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ABSTRACT 

The relationships of the anaton1ii:al characteristics and physical features of black walnut 
to thc ll~achining and niechanical properties were investigated. The influence of geographic 
location, site quality, and gro\vtli conditions on these properties was also examined. Machin- 
ing properties of 1)lack walrn~t \T2t>rc satisfactory regardless of locality, site, growth rate, 
and anatomical characteristics. 

Specific gravity influenced thc machining and mechanical properties of black walnut 
Illore than any other feat~irc. Specific gravity increased slightly \\,it11 an increase in 
growth rate. 

Indiana-grorvn \,lack walnl~t he;lrtwoocl contained less extractive nlaterial and consc- 
ilunitly shrank more than Missoln-i-grown \vood. Good sites, regardless of location, pro- 
tir~ccd tougher \\~ood than poor sites. 

Atltlitiolral keywortls: Jzrg1nrl.s ~ ~ i g m ,  \i,ood cl~~ality, specific gravit!,, vollumetric shrinkage, 
I~:u.dncss, touglii~css. 

Black walnut (Juglal~s n i p  I,.) is a 
preferred ~vood in the inannfacture of hir- 
nitnre, inusical instrun~ents, novelties, fix- 
tures, and architectural woodwork, inaii~ly 
1)ec:iuse of its appearance, machinit~g char- 
acteristics, and strength. 

.Appearance depends on the texture, 
grain, figure, color, and ll~ster of the wood. 
Texture denotes the re1atij.e size of the 
wood elements, while grain refers to their 
strlictural arrangement. Figure refers to 
thr \~nriotis patterns displayed when the 
wood is viewed at clifferent angles of in- 
cliiration to the light sonrce; these patterns 
nrisc froin the arrangement of the differ- 
e i ~ t  types of tissue in the \voocl. The wood 
is 11s11ally chocolate brown, I ~ u t  m;1y have 
a grayish, purplish, or reddish tiilge, giv- 
ing it a variegated cast. Thc amolult and 
kind of extractives iii the wood impart 
these characteristic colors. Luster is the 
Iniunner in which light is reflected by the - 

wood elemeuti and their contents. Luiter 
- - 

' 'l'hc L,al)oratory is maintained at >ladison, \\'I, 
in coopraration \\,it11 tllc. Univrl.sity of Wisconsin. 

" 1'1-c\ciit address: Cli~ljiach Sational Forest. 
.\ncIii)r;~ge, AlasL;~. 

has depth, whereas gloss from a sru-face 
finish is superficial. 

In  addition to pleasing appenroilce, 
black \valnnt lnns desirable physical char- 
acteristics with concomitant favorable nla- 
chilling and strength properties. Variation 
in these characteristics and properties may 
occur, ho\vever, 1,ecause of site, geographic 
location, and growth rates. Black \valnut 
log buyers often pay preiniuil~ prices For 
logs from specific areas. For instance, 
black walnut froin Indiana is high on the 
buyers' preference list, and that from Mis- 
souri is low. To try to quantify thy basis 
for this, Nelson et al. (1969) used spectro- 
photometry to investigate the color of 
],lack walnut 1lt.artwood from Indiana and 
Atissonri. The results indicated larger tlif- 
fereilces in heartwood luminance (bright- 
ness ) than ill dominant wavelength ( line ) 
or purity (percentage of principal hue). [n- 
diana-grown walnut heartwood had higher 
luminance than Missouri-grown. Moslemi 
(1967) also showcd color variations from 
v:irious locations within Illinois. 

Hiller et al. (1972), using Nelson's sain- 
ple, then in\iestigated whether the differ- 
ences ill color observed hy Nelson et al. 
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\verr related to specific gravity, structure, 
and the extractive content of the wood. 
1,uminance was significantly related to ex- 
tractive content and to the combination of 
extractive content and wood density. Trees 
from Indiana had lower extractive content, 
thinner walled fibrous tiss~ie, and smaller 
vesscl I ~ ~ ~ n e n s  than those from Rlissouri. 

The present stucly is also 1)ased on wood 
specimens from the sample of Nelson et al. 
Tlie objective was to determine \vhether 
the anatomical characteristics nleasured 
I)y Hiller et al., along \vitb some .~dditional 
physical features, were related to inachin- 
ing and mechanical properties of wood. 111 
itddition, the effect of site, loc:llity, and 
growth conditions on these physical, me- 
chanici~l, and machining properties was 
cxunined. Machining tests were con- 
ducted for planing, shapiilg, and tunling. 
Tlie mechanical properties included in the 
analysis were hardncss and toughness. 
Three physical cllaracteristics-\.olumetric 
shrinkage, slope of grain, aiid specific 
gravity-were also es;umintd. 

A total of 32 trees rcprr,seilted the sanl- 
plc. Four trees were chosen at random 
within each site class (good and poor) 
and growth rate class (fast and slo\v) from 
each of the two states. One 4'4-ft bolt 
was taken from e:tch tree bet\veen 8 and 
13 ft al~ove the ground. Table 1 lists aver- 
age 1)olt data i11 each of the eight classes. 

The 4"k-ft bolts were sawed into 1%- by 
4'?-incll l~oards, and from each bolt eight 
I~oards wvre randonily sclccteil for t h ~  
study. Each board was cut parallel to the 
11ark to minimize diagonal grain, was 
lightly snrfaced on 1)oth sides, and then 
cut into four 1-ft-long pieces a ~ l d  one 6- 
inch randomly selectecl section. 'The latter 
section provided the samples used 11y IIil- 
I n  et al. (1972) for deter~nining color, 
woocl structure, volun~etric shril~kage, and 
extractive content. The 12-inch-long pieces 
were dried to 12% ~noisture content and 
provided the samples for the machining 
and strength tests. In each l)oarci, shaping 
;nid liard~less tests were conducted 011 two 

TAIILE 1. Bolt cl~uraet(~ri~tic.s of black u;irlr~~rt trec's 
fmni lritliat~u arld Rlissorr~i. Each culrre i u  t l ~ c  

aocruge of four trees 

S i t e  i:ri.wtl~ Diameter H e a r t w o o d  Nilniber 
q u a l i t y  r a t e  i n s i d e  b a r k  d i a m e t e r  o f  r i n g s  

i n c h  I n c h  p e r  i n c h  

(:oilri F,is L 1 3 . 0  10.6 ; . ?  
S l o w  10.9 9 . 4  12.9  

P o o r  Fast 15 .2  1 2 . 2  ;. 2 
S  1 12 .0  1 0 . 4  10.5 

Good Fast 1 3 . 7  1 2 . 0  8 . 3  
Slob, 11.6 9 . 8  1 0 . 6  

of the 12-inch pieces and tougl i~~e\s  and 
turning tests on the other two pieces. Spe- 
cific gravity and slope of grain were deter- 
~nined from the toughness specimen\ The 
specific gravity was based on uncxtracted 
oven-dry weight and volume at 129 mois- 
ture content. 

3 IACIIINING TESTS 

Planing 

Planing is probably the most colilmon 
and essential machining operation i l l  the 
woodworking industry. A smooth s~lrface 
is necessary for fine finishing and asseln- 
bling. Planing defects are charactcrizccl as 
raised grain, fuzzy grain, chip ntarks, or 
cllipped grain. Raised grain is colnlllon in 
softwoods where there is an abrupt transi- 
tion l~etween the earlywood and latewood. 
I t  also occurs in ring-porous hard\~~oods 
but rarely in diffuse- or semi-ring-porous 
woods such as black walnut. Fuzzy grain 
is caused by the tearing of fibers in the 
aberrant structure of tension wood in 
hardwoods and compression wood in soft- 
woods. Chip inarks are caused 11y shav- 
ings that have adhered to the knives rather 
than passing off in the exhaust. Chipped 
grain is associated with cross grain. 

Low nloistnre content, sharp knives, 
srnall cutting angle, shallow cut, and a 



large number of knife cuts per inch mini- 
mize the occurrence and severity of plan- 
ing defects. The inoisture content of the 
test specimens was 12'J. The depth of 
cut was '1. inch with 16 knife cuts per 
inch. Thi\ cut \vas deeper than nornlal 
to make the test Inore sensitive to border- 
line dctccts. 

Planing quality was recorded in two 
ways, n11mlwr of defect-frcc pieces and 
defect severity. Hecause depth of tearout, 
and not the amount, is the l imit i~~g factor 
in sanding, the most critical defect in the 
specimen was reported as defect severity. 
Sis classes of defect ranging from a chip 
depth of '64 to ' k  inch were included. 

Two types of cross grain are recognized 
in \,lack walnut, spiral and diagonal; a 
third type, interlocked, occurs rarely in this 
species. Chipped grain was due to grain 
clistortioirs associated with knots. Without 
e~ception no planing defects occurred in 
the clear portion of the specimens; they 
alway\ occurred ill the distorted grain 
aroln~d knot\. 

Regression alralysis was used to deter- 
mine tlie relationship bet we el^ plming de- 
tect severity class and specific gravity, 
ring5 per inch, ancl \lope of grain, inea- 
\llred in tlii\ \tudv and eutractivt. content, 
per ccmt normal fibrous tissuc,, nr~rnbcr of 
vessels per square millimeter, and average 
fiber diameter measured by Hiller et al. 
( 1972). The independent variable that es- 
plained tlie largest amomnt of variation 
was specific gravity, but it still accounted 
for less than 9% of the \,ariation in the 
planing defects. This is statistically signifi- 
cant at tlie 0.01 probability level hut from 

practical standpoint is negligible, since 
it reduces the standard deviation about the 
rtqre\sion b) only 4%. 

The number of defect-free pieces and 
the defect severity were sul~jectetl to anal- 
v\e\ of variance also to \ee whether 

ity, and growth rate. The poor sites ancl 
slow-growing trees produced fewer defect- 
free pieces. This possibly could 1)e asso- 
ciated with lilllbiness and a prepontlerance 
of knots. The grand mean of 63.1% defect- 
free pieces is very similar to the 62% re- 
ported by Davis (1962) for black walnut. 

Shaping 

The shaper is used to cut a curved pat- 
tern on the edge of boards and panels 
such as a table top. Chipped and torn 
grain are the most common defects in 
shaping, although some roughness on the 
end grain may occur in diffuse-porous 
woods. Raised grain may also occur in 
diagonal cuts across ring-porous woods. 

A double spindle-type shaper operating 
at 7,200 rpnl was used in this study. The 
spindles revolve in opposite directions, 
thns reducing the possibility of cutting 
against the grain. The test specimens 
were rough-sawn to shape, fastened to a 
jig, and hand-fed through the shaper. Two 
specimens from each of the eight boards 
per bolt were shaped. 

Only 13 of the 512 specimens exhil~ited 
sorue torn grain. In each instance this oc- 
curred in distorted grain in the vicinity of 
knots. All other specimens shaped satis- 
factorily and for this reason were not sub- 
iected to statistical analysis. 

Turning 

The turning tests were made at 3,200 
l-pm wit11 a milled-to-pattern knife that 
made a bead, cove, and fillet with cuts at 
different angler; to the grain. The finished 
specimen was 5 inches long and 'K inch 
wide at the smallest diameter. A tot'11 of 
512 specimens were turned. 

No tliscernible differences in turning 
quality could be detected. This confirms 
the results of Davis where the variation 

there was any association \vith locality, in tunling (luality was the least of any 
site, or growth conditions. Neither analy- machining property ( 1962). In co~nparing 
sir showed a statistically significallt differ- 34 native hardwood species, Davis also 
cnce in any of the three categories. A denlonstrated that the highest percentage 
comparison of ddect-free pieces is sum- (91%) of "fair to excellent turning," was 
~narized in Table 2 for source, site qnal- obtained from black walnut. 
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~.,\lrl . l . :  2 .  Afcavlr cr,ltl difft,rcttcc,s of r,,echanical, ~ ) l l ~ s i c u / ,  ant1 ~nuchining r)rope~.ties of black walnut 
h!/ state of origin, sitc, avctl grou;tlz rate. Each valtre is the aoeruge of 16 trees 

E x t r a c t i v e  V o l u m e t r i c  
C l a s s i f i c a t i o n  c o n t e n t a  s h r i n k a g e b  

% % 

S t a t e :  
I n d i a n a  5 . 3  5 .14  
M i s s o u r i  6 . 6  'r. 75 

I l i f f e r e n c e  1 .3"  ,I. 39** 

S i t e  q u a l i t y :  
Good 5 . 5  j.05 
Poor  6 . 5  i . 8 h  

D i f f e r e n c e  1.0 I .  2 1  

Growth r a t e :  
F a s t  6 . 2  5.00 
Slow 5 . 7  4.90 

D i f f e r e n c e  0.5 I. 10 

P l a n i n g  :;lope 
S p e c i f i c  d e f e c t - ' r e e  Hard- Tough- o f  
g r a v i t y C  p i e c e s  n e s s  n e s s  g r a i n  

% l b .  I n . - l b .  % 

a From C . H .  H i l l e r  e t  d l . ,  Yood F i b e r  4 ( 1 ) :  4 1 ,  T a b l e  2  (1972) 

Based on d i m e n s i o n  when g r e e n  and d r i e d  t o  12  p c t .  m o i s t u r e  c o n t e n t .  

' Based on volume ; ~ t  1 2  p c t .  m o i s t u r e  c o n t e n t  and nven-dry  w e i g h t .  

* D i f f e r e n c e  s i g n i f i c a n t  .it 0.05 l e v e l .  
** l ) i f f e r e n ? e  s i g n i f i c , a n t  .it 0.01 l e v e l .  

Hardness indicates the resistance of 
wood to al~rasion and indentation. The 
hardness test coilsists of il~easuring the 
load required to embed a 0.444-inch l~a l l  
to one-half its diameter (ASTM 1970). Av- 
eragc3s of the six tests on each of the two 
sn~nples per board were used in the analy- 
sis. To avoid cross grain, hidden knots, 
and otllcr defects, all tests were conducted 
on the tangential facr. 

The analysis of variance did not indi- 
cate any statistically significant differences 

The mean for all specimens, 1,143 pounds, 
is 13% higher than that shown for side 
hardness in the Wood Handbook ( 1955). 

Hardness was significantly correlated 
(0.01 level) with only three of the seven 
independent variables considered : specific 
gravity ( r 2  == 0.45), rings per inch ( r 2  = 
0.19), and filler diameter (r" 0.12). The 
nonsignificant variables were c:xtractive 
content, per cent normal fibrous tissne, 
and number of vessels per square milli- 
meter. Since cross grain was intentionally 
avoided in making tests, slope of grain also 
showed 110 correlation with hardness. 

between states, sites, or growth rates. Al- Toughness 
tllough specimens from Indiana averaged 
slightly harder than those from hlissouri, T ~ u ~ h l l e s s  is the ability of the hvood to 

good sites prodllceCl harder wood "1'"rh shock or impact loads. It  is an 

"ites, and harder were ob- i n ~ p o r t a ~ ~ t  property for such uses as chair 

tailled froln fast-grown than froln slow- and table legs, gunstocks, and novelties. 
growl, trees 2 ) ,  none of the TWO specimens froill each of the eight 
differeilces were statistically different at boards per tree were tested by standard 
the 0.05 level. The latter comparison con- procedures (ASTM 1970). The specimens 
curs with the results shown by Paul (1963). measured 2 cm square by 28 cm long. 
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Specimens from good sites were sub- 
stantially tougher than those from poorer 
sites (Table 2 ) .  Fast-grown specimens 
were slightly tougher than \low-grown 
ones, in agreement with the observations 
of Englerth ( 1966). This difference, like 
that between states, is not large enough 
to be statistically significant. The overall 
mean of 245.9 inch-pounds agrees fairly 
well with Englerth's mean of 254.0 inch- 
poullds. 

Specific gravity was not highly corre- 
lated with toughness and accounted for 
only about 8% of the variation observed 
in the toughness values. This coefficient 
of determination is statistically significant 
at the 0.01 level but reduces the standard 
deviation about the regression by only 4%. 

Of the 10 independent variables re- 
gressed against toughness, extractive con- 
tent was significant at the 0.01 level ( r 2  = 
0.09) and reduced the standard deviation 
about the regression from 63 to 60 inch- 
pounds, or 5%. Slope of grain accounted 
for a negligible amount of the variation 
since the specinlens were cut p~trallel to 
the bark, which minimized the arnount of 
cross grain. The other seven variables 
measured by Hiller et al. (1972)-distance 
from pith, rings per inch, per cent of nor- 
mal fibrous tissue, number of vessels per 
scl~iare millimeter, average tiber diameter, 
vessel Inmen area, and single wall thick- 
ness-did not explain any appreciable part 
of the variation in the toughness values. 

Each test specimen was identified as to 
the type of break: typical fibrous splinter- 
ing, brash and brittle, or obviously cross- 
grained and split. Regression analyses 
were run for each category and resulted 
in the coefficients of determination (all 
significant at the 0.01 level) shown in 
Table 3. 

As expected, the correlation of specific 
gravity and toughness was greater in those 
specimens that broke normally. Specific 
gravity is a much better index of tough- 
ness in clear, straight-grained material 
where defects such as cross grain are ex- 
cluded. The number of rings per inch 
was negatively correlated with toughness 

TABLE 3. Coefficients of determination obtciined 
front regressioi~ unaly.~is of to~~gllness s~x:citt~ens. 
All coefficients arcJ significunt at the 0.01 1cvc.l 

-- 

I n d e p e n d e n t  
T y p e  o f  Break 

- -- 
va r i ab l e  Normal Brash S p l i t  

S p e c i f i c  gravitv 0.18 0 .09  0.02 

R i n g s  p p r  i n c h  -- 0.04 -. 

Slope  oi g r a i n  -- -- 0. 08 

in brash specinlens as wide rings procluced 
abrupt breaks. Cross grain, as stated ear- 
lier, was avoided where possible. I [ow- 
ever, it could riot be entirely eliminated, 
and as expected, splitting was corrrlated 
with slope of grain. Distance from pith 
was a negligible factor except in split 
specimens, explained by the fact that cross 
grain was more predominant in spccitnens 
closest to the pith. 

PHYSICAL CIIARACTERISTICS 

Shrinkage 

Hiller et al. refer to the well- know^^ in- 
verse relationship of shrinkage to extrac- 
tive content (1972). They suggest that 
shrinkage characteristics of walnut might 
be controlled by cultural practices. Table 
2 illustrates the effect of origin, site. and 
growth rate on these two characteristics. 
Indiana specimens contained fewer extrac- 
tives and consequently exhibited greater 
shrinkage. The difference in extractive 
content was significant at the 0.05 level 
and in shrinkage at the 0.01 level. 

When the data were classified according 
to growth rate, the above relationship of 
shrinkage to extractive content did not fol- 
low. The apparent explanation is that the 
positive effect of growth rate on shrinkage 
probably masked the negative effect of 
extractive content on shrinkage. 

Regression analysis showed that 13% of 
the variation in shrinkage was attrilx~ted 
to extractive content. Of the seven inde- 
pendent variables regressed against shrink- 
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age specific gravity acco~~ntecl for the 
second largest share of the variation, 6%. 
130th these coefficients of detc:rrnination 
were significant at the 0.01 le\.el. Rings 
per inch, numl~er of vessels per square 
roillimeter, and fiber diameter each had an 
I.' of 0.02, statistically significant at the 
0.05 level h ~ ~ t  obviously not very signifi- 
cant from a practical standpoint. Slope 
of grain ancl per cent i~orsnal fibrous tis- 
sue showed ;il,solutely no corre1;ition with 
shrinkage. 

The 4.94% volumetric shrinkage mean 
is sul~stantially lower than that- reported 
for the interpolated 12% level in the Wood 
Ilandbook (1955). This is prol~ahly due 
to the fact that these specimens were all 
heart~vood, but the reported mean for the 
species in the Wood Handbook probably 
represents both sapwood and l-reartwood. 
Snp\vood shrinks more than heartwood 
i Pall1 1963). 

Slope of grclin 

As inentioned cluring the discussion of 
the planing tests, spiral and aberrant grain 
\yere the types of cross grain exhibited in 
these samples. Cutting each board tangen- 
tially minimized diagonal grain. The 5.5% 
avcragc slope of grain is similar to that 
of 5.7% reported by Davis ( 1968). 

Indiana specimens had significantly 
rrrore prononnced degrees of cross grain 
than those from hIissouri (Table 2 ) .  This 
did not seem to affect apprecialdy ally of 
the rnacliining characteristics. The only 
mechanical property affected was hard- 
ness. which was not reflected in site of 
origin. Cross grain u7as a factor (T" 00.8) 
i l l  tllose indiviclnal speci~nens that split 
tlllring the tonghncss test rather than 
lweaking normally. 

Specific. ~rcruitll 

Of all the anatonlical and pliy\ical char- 
,icte~-istics observed in this studv, specific 
qravity wa\ the most importar~t. It  ac- 
counted for 45% of the variatioli in hard- 
ne54 valllcs. Specific gravity also produced 
the followii~g coefficients of tletermina- 
tion for sorrie of the other properties: plan- 

ing 0.09, toughness 0.08, shrinkage 0.06, 
and slope of grain 0.06; all significant at  
the 0.01 level. The only characteristic not 
correlated with specific gravity was ex- 
tractive content. 

The analysis of variance of data in 
Table 2 did not indicate any significant 
differences in specific gravity associated 
with locality, site, or growth conditions. 
The sinall difference between states con- 
curs with Paul'b statement that gc,ographic 
location does not seem to be a controlling 
influence 011 specific gravity ( 1963). Hil- 
ler et al. sho\v about the same magnitude 
of difference in extractive-free specific 
gravity due to locality but in the opposite 
direction (1972). The present study, along 
with studies by Englerth ( 1966), Hiller et 
al. (1972), and Paul (1963), shows that 
fast-growing trees are slightly heavier than 
slow-growing trees. 

The species mean of 0.558 is ver? sisni- 
lar to that shown in the Wood Hantlbook, 
0.55 (1955). A 0.55 value determined on 
a 12% moisture content volume basis cor- 
responds to ;i 0.51 value calculatecl on a 
green volume as shown by the \Vood 
Handbook. This converted value of 0.51 
then is identical to that shown 1)y Ilavis 
(1962). This would seem to indicate that 
the specimens used in this study were not 
atypical for tlre species. 

Indiana-rrown black walnut heartwood " 
shrank more than Missouri-mown. 1Sxtrac- - 
tive content and volumetric shrinka~c were 

&, 

significantly and negatively correlated. 
Slope of grain was greater in Indiana 

specimens, but the average for botl~ states 
(5.5%) is similar to that reported by Ilavis 
(1962). This amount of spiral grairl did 
not appreciably affect any of the sriachin- 
ing and mechanical properties. 

In 110th Indiana and Missouri. crood , - 
sites produced tougher wood. Toughness 
was correlated with specific gravity and 
extractive content. An increase in me- 
cific cravity and extractive content will - 
correspondingly reflect an increase in 
tollghness. 



Shaping and turning tests indicated that 
geographic location, site quality, and 
growth conditions did not influence the 
quality of the specimens, nor was it pos- 
sible to evaluate the effect of any ana- 
tomical or physical characteristics on these 
specimens. All specimens machined well. 
Specific gravity, on the other hand, was 
correlated ( r  = 0.29) with the planing char- 
acteristics. The overall mean of 63% de- 
fect-free pieces corresponded very closely 
with that of Davis. 

Specific gravity proved to be the one 
most important characteristic in evaluat- 
ing machining and mechanical properties 
of black walnut. I t  accounted for 45% of 
the variation observed in the hardness 
values and 8% in toughness values. Nine 
per cent of the variation in planing was 
explained b ~ 7  specific gravity. Specific 
gravity was also correlated with volumetric 
shrinkage and slope of grain, r == 0.24 in 
110th instances. 

Why black walnut from one area is pre- 
ferred to that from another area may be 
partially explained by the intrinsic charac- 
teristics measured in this study. Knowl- 
edge of what causes the changes in these 
intrinsic characteristics should be an es- 

sential part of studies to improve the spe- 
cies by either genetic or cultural means. 
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