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Summary 

The purpose of this study is to review the stress-grading rules by which
dense or close-grained material is classified in the southern pines,
coast type Douglas-fir, and redwood, and to show the effects upon
strength from those rules, either in their existing or in modified forms.
The study has been based on data from a large number of green small
clear specimens carefully selected so as to be representative of their
species. Since working stress depends upon minimum as well as aver-
age strength values, a near-minimum value (average minus.twice the
standard deviation) is chosen as the basis for comparison of classified
with unclassified material.

Existing rules for density and close grain give material whose increased
strength is for the most part adequately reflected in the present working
stress bonuses. Elimination of the bonus for density in shearing
strength of all species is proposed. No bonus for medium grain appears
desirable.

A limitation of one-half summerwood in southern pine results in material
about 25 percent stronger than unclassified material. A limitation of 11
to 40 rings per inch in redwood gives increases of about 20 percent in
bending and crushing strengths. These offer immediate means for
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selecting material to which working stresses above the current values
can be assigned.

Introduction

Superior strength in wood has been shown to be associated with high spe-
cific gravity. In the grading of timbers for strength, actual specific
gravity determinations are usually impractical, but segregation of high-
gravity material from certain visual characteristics has been found to
be a workable substitute. Where summerwood is well defined, as in
Douglas-fir and the southern pines, the estimated proportion of sum-
merwood is taken as a criterion of specific gravity and strength, and
dense grades carrying increased working stresses have been set up on
that basis. In these species and redwood, certain optimum rates of
growth have been recognized; although these are considered to be less
reliable than summerwood as a criterion of strength, they are recog-
nized in the so-called "close grain" grades with increased working
stresses. Rules for "density" (as estimated from the proportion of sum-
merwood) and close grain have thus become established in the practice
of stress grading.

A common density rule has been based on a minimum requirement of
one-third summerwood, and the increase of stress on material so clas-
sified has been set at one-sixth of the stress for unclassified material.
Rules for close grain are less uniform, but rates of growth between
limits of about six rings per inch and 20 or more rings per inch have
been recognized by a stress increase of one-fifteenth of the stress for
unclassified material. The search for more efficient means of utilizing
the strength in structural timber has led to questioning of these rules
and has indicated the desirability of re-examining them. This study of
the effects of such rules on strength has therefore been made.

Grades incorporating both density and close grain requirements are
described in current grading rules for Douglas-fir, and dense grades
are described in the current rules for southern pine. 3— Grades of close

2
—I 'Standard Grading and Dressing Rules," No. 14, of the West Coast

Lumbermen' s Association.
3
--I 'Standard Grading Rules for Southern Pine Lumber," 1948, of the

Southern Pine Association.
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grain are in the current rules for redwood. 4 These rules have long
been applied to these species, and the present study is restricted to
them. Three major strength properties, modulus of rupture in trans-
verse bending, maximum crushing strength in compression parallel to
grain, and maximum shearing strength in shear parallel to grain, are
examined. In order to eliminate the effect of moisture differences upon
strength comparisons, the study is restricted to green material.

Source of Data

No new tests were run for this purpose. Project 124 of the Forest
Products Laboratory consists of standard strength tests on small clear
specimens of wood carefully selected so as to be representative of their
species. Evaluation .of the strength effects from rules for density or
close grain can be made from test results on clear material, since the
resulting increases are applied to the basic stresses for clear material.
This report is therefore based entirely on - analysis of data from the
standard strength tests. These data have been recorded on a punch-
card system, thereby greatly facilitating the necessary operations of
classification and tabulation for analysis.

Five southern pines, loblolly, longleaf, pond, shortleaf, and slash,
were tabulated separately. Longleaf pine was carried separately
throughout the analysis because of its greater summerwood content and
its higher strength values; the other four pines were placed together in
one group. All old-growth Douglas -fir of coast type was placed together,
while one shipment of second-growth coast-type Douglas-fir (shipment
1625) was analyzed separately. The redwood group includes both virgin
growth and closely grown second growth, excluding the openly grown
second growth. Modulus of rupture, maximum crushing strength, and
maximum shearing strength were examined in each of the groups except
for shipment 1625 of Douglas-fir, for which punch-card data were avail-
able only in maximum crushing strength.

Data on the pines and Douglas-fir were classified by percentage of sum-
merwood, but rate of growth for each specimen was also recorded. Red-
wood data do not show the summerwood content and were classified by
rate of growth.

4
–"Standard Specifications for Grades of California Redwood Lumber,"

1946, of the California Redwood Association.
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Summerwood counts were not made on all old-growth Douglas -fir in the
standard strength tests under Project 124, and the sample used in this
study is thus incomplete; however, since the majority of the test spec-
imens had summerwood counts, it is believed that the sample is
representative.

Analysis of Data 

The large number of test results used (upwards of 2,000 in some groups)
necessitated some method of analysis en masse rather than on any indi-
vidual basis. After some experimenting with various methods of treat-
ment, the normal frequency distribution with its standard deviation was
chosen as the basis for comparison. A recent survey of variability..5- of
structural woods indicated that frequency distributions of strength
values for groups of small clear specimens tend to approach normal

2
frequency distribution of the type  y = e x  where y is the frequency, x
is the deviation from the average value, and e is the base of natural
logarithms. The normal frequency distribution is defined by its average
value and its standard deviation. The standard deviation is the root
mean square of individual deviations from the average; since it is af-
fected by each individual value, it is a better measure of comparative
dispersion among groups of various sizes than is the total or any partial
range of values. Standard deviation, when expressed as a percentage of
the average value, is known as the coefficient of variation.

In all normal frequency distributions, about 68 percent of the individual
values lie within the range encompassed by the standard deviation on
either side of the average value. Thus, if there are 100 individual
values in a normal frequency distribution with a standard deviation of 100
around an average value of 1,000, about 68 individual values will lie
within the range of 900 to 1,100. In like manner, twice the standard de-
viation encompasses about 95 percent of the individuals. Of the remain-
ing 5 percent, about half, or 2-1/2 percent, are excluded at the upper
end, and the other 2-1/2 percent at the lower end of the frequency
distribution.

5
–"Survey of Variability of Structural Woods," unpublished report,

Forest Products Laboratory, Division of Timber Mechanics, 1947.
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Working stresses are determined, not from the lowest individual in a
group of strength values, but from some near-minimum value that ex-
cludes a small percentage of the individuals. In normal or nearly nor-
mal frequency distributions, the average minus twice the standard devi-
ation meets the requirement of a near -minimum value, as it excludes
about 2-1/2 percent of the individuals at the lower end of the distribution.
Comparisons in this report are based on the average minus twice the
standard deviation, thus taking into account the variability of the mate-
rial as well as its average strength.

While the foregoing value is related to the working stress, it is not in
itself a working stress. Other factors for duration of load, structural
grade, factor of safety, etc. , are necessary to convert it to a suitable
working value for use in design. Since these other factors apply equally
to material with or without classification for density or close grain,
they are not required in the present comparisons, and valid comparisons
for the purpose of this report can be made from the average minus twice
the standard deviation.

The basis for calculation of ratios to show the effects of the various den-
sity and close grain rules is taken as the average minus twice the stan-
dard deviation for material without classification. Basic stresses are
derived from values representing the whole species without any segrega-
tion or classification, and the stress increases appropriate to the vari-
ous rules are made on those basic stresses. Consequently, the unclas-
sified values form the proper base for comparison of the strength
increases.

Tables 1 to 3 for density rules and tables 4 to 7 for close-grain rules
are prepared by the foregoing principles. Each table shows the effect
of classification by the various rules on the strength properties of one
species group. The last column of each table gives percentage ratios
indicating the gain in strength from application of each rule, the per-
centages being calculated from unsegregated material as the base. The
number of specimens and other information for material segregated by
the various groups is also shown.

Values from the last two columns in tables 1 to 7 relating to the existing
rules for density and close grain are brought together in table 8. Those
for longleaf and other southern pines are modified from tables 1, 2, 4,
and 5 to agree with the method by which working stresses are now
assigned. By that method, the stress bonus for density in longleaf pine
is applied, not to the value for that species alone, but to a composite
value representing all southern pines. The bonus for density in other
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southern pines is applied to the same composite value. For the purpose
of table 8, a composite value giving longleaf pine one-half the weight of
all other pines is used. This changes the base of calculation and modi-
fies the ratios indicating gain of strength in longleaf and other southern
pines (last col. , tables 1, 2, 4, and 5). The ratios in table 8 are shown
graphically in figure 1 for density and figure 2 for close grain.

It is to be noted that longleaf pine in this study includes all specimens of
Pinus palustris and none of any other species. This differs from the
commercial "longleaf pine" of the current grading rules 3— which includes
slash pine and has a requirement on summerwood content. By those
grading rules, Pinus palustris  may appear either in the unrestricted
"Southern Pine" group or in the "Longleaf Pine" group.

Discussion of Results

Reduction of Variability 

Classification of material by rules either for density or for close grain
results rather consistently in reduction of the dispersion of the indivi-
dual strength values. This may be verified in column 7 of tables 1, 2,
3, and 7 and column 6 of tables 4, 5, and 6 showing coefficients of vari-
ation. This reduction of dispersion means that the various rules in-
crease minimum values more than they do average values, an important
favorable factor in the application to working stresses.

Rules for Density 

Effects of classification by the existing density rules on strength are
examined most conveniently in table 8 and figure 1. Strength increases
there range from 9 to 19 percent in modulus of rupture and maximum
crushing strength of southern pines and coast-type Douglas-fir. In-
creases in shear are inconsistent, one group indicating some decrease.
These increases may be compared in figure 1 with the stress increase
of one-sixth (broken vertical lines) now given for density. It appears
that classification by the existing density rules results in increases of
near-minimum strength values in bending and compression that are
adequately reflected in the present working stress allowances. On the
other hand, the increases in shearing strength do not appear to warrant
a stress bonus.
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Tables 1 to 3 show the proportions of material qualifying under existing
density rules, about 78 percent of longleaf pine, 57 percent of other
southern pines, and 35 to 40 percent of Douglas-fir.

Existing density rules call for one-third summerwood, but with certain
additional limitations on rate of growth. Tables 1 to 3 show the effect of
the summerwood requirement without limit on rate of growth. The
amount of material qualifying is increased about 5 percent by removing
the limit on rings per inch. Strength increases in southern pine are es-
sentially unchanged by removal of ring limitation, but in coast Douglas -
fir (table 3) they are significantly reduced. Existing density rules are
apparently being applied with little difficulty, and these data indicate that
the only significant advantage to be gained by removing the limitation on
rate of growth from them is a possible simplification of grading.

A requirement of one-half summerwood in the southern pines results in
increases of near-minimum strength values that range from 18 to 36 per-
cent (tables 1 and 2, col. 9), with only one increase out of the six that is
less than 25 percent. A stress bonus of 25 percent for material in this
class appears to be justified. While these data indicate that only about 8
percent of the material qualifies for this requirement, it is believed that
the proportion is much higher in certain areas or at some mills. The
proportion of material with half or more summerwood is about 5 percent
in coast Douglas-fir. Since strength increases in Douglas-fir for half
summerwood are smaller on the average and less consistent than in the
southern pines, there is less reason for applying a bonus for such a
grade in Douglas-fir. When the ratios for one-half summerwood in
southern pines are recomputed to a common base after the manner of
table 8, the strength increases remain in the same range.

To qualify for a stress bonus, any rule for a high summerwood content
should stipulate a sharp contrast in color between springwood and sum-
merwood, or some equivalent provision to exclude compression wood.

Increases in near-minimum strength values resulting from a requirement
of one-fourth summerwood in southern pine and old-growth Douglas-fir
do not exceed 7 percent in bending and compression and 1 percent in
shear. More than 90 percent of southern pine and about 80 percent of
Douglas -fir qualified under this requirement. It does not appear practi-
cal to recognize such a small increase, although, as will be shown later,
the increase in second-growth Douglas-fir is larger.
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Close Grain in Pine and Fir

The effects of existing rules for close grain in the southern pines and in
old-growth Douglas-fir are shown in table 8 and graphically in figure 2.
Increases in near-minimum strength values for these species in figure
2 range from 4 to 9 percent in bending and compression. Increases in
shearing strength are inconsistent. Figure 2 indicates a large increase
in shearing strength for longleaf pine when computed against the weighted
average for all southern pines, but table 4 shows no increase when com-
puted against the average for longleaf pine. Strength increases appear
to be adequately reflected in the allowance of a stress bonus of one-
fifteenth in bending and compression and no bonus in shear It may be
noted here that the present grading rules for southern pine— do not give
stress recommendations for close-grained material. About 90 percent
of the material in fir and pine qualifies under the existing rules for close
grain.

Existing rules in pine and fir require 6 to 20 rings per inch but broaden
the permissible range in rate of growth to 5 and more than 20 rings when
the material contains one-third or more summerwood. This provision
adds 4 to 13 percent to the amount of material qualifying. Tables 4, 5,
and 6 show that it has no consistent effect on the strength of the classi-
fied material. Existing rules are apparently being applied with little
difficulty, and there does not appear to be good reason for changing in
this respect.

Some grading rules specify "medium grain," with no limitation other than
a minimum of 4 rings per inch. This classification appears to be of little
importance (tables 4, 5, and 6). It excludes only about 2 percent of the
material and gives no significant increase in strength. No stress bonus
for medium grain appears to be warranted in southern pine or old-growth
Douglas -fir .

Close Grain in Redwood

Redwood differs from southern pine and Douglas -fir in that summerwood
is not so readily distinguished from springwood. The rule for close grain
is based entirely on rate of growth as shown by the ring count. Existing
lower and upper limits are 8 and 35 rings per inch, respectively.

Figure 3 shows that the relation of modulus of rupture to ring count falls
considerably short of perfection. Nevertheless, it can be seen that the
range from about 10 to 40 rings per inch yields very few extremely low
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values. Plots of data for crushing and shearing strengths show similar
distributions.

Table 7 and figure 2 show that classification under the existing rule for
close grain gives an increase in near-minimum strength values of 12 per-
cent in modulus of rupture, 15 percent in _maximum crushing strength,
and 2 percent in maximum shearing strength. The 12 percent increase
in bending strength is indicated on figure 3. This compares with existing
stress increases of one-fifteenth (6-2/3 percent) in the two first-named,
and no increase in shear. More than half of the material qualifies under
this rule.

Increases of near-minimum strength values in bending and compression
are somewhat greater than one-fifteenth, and it has been suggested that
the ring count limits might be broadened. Table 7 shows that a lower
limit of 6 rings gives strength increases of 9 percent in bending and 11
percent in compression, less than the increases with a limit of 8 rings,
but still enough to warrant a stress bonus of one-fifteenth. The amount
of material qualifying is increased by about 10 percent. On the other
hand, the strength increases are greater when the lower limit is raised
from 8 to 11 rings per inch, this resulting in 21 percent increase in
bending and 24 percent in compression with about 10 percent reduction
in the amount of material that qualifies. A bonus of 20 percent on the
working stress for material in such a classification appears to be
warranted.

Table 7 does not show the result of raising the upper limit from 35 to 40
rings per inch, but figure 3 indicates little effect from such a change.
Plots of data in compression and shear also indicate little effect.

Old-Growth and Second-Growth Douglas -fir 

Tables 3 and 6 afford a basis for comparison between old-growth and
second-growth (shipment 1625) Douglas-fir of coast type in one property,
maximum crushing strength. The comparison indicates benefits to near-
minimum values of maximum crushing strength from density and close-
grain classifications greater in second growth than in old growth. The
increase of 59 percent from a density rule of one-half summerwood
(table 3) is noteworthy, but in view of the small number of tests, prob-
ably not significant. There is indication that stress bonuses accompany-
ing existing rules for density and close grain might be liberalized, but
in view of the limited scope of the data and the unknown proportion of
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second growth to old growth in present production, no change is proposed
at this time.

The density requirement of one -fourth summerwood excludes about the
same amount of material but gives a greater strength increase in second-
growth than in old-growth Douglas-fir. In view of the amount of this in-
crease, some recognition in working stress for material containing one-
quarter or more summerwood may be appropriate at some time in the
future when data are more complete.

Conclusions

The validity of the conclusions from this study is limited by the scope of
the data on which the work is based. It may be pointed out that the data
used in this study are based on specimens carefully selected so as to be
representative of their species, so that the results warrant the following
conclusions.

Classification either for density or for close grain results in a reduction
of the dispersion of individual strength values. Working stresses thus
enjoy greater benefits than do the average values.

Existing rules for density and close grain of southern pine and coast
Douglas-fir give strength increases in bending and crushing strength that
are adequately reflected in the present working stress allowances. No
change in these rules appears necessary.

In shearing strength under the existing rules, a bonus is now given for
density but not for close grain. The bonus for density should be
discontinued.

A density requirement of one -half summerwood without limitation of ring
count appears to justify a stress bonus of 25 percent in all three strength
properties for the southern pines. No bonus for one-fourth summerwood
in southern pine or Douglas-fir seems advisable at this time, although
additional new data from second-growth Douglas -fir may later indicate
a possibility for stress increase there.

No stress bonus for medium grain, based on a minimum of 4 rings per
inch, seems advisable in pine or fir.

Report No. 1797	 -10-



With a stress bonus of one-fifteenth, the limitations on rate of growth for
close grain in redwood can probably be broadened to a minimum of 6 and
a maximum of 40 rings per inch. If, on the other hand, the limitation is
narrowed to 11 and 40 rings per inch, a bonus of 20 percent on strength
is realized. These conclusions apply to bending and crushing strengths
only; shearing strength gains very little from any of the rules for close
grain.

There appears to be a gain in strength from the existing rules for density
and close grain that is greater in second-growth than in old-growth coast
Douglas -fir. This may warrant further study, but no distinction in work-
ing stress seems practical at this time.

While this study does not indicate that existing classifications for density
and close grain can be recognized by greater working stress increases
than at present, it points out possibilities in closer selection of material.
The proposed increases for one-half summerwood in the southern pines
and for 11 to 40 rings per inch in redwood are illustrations in point.
Such means of selecting material for increased working stress are to be
desired, and in this case, are already available.
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Table 6.--Effect of classification by close-grain rule
on the strength of coast type Douglas-fir 

Classification :	 Test	 :Average :Standard:Coeffi-: Average : Ratio
: specimens	 :strength:deviatica:cient of minus twice:based on
:	 :	 •. : vari- :standard :data from
:	 :	 •. : ation :deviation:col. (7)1

(1)	 :	 (2)	 :	 (3)	 :	 (4)	 :	 (5)	 :	 (6)	 :	 (7)	 :	 (8)

:Number :Percent: P.s.i. s P.s.i. :Percent: P.s.i. : Percent
:of total:

MODULUS OF RUPTURE

All specimens without classification: 1,070 : 100 : 7,137 : 1,102 : 15.4 : 4,933 :	 100
Six to 20 rings per inch 	 :	 892 :	 83 : 7,301 : 1,045 : 14.3 : 5,211 : 	 106
Existing rule for close grain?	 : 927 : 87 : 7,299 : 1,048 : 14.4 : 5,203 : 106
Four or more rings per inch 	 :	 .	 :	 •

	

.	 •.	 .

(medium grain)	 : 1,037 :	 97 : 7,178 : 1,080 : 15.0 : 5,018 :	 102

MAXIMUM CRUSHING STRENGTH (OLD GROWTH)

All specimens without classification: 2,209 : 100 : 3,556 : 631 : 17.7 : 2,294 : 100
Six to 20 rings per inch	 : 1,844 : 83 : 3,665 : 582 : 15.9 : 2,501 : 109
Existing rule for close grain?.	 : 1,923 : 87 : 3,659 : 587 : 16.0 : 2,485	 108
Four or more rings per inch	 •

(medium grain)	 : 2,141 : 97 : 3,587 : 609 : 17.0 : 2,369 : 103

MAXIMUM CRUSHING STRENGTH (SHIPMENT 1625)

All specimens without classification: 414 : 100 	 3,740 : 666 : 17.8 : 2,408 : 100
Six to 20 rings per inch	 : 263 : 64 : 3,943 : 551 : 14.0 : 2,841 : 118
Existing rule for close grain?	 : 298 : 72 : 3,983 : 559 : 14.0 : 2,865 : 119
Four or more rings per inch	 •

(medium grain)	 : 392 •	 95 : 3,780 :	 652 : 17.2 :• 2,476 :	 103

MAXIMUM SHEARING STRENGTH

All specimens without classification: 428 : 100 : 904 : 143 : 15.8 :	 618 : 100
Six to 20 rings per inch	 : 357 : 83 : 921 : 141 : 15.3 :	 639 : 103
Existing rule for close grain?	 : 371 : 87 : 920 : 139 : 15.1 :	 642 : 104
Four or more rings per inch	 :	 .	 :	 •. :	 .	 •

(medium grain)	 : 419 : 98 : 907 : 142 : 15.7 :	 623 : 101

-"Ratio of average strength minus twice standard deviation (col. 7) of material with ring classi-
fication to material without classification.

Six to 20 rings per inch, with the addition of 5 and more than 20 rings per inch when one-third
or more summerwood.

Report No. 1797



.11
iJ

4-)a)

0

r-1

ai▪
0-1

tICk

0)
O

C.)

O

05

4-1▪

0)

aS
n-i

4-I
0
4,

4-i
4-4

a)

.10
al
El

to

rn•• •• •• •• ••• • • • •• •• • •

CO 0\ C\J H
rkiin•• .5

N- t--
•• •• •• •• ••

K\ r-1
ala/a16-1

•• •• •• •• ••

U\ M NcC)
op	 c0

•• •• • • • • • •

co H
N- H 0\

•••	 •••
M..re%

IC\ (11 1--1 0\
a1(11 al •--1

0 H 0 t-
0 111\0 \O
I-1

•• •• •• •• ••

CO CO t•-• r-1
0
IC\ al t•(\

0H
00 u-N

1-1

•• •• •• •• ••

V
0 V)
 if\	 r--1

00 \ \CI

N CT
te

r-1 s1 
trl

H

•• •• •• •• •• • •

\ •-1 VD CT
n O\ t-- n0
N-N- N- N-

If\M r-I 0\

•• •• u• •• t•

c0 ‘.0
0 U\\0

•• • . • . • • • •

04-0\ 0\ re\ at)
N- 0\

Pc\ r-1 r-I r-1

0\-._.-•

••	 ••	 •

c0

••	 ••

t—
.....

4-)
0
a)
0.)
14
a)

124
•	 ••

•

•	 ••
4-1
0
0
0
s..
o

••

••

••

0 H	 CIN

••	 ••	 ••	 ••

LOS-
	
\O H

0 ON II\ --I

••	 ••	 ••

H If\ r-1 ‘.0•	 •	 •	 •
c)\.0 03 CO

H r-1 r-1

•	 •

•	 •

o

••	 ••	 ••	 ••

H n
n \ 0 \O

0 If\ re\ al
0)0)0JIC\I

•	 •	 • •	 • •	 • •

0\ ri	 H•	 •	 •	 •
ON CU

al •-i

••

••

O.-NN
0 0 0 0
r-1 0-1 r-1 H

••	 ••	 o•	 ••

n HH 0 0
lf\ 11" \ II\

••	 ••	 ••	 ••

tr\ %I)•	 •	 •	 •
t-- t-
•I	 r- 1

••

•	 •

U
9-1
4-1

co
a)
r-1

ttO1:4
$4

H
ri
ty

•• •• •• •• •• ••

O

.0	 co
•

P4
ua•• ••	 •• •• .. •• .. •• ••

	

g)1) t)	 .1- 1
•

	

cd g	 .

	

P4 0	 Li-,	 to
O	 ;-•	 +__.

	

i> +3 	 a.
dico.• •• •• •• •• •• •• .	 •• 
O 4-1	 A
CIO  A

• 4-)0 0
1)• ai $-I	

::1: •i-4 vi

0 .(4

rq ?ki•• Q !-: lie •• • • • • •
•1(-)
0

	

to	 Kt 0
O ..---	 04 -1-)
O a)

	

t ..9	 •• • ol•• ••
0
E-1 R.

	

011	N ,0

•• •• •• .. •• •• •• • • •• ••

Report No. 1797



r-I 0
ON 0 0

•	 ••	 •

a)
P-E

•	 • • ••	 ••	 ••

H	 r-I

••	 ••	 ••	 • •	 ••

.
.,-,

\D CO \C) \i) CO al
lQ 0 \04 \O (-I nL)	 H

• LC\ if\ In LC\ n0
ALE

4-5
2

0 4-3	t--	
0
a)
0 1".8

•• •• ••

•• •• •• •• ••

0 0 0
r—I

1111. •• •• •• ••

L(1 LI1 rel
0 0 IC\ C-
H H 0
LI\ tr\	 -4.

•• •• ••	 •• •• •• •• ••

•• •	 •• •• •• •• ••	 • •• •• ••

-L3

g	
VD 49
GI -1-3	

---,
In

a)
O

.0	 a) 0	 --..-	 F-1
a)

 .1 F1 F4

8 
4-,	 4-,

(I)• . • •	

0)

1:14

•• •• •• •• ••

0 F-1	 F-1	 1
p 4-3	 0 0	 •
-9 0
	 9-1 H 0

0	 .--,	
•r-I

SQ	
•

tll 0 •.-{	 --1-103
03 1-1 4-,
al 5	

.......	 •
PI

•• •• •• •	 •• •• •• •	 •• •• ••
XI	 -I-)
-) 0	 Pi

	

4-1	 - 	 0)
Fr%	 0

a) 0	 ..."	 F-E
4iiF-1 F-1	 a)
o	 -P	 P-1

ED	 u)
• s • b • • •

4-1 +2	F4 I
80 4P 4 ci _ 10 , Id g	 • 1

.ri
..---.	 •

X	 0 0 .1-1	 CV	 Ea
0 1-I -1-1 	..-...	 •

fli 8
• • • • • • •• • • •• •• •	 •• •• ••

a)

rt
C)

En

•• •• •• •• • •

ON t-	 11100
4-1 H
e-I	

0 0 0
H e--1 H ri

• • • • ••	 •• •• •• •• •

\C)
K\ 141
$\K1N 0
0-1(N10.1a1

.. •• ••

111 ON
F-1
CO 2 N 1

I
4-1	 4-1 0
▪ r-i a) 0
C.) 0 0 c)
al	 a3
F-1 F-I 1-1
4-1	 o

03
•+-1

co El

ci 	 0-1	 co
do 0	 cr7

-P
O lap 0 ,0

a) -P
O 0 F-1
▪ F4 4-3
.0 •-) c0 a)
• m	 a) •

sl
a) bD 0

i: P
4 -49

0 ml	
13./

PP 

4 a) (3) F-1
Ea -P 4 0

a`03
P 0 00

4-3(0 140 Wu it 1-105

41, cilFa4 4-70 'HO

t--•	 "a-P

	

43	 ••-1

	

ci—la	ti)

as co	 a)
r—I

O o) w 4

	

Ian	 4-)
Ea

O 4-•- Ui
id -P 0 Al

a)

	

CI)	 CD a)
,0003g
-• p a) 0 0

;-1	 12)
0 co 0 0

Pi F-1 0 r0
4-1

c.)	 rd	 4-1
0

M 4-3 N 411
cri
I> ED co o

rd ED	 H
• 121
O a)	 10

rE eu
+3 ad	 m t•
,o	 4)
O 0
0 4-) ,0 0:3
ai 07

	 •,--1 0
rcs Fa J-1

I) Q.)
-p

O 4-, 4-1 0
0

-4-)▪ 0 0	 4-1

r-IC6U)
4-I

H

n0
PE1 On

FE 1.E1
N C11 CV

Report No. 1797








	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24

