ls  a re  shown
i n  F i g u r e s  1 . 1  t o  1 . 5 ,  a n d  f o r  t h e  e f f e c t s
o f  d i f fe ren !  types  o f  exposure  in  F igures
2 , I  t o  2 . 5 .



cornpar ison of
between high

TABLE 1

F values and levels  of  s ign i f icance
tenperature dr ied and convent ional ly

Pinus pjnastex.

for  d i f ferent  var  iab les
dr ied hear t - in  s tuds of

Treatment
Analys is

of
Var i abl es

F -  rat ios

Moisture
Content I

Moisture
Content  I

(core)
w l o c n ?h i  ckness - tw1s t

Hi 9h
Temperatur:e
Dr i,ed

Conventionally
Dr ied

Main  e f fec ts
Tlme
Drying Ternp.
In te rac t ions  I

Ma in  e f  fec ts
'.L. 1ne
Exposure
In te  r  ac t  ions2

L2  .2 r t  t t  t

1 3 . 3 * * *
I . I  N S
0 . 4  N S

4 5 . 7 r . * *
5 1 . 9 * * *
1 4 . 9 * * *

6  . 4 * * *

1 l . l t i * *
l l . B t ( * *

4 . 0  N S
0 . 6  N S

l g . 4 * * *
2 2 . 3 * * *

4 . 9 *
2 . 9 t  *

2 0 . 5 t ( * *
2 0 . 5 * * *
2 0 . 1 * * *

0 . 3  N S

l g . 6 * * *
2 2  . 6 *  * *

4 . 5 t
1 . 6  N S

2 9 . 5 * * *
1 6 . 1 * * *

f 6 4 . 1 * * i t

0 . 1  N S

2  . 5 *
2 . 9 * *
0 . 2  N S
0 . 2  N S

4  . 6 *  * *

4 . 8 * * *
2 . 7  N S
0 . 3  N S

1 0 . 6 * * *
9 . 3 * * *

1 7 . 0 * * *
1 . 5  N S

r  In teract ions = T ime x
2 Interact ions = T ime x

Moisture content percentage (case)

v a r i a t i o n  w i t h  t i m e  i s  s i g n i f i c a n t  a t
p  <  0 . 0 0 1 .  T h e r e  a r e  n o  s i g n i f i c a n t
d i f ferences due to dry j .ng tenperature '  nor
for  the in teract ion between t ime and dry ing
tenperature.

A separate analys is  look ing at  the
ef fect  o f  exposure shows s igni f icance at
p < 0.001'  and an in teract ion between L ine
and tlt)e of exposure at the same leve1 of
s ign i f icance .

Moisture content percentage (core)

The var ia t ions in  the core moisture
contents due to t ime and dry ing temperatures
are s imiLar  to  those for  case nois ture
contents,  wi th  s imi l -ar  levels  of
c i a a i € i a : n a o

Dif ferences in  the type of  exposure are
s i g n i f i c a n t  a t  p  <  0 , 0 5 '  w h i l e  t h e
interact ion between t ine and exposure
d i f f e r e d a t p < 0 . 0 1 .

width

Changes in width due to time and drying
tenperatures are s igni f icant  at  p  < 0.00I ,
but the interaction between these two
var iables is  not  s  ign i  f  icant . .

Exposure is  s ign i f icant  at  p  < 0.05,

n r r r i  h ^  + A m h a r A + r r r a

Exposure

but  there is  no s igni f icant  in teract ion
between tine and exposure.

Thickness
Time and drying tenperature produce

a  s i g n i f i c a n t  e f f e c t  ( p  <  0 . 0 0 1 ) ,  b u t  t h e
interact ion between the two var iab les is

v L  r r Y r r r r r e q r r L !

I h  t h A  c a . ^ h A  h A r l - . E L r r e  d r r d f y > r 5 ,

t i m e  i s  s i g n i f i c a n t  a t  p  <  0 . 0 1 ,  b u t
exposure and lhe interaction between tj.me
and exposure was not  s ign i f icant .

Twist

T h e  e f f e c t  o f  t i m e  i s  s i g n i f i c a n t  a t
p  <  0 .001,  bu t  d ry ing  te rnpera ture  is  no t
s ign i f i can t ,  nor  i s  the i r  in te rac t ion .
E x p o s u r e  i s  s i g n i f i c a n t  a t  p  <  0 . 0 0 1 ,  b u t
aga in  the  in te rac t ion  be tween t ime and
e x p o s u r e  d o e s  n o t  r e a c h  s i g n i f i c a n c e .

DISCUSSION

t l h a  < l . r ! d r r  i h d i ^ . + a / l  t - h i t -  h ^ t - h  h i ^ h

tempera ture  and convent iona l l y  d r ied  hear t -
i n  s t u d s  o f  P .  p i n a s t e r  r e a c t e d  s i m i l a r l y
to  changes in  env i ronmenta l  cond i t ions ,
whether  s to red  ex terna l l y  in  severe  or
nodera te  cond i t ions ,  o r  s to red  in te rna t ly .
Mo is tu re  conten t  per  cent  (case)  and



moisture content per cent (core) showed As moisture was laken uP by the studs,

similar trends over eleven neasures fron the dimensions of width and thickness
mid surnrner  to  ear ly  winter  (F igs.  r .L ,  1 .2)  increased in  d i rect  correspondence
Examinat ion of  these f igures showed that  (F igs.  1 .3,  1 .4) .  Tr ' t is t  showed the
the moisture Content per Cent (core and reverse trend to these four parameters,

case) changed from positive to negative as moisture uptake Presunably rel.eased
values as the seasonal rains fell, and the stresses induced by seasoning, until, by
surface retained more moisture than the June, the degree of tvrist was small
c o r e .  ( F i g .  1 '  5 )  '

o

a

LEGEND

convontionally dri6d studs

High tsmp6ratuf6 dri€d studs

E

3

,at1 1112 25t2

Time (two w6€kly intsrvals)

! ' igure 1.3:  Ef fec!  o f  dry i r rg method on
width in  hear t - in  s tuds of  P.  p i r taster .
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Figure l .13 Ef fect  o f  dry ing method on
noisture ccntent  per  cent  (case)  in
hear t - in  s tuds of  P.  p inaster .

F igure 1.4:  Ef fect  o f  dry ing nethod on
th ickness in  hear t - in  s tuds of  P.  p inastet
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Figure 1.2:  Ef fect  o f  dry j .ng method on Figure 1.5:  Ef fect  o f  dry ing nethod on
moisture content  Per  cent  (core)  in  twis t  in  hear t - in  s tuds of  P.  p inaster .
hear t - in  s tuds of  P.  p inaster .
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The moisture uptake in the studs in
severe external storage indicated that
H.T.D.  nater ia l  tended to absorb nore
w a t e r  t h a n  C . D ,  m a l e r i a l  ( F i g s .  I . 1 ,  L . 2 ) .

In  pract ice,  rer i 'e t t ing of  both H.T.D.
and C,D.  mater ia l  is  d i f f icu l t  because the
pi ls  (which occur  pr inc ipal ly  on the
radia l  vJaI ls)  become aspi rated (c losed)
as they dry out .  Seasoning of  quar ter^
sawn tinber (growth rings more than 45"
to the h'idth) is generally faster than
seasoning of back sawn material (groerth
r ings less than 45"  to  the vr id th) ,
because the radial pitting allows easier
movement of moisture within the tirrber.
The studs,  bath H.T.D.  and C.D. ,  haal
similar mixes of quarter and back sawn
material, as can be expected from r andom
selection. If rewetting is irnpeded by
aspi rated p i ts ,  moisture must  be taken uD
by some other  neans.  A l ike ly
explanation is that this is achieved by
the breakdown of protoplasmic contents and
pit membranes in the ray-parenchlrma cells
(New Zealand Forest  Serv ice,  1992)  i .e .
the direction of noisture novenent changes
from tangent ia l  to  radia l .

S in i lar  t rends in  nois ture uptake in
the studs (F igs.  1 .1,  1 .2)  and increases
in \ar i .d th and th ickness (F igs.  I .3 ,  1 .4)
were observed. Although there are
stat is t ica l ly  s ign i f  icant  d i f ferences
in r,yidth between treatnents, this will
not  af fect  the stabi l i ty  c f  the t imber in
serv ice because in  pract ica l  use the studs
will be protected fron the weather. The
constant  var ia t ions in  th ickness resul t
frorn the dressing of the studs, as the
H.T.D.  s tuds were nachined s l ight ly
smaller than nere the conventionallv
d r i e d  s t u d s  ( F i g .  1 . 4 )  .

T h e  r e d u c t i o n s  i n  t w i s t  ( F i g .  1 . 5 ) ,
that  are s tat is t ica l ly  s ign i f icant ,  can
be related to the release of seasoninq
caused st ress,  as d iscussed prev iousl i .

This  reduct ion in  s t ress would increase
in-serv ice s tabi l i ty ,  keeping in  mind that
the studs had twis t  wi th in the t in i ts
speci f ied by the R.p.A,A.  crading Rules
at  the star t  o f  the t r ia l .

Exposure effects were s ign i ficant
for noisture content per cent (case) at
p < 0.001,  but  for  rnois ture content  per
cent  (ccre)  s ign i f icance was only
p < 0.05 (Table l )  .  This  conf i rms that

LEGEND

I Sevoro extomal stoEge
O Mod€rat€€xt€malstorago

A lfiternalstoEgo

Figure 2.1:  Ef fec!  o f  exposure on nois ture
content  per  cent  (case)  in  hear t - in  s tuds
of  P.  p jnaster .

F igure 2.2:  Ef fect  o f  exposure on rnois ture
content  per  cent  (core)  in  hear t - in  s tuds
of  P.  p inaster .
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Figure 2.3:  Ef fect  o f  exposure on width in
hear t - in  s tuds of  P.  p inastet .
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F i g u r e  2 , 4  !  E f f e c t
in  hear t - in  s tuds

of exposure on thickness
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Figure 2.5:  Ef fect  o f  exposure on twis t  in
hear t - in  s tuds of  P.  p inaster .

var ia t ion is  greater  at  the sur face of
the piece Lhan in the centre, as may be
expected. The large variations under
severe exposure conditions were noticeable
in F igure 2. I .  The in ternal ly  s tored
studs j.ncreased from nine per cent to
th i r teen per  cent  sur face moisture in
the per iod,  ref lect ing the var ia t ion
in the equi l ib i ium moisture content  at
Harvey between sunner and winter
condi.tions. The increase in vridth under
d i f ferent  exposure t reatments (p < 0,05)
occurred r,rell into the wet season, but
under  serv ice condi t ions the d i f ferences
would not affect the performance of the
timber .

Although twist differed accordi.ng to
the type of  exposure at  p  < 0.00I ,
F igure 2.5 ind icates that  var ia t ion
decreases vrith time. At no time was the
amount of twist greater than the maxirnum
l imi t  s tated in  the Gradinq Rules.

Bluestain attack was noticeable by
Iate May in the exposed. studs. ?here
was some sur face checking in  one H.T.D.
and one C.D. stud by early I' lay.

The study was made us ing hear t - in
studs of P. pinasxer which were
unrestra ined,  but  in  serv ice,  fastenings
vrould restrict novement, and more
importantly, noisture access would be
l in i ted,

In genera l ,  the data f rom th is  s tudy
confirns tha! I). pinastex heart-in studs
are stable in use, whether bigh temperature
dr ied or  convent ional ly  dr ied.  I f  hear t - in
studs are sat is factory,  then studs cut  f rom
mature wood rrould perforn even better. As
stated prev iously .  the major  advantages of
high temperature drying over conventionaL
drying are the higher percentage of
acceptable tinber production each kiln
charge,  and the reduced dry ing t ine.
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