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The Araucarian conifer (figs. 1 and 2) or softwood known as klinki or
klinki pine, although it is not a pine, has recently reached the United
States market in the form of logs, lumber, veneer, and plywood. The
trees grow naturally in Papua and New Guinea in the western Pacific
area (3, 4, 14, 15)._3

!Maintained at Madison, Wis. , in cooperation with the University of
Wisconsin.

..Acknowledgment is made for information contributed on the subjects
indicated by the following U. S. Forest Products Laboratory investi-
gators: B. H. Paul, specific gravity and shrinkage; John Drow,-,
mechanical properties; R. M. Lindgren, mold control; H. 0. Fleischer
and John Lutz, veneer and plywood preparation; R. F. Blomquist,
gluing; B. G. Heebink, veneer bending; D. F. Laughnan, finishing; and
R. 0. Marts, cell measurements. Especial acknowledgment is made
to Consolidated Purchasing and Designing, Inc. , San Francisco,
Calif. , for cooperating in the tests on klinki made at the Forest
Products Laboratory.

-Underlined numbers in parentheses refer to the list of numbered refer-
ences at the end of the report.
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Distribution and Habitat

Araucaria klinkii and hoop pine (A. Cunninghamii Ait. ) grow in the
same locality, but not together (5), and dominate the rain-forest in
New Guinea on ridges and hillsides in the region around Wau about
2, 500 feet above the Bulolo Valley, in the mountains of the Upper Waria
River, up to 6, 000 feet and more above sea-level; in the mountains
behind Finschhafen, and at an altitude of 2, 000 to 5, 000 feet on the hills
of the Upper Ramu River (8, 9, 12, 18).

At least two other species of Araucaria also occur in this general area:
A. Hunsteinii K. Sch. and A. Schumanniana Warb.

The Tree

Klinki forests are known to contain magnificent trees, often growing well
in close stands. Trees over 200 feet in height, 140 feet to the first limb,
and up to 19 feet in circumference have been reported (12). Logs 30 inches
and more in diameter are on the market (fig. 2).

The klinki branches are generally in whorls of five. The crowns have a
loose pyramidal form with leaves tending to be at the tips of de branches.

The bark, which often is more than an inch thick, is reddish brown and
rough and exudes a colorless resin copiously. The inner bark is a rich red
that pales to pink in its deeper portion (5, 8, 9).

The genus Araucaria has been divided by botanists into two well-defined
sections: Colymbea  Endl. and Eutacta Endl. There has been some disagree-
ment about the placing of A. klinkii because it has some of the characteristics
of each section. Consequently a new section, Intermedia White, has been
created in which it is now placed (18).

The drawing illustrating the original description of klinki by Lauterbach (10)
is reproduced as figure 1. A key for distinguishing klinki from associated
Araucaria species, 4 as given by Lauterbach, is as follows:

A. Leaves 5-10 cm. long

a.	 with rounded tips......................... A. klinkii 

4
—Araucaria Hunsteinii K. Sch. and A. Schumanniana Warb. have been

thought, by some, to be perhaps only forms or varieties of A. klinkii 
rather than separate species (18).
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Figure 2. --Klinki stand, Bulolo area, New Guinea.
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(see fig. 1)
(Bark solution colorless with no precipitate;

inner bark red to pink (9))

b. with sharp tips

1. Cones longer than wide, cone scales
laid back 	 A. Schumanniana

2. Cones wider than long, cone scales
erect ........................... A. Hunsteinii

B. Leaves 5-15 cm. long,
needle shaped 	  A. Cunninghamii 

(Bark solution colorless with faint
precipitate. Inner bark mottled brown
and white (9))

The Wood

Color

The heartwood color of klinki has an attractive purplish cast that varies
slightly in streaks and is adapted to natural finishing. The sapwood is
straw-colored without the purplish cast and hence less attractive for face
veneer unless painted or stained (1, 4, 9, 12)

Grain, Texture and Figure 

The texture of klinki wood is even, compact, and uniform (7) as shown in
figure 3. It was notable that, in the material examined, the grain was
generally straight although spiral grain and some "bird' s-eye" figure may
occur (5, 9). Knots also may occur in klinki logs from the upper portion
of the tree. Frequently these are in whorls 12 to 18 inches apart.

Luster

Klinki has a natural sheen and luster not unlike that of spruce wood. It is
described as "satiny" (11).
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Figure 3. --Showing uniform texture and lack
of annual ring structure in klinki. Top,
cross section of klinki X 33 represents
rectangular area marked on bottom photo-
graph. Bottom, cross section of klinki
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Compression Wood 

As is the case with all conifers, compression wood from the lower
side of leaning trees may often be found in klinki. It is identified by
its dull yellow or brownish color (absence of luster) so that it is
usually possible to clip it out of veneer sheets. Klinki tested at the
Forest Products Laboratory contained only moderate amounts of
compression wood that did not cause excessive warping of plywood
panels.

When it is present in considerable amounts, compression wood tends
to cause veneer to buckle slightly as soon as it is cut and internal
stresses are set up. Buckling becomes worse as the veneer dries
due to excessive longitudinal shrinkage in the compression wood.

This type of wood is often more pronounced near the center of the log
and it may occur in the vicinity of compression failures or cross
breaks caused by compression stresses along the grain in the standing
tree that may result from high winds, damage in felling the trees, or
handling the logs. Compression failures reduce the bending strength
of the wood and produce blemishes in face veneer.

Weight and Specific Gravity 

The average specific gravity, based on a weighted average of material
tested in Australia and in the United States (tables 1 and 2) is 0. 39, or
about 27 pounds per cubic foot at 12 percent moisture content. This
places klinki in the same general category as such native United States
species as white pines, sugar pine, incense-cedar, and true firs.

The average specific gravity value (based on ovendry weight and green
volume) obtained from 167 specimens from a shipment of five klinki
trees received at the Forest Products Laboratory was 0. 35 with a range
of 0. 28 to 0. 43, One specimen that contained compression wood had a
specific gravity of 0. 49, Within individual trees, specific gravity values
ranged from 0. 32 to 0. 38, In general, klinki appeared to have a high
degree of uniformity with respect to its density both Within individual
trees and among trees,

Mechanical Properties

Table 2 lists values for some of the important strength properties and
related information for the clear wood of klinki in the green condition

Rept. No, 1987	 -4-



Table 1.--Klinki -- specific gravity and ehrin] ge,1 green to ovendry

Tree:. Bolt : Nut-: Specific :
No,:	 : ber : gravity : 	

Shrinkage_ 

: of : average : In : Tangential : Radial 	 :Longitudinal
:tests: based	 :volume: 	 :	 : 	

: green :	 : Nun- :Percent: Ium-: Percent : Num-:Percent
:volume and:	 : ber :	 : ber :	 : ber :
: ovendry :	 : of :	 : of :	 : of :

	

:	 :	 : weight :	 :tests:	 :tests:	 :tests:

	

---m: 	 : 	 :	 : 	 : 	 : 	 : 	 : 	  : 	  : 	

	

:	 :	 :	 :	 :	 :	 :	 :	 :	 .
1 : N	 26 : 0.374	 : 10.4 : 11 : 5.99: 10 : 4.17	 : 17 :0.239

	

:	 :	 :	 :	 .	 :	 .	 :	 .
2 : L	 23 :	 .323	 9.5 :	 9 : 5.89 :	 9 : 3.54	 : 15 : .210

	

:	 :	 :	 :	 .	 :	 :	 :	 ..
3 : L	 : 23 :	 .322	 9.1 : 10 : 5.94 : 11 : 3.36	 : 17 : .216

17
6	 : 	 : 	 : 	 : 	 : 	

•
	

•
	 0

11. : I	 : 22 :	 .334	 : 9,4 : 3.0 : 5.53 :	 8 : 3.54	 : 15 : .223
. :	 :	 :	 :	 :	 :	 :	 :	 ..

5 :B.G.I.: 71 :	 .383	 : 10.8 : 30 : 6.68 : 29 : 4.47	 : 47 : .178

	

--: 	 : 2	 :	 : 	  : 	 :	 : 	 :	 :-...-----

•

Average 	 	 .35	 9.8 :	 : 6.01 :	 : 3.8
	

::.21

2Percent of green dimensions.
2
-The radial and tangential shrinkage data in this table differ slightly from

those in table 2 because they are based on the results from only the 5
trees tested atIlthe U. S. Forest Products Laboratory6
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and at 12 percent moisture content. These data are based on tests
of five trees conducted at the U. S. Forest Products Laboratory,
Madison, Wis. , and 20 trees tested by the Forest Products Laboratory
of the Australian Council for Scientific and Industrial Research,
Melbourne. While, in general, the average values for the trees tested
in Australia were somewhat higher than those obtained from the logs
tested in the United States, such differences are commonly found for
any two lots of material. The combined weighted averages of the two
groups, as listed in table 2, are, therefore, considered to be the best
available values to represent the species as a whole.

Direct comparison of the klinki data can be made with that for familiar
species, tested under similar standard procedures. 5 As examples of
American woods of about the same density, the values obtained for
ponderosa pine and virgin redwood are included in table 2.

Seasoning and Shrinkage 

No kiln drying runs were made on the k]inki material at Madison, but
kiln schedules are available for the Australian Araucaria cunninghamii 
("hoop pine") and the Brazilian A. angustifolia ("Parana pine")(2, 13, 16),
and no unusual difficulties are anticipated (12). Samples were oven-
dried at high temperatures without distortion, warping, or degrade
(when compression wood was absent).

Shrinkage data for specimens from the five trees tested at the U. S.
Forest Products Laboratory are presented in table 1 and figure 4.

Volumetric shrinkage of the specimens when dried from the green to
the ovendry condition averaged 9. 8 percent of the green volume. Values
ranged from 5.9 to 13.6.

Shrinkage tangential to the growth rings averaged about 6 percent (green
to ovendry). It was only 4. 8 percent when dried to an average moisture
content of 6.4 percent, and 2. 8 when the samples were dried to an average
moisture content of 14.0 percent.

Radial shrinkage (green to ovendry) ranged between 2. 8 and 5. 2 percent,
and averaged 3. 8 percent. At average moisture contents of 6. 5 and 13. 9
radial shrinkage averaged 3.0 and 1.6 percent, respectively.

Longitudinal shrinkage along the grain of the wood averaged 0. 21 percent
for ovendried specimens. Only 4 out of Ill specimens had lengthwise

5U. Dept. Agr. Tech. Bull. 479 "Strength and Related Properties of Woods
Grown in the United States." (Lists similar data for more than 160
species grown in the United States. )

Rept. No. 1987	 -5 -



00

or-4

00	 ee as wo ee	 00

oo	 00 oe	 ea oe 00 *0	 aa

o	 •	 •
• 0	 0

	

0: - 0	 •	 4-
4.	 0	 o	 0	 ON CC).	 .	 .	 .	 0	 . .

E .0
H

O
q	 . .

0

O

. 0

0
9O

0 0 0 CU \C.) CO
0 0 ..-*
ON 0	 1,4-1	

0 ON
0 H
N	

0 0
li0	 If \
If 1	 ri 06-..

o

P	
l4•	 q o ••

O

o

0
o o

• 00 0 \ 0
0 0

	

K\ 0.1	
0
CU	

r-I	 0 0
H CO

0 t-
0 H

0 0
N
L

	

0.	 0.
O e	 0	 -4-c..
o o	 0	 oe0505

 0 \	 14	 ON	 in,

CO	 c0	 H
cc\	 1/40 4-• .	 .	 .	 •	 . •
o n0 N -4-	 0 0 0 H t- In	 H	

+3
0	 0 0 CD

0 0 CO	 f--I	 o w	 o o a)
co n r-I	 ON	 C-- 0.1 .0
_to. t..:.	1_7 	 ..	 4..	 CO

	

CO	 K\--1-c% 4.......

0
CD
) ‘c)

OO

0	 •	 0	 a% 0.01	 6.	 0. cu
o 0	 0	 \C) 0	 ;IN 	0• •	 o	 H P -1	

4- \ 0
4-4

	

ea 04 oo 00 00 eo 00 00 ea oe 00 ae ea so ea 00 00 00 00 a. 40 00 oe se 00 00 00 oe eo ea oo	 0

oe 00 as *a so ea ea es ea oe aa o• oe ee ee oo 00 0* w	 00e 0. 0* so ea s• a* 00 00 so ao *0 o
O 0

0o	 ••	 LC\
4-	 •	 0	 0	 CO V) co.	 .

	

.	 .	 .0	 e

O

ri

4-,

A
4-4
0

a)

0
P4

a>
F-4

Ca▪

•
CU

cc)
E-1

00 0* 00 00 00 00 00 00 00 00 00 00• 00 00• 00 00 00 00 00 00 DO 0.0 00 00 09 00 00 00 00 00 90 00 00 OS 00 00 00

	

CO	 ON

O 0	
ONO PCN0 O o e

CD	 \ 0	 ri 0	 0

	

0\ 14" \ \O	 0 0 0 0 LI 1	 0 0	 0 0
t-k	 N	 ON	 0 0 t-	 8 cuO r-i 0 0\	 0 -1'

	

4% Os	 46.	 a.	 4%	 I
PC\ Ill	 \O	 01	 CM

O 00 00 00 00 00 00 00 00 DO0 -0 00 00 00 00 00 00 00 00 90 00 PO 00 00 09 DO 00 00 00 00 90 	 ao se ao ao *0a,:
o e	 e	 0 0	 e •

	

O\	 a	 e	 0	 0	 o 0	 o a

	

PC\	 0	 0	 0	 0	 0 0	 0 •
• 0	 0	 00	 6 0	 * e

	

UN	 CU 0	 0	 0	 0	 0 0 0	 •	 o 0	 0 0	 0 0
A 

N H
0
0

•
4,

•
O

\CI r-I
N 0 a1

,
L" e

o

o o	 0
• o
• - 0	

•
O 0
O o	

CU	 t-O 0	 o	 0
00 N

	

qw
•	 •	 0	 t•-•: 44	 4-7.	•	 0 e	 o •	 .4-	 1/4.0
O 0	 0 O 0 0	 0 0
O o	 o	 e	 o o	 e 0

	

so a,. *0 a• 00 eo ao ee ea *0 *0 oe *0 ee oo e. 0o oe ea we 04, o• oo *o oa ea	 00 00 00 00 00 00 00 00 00 0.0

WCO

	

cr%	 0\ cc N	 ON N
419	 8	 Cr	 0	 .	 •	 . •
a)	 In	 1/4.0 o O. lc\ no	 o o o o in H	 0 li'l	 0 0

0	
1%cf:;\ 	 r-1 r-1	 C---• N	 LC\

	

CU 1	 0.1 I	 NI NIN1	 H

	

N
	

CU N1
4,

	

4. 4.	 4..
I.41 1/40	 H

N I cu 1DO 00 00 OS 00 00 00 00 OS 00 00 DO 00 00 00 00 00 00 00 00 00 00 DO00 00 PO 00 00 00 00 DO 00 00 GO 00 00	 ao

4o -, 0	 -la	4-,	 4.)	 o e e o o e • 0 0 •	 e o 0	 e 0 0

°
0

	

a)	
g

0	 6)	 (1)	 CO	 0 4,9 .19	 0 .9 •9	 ..9 : .1'9
0 o CI	 P1	 o	 eo 	 eo 9 : .9 pi

• u n:5	 Q	 c)	 u	 0	 • " •	 •	 0
• S.-t a)	 7.4	 F-+	 $-1	 .1-)	 0	 0	 0	 0	 "P

	

(1) .1-1 	4)	 ID	 a)	 .Hcr100000a60	 •H •	 H 0 0 0
0

0
	0 	 P4 GI	 PI	 Pi 0 cal- a) o	

.4.)
	

Imo= -Di . 0 . 0 0

	

0 00 0 0 6 00	 P 4 g	
rd V - co8 m : co

. 4-) 4-)	 H	 . 
o 0	 • 4	 0 F-1	 • Soi F-/	 FA {1)	 -.- 	 0 c

	

.	 a	 /1)	 FA	
R -, O ,p Pi ° Pi

	

.4 g	 r-I	 cd co	 4
• . to 0	 0	 a)

' 03 a)	 4-)	 CD	 0 (D 	 CD a	 rOld PI S	 - -4 PI : PI
O 6 VA	 1-$ P4 5 rt 5

	

' 0 P-1	 g	 o	 Ooe014	

4

	

4,1	 0 e e o
O °o P (.7	 a)

	

, r.,	 .4-1 0 4-0 . X) .0 .0 a az) .0	 -)-I 41 43	 t4 0 ,C) -P_ ria

	

a)	 -Prir 	 *I-I 10-1 °I-P0-	 0

	

#	 -1-1 -s	 ;-4 0-1 biD 1-1

	

* '01 g 	 0 0	 H a	 ° I	 g	 7.)., 0	 0 P4 * 0 *

-,D	
.
O a ›- 4)

	

a 0	 0	 I-I

	

43	
0 . •	 C)

	

P4 ° a -I-.1 0 H 0 rd 0 0	 04 Pi 4P: 4-)a) 	4j	
co

-1-) 0 P4 °
• 6 a o	 •	 •

• 1	
p

	4,-1	 .	 . .,, 	 al ..,1 al 4,1 -H	 0	 6 (1)	 t-1 03	 . -	
0

P
4	 0	 : I 	 4-)	 F

0
-i	 a). ca 	 . o	 ..	 ..,	 •	 . CD

o	 -	 -	 r-i	 f--1	 g	 ,	 1.-, ri r-i 0 * 4-'1 * °	
CP F-1 * 0-I	 0

	

111 P4 0 Pi	 1.--/ •4 °
4- Si	 •	 ) ''a 0	 43	 0.)	 0 I-) ° H •	 0 0	 D M	 H	 0

	a)	 co 4-)	
rg

td3 0 
a Pi 4 . F-1

	

,1 a 0 •	 0	 to	 •• a3 0 0	 k
1	 : ...	 °.

a. g 0Fli	 a	 0 1-3 	 9-1	 t)D	 4J a -1-) 01 . I-,
W a) -r1	

9:,	

0
A 0. •	 1 +3 0 0	 ai	 •

	

4	 N g 3-1°	 P	 m:	
a) 0 pi •	 • a	 11 m a ttO

	

4)	 c..) bil a%	 -4	 0.

	

03	 0	 4)	 4)	
'Pi CD a q-1 c4i0	 0	 . al	 rrs a) - •A

• 0 ." . H H co 0 0
pi to 	 e

.1.)	 4
	H	

0

	

0 F-I 0 00 • Pi •	 64-,	 OF4°S	 .	
0

2	 o 0 0

	

ci-I	 a)

	

O
	 rq (r1 . 	 0 0 . 0 - 4

	

°	 W #03 : VS	 al	 e 

	

h ,9 43 t' t'13	 bj)	
CD 4-) a	 •	

E	
a

	

cl) P 9-1 1 ral reg	 p 0 4.D 0 .0 a	 * 0	 FD

	/-1	 4) -P •,-1	 g	 0

	

(1.)	 0 in 0 -I-I (1) 4-1 a) 	 CD	 .4-1 (I)	 .

	

0 S-1 
° 1 rg 0
	 a , .	 4-) 1.4 •	 •

	

o •ki •• •S:i •.*	 0 0) ° PI	 ?-I fa	 .-rf .

	

XI	 F-I °H ;IL . 8	 8 ,, 8	 4_, X] ° Zi TO ° k • 1.4 6 Pi	 0 0	 Pi	 :

	

tnr.f)	 cfl	 0	
0 3.4 	 Pr H

	

a) 0	 cd '4-1 0 0 0 0 0 0 0 ,. 0

	

-1-, r..., 0	 z	 4 rr_,	 (21	 0 0	 x

	

m ‹4 	 0

1

Rept• No. 1987



=‘
0 014 k

00 0 00

rC; 1.4

	

00 00 00 00 00 00 00 04 04 00 09 00 o• 00 04 oo 04 Pe 04 00 00 00 oo 00 04 00 00 	 g Z1
$-1

g	 44
O Pa)	 o	 0 o	 o	 0	 o	 o o0	 01	 C--- H	 0	 \ 0	 C--.	 \ 0 H	 +) ri:5k	 U1	 LE- \ ...1- 	 c0	 cm	 H	 H	 a3 PICh	 k HO
efa rC,

00 oo co 00 00 00 00 Oa 00 00 00 00 00 00 00 00 00 00 00	 •o 00	 00 tee g o e. oo	 4 g
O CD 0
• 
• 0 CH0

	

n0	 0

	

0	 0

	

01	
.	 g N—I

0

	

....1.	
0 0

	

Lt1 111	
0

A	 c--	 Lc\ .4-	 H	 -1-	 01	 •

	

..	 •	 14 0

	

I-4	 .	 At ..-1• c)
o 4-, co

	

oo oo 00 90 00 00 00 00 04 00 04 00 00 04 00 00 00 ao 00 00 00 00 oo 00 oe 0 00	 03
• 	k 50I• 0 94a)	 0	 0 0	 0	 0	 0	 0 Pio	 nO	 o e-I	 • CO	 ON	 F--	 •	 f-1	k1(! 141 K1 \O	 01 H 0 • 0,4

CO 20 
.
O .
. 0

	

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 09 01. 04 0 00 04 PO 00 oo 00 0 00	 C.)a)
ISI gori

	

0	 0 0	 0	 0	 o o -P H

	

g	 01	 if \	 r- t--	 0 0
A
	 0 \

A	 .ir \	 -.1-	 cm	 Pt

	

420•4	
10 .4.2
w

-1-)
CO 04

	

00 00 00 00 04 •0 00 00 00 00 00 00 00 00 0• 00 00 00 0 00 00 04 00 00 00 00 00	 0
4-, a)

a)	 #.1a)	 o	 00	 0	 0	 0	 00	 a) 4-I
0	 to,	 Pr \ -IL< 	

00

	

n0	
c0

	

01	 H

	

u" \	 Ch 0 \	 014	 H

	

0J I	 03
O k
O 0

	

00 00 00 00 00 Oe 00 00 00 00 00 00 00 0400 00 00 04 00 00 04 00 04 00 00 00 00 00 00 	 pi 4.,
O 0 0	 0 0	 • 0	 0, 	 e 0	 -1-1 as

	

0	 XI ra	 o 0	 0	 0 0	 o 4.)	 ,.0 p	 k

	

+.1	 r-.1
43

	

H	 • .1--1	 •-0	 6 .H	 a 90	 1-1 i-1.	 tc\ o
. o	 o 	 0 	 0	 0 

	

rl 01	
0 

0	 9-1 . re	 i	 • o l	 bD •	 03 0 	 '0 IA
• *., d

	

. 0. 	•	 0	 •	 •	 •• 	•	 .--, .	 o

+▪ -1
	

ED	 0	 cd	 . co -.
• U) : Vi 
	

m	 0 .
• ;-1	 4-) ° 0

	

400	 43 a)

	

0 .1--1 .4-1	 0

• 9	 0 +2tl) .2 '-'

	

Q.)	
e	 .
O 0	 H M	 0	 1-1 a)	 -I-) H 'I-I 	PI • •

	

0 Cd 0-I	 "r1	 Oli gli	 -r4 'Id	
0 0

O 0	 43 4r-1	 al	 N-1	 H -,-1 k	
.ri 0 0• .	 co ro0 	

• •
4	

•	 a)	
•) 0 •	 . .	 •	 -1-1 0	 P4 4-) P	 (7) ° 

•
9	 0 0

1:0	 0 ro	 0:1 0 H	 H •	 14

	

0 H	 • •• 	a) H	 a) H	 a)	 . •	 4- sa4

	

s-1 .	 . .	 r.4 t/t) .	 0	 to 4	 ct) to 4	 I>a, • •	 Pi

	

0 4-> 0	 -1-) • •	 k 4-) •	 1-1 .0
• • .	 a)	 •	

4'	 414 0:	 2 „al 1	 :::, . ..
0 co
04 a)

	

R4 9	 o a	 ri

•r-4 CO •	 03	 • •	 0
TS	 •	 0 ° °	 P4 'CI °	 A t re; 9	 r0 .	 ir \▪ • •	 0al . 	-!-) • •

	

(3.) 4-) 0	 . . 0 0 0	 -1.11 g	 ••	
ca Fri 	•

	

,0 g 0	 c...) a) 0 :	 °	 *	 a)	 to

	

W °	 t--;-11 : :	 t H °	 rCS +5 H •	 ,c1 H •	 0 .	 k •0	 0
• +I F..1 	•	 •	 ro L •	 a) a)	 0

	

0 a) 0	 al • *	 0 0 0	 0 01 v3 •	 of act •	 CO	 •	 -la 43	 k

	

Pi k•	
•

PA °	 •
•	 co 4r1	 •	 c1 	 ...r4 •	 0 -r! •	 "---a.	 •	 o	 4.)

O CO •	 a .

	

4-) °	 0 4-) M •
;.-1 9::1	 0	 ral ,	 0	 v-1 rd•	 tr\ 0

	

6 .	 ad C	 -----	 •	 111 +5 CD

O .	 0 . 0	 • H	 al 03 0 1I1
m F-1 	•	 M •I-I S-4	 •	 g 	 '	 0 al

r1 130 •	 0 e	 A cia	 .	 03 • •n-I	 g rti g	 g

	

co .0 e	 a) e o	 N 0 e

	

CO 14 +2	 W . 0	
g a) •	 (1) CD •	 CD • -1-)	 0 4) U	 0

	

w •	 o 0 ts „ 1 0	 501:10 •	 (1) .-1 14	 +3 xio 4:14-4	 0 . .	 4-1 0 •	 O +3 cd •	 al cri •	 g 0 41)	 'CI 03H .0

	

•co 0	 g i:7 a)	 k •	 -.-1	 k •	 k 4

	

0.I 0 0r1	 rcs	 0 •	 CO	 0 °	 03 a) -to rd

	

•q •.-1 al	 Ell CD (1)	 a)U1 4-) Z 0

o
914H rorl 00- e 00 0	 1.T.1 c0	 A .4co	 a)	

4	 a)	 .	 8
I-1 <4
0	

14 f-t	 4
E-1	 il	 0.11

Ai t'''• — 0 \ N 1-4 0 a)
cm p4

tr \ CO 03
0 00	 0	 0	 0

ON CO .--1- -I- if \

O

P4

Rept . No e 1987



shrinkage above 0. 30 percent; the others ranged between 0.115 and
0. 298 percent. Shrinkage of less than 0. 30 percent, is not conelidered
excessive. The four specimens with high longitudinal shrinkage con-
tained either pith or compression wood.

These moisture shrinkage relationships indicate a fiber-saturation
point below 30 percent. The progressive shrinkage from green to an
ovendry condition and at intermediate moisture conditions of about 6. 5
and 14 percent is shown in figure 4.

The moisture content of klinki logs as received at the Forest Products
Laboratory varied widely between the sapwood and the heartwood por-
tions of the logs. The heartwood moisture content ranged between 25
and 45 percent of the ovendry weight of samples, and averaged 36 per-
cent. In contrast, the sapwood, which on the average was about 4 inches
wide, ranged from 92 to 235 percent moisture content, and averaged 166
percent. These figures may even be low because some moisture may
are been lost en route from New Guinea before the material could be
tested. This large difference in moisture content has an important bear-
ing upon the handling, storage, and drying of klinki lumber or veneer
because of the susceptibility of sapwood to attack by stain, molds and
decay fungi, and insects.

Durability

Klinki is well adapted for interior use, but it is not rated resistant to
termites or to fungus attack without preservative treatment, if it is to be
used under conditions favorable to decay (1, 5).

At the U. S. Forest Products Laboratory complete control of fungus attack
on veneer cut from bolts, preheated to 160° F. , was accomplished for
periods of 1-1/2 to 4-1/2 months of storage by dipping it for one or two
seconds in proprietary preservative solutions. One of these contained
sodium pentachlorophenate and borax. The other solution used was ethyl
mercury phosphate and sodium pentachlorophenate. Other proprietary
antistain and mold control products would probably be effective also (17).

Molds have been observed to be capable of developing rapidly on untreated
klinki sapwood veneer exposed to 80 or 97 percent humidity. Blue stain
also develops very rapidly in sapwood (5).
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Working Characteristics 

General. --Klinki is rated as soft to cut and very easy to work (8). It
behaves as a typical softwood or conifer with very uniform texture (5).
It takes a smooth finish, although care is required in sanding because
of its softness and its long fibers. It also has excellent dimensional
stability because of its relatively low shrinkage, and the large clear
logs available yield a high percentage of defect-free wood.

Veneer. --In recent Forest Products Laboratory tests klinki was investi-
gated with particular attention to those properties which affect the fab-
rication and utilization of the species in the form of veneer and plywood.
Material from 5 different trees including 13 bolts from various parts of
the trees (butt, first logs, 50- to 60-foot heights, etc. ) were included.

The veneers were rotary cut in various thicknesses. Heartwood and
sapwood sheets were dried and handled separately because of their differ-
ence in moisture content and drying. rate (6). The material was also
graded for decay, knots, bark pockets, compression wood, and compres-
sion failures. Plywood was made in thicknesses of one-eighth inch to
three-fourths inch.

Gluability. --No unusual difficulties were encountered in the limited tests
made on gluing klinki veneers. Soybean, urea-, phenolic-, and melamine-
urea resin glues were used. The plywood produced met the Commercial
Standards CS 35-49 for hardwood plywood. The veneer dipped in preserva-
tive solutions (see durability data) was also glued satisfactorily.

Plywood bending. --A limited number of bending tests were made on klinki
plywood. Typical 3-ply constructions, varying in thickness from 0.140 to
0. 280 inch were mandrel-bent at right angles to, and paralleltto, the face
grain direction in both the dry and the soaked conditions. The results
indicate that the species is well adapted to bending and could be given
consideration for such a use as lightweight luggage production.

Finishing. --The wood of klinki appears to present no troublesome problems
with respect to finishing. It does not require a filler and behaves like a
fine-textured hardwood. It takes paints, stains, varnishes, and lacquers
well and uniformly, and because of the pleasing coloration or figure of the
heartwood is well adapted to "natural" finishes.
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Uses

Klinki is a wood with a multitude of uses (l 2).

As lumber it serves for such general utility purposes as boxes and
crates, scantlings, interior finish, flush doors, moldings, joinery,
cabinets, shelving, furniture, turnery, and dowels.

As veneer it is produced primarily by the rotary cut process (5) and
is readily glued with various types of glue. The heartwood is valued
for paneling because it has a pleasing color and often has an attractive
bird' s-eye pattern. Both the sapwood and the heartwood can be used
for many common utility purposes including plywood core stock and
cross banding.

Some special uses are patterns, battery separators, and matches.

Manufacturing residues and thinnings can be used for pulp and paper
production. Klinki is an especially long-fibered species. A detailed
study of fiber or rather tracheid (cell) length is presented in table 3
and illustrates significant variations within a tree and also between
trees. The variations are in general accord with variabilities of this
type in other species of both hardwoods and softwoods.

Supplies

Good supplies in defect-free, large sizes are at present available.
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A Summary of Klinki Characteristics

Advantages 

Availability
Attractive color
Straight grain
Light weight
Low shrinkage, dimensional

stability
Medium density and hardness

and strength
Uniform texture
No matching problems
No filler for finishing
High percentage defect free
Easily seasoned and glued
Easily treated with preservatives

and finishes
Hold fasteners well
Long fibered

Disadvantages

Soft, mars easily
Not termite and decay resistant
May contain compression wood,

compression failures
Sapwood may show tarn fibers

"fuzzy"
Easily blue stains and,molds
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Table 3.--Tracheid lengths of Araucaria klinkii 

Tree:Sample: Mean : Minimum : Maximum : Standard : Coefficient
No.: No. 1 :	 : deviation : of variation

:	 Mm,	 :	 Mm,..._ 	 Mm,

	

1 : lA : 5.953 : 2.550	 8.755

	

: 2B : 6.207	 2.635 : 9.732 :

	

: 3C : 6,607	 3.145 : 11.135
All samples: 6.256 : 2.550 : 11.135

	

2 : 4A : 4.402	 2.422 : 8.330 :	 1,298

	

: 5B : 5.290 : 2.465 : 8.458	 1.653

	

: 6c : 6.580	 2.082 : 10.668	 1.988

	

All samples: 5,424	 2,082 : 10,668 :	 1.890
:	 :	 :

	

3 : 7A : 4.914 : 2.252 : 7.820 :	 1.258

	

8B : 7.628	 1.912 : 13.642 :	 1.825

	

9C : 8.689	 2.508 : 12.495	 2.221

	

All samples: 7.077 • 1.912 : 13.642 :	 2.408

	

4 : 10A : 4.798	 1.488 : 8.032 :	 1.477

	

: 11B : 5.587 : 1.658	 8.968	 1.567

	

: 12C : 6.599 : 2.252	 9.945 :	 1.592

	

All samples: 5.661	 1.488	 9.945	 1.709

	

5 1 13A : 6.002	 1.742	 9.818	 1.911

	

: 14B : 6.449 : 1.870 : 9.648 0	 1.728

	

: 15c : 8.559 : 3.272 : 10.965 	 1.581

	

All samples: 7.003 : 1.742 : 10.965 	 2.067

	

All : A	 : 5.214 : 1.488 2 9.818	 1.660

	

trees: B	 : 6.232 : 1.658 : 13.642 :	 1.876

	

: C	 : 7.407 : 2.082 : 12.495 :	 2.097

	

: All : 6.2E4 : 1.488 : 13.642 :	 2,087

Percent

27,5
27.4
27.3
27.7

29.5
31.2
30.2
34.8

ao

25.6
23.9
25.6
34.0

30.8
28.0
24,1
30.2

31.8
26.8
18.5
29.5

31.8
30.1
28.3
33.2

Mm.

1.639
1.700
1.802
1.730

1
-Each sample is an average of measurement of 100 random fibers. A

denotes inner position in sample; B denotes midway position; C denotes
outer position.
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