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COMPRESSION TESTS:

By C. Bv NORRIS, Principal Engineer
and E. F. McKINNON, Assistant Engineer

- e e

Summary

This report presents the results of 575 compression tests on yellow-
poplar plywood, wherein the angle between the face grain and the applied
stress varied from 0° to 90¢, in 15° increments. Two thicknesses of veneer,
1/16 and 1/32 inch, were used in making the plywood. The 1/16-inch veneer
was made into plywood of three, five and seven plies. The 1/32-inch veneer
was made into plywood of five, seven, and nine plies. A plywood construction
such that all plies were the same thickness, with the grain of adjacent plies
at right angles, was used in all tests, Specimens were made with heights of
1-3/8 to 2-5/8 inches and widths of 2 to 6 inches, The height-thickness
ratio was between six to one and seven to ome.

A preliminary geries of 190 tests to determine the effects of the
width of the specimen on the compressive strength is also reported.

Introduction

~ In many of the structural uses of plywood, particularly in aireraft,
compressive stresses are applied at an angle to the direction of the face
grain of the material. In designing for these uses a knowledge of the
ultimate compressive strength, the stress at the proportional limit, and the
modulus of elasticity of plywood at such angles is required by the designer.
The purpose of these tests was to secure this information., It is believed
that the data presented will be useful in estimating the strength and modulus
of elasticity of wide plywood panels providing that buckling is prevented.
In addition to these data, information is being obtained, and will be dis-
cussed in a later report, on the shear and tensile strengths of specimens
matched with those used in these compression tests.

lThis mimeograph is one of a series of progress reports prepared by the
Forest Products Laboratory to further the Nation's war effort. Results
here reported are preliminary and may be revised as additional data
become available, . :
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Description of Material

The veneers used in the major series of tests (tables 2 to 7) were
rotary cut from a single yellowpoplar log and were selected from a restricted
region in that log. Thus the strength properties of each sheet of veneer
were as closely matched to those of the other sheets as was possible. These
veneers were cut in two thicknesses, 1/16 and 1/32 inch, The veneers used
in the preliminary series of tests (table 1) were cut 1/8 inch thick from
another yellowpoplar log and a yellow birch log.

The plywood was fabricated from these veneers by the hot press method,
using Tego glue film. ZRach panel was made of veneers of a single thickness
and species, The 1/16- and 1/8-inch veneers were made into 24- by 2l-inch
panels of three,five, and seven plies, and the 1/32-inch veneers into panels
of five, seven, and nine plies,

The compression specimens for the initial study of the effect of
width were obtained from the panels made of the 1/8-inch veneers and were
all cut at an angle of 45° to the direction of the face grain. Each panel
yielded a number of specimens cut to heights of 2, 3, ‘or 4 inches and widths
which ranged from 1 to 8 inches, inclusive, in l-inch increments. The
specimens were cut sufficiently short to avoid column failure. All of the
specimens of the same construction were cut from the same panel.

The panels for the main series of tests made of the 1/16-inch veneers
and those made of the 1/32-inch veneers were cach divided into three groups
according to number of plies. Tach of these groups was subdivided into
seven smaller sub groups designated A to G, inclusive.

A1l specimens of sub group A were cut with the face grain parallel
to the sides (and load axis). Specimens of sub group B had face grain at
15° to the sides, C at 30°, D at U5°, E at 60°, F at 75° and G at 90°.

Three specimens of widths 2, u,_and‘G inches were eut from each manel,

The specimen number is a key to its elassification; for example, the
rumbering of specimen 5-E-2-3 indicates!

Wunbar of alfes 7., o i N8

SUD ETOUD vevseneonienrassse B (face grain 'is 60° to 1oad axis)
WIAtH, THehes . .0 . v 00 5 °F e
Panel number ............... '3 in sub group B!

No distinction was made for vencer thickness. Hence one panel made
of 1/16-inch veneer and another of 1/32-inch veneer bore the above number.

The heights of the specimens (dimensions parallel to load axis) were
such that the height-thickness ratio was between 7 to 1 and 6 to 1. _Ex005~
sively short specimens were avoided in five-ply 1/32~inch venecer pieces by
gluing two panels together formingpanels with the grain of the two central
plies parallel,
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Only a part of each panel was cut into compression specimens. The"
remainder of the panel was retained to furnish matched tension and shear -
specimens. ~ ; ! !

Method of Testing

A1l specimens in the preliminary and major programs were tested in a
manner similar to the standard Laboratory method using a hydraulic testing
machine, ; : s

According to the standard methods for compression tests in solid
wood (U, S. Department of Agriculture Technical Bulletin 479), the rate of:
compressive strain is 0,003 inch per inch per minute., In testing plywood
specimens in compression at an angle to the face grain direction, it was
necessary to deviate slightly from the standard rate in order to obtain a
sufficient number of readings below the proportional limit. .

On the three-, five-, and seven-ply specimens made of 1/16-inch ‘ner
veneer, strains were applied at the rates of 0,007, 0.004,and 0,002 inch /inch
per minute, respectively. For the five-, seven~, and nin-ply svecimens made
of 1/32-inch veneer, strains were applied at the rates of 0,006, 0,004, and
0.003 inch per inch per minute, respectively. " 4 :

A Martens Mirror compressometer with a 1-inch gage length was attached
to the specimen to measure its deformation., Figure 1 illustrates a svecimen
under test with the compressometer attached, :

The testing procedure was as follows: TImmediately prior to test, the
compressometer was attached to the speecimen and centered horizontally and
vertically. The specimen was then placed in the machine and centered under
the loading head, Rate of strain in inches per inch per minute and incre-
ments of load to be used were determined prior to test. An initial load,
equal to one-half of the load increment to be used was applied to the speci-
men, and initial load and deformation readings teken., DToad was then applied
at ‘a constant rate of deformation until maximum load was reached, Deforma-
tions were recorded for each increment of load, from the initial to the
maximum, : :

Tables and Charts

Table 1 presents the summarized results of the preliminary series of
compression tests on yellow-bireh and yellewpoplar plywood at 45° to face
grain,

In this table, columns 1 and 7 show the number of specimens tested
in the various width claasifieations, The various widths are shown'in
columns 2 and 8. The values of ultimate compressive stress and ultimate
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compressive load in columns 4, 5, 10, and 11 are the average values for the

tests in each width classification. The maximum deviations of individual

gpecimens from the average maximum crushing strength are shown in columns
and 12.

Values of moisture content for each group of tests, columns 3 and 9,
are the average values of all the specimens within that particular grouv.
The moisture content is expressed as a percentage of the weight of the oven-
dry plywood. '

Tables 2 to 7, inelusive, present the results obtained from iandividual
tests of the major series. In these tables, columns 1, 7, ard 13 identify
individual specimens, TFiber stress at proportional limit, meximum crushing
strength, and modulus of elasticity are shown in columns 2, 3, U4; %, 9, 10;
and 14, 15, 16 respectively. :

Moisture content, columns 5, 11, and 17, is expressed as a percentace
of the oven-dry weight of the plywood.

Specific gravities, columns 6, 12, and 18, are based on volume of the
Plywood at the time of test.

Average values of fiber stress at proportional limit, maximum crush-
ing strength, and modulus of elasticity are shown in columns 19, 20, and 21,
respectively. These values, based on test data, were computed by the method
of least squares.

Column 22 presents values for rate of strain inm inches per inch »er
minute used in testing.

Pigures 2 and 3 present curves from data obtained in the vreliminary
series of compression tests on yellow birch and yellowpoplar plywood, made
up of three-, five-, and seven-vly veneer, 1/8 inch thick. The curves show
the relation of width of specimen to ultimate load, The values for plotted
curves are from table 1.

Figures 4 and 5 contain graphs that illustrate how the variation of
the angle between face grain and the applied stress affects the mechanical
properties under discussion,

Average values for plotting the curves in figures 4 and 5 are found
in eolumns 14, 15, 16, 19, 20, and 2}, . 'tebles 2 %0 7 inclusive,

Analysis of Results

From figures 2 and 3 it is evident that the ultimate load is not
direetly proportional to the specimen width. A straight line relationshin
dees exist, however, for widths greater than 2 inches, ZEvidently the
material near the sides of the specimen carries less than an average stress,
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If wide panels are used in desigm, the slopes of the straight portions of
these curves give the ultimate compressive 1oads per inch of width with
sufficient accuracy.

The straight lines of figures 2 and 3 were drawn to best fit the
points plotted for each thickness of plywood, The slopes of these lines
represent the ultimate loads per inch of width for the various nlywood thick-
nesses.,

The selection of the various widths of specimens to be tested in the
major series of tests was based on the results of the preliminary series,
As evidenced by the results of the preliminary series, a straight line rela-
tionship between load and width ocecurs for any width of nanel greater than
2. inches, provided that buckling does not occur. Since the designer is most
concerned with plywood in relatively wide panels, it becomes necessary to
determine the strength-width ratio for the plywood of given type and thick-
ness, This determination was made for each type of plywood tested in the
major program by applying the method of least squares to the individual test
values,

In the preliminary series of tests, consideration was given only to
maximum stresses, and straight line determinations made for those stresses,
In addition to maximum stresses in the major series, however, moduli of
elasticity and stress at proportional limit were also considered, and the
slopes were similarly determined by the method of least squares, It seems
reasonable to assume that the slopes for all three mechanical properties can
be computed on the same basis.

It is evident from figures 4 and 5 that the average stress values,
as computed by the method of least squares, agree reasonably well with those
obtained from specimens 6 inches wide, An approximate straight line rela-
tionship exists between the maximum erushing strength and the inclination
of the face grain, but such relationship does not hold for the other
properties.

Conclusions

The erushing strengths of wide plywood panels of the tyves tested,
not subject to buckling, may be estimated from the average maximum crushing
strength values given in column 20 of tables 2 through 7 in connection with
the values of moisture content at test as given in the same tables,

Tentatively, for plywood made of equal thicknesses of plies of other
species it appears reasonably safe to assume that the maximum erushing
strength varies linearly from a minimum when the face grain is inclined 90°
from the applied stress to a maximum when the face grain is parallel to the
applied stress

Mimeo, No. 1328-A -5~



4 2¥66v N Z
*988I0av WOIJ (jJuduysnfpe 9INISTOW 3II0Jeq ) 9nTeA TenpyATpPUT JO uogIeTASd_
F
*89IN3ONIIE 3JBIDIFY POOA JO udyseq
oy}l uo (2Y6T) A0OQPUEH ORV 2~ 91qe3? UF UPAFA se pooa Jo y3dueljs BUTUSTIO UMWIXEW 10 810398 oy3 Susn JuejU0D SImysTow JuedIad g 03 pIysnfpe sINTeA_
ti 5
] A [ ] s ] (] s ] [] s s,
8°c s 008‘LT 122 s 0°s ¢ 8 s » s 8°e s 050°0¢ s 00L°Y s 6°9 s 8 s »
3 ] (1 ] ] s ] t ] s ]
\ B s 08221 ¢ osve s 8°9 s 9 s < e et s 05602 s 082y s 0°L s 9 s ]
] t ] [l ] 3 (] ] ] s ]
6°g : 08L°L t occe s g°L ¢ » s [ 4 Tt s oLo‘yT ¢ oze‘y s 6°. 8 14 s S
] ] | s ] ] (1 ] ] ] s
1°9 1 o8y ‘e ' 080°2 ' [ 2 s v ' 6°2 s 018’9 4 o2’y 4 e's ¢ 2 3 v
[} ] t ] ] ] ] ] [ s s
v°e s 008‘T s -2 &1 ' v°'s s A ¢ s 1 4 s [ 3 ¢ s ors‘s s 021y s L8 3 T s 1 4
s ] 3 [ ] : ] s ] [ 3 3
' eeouy ¥ 3 Tou s s ¥ ¥
t ] s ] ] s s ] (] L] s
t ] ] ] [ ] s s s s s
g°2 s 009‘ct ¢ 0$8°2 ‘s 2°g ¢ 8 s [ L [ s oog‘oz ¢ oss‘y ] 8°s ¢ 8 s g
s ] ] s s s s s ] s [}
1’s s 08L°6 s otwL‘e ' | A2 s 9 s < s | A4 s 096°r1 s 082°‘y s 9°L s 9 s 9
[ ] L] s L] . s s 3 ] s s
y°ot s 09g‘9 3 099°2 s oL ¢ 14 s v s et s o0oo‘ot ¢ 008’y s €8 s 14 4 <
] t s ] s ] s s s ; ] ]
e°et t (134 4 s o'z s 1'g ¢ < s ] ] 2°e s 0s3°L s oLty s e°g ¢ < 4 9
s ] (] s ] s s s (] ] s
8°6 s 0542 ] 00¢ 2 s oG 3 (4 4 ] s 0°e s 089 °‘y s ovo'y t e s e s S
] s - s = 1 s - s s s [ L] s
0°1X s 060°T s 028‘t s e 8 1 s < s 8°91 s 068°T s 092°s s 6’8 ¢ 1 ¢ s (]
L] [} t 3 3 s s s 1 1 3
' Soyouy ¢ IuSyey [eu ' s
] ] ] ] ] t s ] ] s s
] t (] s t [} s ] | s ]
ey 4 009°8 s 0L6°2 s 6°8 s 8 s 9 s 6°¢S s 0902t 3 otc‘y s 8°L s 8 s 9
] t 1 . s . [ ] s [ s s s
9°8 13 06L%9 s 00T‘s s v s 9 s 9 s 9°Y s ov6°6 s oLy s L' 8 9 s 9
L] ] ] ¢ s ] s ] s s ]
9°S 3 020°s ' ouL'e s 9°L ¢ S s 9 s Ihd ] s o9tT‘L s 080°‘¥ Lt o G S ' L
L] ] s [ ] s s (] (] s s
(2 46 s 0ge‘s s 099°‘e X Lo s v s 9 s 6°S s 099°C s 0S0‘y 4 6L ¢ 4 s L
] ] [} s (] ] L] ] [ s s
At ] 4 ogLe 3 09g‘2 s 9°8 s < 4 L s €L s ozg‘c s oL9‘s s 2°L s 4 s L
] t t L] ] ] ] ] g s ]
v°s s o9t s 093°2 R 6°8 s 2 b L ! 0°6 s ogL2 s ovo‘y 3 9°8 s 2 4 L
] ] ] s s s s s ] ] H
6°8 s S6L $ 0612 s e : s L s 6°S s 09€°T ' 0z6°‘s s g°s ¢ 4 s L
t ] s t t s s t [ ] [
t 4 SOGOUT ¢ IUTTOq (VU Twou--Ald -
t t s ] t ] s ] s ] t
t s Uy ‘b ] ] H ] t Ty °bs H s s
juedIed ] a1 ¢ JI9d °q1r ¢ 3Jueddeq ¢ uI 8 [ EVELFEF ] 1 s J5d *q1 s 3Jueddeg ¢ k5 4 s
||n|'0ovv|'|nn||l-nt|o||l||||un-lnconnn.uucov..--.i-c:nou-aacnvtv|v'n—aclvnottcln-lco||tv|nol|||0l-locnlnnnvlov|nctlllncullnttuvvnu»cvv'v- foee
(21) s (tr) s (o1) s (6) (s) s (L) ¢ (9) 4 (s) ' (v) s {s) s (2) s (1)
cececesccsccasccfeccccacaccsnscloscsenenrerealecescscccclocccccssanafocnncncnccacfocccicacccccacccfoncnaae s s $ecccernessclocccncceas
ZFe8aIys t t : t s ] ] 89138 L] ] (] ] s
aatssaadmod [} I 3 s ] s  salssaxdwod ] ] s 3 ]
938w TN s =peo| s $8sai3s t 3833 38 8 ] 2 ] (281 28¢-1 s PO t  =ssaljs t 3893 3% 3 s
usew oy3 ] o»«maoun.aoo s sayesaadwod ¢ 3uUa3U0D ¢ s peysey ¢ ueaw ay3 s oatssaxdwod & safssoadmod ¢ 3Jusjuod ¢ : s paysey
WOIF UCFIRIASP 3 ©3BWIITN 3 9IBWIITN ¢ SInysjom : suswyoeds 1 suswioeds $ WOIJ UOFIBTASP 3 SJEBWIIIN 3 - SIPWIIIN ! 8INSTOW ¢ suewydeds ¢ suswyoads
UNMWIXEN 1) 83exsay ] sf3vIoAy ¢ 23BI2AY $ JO UIPIA ¢ JO Jequmy ¢ UMWIXeR ] sdvIaay t adeIaay ¢ 9fevasay ¢ JO UIPTA ¢ JO Jaqumy
cececesccccacann R e - B L L T e L R L L L L e e - P e

Jeydodmo1ox s YdI1q moyIex

Td U0 83893 UOT6891dWOD JO B3 (NBa~-="T 9Tqel




d gvSev 12

+89480bs 13WAT JO YOUIIW £Q PPIAdEOO SURIOS SIUT LT SOFEISAY.

Z
585398 PITTAdR puw UES? 90U USAIBQ STBUN BU3 BT O
3
' oy s
Py 1eeodureav 11 4ghe  f 46 F g9 ¥ 0691 t*-sdvasay
g8 s we ’ 0591 LB
- ey ' SZu ' vee T (R
»'6 L 886 1 CLop SN .m
6 b4 99 t ozz'z t q-g-0-¢
'
zr2't 1 e9Bursay 1t 2'6 $ec9Buisay 1t poyc 8°6 985 LI CAC ots‘t 8- aBezeay
1
‘ t - ' a3 8 ovzz 1oy ogy tooey'z ot o16°T v .y
H wmom.ﬂ : m tH 9% : w.n : "wm ¢ wnau.w ' ' < 096 1 osrz 8 orelt 5
' 002'T 4 2 el S T 103z ot 1.2 R ohR L L S Toosr'z v 02e't ' 2
' OORT | 1\ T-9-g~pits: gghe v XUE 4000 t ootz ¢ UG & o B L T L e 209tz ot 04T 1 T-2-g-S
1 1 B
s = 1 SL =8
LT i L8 : o
I it
- Jescuecmccutecanarcrcmarnat - ts , : %
e OEE'T  rreaeaaay 11 bgyt g6 T 66T 1003 8 2yt 1ceduaeav 11 gyt f LR §oogests 8 1+ sdeasay
+ -t :
e TR 068l 1 ¥ e e R 73 toooutz 1 030'z 3 ¥ et 8 ' g6 ' oy
t 8% s oars 0804t L R et 26 958 $ osefE ¥ 084! T T LT ' 9ee ' £
VG i e csg't sz R TR ey 15¢ roovels s 330 S R 1oT08 ' 'z
L s SR ] O8Y'T 4 T-9-N-C H5 9gF" 1 $%6 95¢ 1 oogo's ¢ ORSAC S LT MMl 4T C Gays oo ' TR 2
1
I X} s
LE3 L s i
1 s
-t sesecocsects ' s
L A A + ges‘'z 1 SIe‘L teeodeaeay 31 Gopt ¢ 9°6 1 g0g 1 gze‘z ¢ or9‘t 1eceBuiaay tt ggp* ot 6 w2 T oge9tz ¢ 8981 1+ *sdviaay
' '
4 e ¥ * . of3'e . v 0961 R e S 1 oost's OFp* (8 gl 60 a8 t o098z 1 oSt 1oy
s S 4 T ovetz 1 ozs't CNERy o e ) + 008z vt t. g%6 1. W3 1oontz ot oy e g
bR 1 LR L oSyt b 908 aeE + 0@6'c ogye s o'ot ¢ 1%z t 029z ¢ 00¥'T bk
LR S S 2 t 0u3 ¢ 088°T L 1 oove P A A S R 114 'o0esls o 00T‘T & T-z-g-¢
s oSt = 8 wF =8
e 1oty R L t  geg'e ¢ 016°1 b4 1696 1t S18‘T $ee0BeIBAY 18 pO¥c . f g6 968 de L, e 067 ‘T t
' ' '
TP 8 ey 1 54 L uvelt 1244 10058t 066°1 rLy s 8 o L R ) 098t e
oW Ly Lgsy e < LA e 0881 22y T oovslc 0 o1zt e R T oogo2's ¢ [ S
L SR ) v zsy 1 .-039% ogstt oLy voogeee ¥ 086°1 ' 2 .y 6 s &8 M L i) 6sS4T L]
o A A L 1ooouse ¢ oY 8s¥ t oovse ¢ o086t b B AT 8’6 3 Ll B oRe -y 0091 LI S 2
P ] e g =8
1
t
¥00°  * 019 iozeety ot BETUG - Lk gye T ilgeg 0 8oy togesty ¢ 9r0's 908 iozeL'y 0 292'c  sccederaay 11 gyt @5t avy ' 8894°c  1°adeiasy
209 8o 0% v enl t oer'y ¢ osg s oLl +oouty ot 0s0‘c ¢ ¥ ot 1 SRR T s ozg'z 1 ¥
Bgpt 1 06 1 068 +oogsly o oat'c st too9sty ¢ oz 1§ s¥c t @6 3 028 ' S ol TR P
a6 8 g'@ b 698 to0s9ty ovets : 9.8 100Kl v 0z6's v 2 erst 1 0T ¢ o099 ' ovg'z ¢ 2
UG s toooaL'y 8 0002 sGpeesin o9 toon'y ¢ R S Lk L R e ' 028z + T-ze-¢
e e |
AR I R oo SR o ] TE2'T 1 992G 1 cep'y  1eceduasay KT LGyt 3. 46 5 gOP'T  t  g3T‘s ¢ sse'e
-
BV ngE . E Y e Ry e 956 bty v R i i o R T SR R 00T'e
I 5 68 et ¢ 099'G 9 zaelt toet's € b4 ¢ oG i it 1 o2v's s 098's
L R ] 1 TTReL 1 --002%9 4 & 9184 T ' 029%s ' 2 AR 96 ¢t T R o O o1ty
oo s ¥s *oes0’t ioo09t's ¢ PeuTmIIp 08 el 10898 0 ozu‘y ZURMRECI O L IBI0L Kt WS 00 ddRaY R OIONG ¢ &z
: A
” wTE w -
e 1 "
" SPYAegeuT § SusETSRes " SPW segeaT ¥ swewioRds "
" " i
e " 1" "
T ' ' " ' + @ ' . ' " ' ' . . . i 1 ' '
e Tk b wrw L wrwm H i i e 4 ' VR lwym  wrw | “ ' R R T
IFT7UT s+ TqT000°T ' I®T a1 ¢ T QT .“ » JG048d ¢+ QAT 000" ¢ IBA °q% ELL NS S s + Gs5163 1+ TqT 000'T ¢ I8T TR ¢ k17 e S 1 1 3GSBI5T ¢+ 7T 600TT : IBT TR ¢ 1 o S
(22) ¢ (12) 1 (02) 1 (s1) v NS (s1) HREL L) ($43] Ry e At L ] SRR (o1) * te} ¢ (8) ' (&Y. 3% (9) ¢ {8) s (4] t (s) H (2) £ AR
® . . SIIEIT e s 1 3 . 1 1" ) i ’ * . " 1 * T 1 3 s
t ghatoneete ¢ zwaduasis + reforiiodosd it ' ' T t gy ' 0 N ' ' 1 aqary ' 1 't . ' v apE ¥
' 30 + %3upyenso ¢ 3w s i 1 Laroricvre t yiduexas ¢ euvydaodoxd " e 1 £319T38918 1 GFusls 4 Twuoprcodoad # t1 [ : t gadusiys 1 reuoyyaodod ¢
UBIE 1 WNINPOE I WNWIXEW 1 S8AI3E J9QT; St K13awd 1 quequod 1t 30 1 Suyqenso s e t Jeqanu 11 £3pAwa? & 3us3m0d 1 30+ Buygenss s Iw 1 Jeqwnu 1t A3yawad 1 Juequod 1 30 1 Bupgents s 3w 1 2equms
30 S 4 ewieay 1 edwieav §  Sdwisay  1i O1j7seds | SIMETOR ! SNINPOX § WNEIXU 1 980238 Seqpf ) UemPaedS It OFJTOS § AIMISTON | ENTRPOA § UMGFXWN 1 €53138 J0QRL 1 USWFORdS 13 37100dS 4 OImaeFOR 1  SnIRPOX |  mempeen + esedss 29q74 + uemzsads
s i . ' ¢ ' t i 1 s ' : s 1 : 3 s ' s
% TIER5UT /21 eun 39 3WATeY Teunou 1138GeA WSBT-91/1 JO AN epwa asa pooAXTd) §ooRATY T8T TTeK XTd-353q3 U0 #3833 30 e3TNEPE--*2 a1q0g




4 $966% W2

39nbe 39931 Jo PoyIom £q peyndwod sumnod 2w3uy Uy SeFEIIAY_
Z
es3138 porrdde puw uyead 909y udemiaq 9lduv 9wy e o_

——tee - '
1SCRORIOAY AL . OgFF T WIOW T TOTeRL Lt 0ge0E: e 998t teeedessay tt gy 8

0649 T 009'z 1t
-, YA v

T 0612

GBI R R ¢ 0zeiz: ¢ 98L° 1T iy B |
FEUCOpS o fWOT AUEC S0PYED- e Qg o L e '
o SRR B o A T 09’z - 11 2 1 .
ek SN LA L SRR D e e 986°T 1 T-DG tt Zmy
" "
i 06 =8 1
te 0
n '
ceesaeeeentie ' ' ' -
o . ‘T TSERANIGAV 41 - GpYE F - GA0T 0RO 1 916 T $ecoBudeay 1t gppt 1 0°0T ¢  0°68§ B DA 61L°T 12 reduioay
-t -- $emeen '
t orez ¢ T T YRRt 0Tt 0%uey ' sst't ¢ oSy 66 8 0¥t oz ¢ ossit 1
t o oove'z ¢ GERSL AR 9Sh* tZ'OT ot 0e¥S ' s OL¥: T 00T ¢ 0'2S 1 ovE'E ¢ et ¢
to0e8lz ¢ geT't  t 2 ovp*  t G'0T t  0°06V ' z08't ¢t 299 . OROL - NGRBOH R Gepee ¥ 68LiT 8
1oocg'z 1 SUFT L Tty oghye - & LGhe . oeeed ' 88t ¢ 99P° .t 00T * 026 T 09T ¢ st ¢
I
] 1 ]
1
I
' t ' ' h
o £ 1 Hes‘s. vt 1eroBelaay t1 gyt 1 6°6 € 0698 *oosee oret <raBuisay 1r  gpyc  t 9°6 1 2'682 ¢ om'z ¢ 9se° T ¢ aduioay
' -t ' 0 eeemeseaes -t -t '
R BN SCHORY GRS | 9c5¢T iy LS B 1 00Ty 1. ocelz ¢ 02e4T L g Ltk v 8°6 ' 2°T0¢ 1 owz ¢ 2erit Lol 4
- t zcocy t o 0s6'z ¢ SeV'T ] LI LA R ¥ TI9%TSE toowiz ot 90¥* T L 4 Lt | 8 TN e toow'z ¢ 0oyt L
et A 8 zeeee tooo09lz ¢ 81T L3 LA | o R N SR R ' oouele . v 90v‘tL L bt A 0%0L e 5 0@9‘e v 22T A )
LR R SRR QEP' T 08 UROSEROTANL T ol e - egvoE v s v oleda s 94T | A Tswegec BT Oyt v Q0N 7 Z00R.  WUOGRE # 6Tt T-zE~g
1 "
500 = 8 1" 509 = 6 1 P ]
" ]
s 1
: ' ' 1 + '
, ' oozeUe ot SEOAY 1 PILTIPE Y B 1 YRR e Tolds Y 66C‘Y  te-admaaAv fr  oppt 1 20Tt ' SUSET.. . SscaBeloay 11 . g¥Y* 1 g% -t §UNE ¢ 00T .t 216 “eBwioay
-1 femmmeeaceny e ' '
b b, s it ) SRSECRRE o 77 B e 986 ty o GR TE RS T * sIelt oty il Lo LA SRS, BRRLELT T S 006 'y
U ot e U RS i M S MR AT R N : o9TeT [ ¢.ug SEC0Rp T GTOL 1 e b DRLtE vve 8
B¥R- e UgAOL 1 gesuS 1 ogez . 8 sIs!'T  t g Ze{ashT % gegr U ' 09rit oz TE 069 b heOT % W@z B - puetE 1 2Lt 'z
o S R R R SR o o o LR T t QeSS LT E Y i gayr W o SR oW opYe Y ££0°T ¢ T-z-0-¢
i tr
] i 1 ]
1 i
5y i
24 ' ' ' -
i AT el LS e SR ) LT 1+ 3duaaay 0°0T ¢ . 6°v8C toove's ¢ 8ue‘ T < redudaay 11 = 9°¢ t . Z'6IC & gpgig o w et
' cement '
A e o e VR o ORER. b oLt S 10T §  G'2W L gogts. « 86g¢ T i, 2 owmye 0'6 f  2°65T ¥.o8els e 6£2°T
SYQRTT £ GROWLIV. . TRARRE 10003 ¢ ¥5941 B o*or ¢ 6%60F L or‘t e oA} $'8 v 6682 v 066z s 68T
oL bR o T N o LR f e 2Lt vz g*or *  6'geeC ¢ o0zule ¢ 080°T e b A N t oog2'c ¢ 26¥ T
agy e SNOT el aedee | TR voketE 'y 098°T ¢ T-9-0-G 098-S 080 -8 06T0 9T F T-v-D-g L9 ¢ 0°6 t 1962 5 0we'cs 962°T
0t = 8 P P )
' [ ETS . : + seenes i
26yt 00T !t 0°asG t  02B‘c ¥ST'2 SOFBIOAY 1S gyt f 6%® | 8. 09086 Y. .009%€ ¢ 090°Z . 3:°oFwIsAV 85 GBS . 1 . 9% b O°W9 . & Ove's ¢ 2v6'T  1°cafuseay
£%e ' s
oSPe  *  0°0T .t  0°US -t  099C v68‘1 v FUE o g 00D O CORT 1 ¥ 5 gype R oo w DR E. GEESS: E oSt "y
PO T SORAE O TR 006*1 € 2 e e (R 1 SR A T ogg'z  t ¢ $5. wdee 0T gipw . DR UK angeiet e 92u't 1 ¢
ORF Lins WAk - OeedG 6 . OB 06242 z eI o S s R R LT 86L'T 1 2 £5Zoye 1 g6 ¢ 0°989 f OWO'Y & oz 1 2
L, R R P0°P0L LR (e 4 0gs ‘e 1-9-6=¢ I SR o N OV ) B oele Y 02z LR T o R e 5. . e7ode LB 691 ¢ 1-z-E-§
5
ST=o KT 8 L GT=8
mn
i
5 = ' '
L R L 06Ty ¢ 096°2 Sh¥:. DB gER L A%000°T 7. 00y, & 009‘z  1°-edwioay i1 £ 1'6 8 0°620°T t O£y * 0u9'z  s*+eduisay
t - e a1 - '
| et e T G 0zT'y 1 008‘2 P9P 1 96 1 0°6HO‘T t 00C‘V ovg'z 1 i 17020 Vo 0ves . opete s 069‘z 1
o TR AR B S 0sg'y ¢ 02y e L 8°6 1 0'860°T t 099‘y osviz vl e ] ¥°0T ¢ . 0°9H0°T v osCy ¢ 00L42 ot
$¥y: 1 zeol s ogey 1 088 ‘¢ SEv R Rl s S 0ee. i S iangt. o ¢ ovL'z 1z i L R L P o6Gz ¢
SORl ¢ geore 8 000y ¢ osu‘z 80Y°0 *  6°6 * 0%806 f OVO‘P ¢ 082t T-p-veg 1t 9% 1 0°TS0T t 09T'Y 0869‘z ¢
" :
e b g " e
1
I
2 Sp7A sagouT 9 suIWTO5IS SPTA SayduT v suswroeds 1t
o
. 1 T
sjnutE T Uy °58 1 : t T 1 ) i N ] 1 1 1 T 1. “HENNN 3 . ]
WUy s Ed : TATTRE ¢+ TELTEE ' ' ' o e S - TR s TETE O+ It ' B I+ TUTEE o+ SOy TR 4
AT+ TAT 60 + TBACqr 1 TRl 1 395535 1t B BRI : GBI+ AT 0007T ¢ P o S 1 § 359575% t AT 000TT ¢ TE QL+ IeA QA s
i e
(22) 1 (12) t  (02) ' (61) R ' (r1) ' (G40 e 1 | {o1) * t (8) 1 (¢) s R ) <8 e PR . (@) b4
' t ' - -
' s + syympy : ' s : 1 1 3 ; ' : s ' ' . ' *
4 1 5A1797128%19 1 =y3Busass 1 Twudrziodoxd ' ' 1 s, Ay 1 ' ' 1 PR 134 ' s ' 3 € ' eIt '
7 + furqsnas ¢ £ 11 ' 1 £17197388T8 t waBusIls + reuojzodoad t ' 1 £3797388 19 1 YIBusIIs 1 Twuoy3Iodod 1 e 1 t £179118%1 ¢ wadusays & (wuofirodoad ¢
UTBIIE  §  RNINPOT  t WmEIXWW ¢ 899I8 I9QFy T! A3 TawId 1 quaju0d 1 30t 3utuenao t 1 + zequnu  tr A37amad 1 JUIIUOD ¢ Jo .t Bupyenao 1 3%’ 1 zoqumu 1t Kqvawad 1 quaquod t 30 ¢ Bupgenad ¢ 1e + zeyamu
3o @jey 1 adwaaay  t eBwyeay 1t eFmiaay  ff 013[oads ! AIXISTOR ! ENNPOR f WAWIXEX ! $69J98 Jqf4 ! uSmpoadg 17 07J}0oadS f SIMISFON ! SNINPON ! UMmIXUN : 989138 J9QI ! USWrosds i OF3Fo9ds § SANIGTON t  SMIAPOX ¢  wmmpxmy 1 evexie geqiy ¢ uowyoads
' ' 1 st ' : : : ' it : : : ' ' 1 : : ]
TT83UTTY §/L-1 594 suswyoads O 3UATPY (PUTWOU TIS9USA UOUT-91/1 JO Spuw SPM pOOMATA) POOAATA TE1d0dMOT(3X ATA-3ATJ GO 57857 GOT8557dW05 JO SITRESH---¢ orael




d GPS6V N7Z

+9910n38 39¥01 Jo pORISW £q POINAWOD GUEN[OO SESY WF SETVINAY,

i 3
038 porrdde puw uysad eowy ussajeq STAUS ewy 8T O_
I
' - Seentt - r
T 1 L6 % 0'w¥E  t 0BE‘Z ¢ PSLT  1eceBeaeaV S1 gTyt . G°6 1 0969 T ooze'z ¢ 906°T  1°ceFwIoAV 1 63y f ¥'E T OTVL t oe'z t 926°T  1°*efeeay
Rk % 4 .. .
D e 3 OSIE0NT - i PP et ity WooZwe . TG b 0N t 096z 1 ot0'z ¢ ¥ e k0% . 5 DR T ozels 3 opelt  t ¥
Mmu. s M.n ' “.mmu S wn“& : wco.« il s oy 8 6t 0°20L T o099‘2 ¢ 096°T Ly o R b ¥6 1 095 Pooos0ie 8 008°1 1€
d6e7 1 @ 1 0290 o 10984 i A e 1190yt 1 26t 0°9Y9 1o096'z ¢ stz TEo96ST .+ POL 07269 t o oosfe ¢ 't v 3
EYIREREERS 92¥* 1 T0T t 0°LTZ'T 5 008°F & 9241t T-9D-L ft  Lgyt t  9°0T 1 0°989 1 oso's 1 e b et SRR BRI o t otz ¢ £68°T 1 1-3D-u
"
= 1 TR
] 1 06 = 8 “ e
" o
¥ s
8c¥* + 9'6 1 0°909 ! 096‘C * 99941 teeeBeasay 5 6gyt 1 0°6 1 0°808 T o086zt £48°1 et H ;. SHORANIR. 5. o 1. . s ome s 49T
—eeeent ' .
e 0T 8 0’06 £ 0L0's 2z t oy 1 S 0°6 v 0°PIS t 0gols ¢t 6691 4.9 TR 1 R & osRrs ¥ 96471
44 O L 1 R LITAT R 19yt ¢ 16 ¢ 07308 +oosue ot t ¢ 1037 1 T'6 1 0TaSy ¢ oonziz ot 068* €
egy* ¢ 66 1 0°G09 1 0L0‘s ! ¥t o+ 2 w1 16 1 0°918 £.088'g 1ot Teeis 1ooTr 1 g6 3 0°828 v oosuiz ot ST T
0Zy: v 96 v 0¢op ¢ ove'z ¢ 08T 8 TepeL-i 0P GO b g% 1 0°T08 t oovg'z t SOV [T Teynmss (6L gBYT V. RT8 406y soosez 8 (172
11 3
5 .
] 1 b ] i b 7
g I3 T
P 3]
'
O iU, 4 1 g°ges t 088 8 29et t=-3Pezeay 1t peyt 2 0°6 . 1 L°T0C 3. 099'z ¢ 0s2°T 1 eBmieay t: T2yt ¢ 9'6 T 9°CLZ + oer'z 1 296 1+ ~eBuaoay
z . - . - . . t
e A T L S e U e AR 815t w2y 1 gg b opezos 1oosslz ot ot + T v ye T e 9ol 1oz ¢ $80°T ’
Shve 4 G 1 el 1 oso'e otr‘t aey: + g8t 9°962 1ootglz ¢ W't ve 1ogmt t G8 + 0283 1ooesiz ¢ oMo't 1 ¢
3G b 9ce  1ogezec 8 050%e 8 2081 2¢vT 1 0'6 t $°'882 T oov6'z t ¥ it t 2z tooggys 1 66t 0693 t 0@zt s vz
ovFT % g6 v 09T T 0u6'F t 0g2t e SR t 036t b o A S N ' 089z ¢ ¥58 L oY
oo =6 o0 = 8 bt =B
N
al '
R i i o L b geoBeIaay €1 OCY*  f  9°8 ' 9°088 : 028'z ¢ i SIS0 . A SO RS 5, SR 0, 1 toosyz v 2se i
QYT e g s £y 5 yyc o' ! 0°gER 1 o068zt avo‘t oty LT - SR S B o+ ootz 8 [
e8e: 1 4% b Eoe s1Z0 1 36 1 gleRs + 00s'z ¢ st6 L THO068T t 9°6 3 V9T 10wz ¢ o
9y 1 ce veges 1 19 DG ot i R Y s 000'c ¢ WUt 2 TGN € 46 1 SteY ootz 8 0561 i
e 1] Pogtu ' CER S b COMLI S T s o'z SLO°T - 1 T-pG-L 38 93 1 g6 b 9WW v ooge'z ! 268
@ s 8 ere i s
11 s
v =8 1 Sy =86 m” oor =8 g
I
" 1
i
LB L S g ) AR e §22'T  ccePeaeav i1 Zoyt & 'y 4 ZTDE t ozt's 1t o T i b S SRR R T 0se's  * osT'T
'
8Ty 5 00Tt gL ! ovTiE 4 os0't 7 ¥ gzt 1 g'g f 6CIE 1 ool ¢ vuet oy 1502yt 16t 9teEz t o9e‘z ¢ §98°T
€3 1 98t 0°068 ' 080's ! C S SR £ ggyr 1 0%6 1 T'eNc sioerie Ch o S ] B3 ORYe v TR 1 9UeLB T oovo‘s 8 we't
SEPe. a1 0te. e igNNg Sl onEaYe . A e L Sl S L B £ osl's ¢ €.0'T  + 2 t1 @Zyc 1 0°6 5 GUROS ootz v 92T'T
93¥° T P61 gesy v opzie ¢ TIE'T  F T-a-i 1Y gEFT 8 peg b ¥tese t ogo's ¢ 8LZ'T % T¥-D-4 1t @M & 6'8 1 §°908 + 020 ¢ 006
I .
o0t = 8 ! " 0% = & X8
s
s
R I, 7 T 9'ese 1 oze'e * ETTAS § 1e-oFuIoay 18 gppc ¢ 98 1 0°Se9 ' 0se‘s ¢ 1£0°2 "we s 8"t 0°Se9 ¢ oreis ¢ s’z 1°edwaony 3
'
999 1 0%t 0'%¥E T 00U'P !t ez vy 15 0ppt 1 0°6 t 0°699 * 990 ' 2912 oyt g s 0%929 i ooerlc 1 [ L350 B
oy b 06 1. 0°026 ¢ Ogg'c ! w2't ¢ 1Togpy  f . G'g 1 0999 e | I 56t Wy 6t 019 1o0f0'e 8 989't 1 ¢
o8 ¢ 6 0°39L b 089'E ¢ 't s 2 ooCy t y'g + 0%0W ¢ oppie 8 840°2 ovet : 6@ 1 0829 T oosels ¢ 062‘z v 3
099" ¢ g6 1 0°2@ t 00Ty 1 0L3'7 1 T-p-g-L BT ga¥* 1 '@ % 0°63L * ous't t $88°1 MWyt e v 039 s o0ss'e ¢ 008‘2 ' T-z-G-4
- " -
] 13 St ed R/
i
1 e
'
wr s 8 0°AL0‘T 5 032‘y ¢ oru‘z 1ereduaoay 18 ooyt 1 9°8 ! 0'TEO‘T 1 out'y ¢ 0ue'z whe 8 T8 % 000°s iy
2 o gl $0%022't t osule 1 owzz L 4 ) | 0°6 t 0°266 1 ossls ¢ 088’2 2 ¢ i, 080's s
" L $ 0 0°8€0'T ¢ o9t'y octis £ % e dgupe 8 g8 ' 0°296 T opEly 8 0L042 0y ¢ oL Al 05z '
2 oy v to0%e  t ospty 8 g8z vz f1oZupc 1 T8 0°990°T t O9gly ¢ 093 qEY" T ey o t
S oury 8 1 0%t 06g‘y ¢ 094'Z  t 1-9-¥-L £F 9.0 ¢ £°6 ¢t 0°€R0‘T ¢ 002'Y ¢ 0612 690 9% o e
n
. i
i oy 1
s
s I
7] i 5378 seout » euewTods
] " :
z " s
L I . ' " ' B : . " v [y Y ' . ' '
] * THESE 4 THTER. ' : s TATTBE 4 b L " ' Ho TEp . s s
TR} : TATO0OTT ¢ WEQE ¢ TR et + 39e5Te7 ¢+ TAT 0007 1 Fed TR 1 Fedar o " + 7E5T8Y 1 TAT GOOTT ¢ BT ¢ 1 JaeREeE 1 .o S
'
(za) * (w@) v (02) * (e1) R o S ) ) R (o1) 1 (ox); . 4 (v1) e s BT (0 BRI ] (o1) : (6) ¢ t (L) st (9) ¢ (@) s ») . ' (@) ()
' '
; T 1 ZIveyT st * . 1] . 1] " . . * . L] " . L] . 1] ) B
¢ OAToTIeRTs ¢ ymBuexss ¢ rewSyizedosd 1 ' ' ' S s s ' ‘ T apmr " . ' ' S
' 30 Fuygenio ¢ ) : ' 1 £370738918 3 mBusaas 1 Temoyizodoad 1 " ' + fagorassts 1 mBuerie ¢ Twaoyjsodord ¢ " ' t £3107399718 1 mPusass ¢ wue3rodoad ¢
UTeAls ¢+ Wn[MpOM ¢ WRALXTW ¢ 9e23s JeqTI ft A3fawad 1 Jue3med 1 30 % Burgend ¢ I } zequnu it fyyamad 1 3ueqwod 1 30 1 Fuyyenas 3 3 todeawnu  er £3pawad © que3u09 3 30 & Supgenio ¢ ES) t 2equma
Joeawy ! oFwaeay i sFwisay ! eFeieav '3 O5370ad5 | OImEJOR ! ININPOR ! WNMTXUN ! sesaqw Ieqiq } WOmIeAS (1 973joeds : SAMETOR | SNITPOR 1 Wnapxex ¢+ €9e3s Seqjd | UeWjosds 11 OfjfoedG ¢ SANIEYOR i  ENTNPOR !  WMATIUX I SESA3E 18QEk | uswroedy
g r ' ' ' 0 ) ' 1 ¢ ' I ' s i s 1
TeeasuT §/57F ves 3 3Teq Teuymon 1395ask QOUT-91, T JO SVeT IEA DOGARTA] PeaRATX FeT (X 7T FCRITIE 75 SITRESE-—"y oTavd




s{ausd (04400 WGZ) SUIEFDIES $II0ULP dD_
v
863236 porrdde pue uiesd 20w} uIIMIIQ STAUE S ST O_
g
“caumnbe 19957 Jo PoyIaE Aq Payndwmod SUENTOO IEIUI UY SIATIIAY_
z
183y Supanp Furraeng $apnroasd YD PIEINIQ0 3q §{NOD OIIEI SSILASTUI-IWITOG ® snul POOMATd o saTseuxdTUY OM3 JO YW osva suswjoads el
1
3 s AR —eeet Eoy
8 1+ saRvIany 0SL'T  1ecsdwisav L e M N 1iotofz 08s* T *odeiaay
' ¥
ote'l ¢ ¥ gest ! vlOr t 9gL +owele t 099t 1 ¥
ogs‘ T € L MR . e i e Q02*Y b7
L b R T ) T s oaviz 1 gaecy s %
UL AR R SRE e e t o008zt 0£9°T  t T-2-0-§
006 = &
e
og8‘t a3easay R R L T 066'z t 0461 3°cedeaay
'
et w3 e YL o $ lobtdes s ok b R
st T o A L 9% 5 09T N, 0841 Ly
ozr'z et 0fe 1 Ny 5 oozg'z ® o't 12
0oLt ~¥-a-g L 68 1 00§ £ ove'z ¢ osp‘T LI S &)
KL =8
1 cegecscocena
LS s ' i 90TT  *  o0se'y * o0zL'z 1 r38vaaay
'
R ¥oogpt s 4eB b zeniv . v logsly f o8s'z T H
ta o | o s b R L8 B SN B 5 TR
ta A RO TR e BRI R 0ss'z 1@
tg-y-dD-C %t gOPT 1 0% t  €E0'T t o'y ¢ 009‘z  iFE-Z-d-¢
PoE )
W e (AT 8ee 5 eate ¢ 09¢*T 1+ cadeaaay
* LA e ] LA 60¢ LB L e 0621 [
A R R B 1oo0zrs ¢ o't ¢ ¢
o e e 1 086'C ¢t ogeit .t 2
LS A G o AR +oove'z ¢ 082‘t ¢ 1-2-3-§
st
I o]
i
.
-t 1 ' ' -t
s ogg  t ozv'e 8 02g'1  1'veduasay s1  gopr  t 96 f < 4 ioopg * 002* T S0¥* T 99 ' end 3 og2's 4 08T teradwasay
' - s
T o e 965 ! o9cle ¢ AR A ) N emge |t TS . 40088 toosg'e 1 ooyt t ¥ e L e e LA o't + ¥
L $0c ¢ oggls ¢ ogrtis g L odRNEER G L TR R ) toonte t 0go‘t t ¢ A R L0 8 orr‘t ¢ ¢
BN L o6g ‘s Sinsesebnn, o TR SR R T +oossle  t o088 'z e A RN 1 08mEY 8 0s3't ¢t 3
N 068 'c 32 SRE DR BFR0pY e R R vooss's oyt Iva-s oo¥: +  ge G +oosg'e 02Tt 1-z-g~g
P os¥ = o oS¥ =8
i :
¥o0r t  e2r't e SOTYe. (v a6 T e 0%e et oza'e ¢ ovz‘z  1-reBeisay L R e rooze's ¢ 0s§‘z  8-adereay gt SRR AT T g SR T 02T's  t=+eduisay
oghy; gt Zoz‘t +  o@e'c oggz 19 4 CS6OY. e LigeE iy T GR0AL L 1T ¢ oss'z 19 % 06S° ¢ @8 f  0v0'T ¢ oOsO'Y ¢ 08t‘z. 10
€t .t 0%6 ¢ 8v0‘L + oco'y ¢ ozo‘s 1 ¥ R gy N R e e +oosz'y 095z 1 % S 008" TR geg v GoedT s 0u9fg [ W oes‘T I
0o N 29T'T + oBLle v osL‘t 12 CCR I I T g SRR T out'z 12 W #apT  FTEOL oV USRI e 0REtyi e 0zs‘z 0
S e e SITT t  o029'¢ ¢ OT9°T .t V=9-dD-g #1  pugt 1. BG4 "026 s oove's s 0SSz T V-y-D-g F1 99T ' g'g t  8I6 i oove's 1 00¥‘z  1§V-z-dd-g
3 = b
2 " T 1 o =0
wrey 0 g s 2
0 .
' ' '
R . t 80§ 1 068'c 0941 *oBwaaay 1t 209° * 3 RN c6¢ to00L'e 1 08L' T *3dwaaay s ZeeT ¢ 9'8 ¢ 95¢ t 098's t 099°T 1+ *3duisay
' '
¥ geg it Zgs 1 0s9'c t gL't oty A3 6T B UONE YO toouete ¢ 0s0‘c 1 ¥ [0 ¢ ol T s 099 1 009‘T 1 ¥
§ogree 926t 009'c t GRPT - T | R o 1ooggle t 98T 1 ¢ 83, e6E B g'g. v - 9ug 1oLl 8 [ SR
-5 0ve e 905t ozpie ¢ og9‘t  t z B, 0GR o TLORE S e 1 oovyis ® 96Tt 2 LT +oose'c 8 ov‘t  t 2
3 grgilin syt 0s9'e ¢ 040'2 ' T-9-0-¢ 11 GO¥T *  g'8 ! 06C + oo9g'e ¢ T, I T0ng K8 98ET G 0E L ey £ ogr'c 1 0861t T-2-0-¢
1
08 = 6 A WE=e 5, o0f = 6
" '
: s
' ' . [ h
v g 4 899 L bl 0L6'T 1-radedaay 1 06et  f g0t * 199 1 o0ss'e ¢ 002 ‘2 O s B W oL 669 AT, ore‘z 1° *adwasay
80,00 6T. 1 00s'e t 0wt ot ¥ e L e 1 ooot's ¥ otz t ¥ 15 goye ¢+ 0% t  o6L t 060'y 092'z 1y
R Lt 028 ¢ ove'z ¢ DL L L e e T t o0z6'e ¢ 099‘z  f ¢ LG R SR T oost'y ¢ T
fo =, e PTL 1 ole's b o6z 12 $1 e9ec F . 3r W U089 Y 099't  t 2z LR R T T s oge's o 0z2'z t 2z
t o0t Wws t o ogrie b OOP°T | Lt iTee-gegi b guc f | 6f6i K. lecs +oorg's 0BRSS RV e BRG0P e e oo b 0Lz 1 T-2-8¢
tr :
ST =0 r ST =0 s ST=8
o I
1 r
'
§. gt v 486 .« ¢ 00L'C t ore‘z  1++eBmasay 11 pegt t--adeioay 13 Q6FT ¢ @79 1 ¥6s ' ' 004'z  t-eFeioay
: '
(o A e ose'z 1 v ooeoyt 4 sy o ol ) < ECERR 1 0g0's -1 ¥
vy o 092'z 1+ ¢ 1. s 1€ g98° t 6@ t 296 ' ' 05zz b ¢
%086 o'zt 2z 11 oggee Tz ol el R H : oro‘z  t a2
# Uy 08zt T-9-v-G 5t gCy0 t e W0t 8 ¢ GTO'T ¢t ' 0S¥'S . 4 T-z-¥-g
I
"
1
"
i
"
I
Fnaie 1 T ' T . %, TAESOE b : 1 1t 1 LI 5 L s il . e e t t
B o H Py s TETTOR G TaYTeT. v o : o THESE 4 WP e H O i e e
TATGT ¢ TG O00'T ¢ Td a1 :  T8d Q1 + JGeodeg ¢+ AT 000°T : Ied cqr t YA Cat ¢ 1 1 7535357 + TQT 600'T t Id AT ¢ T a1 ¢ 1 3695183 ¢ QT 000'1 ! Tk *q1 ¢+ Tedcar ¢
' ' s
(22) (1) to(0z) s (1) £85Iy LTy e e eE) (v1) R e R R T T e (e) foo (e R ey {9y ocr . Ney e (2) ¥y
'
* ' P v s ' ' ' * 1 ' ' ' : s ' ' t ' s
1 3MTo13eeTe 1 zmFusaie ¢ yeubyizodoxd 3 . . ' ' 3TWET 1 " 1 1 1 ' IFET ' * 0 1 T 1TmIT 1
: 30 ¢+ “Juygendo 3% st “h + £37071389 15 ¢ wPuea3s 1 yeuofyIodod 1 1 1 + £370739918 1 WIusais 1 euoprzodoxd 1 : + £370739978 ¢ ipFusals ¢ euopzsodoxd !
UysI3e ¢ ONNPOW & UMWIXER ¢ 989336 I9QTJ 11 AIJAWID ¢ 3ULQUOD ¢ 30 & Bupqeno e + zequmu 11 A37ARID 1 JuejuOd 1 3o 3 Fuwgenid 1 + Isqunx 3 A3jAma® r qmejuUOd @ o 1 Sujyendd : 1% 1 aequmu
Joe3wy ¢ aFwiay 1 sFwissy ! odweay i1 offoeds ! ImMATOK ! GnINON ! WNEPXWN ! e8ea38 Ieqis ! uewjoads f1 OF3703dS § SIMUTON ! SMTNPON ! WNMTNEN ! ¥SaI18 Ieqld § wemjosds if 5§37109dS f SANETON !  GNNPON I  WMWEXEY ¢ $83I38 19qF4 1 uewouds
s ] 3 : ' : ' 11 ' : s s : sz 3 s : s '

Tou (euTwou TIA0USA UDUT-2¢/T JO 900w Gek




d LPS6Y K Z

~sreusd 10I3u0d woly euawysade $3j0udp I
3
eva1is psrrddv pus uywad eovy uesa3aq SIduE Sul €T O

H
+sainbe €737 Jo pemsm 4Qq pandesd suUWN{OD IESY3F UL -vu!.-:d.
; AR Sl I LS ' cHassy et B
- £00° ouz't 98 *  o0°6 t 6Le T oga‘z ot 064 T og3'z ot 099°1 1°eBulaay 11 gLt s 2ot .t we « o0s'z 1t 064°T 1+ cadersay
et 1 -
6Lt t 06 1 008 TooozL'z b ot 909 roosgtz  t 0981 3 P 5 N *
Q88 8. ghe. t vze 0Lt ¢ Q0veT 8c8 t oL’z * orelt b uwnn s u.nﬂ . %n " wnow.w H wc.n.m : m
84 SR LA oo, $. 0oLz ¢ oreiY 25L toopete ot ocLiT LEE i 0Tt 804 099tz 3 ore‘t 2
26877 NG T e enes. 09T ¥ ioo9t'e  ® oeo‘e S U o LR 1 oogts s 098°T ¢l T30~
06 = 8 i1l b ] & .
o
e
: '
e
L1zt 088 1 066 1 L19 088t 66 i 0051 1cadwasay 1t gggt 3 ' 0891 1e"-cedwaday
faun!
8u8* 1 2%t Gue o688 T €09 1oLtz t W i 1 - .
POV: 1 6y 1 g6y oos‘t @59 ioodt'e 1 ot b % N H i e
Lec: 1 276 £108 09671 b £ oovelz ¢ 089t ‘.3 LA . 2
zee* 1 g8 1 G99 093'T 068 too98‘c * LRSS T b L TN ' 088t 1 lz=d=u
) i
1
: ' ' * u
900" - £00° !  TeL‘Y Togrge o i S ey o e S R ) SR 0pgY  stoBmasay 1t gger 1 L6 1opOU'C t ooge's ® Ove‘t  teaFmeav 11 gegt 1 Z'OL *  TEI'T ¢ o6L'T ! 09g'z  3vccraleaaay -
9OpS. it ges ., i 00geTivalg3eey otz 1w Toyoys ot 6 3 920°T T oozo'y t ogy'z ot T . - 9 b it
66E° .t . T0T  f 503y 1. 069°C ¢ 0061 L LA T S 8 v ettt rTooue'e ¢ 02241 ' u " wwmA H ".n" : "wm.“ : nmw.m H %w.m : .n.
iR FINRE L R L 016/ T te 11 gees ¢ 676t ¥90'T t o0s‘c ¢ 02042 1a 1t 2kt ¢ oot ¢ o¥0‘T 1 09ult ¢ 0Le's L
ze8 $O0T tLST'T M oow'e 4 86T | 1 €-07@=, 11 3w & TOT v 96 Toosu'e 1 000%%. € W-B=d0=5 58 i 660" | T U BIOLE ARNST. 1 ORGS0 023'8 ' §¢-dD-i
e 1 5 e oy ]
1 i
o : I
. . i TS t 4 5
90¥ 5oe's ] + o 086°2 ! 0ue*t 1ere2edany 11 GOY* : L SR g t 0g0°¢ ¢ erst 1e-8Buaaay 1 pOPT 3 . de 228 T ootz ¢ ces‘t 100 ceBuzeay
L U ] S 7 s ose'z ¢ [ S E TgERT. o f 1 ERE UK ' gy s 1 . - ¥ o98*
oss: 1 '8 oy i 098z 1 08Tt 1.8 F1ONRE s g Mmm ' wu”.m s wnou." ' m i ﬁ. H ".u 3 www : %o.n : seet ; :
SHy o Loostg “ 28% Io00EE L o8L 12 1100y 68 1 S ' o062’ ¢ ot i o, L S o = o 6.8 ’ Su.» * wmu.M ' m
Tor L9 235 + 086'z ¢ oFEir b toolel 8 L6814 076 T 00 1 o08s'z 1 OUYE O e Rt e T w1 o B o
e 1 b i e ]
1 "
" ts
- - o ' odanaacenosa '
L T GOVST o iomanay an ooy W dde - diep T oora's 1ceedwisay 15 gegt b o8z * oeols ¢ 0BT'T  3°--cadwasay
S .
[ SR T S o9e't v ¥ e ' g 8 s ‘ - . .
o oew 1w R A 1 S TosE ¢ oo+ oset 1ot
% 2 099 T 20 1 t z's t 80 t 03r‘s (2 e R 3 108 $ . 021's ¢ 002t T
PP s gt 68y 00T'T  t T it YD g o wee « oose'c 1 4 %ieass SO e LR 1 ofo's ¢ by S e
I T FFe
¢ it . et
1 e
gec” " 3°6 s ezt fo03u'e ot (30884 1eeadwIaay 1. gegt 36 ' 966 + 01842 tecsdureay i gegt ¢t w6 t  ome‘s ¢ e 172 coBuiaay
00p* t ZTOT 1 €8Tt o99te 1 osg‘t a9 1ogest 6 T s ' . * e 5
L e RG] Mmmnﬂ ! e i [ IS ¢ oW 1§ v goe ' s i1 o ot e : ﬂu“w -
i 039’y 1 0wl fD 55 et T 26 T 9R0°L . o'z 12 zes: 1 # 5 4
108" 18 t » 1 ‘< b -0 . - . . . ol X ote’s : e 2
88 w9e  gpdi i g e o B L ' 062'z 8 V-¥-D-¢ owes 3 ”6 ooz s 0682 -z
W e I b
3
1
g '
et Lo ). . 08 ...,mmmwn...“ 0661 .”.own..-.i .u e e ' o T ooev's ot ote‘t 1ecafuieay gt v oot s oz2's ¢ ot9't 1=+ caWuzoay
| LS ] 1z . cor's 1 208°T sy tr gect . p b o = & ——————
WO IR ImEDOEU L nEmoRi® imno@i ipono@ ® o omy o
e oreis t 088°T 3 11 0eLr t pe f QWY 1 ogegle ot 09t 1 4 5
- M o % ; g i L £ % 5 % 2 i1 yee s 9% 1 ofe's ¢ 088’1 *
g6 6y 0@9's 6L8°T 1 T-9B-L ¥+ L6T° 1 &L 7 SO% toomE e 000t T-v-0-L t%  Qes" 't 98¢ Tooegle s b S T
e W
PR RS i
L A . - . i
2L x 28t 1o ozme m $s 168 ¢ e 8 5% s - 0p9s . [ orees 00 caduazay
zeet t 00Tt daw tooeys 4 PreTEaE i P - - : g -
B ol st onde w il i ECER R R TR
o%. b A Nu : LS wk.nm . AT e T ] toosers s siolger 1 vee 1 o%s - ﬂu.w ' M
0 S B T8 ¢ e Lo B e cBE ¢ o AR @ s oor'e s 0s6°L s Te-E=L
ST=5 " [T
. " ot = aTTE
1 "
- 800° . oe
$00°0 *  tSE‘l o83 1 * gEe't * oes's v o9LT s eoRoIsay 11 1 z°6 4 @9B't * ogg's ¢ o oseg”
o) Sl 1 08Tt 1 o000'y t 0S6°T . 1 ¥ ' -6 1 . . o
pee. s 3621 t ose's ! 0041 t g T m,n : ﬂm.“ u “n.w ” mum.
- A e T L S 0 T 103 sact
o es2't 1 o2e's 1 o9’ 1T +o%e ot a9t 1 oze's t 2680
P X =e
SPTResgseT 5 SEeHTSNS TP EIEEGT 5 saewianag
' + TIIE ' ' TS
g € 1 ' H
: 1338 e R H = i ] s H
. s FESIY ¢ QT 60071 t+ T QR+ g S { T R eoRTT + : Jﬂ-ﬂilw.n i R I ¢ BT
: ' e o S
o R | e i R e R e T 3 " '
{ ; i, i ik i T 0 fre) e SO ROy s iy 4 (8) ) L o ndee - o i) T
Ty " v '
unnu::::- i ﬂuni&: + redoraacdozd 13 N i 3 - Sl 3 - 4 - t s 5 s ' . % v
30 + Buggends ¢ g s s 1 MreneeTe © wduvaas , s $ $ e LS i - $ %
s e Lt B Rk § vy ST pR RS s L Y s e i et :  froness ) ! peadtptiania |
oewa 1 adwaeay ¢ ¥ eRRTesy: 83 DYIT0edS N IWIRTON:s, |RGTIOR 1 WREPNER'T sAe1y8 SPATy s MEIaRdE 1 Sy iSaAE 1 AsnaeToR 1 30 SRR . 3 s Jequnu 1 Mypamad 5 Juejues 3 3% N0 i s t zeqmwa
1 2 ! e 4 $ : e “ 11 IR aImEPR 1 aINOR ¢ wnEmrex 1 esane deqyi fuswiosds f3 SiiEedc ©eImsjox § o enTaziK o mAPXR 1 esaile seany ¢ mewsosds
: . :

TOSET5ER 5 TATRY THEVe0S TISE T/ IO BivE TEORIT T eI T S5 TR TERe IS 35 TATAE -y S1aRC




d 8%C6% WZ
“sraued (033000 Wodj eusmIdede 830UV dD_
T
92238 yajrdde pus uyesd 20%; ussAIRq OTBUY w3 ST 6
2
“82%nb8 38831 JO POISW Q Y23ndWOd SUNMTOD S9IUI U IBTIAAY_
I
ot - s '
B Sl T R o i A T ooRL'T ot 099°T il otz 06L'T  1°+-edvioay
4 gzer 3, ey (344 * oog2lz ¢ ozt cer ' ooglz ¢ L ¢
' LU eSS e T oogvic 8 0se‘z 98 25 0TS 10y 3
b L hatet 9L 8 65 1oogriz ot st 98 too08'z ot (3
. oges ¢ 28, -t e + o00u'z t 029°T t 0sL i OEYS 8 1-2-5-6
506 = 6
H A s I 1 oot6'z ¢ cuL't ' 1+ *oBuaoay
e o .
' OLER N T g b . TN toosls 8 099*1 ' (775 S
% B ¥ BN 2es ' o000‘e ¢ os8‘l . ort Lo
' 2805 3 gtplin ey toot6'z v ottt ' 09t t 2
% Qves. 3 g9 2y ¢ ove'z ¢ ot . 066°1T LRRRE - &L T
oL =
toe -t —meeeat
1°*adursay “. 2yt “ 026‘2 1 $26 L L J ouy‘z 1= *aBudoay
i cmemmena %
LR P SO ' 28 toosL's 8 0852 e
1 g N X0p a3 ' rz6 'ooele 1 0282 2.
ta 1 gEge e : cre‘z 50 1ooov'c 8 099't 1 @
1 E9eDeg 1t 62yt : 098z T 066 s ocvs'e 8 008z ¢ €-2-a0-6
: 1
"
1**eBudeay 11 . 0T8T ' 98¢ he 0z8't
phigoiadi e
(5 * ovo‘t sy ' ovs‘t
' ' 00042 weey O ' 0zL't
' t 080°2 20 140 ‘ 068°T
v : 026t g s9¢ * ose‘t
s '-
LA by - AR ay ere t ogs‘s ¢ 026‘T * w2s * osu't 40-caBeIsay
-t '
mui ool e el g t oowle s 082t t 928 f 009y | ae T ooyl og6‘t 3. t o oo0z9's ¢t osL't oty
A o TR £ 00e's t 0oLt 8 F et B T 1ooes's ¢ ou9'l o zez toooggle ¢ 089°L " 1g
R R - B 1 1ooeve ¢ ove‘T  t Yoyt z'e ot 0% 1 060' 1 00241 t o ovez 1 ooge's 8 06L°T v 2
h vy wiae. e 26 t osT'Y ¢ OLLoY L ok L 1 oouse 8 ces’t + zee ¢+ ots's 1 008't ¢ T1-Za-6
3] P i) G =6 XF =8
1 2
1 1
£co*  t  mue'l Tovesty TVt gLt 402°U ¢ 00‘D ¢ 04°T  teceFeraay tt ggye  t ¥y'g ' 288 1 006'c  t 0Tg‘z  1ecsBereay 1 @Yt 9L 1 986 3 DPres 0v5'z  tradereay
: :
50N O s Ty Y 0wt £ oG ai o zee s gagty. & 096°T UL v e L e LR 0z6‘z ' D
1.6%E e goofT e - ogele 0481 to0@ v 298 t ozule t 028’z om* t 9L 1 9¥e 1oowls ot szt
LS A L S e 0g8*t 8 9tgunle  oae 1 o0es'c t oese 62 1 9 1 @ve s ozg'e ¢ o'z 0
85O R 0N T AT 00K 0zs‘t t g8t aos 1 ogs'c ¢ 0zu'z @Y s g% 4 ove sioeee 4 089'z  t FV-z-d-8
o6 0= =8 3
.
L e ' 08T 1eradmasay rro 2yt 8 2w L 008°T g2yt gL 1 6T tooose's ¢ o9yt
: :
15800 1900 ' 0ze't 1 » 4 6oye . s vy s opete ¢ 029°1 92* 9% ¢ . 20 1oogsls b 0s2°1
t e v itoy ' s R L ) £y T oove'c ¢ ots‘t T S 9T N LTy soooEsle 8 06L°T
Boage ot 394 . 08T ¢ 3 B85 0TV 8 oy Too9els 1 006*1 Lt '@ 1 0OV 1090' b 0zz't
i ' 092°T .t 1-9-D~8 31 . O%¥* . ¢ LR 4 t oow's v 068°T eyt Lt g6 +oove's s 009*1
i
1t e =6 e =8
o
: 0
: : s -
€00° % - ¥2e'T t ety 3 e SR o R B toooue'y 1 0oLt OWVn B e AR 6T T o0@o'y ¢ 065°2 sEy° 1T ' 0r0'z  1vc-edersay
-t
sgvt t z'e ot ves 1ooopt'y 1 009 T w3Vs e geE T 0oL + 0s0'y 1 0044Z 8 ¥ LG g R ' o e
QY g S e ey oT2°T @ £1 9% Tt . o8 Tooury ot 0g0's ¢ € T R e ' oor'z 1o
L T 0wt £ 0is'y ¢ [0 oyt PR, ¥ 86L tooguly ot o8’z .. Lt TR * 08212 LBt
oy Eigagi e Seg tooogute f 0zg ‘2 zovt v 2wt 8 s ooor's 1 02¢'c  t T-yeg=6 ff T 1 §'8 ¢ ' 089°T 8 T-z-@-6
1
P oSt = 8 ““
"
oLy* M t govit T ote'y t 0g9'c »opc ot gL ¢ * 089°s 1rcaduisay t: 0¥ 1 [ o s pd
'
99¥° 1 t o098't T oo9L'y ¢ 006 ‘S L s AT oFL b t 069°¢ t QP 8 &Y % BT 4
cer: 1 L ¢ 008 Y ote‘s we o B ' 023 t SOyt et ok L
ogy: t 263'T ot oee'y v 0zL's VLt Bt ol i : osLs 1 AR s 5 LS 4
™o ¢ L S R ogy‘s Wreo o+ vl ' orz's ¢ Mo v 6Lt - L o b
0 =0
SoTA ssgouy 9 suswWasds SPTR s9youT § sUSETISAS ST weuout g suswrosUs
' ' : THETER o+ ' ' e ' % : : . TR f '
1 ' i Ferd + TGYTIEE 4 TITRE ot o : t U o ' 1 I8Y o FUETOE s 5
. v 7635753 ¢ AT G00TT @ TIT AT ¢+ IATTRT ¢ " 1+ T0eSTeR - o S s ARSI :+ AT OGOTT : Tedqy ¢ Ted AR ¢
s -1 * Pt B T
¢ L b o (NS (31) R R (¥1) o () 1R AER) oAy £ (8) 1 1o a8 A9) t (s) (r) ' (g) $ (2) ’ ()
' <
i [ P L : ' . ' s ' ' . : it ' i ' ' '
t shraaeete 1 Twdusars 1 reudrizodesd 1 ' ' ' ' 3wy t ' ' : Jpary e ' : ' s s £33 S
ot ks gy + 5 1w 1 1 1 Ay onavets 1 yaduaae ¢ 1_:;:“%:“ t 1 A379119%(9 t [IPuaIle 1 TeuoTiodosd ¢t 1 1 £f37o7asm1a 1 qadusajs 1 [euoyidodoad ¢ iy
urmaze v s 63118 39as 11 A1TAwad 1 4uRIWOD ¢ 30 8 Bupgenad 1 1e Kitawa? : juajuoo t 30t Jutysnid Iw 1 asqumu  t: Ayawad ¢ quaqUOD 1 go. "t AGRGERD SO LT e e
30 u%y 1t ' 9deraay 13 97J799dS ¢ AMISFOX 1 SNINPOK I UNWIXBY { $S9AI8 JBQLT 273799dS t 9IMEFOX ! SATNPOX ! WAWLXRZ 1 §63I36 I3qf5 T 11 apy10adg 4 simnioq ¥ sntnpox u maprex ¢ o 338 J8qys - 1oeds
) ' 1t i3 : : 1 s 3 L3 : L3]

30 1UATPn (FUTWOU TISGULE USUI-Z1,/\ JU PR wﬂﬂmﬁﬂ%ﬂ%ﬁﬁmﬁaﬁl(4'l|qmwﬂﬂlm:.r B




*SUOT 3BWIOJOP 9JINSVeW 0] uUampoads

1899 03 POYO®}}¥ YiFue 98T YOUT-T JO JO}PWOSUSIXO JOII[W SUe}IBy (o) Pue uwemyoeds
180 3 03 PBOT 3TWSUBI} 0} JO0Tq [9638 AoIreu (q) ‘Yo0Tq Juipso] TEOTIeuds oyjy (®)
Jugmoys ‘ursad @08J ayj 0} SOTIUB SNOTIBA 38 S1803 UOFSsaadmwoo FuT}oMPuUOD JO POYISH-—-'T @InI1jg

I 9T%0S N Z

g

i L e SR

e
= e
e e S e e
e iy




(PounDs)
Iat)
S
3
N

N
B
<
1
<

15000

10,000

3000

ULTIMATE COMPRESSIVE LOAD

0 / 2 ) 4 5 6 7 g
SPECIMEN WIDTH (INCHES)

Pigure 2.--Compression tests on yellow birch plywood at 45° to face grain, showing relation
betwsen specimen width and ultimate load.
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Pigure 3.--Compreseion tests on yellowpoplar plywood at 45° to face grain, showing relation
between specimen width and ultimate load.
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Figure 6.--Stress-strain curves from compression tests on vellowponlar plvwnod at various angles to the face
grain. Plywood was made of three L/16-inch plies. Fach curve represents values from 4 tests on

specimens 6 inches in width.
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Figure 7.--Stress-strain curves from compression tests on yvellowpoplar plywood at various angles to the face
grain, Plywood was made of five 1/16-inch plies. Fach curve represents values from 4 tests on
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Figure B.--Stress-strain curves from compression tests on vellowpoplar plywood at various angles to the face
grain. Plywood was made of seven 1/16-inch plies. Each curve represents values from 4 tests on
specimens 6 inches in width.
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Figure 9.--Stress-strain curves from compression tests on vellowpoplar plywood at various angles to the face
grain. Plywood was made of live 1/32-inch plies. The curve for & = n° represents values from

12 tests, each of the remaining curves represent values from 4 tests on specimens 6 inches in
Z M 50779 F width, ;
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Figure 10.--Stress-strain curves from compression tests on yellowpoplar plvwoond at various angles to the face

§

s

grain.

Plywood was made of seven 1/32-inch plies. The curve for & = 0° represents values from

12 tests, each of the remaining curves represent values from 4 tests. Specimens were 6 inches
in width.

ﬁ\
0
A8
=
~
M i
= L1 =
R 3000 /// =60 575
< 8 T o
Y // /":ﬁ{ .
< 2000 Z %
< 7. - Z
o v ol
a /] /r/ ]
& /000 L :
€ 7 EGEND:
X / // e 0 PROPORTIONAL LIMIT
0
0 0.00/ 0002 0003  0.004 0005 0006 0007 0008 0009

ZM 50780 F

grain.

STRAIN (INCH PER INCH)

Figure 11,--Stress-strain curves from compression tests on yellowpoplar plywood at various angles to the face
Plywood was made of nine 1/32-inch plies. The curve for & = 0° represents values from
12 tests, each of the remaining curves represent values from 4 tests. Specimens were 6 inches
in width. -
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