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REPORT No.145.

INTERNAL STRESSES IN LAMINATED CONSTRWTION.
By ForwtProductsLaboratory. .-

INTRODUCTION.

This report, submitted to the NationaI Advisory Committee for Aeronautics for publica-
tion, covers work conducted by the Forest Products Laboratory of the United States Forest
Service at the request of and with funds provided by the Bureau of Engineering of the Navy .
Department..

SUMMARY.

The report reviews the procedure employed in an investigation of the sourms and influence
of internal stresses in kninated construction, and discusses the irdluence of shrinkage and
swelling streeses caused by atmospheric conditions upon the tensile strength across grain in
laminated construction with special reference to airphme propellers.

The investigation ouvered three sources of int+h-nalstrees, nmnely, the combination of
plain-sawed and quarter-sawed material in the same construction, the gluing together of lmni-
nations of different moisture oontents, and the gIu~o together of Laminationsof different densi-
ti~. The following species viere studied:

Central American mahogany (Szoieteniamabgani).
African mahogany (K7iaya fmegaZenm”8).
Philippine mahogany (Shores sp.).
Yellow poplar (Liriodmdron fulipifera).
Hard maple (Acer tsacclarwn).
Yellow birch (Z3eMa sp.).
Red gum (L@ihnbai- styraczjfua).
Northern white oak (Qumcus sp.).
Northern red oak (Quercw sp.).

Glued specimens and free speoimens, made up under various manufacturing conditions,
were subjected ta various climatic changes induc~~ internal stress= and then were tested.
The strength of free unatrcssed pieces served as a standard of comparison for glued pieces and
indicated what internal strmsas were developed in the glued construction.

The following recommendations as to propeller specifications are made ‘for the species
studied:

1. That all propellers be covered with aluminum leaf coating or other approved finish
which will prevent, so far as possible, any gain or loss in moisture content of the propeller.

2. That for the most extreme conditions of service propellem be made entirely of quarter-
savred material.

3. That for moderate conditions of service propellera made entirely from plain-sawed stock
be permitted, provided they twewell protected against moisture change.

4. That for species in which the ratio of radisJ to tangential shrinkage exceeds 0.75 the
mixing of pIain-sawed and quarter-sawed stock be permitted in propellers for moderate service,
provided that they are well protected against moisture ohange.

5. That all propeller stack be tallowed to come ta equilibrium under fixed conditions of
temperature and relative humidity before gluing.

6. That density specifications be such as to eliminate all brash material, but not to requhe
matching for density.

7. That moisture content of wood, gluing conditions, and protective coating be such that
the mositure content of the propellers will not exceed 15 per oent at any time. Beyond this
point animal glue is not likely to give satisfactory results. ● .
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These recommendations are based on the following conclusions, which appear to be war-
ranted from a careful analysis of the data obtained in Lhiss~udy:

1. Tensile strength across grain (across the face of the board) for quarter-sawed lumlmr
is greater thtin for plain-sawed lumber. P1ain-sawed lumber may be from 20 to 50 pm cent
weaker across the grain, depending upon the species -and method of drying

2. The gluing together of plaig-sawed and quarter-sawed stock gives rieeto internal stresses
through the Unqua] swelling and shrinking which takes place with changes in moisturo content
and results in a weakening across grain of the laminated structure.

3. The gluing together of laminations of di.t7erent.moisture contents gives rise to internal
stresses on account of the unequal swelling or shrinking which takes place as all the lamina-
tions approach a common moisture content, and rewdts”in a weakening across grain of the
structure, which may be of sufficient magnitude to cause rupture of members of the laminated
structure.

4. When n laminated structure containing both quarter-sawed and plain-sawed mem~cm
is subjected to conditions which cause a change in moisture content, the unequal swelling or
shrinkage of the different members induces stresses. Thw.e stresses reach a maximum and
then, if the mois~ure content remains constmnt, gradually dio out. Ile structure is then free
from interred stresses but hns assumed ncw dimensions. If tho elastic limit of the wood has
not been exceeded, the strength has not been affectid. With each change of moisture conhmb
new stresseswill be.developed.

“ 5. When a laminated structure is composed of “members all plain+awed or all quarter-
sawed of unequal moisture contents, the moisture in the wood tends to equalize, and stresses
are set up in the structure through the unequal &ri&ing or swelling of the members. These
stresses eventually die out, leaving the structure stress-free but with changed dimensions. If
the elastic limit of the wood has not been exceeded the strength has not been affected. If
the structure is subjected to further moisture change no stresses are induced, since all mombcm
have reached the same condition and thereafter act together.

6. When laminations of very high and very low densities are glued tigether to form a
laminated structure, change of moisture content induces stresses on account of the unequal
shrinkage or swelling of the members. These stresses eventually disappear; and, if the elastic
limit has not been exceeded, only a change in dimensions rasult.s Further changes in moisture
content induce new stresses. Within a single species the stresses so induced are relatively
smalI, however, and are not likely to be serious except in extreme casm.

7. Animal glue used in these tests does not set properly when tho laminations are of high
moisture conteut. The exact point where unsatisfactory results occur can not be determined
from the data available, but it appears to be bchween 15 and 18 per cent. Also, in glued
specimens placed under tihmcwphcricconditions tending to produce a moisture contont of
from 15 h 18 per ccmt in tho wood, tlm gluo softens and pmmits the laminritions ta bo easily
pulled apart.

GENERALAPPLICATIONOF THE INVESTIGATION.

Warping and twisting and the opening of glued joints me of great importance to industries
using material consisting of small pieces of wood joined together to form a larger structure.
The degree to which such changes in the manufactured products are detrimental varies, but in
many cases a slight change is sufficient to cause rejection or at least necessitate extensive repairs.

Ordinarily the furniture industry is most affected by such failures, and when fmmiture
manufacturers undertook to produce airplane propellers on a commercial scale the same difh-
culties appeared in a magnified form. The smalkst chnges in shape or track and any opening
of glued joints were reasons for rejection; and the rejected propellers could not be repaired as
couId articles of furniture.

The cause of warping of buih%up products is not thoroughly understood. Several factora
are commonly credited with the cause of most faihmes, and these may appear singly or in com-
bination. But W changes of form or opening of joints are the result of the development of
stresses within the mtmufaotured article,
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THE PROBLEM TO BE D?VES’JZGA’PED.

Stress is defied ‘ as the internal force, which, when a body is subjected to external forms,
tends to hold the molecules in their original relation and to preserve the integrity of the body.

Applying external loads b a wood structure changes its shape and develops proportiomdly
resistantstressesuntil the elastic limit is reached? beyond which the rate of deformation increases
until rupture occurs.

Stresses may also be developed in wood which are not caused by external loading, but
rather from conditions within the wood. While they probably do not affect the mechanical
properties of the wood fiber, they do combine with loac@ stresses and reduce the maggtude
of the safe external load, for the sum of both stresses can not exceed the strength of the -wood
fiber. Such stresses, caused by factors other than external loading, are properly calIed” internal
stresses” and are important becauses of their irdluence on the qurdity and strength of wood
construction.

Wherever strength properties of wood are indved, internal stresses must be considered.
ln the seasonimgof wood, the methods and rfites of drying and the quality find strength of the
product turned out of the kilns depends largely upon the extent to which the ma=titude and
character of interred stresses can be contrcdled.

TIM development of internal stresses is due largely to the hydroscopic properties of wood.
Wood contains water in two forms-as free water in the cell carities, which is given off tit, and
as moisture absorbed by the cell tissues, which is not given off until the free moisture is lost.
The point at which moisture begins to leave celI tissues is called the fiber saturation point.
Below this point wood shrinks with loss of moisture and swells with gain in moisture, coming
to an equilibrium with every climatic condition to which it is subjected for a sntlicient length
of time. Any moisture content up to fiber saturation can be maintained in wood by proper
control of the temperature and relative humidity of the surrounding atmosphere.

The ma=titude of A&king and swding with moisttie cb.mges differs not ordy for every
speciw of wood, but also in each of the three directions in a tre+longitudiuslly (along the
grain of the wood, radially (along the radius of a transverse face), and tangentially (along the
circumference of an maual ring). kmgitudimd shrinkage is so sma.11as to be negligible when
compared to radial and tangential shrinkage values, which are given in Table 1.

TABLE l.-Shrinkoge from green conddion to orendry condition.

Perrtaagci&li- I

Ispa?Ias. I
\ Radial. ~Tangential.:

—— .—. — ;__
I I i

NorthernvAiteoak’.. ..- . . . ..- . . . . . . . . . . . . . . . . ..-l 5.3:
1

Northernredoakl. . . . . . . . . . . . . . . . . . ..-- . . . ...--4 “3.9: :; ~
YelIowbirch'. . .. . .. . .. . .. . .. . . . . . . . . . . . . --------- ‘ T-4 , ~.o
Redgllm’ . . . . . . . . . . . . . . . . . --------------------- 9.9
l-ellowpo lab].. . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . .

Y
;;~ &~

Etardmapel------------------------------------- ~~ : 9-2
Central American mahogany 2.... . . . . . . . . ...-..--! 3.5. ~~ ~
fimd~y ~. . . . . . . . ... . . -----------------

1

4.8” 5.5 I ,
Philippine mahogany%-. . . . . . --------------------- Lo ! 5-7

It
1BuI1etln No. 556,U. S. Department of Agrkulture, %kbankal Properties of ‘Tocds Grown In the Crdted Stat q“ by J. A. Kewltn and T. R.

, c. Wil?an.
zResuIts ofmora rwent tests nmde st Forest Muds Laboratory, Mdison. VW.

The magnitude of the shrinkage acres the face of a board vties with the manner of cutting
from the log. Purely quarter-sawed lumber (radiaI face) has the least shrinkage. Where
unequtd shrinkage or sw~~ with moisture chang~ occurs, as in boards containing both
plain-sawed and quarter-sawed material, twist@ and cupping result.

In laminated construction, the dmger of unequal abiding and swelling is even greqter,
for material differing widely in shrinkage properties maybe combined, and since each member

.

—

.—.

J~n’s tiavnEngbleersPooket B- 1916diffcm, p. ail.

.
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can not swell or shrink independently (the structure must change as a whole) the excessive
swelling of some membe~ is restrained by the more moderate swdling of others, equal and
opposite stressex baing developed within the individual membws. In a structure so stressed,
the internal stresses will combine with loading stresses and precipitttte failure earlier than in
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Fm. l.-CmnMning pIain-aavmd and qnarter+nwed matarfal In
laminated conetmction.

A.—Swellfng of Iemfnated conetruethn wftb fnoreasaln mofature
content .

.$-=fre@ewdlblg of pIahl*awd member.
a-free swelllng of quarter+awed member.

S1nc8mmnbars are glued @ether, they must swell tcgdhor and

tial awellfng -e+% (shown by i3nedottedIhre). Tbfa develops

&&:SfOn in pkh-sawed member end tenelon fn quarta!wwcd

B.-Sbrfnkage of Iandnatwl wnatmrctfon w[tb law In mcdature
mnlmrlt.

*Ma ahrlrdrage of plefn-mwai memk.
a-=fronahrlnkege of qnerter+awed membw.

Sbme mernbara aregfnedtcgether,they muet ehriuk @ether and

Snalebrhkage -a+% (shown by tie dotted Wm.?). TMs d-
valops ten%n In pktn-sawed membw end compremtorr in qnarter-
aewed member.

1
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rt structure not- stre&ed. A comparison of tho
maximum strength of two structures, one
stressed and the other unstressed, would tJ~ero-
fore indicate the magnitude of internal stress
which had been developed.

The influence of internaI stresses on tho
strength of wood construction is of particular
importance in airplane propellers, where maxi-
mum strength with minimum weight and perman-
ency of shape are prime roquisities. This
investigation was planned, therefore, to cover
those sources of internal stress most. commonly
encountered in tho manufacture and uso of air-
plane propellers.

The series of investigations of the strength
of laminated construction includes comprehensive
tests to determine 3—

SeriesA: Influence of combining plain-sawed
and quarter-sawed material.

Seri”wB: Influence of combining material of
unequal moisture content.

Series C: Influenco of combining high-density
and low-density material.

METHOD OF INVESTIGATION.

0n6”6f the sources of internal stress is the
variation in shrinkage properties in different

directions in a tree, the effect of which is noticeable in combinin~ p~ain>aw’ed and quartcr-
sawed materiaL In such a combination, unequal s&inking and swelling tend b take placo
with moisture changes, and, being restrained, cause interred stresses. Figure 1 shows the char-
acter of stress developed with a change in
moisture content in a test specimen, such as is
shown in figure 2.

- B@/JJ/pi,: fiiQ-

The normal free swelling of the plain~awed
faces is the distance “e,” and the normal free
swelling of the quarter-sawed core is ‘{a.”
bound together, the ‘faces are restrained and
the core is stretched, developing compressive
stresses in the faces and tensiIe stressesin the
core; and the fhal position of the structure is section,A -A. Secthn. A=A

indicated by the dotted line, A 10SSin mois- ‘iU& ?C’men ~G~_~~AtsPtim ‘fee ‘Pectmen
ture results in stressw of opposite character.

. .

In either case, the memb& of the glued specimen subjected to internal tensile stress will
fail under a smt-d.lerexternal load than if it were free from internal stresses. After such failuro
the entire load is shifted to the remaining member, and completi rupture takes place ~tta corn-
paratively low load. The whole glued structure has failed then under an external load smttller
than the sum of the loads required to break the individual free members.s

*In the Ori@nalworklrrgplan (Appenilfx B) EerIw A in dedgnated es Eeuke I, Earlcs B aEEwfes I_IT,and Eden C as WrM II.
z u E~WIMJ load~j and ~~strength~>es mad In tbla reprint rek ta test cundMona euch as are obtefned h the @t shownhlfiW ~

—
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For the first part of this study, specimens simihm to those shown in figure 2 were manu-
factured, in which plain+awed and quarter-sawed material were combined, moisture. “knd
density variables beiqg &minatecL Moisture ch~res were introduced to develop internal
stresses in glued specimens, and the strength at test was compared with that of matched
unstressed specimens.

The second source of internal stress investigated was the unequal shriikage developed by
gking together laminations dHering in moisture content. All wood subjected for a sd%cient
time to the same atmospheric condition will come to practically the same moisture content. If
the cmm.non moisture content is not reached before assembly into laminated construction, it is
attained after assembly, and the resndtant unequal swelling and shrinking of the component
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Fm. 3.-Oombfnlngmeterfdnot
nnLform in mdeture ectntent in
landnuted Constrlwthl.

Dry kee and wet me .@ued
tcgethm end eiiowed to mndttfcm to
e@liMum.

.s-freeshrfnkw of wet owe.
a4c6#smifJng Ofdry faces.

FtnaI pmition &own by dotted
line. Sfnce members ere girmi
w, they must move @ether.
Thfs derelo~ MUlpiWifOil in fares
tending to swdi end tensfon in an
temung to abrhk.

parts develop internal stresses as shown
and cmarter-sawed material.

.

T+“-‘-T-=
H
TC

H

p-
3“ 3-
8 2,:

— /;-+ * la’ -
-t. B.

Fm. 4.-ComMring high den.+ty end low density material in lemi-
nat ~ mnatruetkm.

A.-SweUing of Iamfnated mnstmetkn with bmeme In motstuts
content.

Fmes-Mgh.den?Jty maferid.
b Mw-density material.
c-free swetllng ofhigh density member.
a-frea eweUing of low.density membar.

f$ince members ere glad together, they must swef.f together and

find 6we!J@ .u+-’~= (ShOWJl by 6JMdotted line).
This de~dops mmprew$icmIn hfgb-demdty member end tenafon in

low demity mmber.
B.~e of -et~ mm:~t~ WM 10SS~ ~s~@

content.
Faces= High-density material.
OXI?- LQw&mity Imterid.

c-free shrhknge cdhfgh-density member.
u-m duhkege of Iow-dendty member.

Since me* are glued tcgether, they muet shrink tcgether end

5nal shrinkage -a-l-e~’ (shown by fme dotW he).
This demIop tem& inhigh~emity member and mmpremion h

Iowdenslty member.

in figure 3, just as in the combining of plain-awed

Specimens were made of laminations ddlering in moisture content at assembly, other
variables beii elimhated, and these specimens were conditioned under constant atmos-
pheric conditions before b@ff tested, permittkg all membem to come to a common moisture
content. The strength of internally stressed glued pieces was then compared to the strength
of unstrw.sed free pieces.

The third source of internal stress investigated was the combination of material of diflerent
densities. High density wood has been found 4 to shrink and swell more than low density
wood; henee, combining material of different densities leads to the development of internal
stresses with moisture changys through unequal shrink@ or sweUing. (See @ 4.)

.——— ...-— .——.——— - . . .. ... -
~BdletfnNo. 67% U.S.DepfdmedofAgryuU~ ‘The Relation of the Shrfnkege and Strength Pm-es of Wcd to Its SpeeifIc GravftY,

by J.A. Newlinarni ‘$. FL C.WXW,
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Specimens wera.manufactured of matmial of different densities, other variables being clirn-
inated. Moisture changes wcro introduced to develop internal stresses and tho strength of the
glued pieces subjected to interred stresseswas compmrxl with tho strength of tho free unstressed
specimens.

MATERIALSUSED IN INVESTIGATION.

LUMBER.

Lumber for the investigation was taken from the stock obtained for the manufacture of
experimental propellers. It was handled with extreme care, and all pertinent information
concerning the particular stock was obtained and recorded. A brief description of tlm material
follows :

&NTRAL ibiERIOAN”“MAHOGANY.
AFRICMNMAHOGANY.
~“IH,LOWBIRCN. -- -,--

Part of Lhenlateri~dof mch spwi~s was purchased in the form of logs and sawed a~ the
IAwwtory. ‘H1o remainder wns smzed d“ outside milk under laboratory supervision. All
[~ftho stock was kiln dried at the lnborntory.

NORTHERN WHITE 0.4K (QUARTER-SAWED).

“ NORTHERN BED OAK (QUARTER-SAWED).
. .

Part of the material was thoroughly air-dried stock purchased from dealers. The
remainder was sawed at outside mills under laboratory supervision and kiln dried at tho
laboratory.

RED GUM(QUAR~ii-EAWED),

This stock was sawed at outside mill under laboratory supervision and kiln dried at tho
laboratory,

YELLOW POPLAR,

This stock was purchased in log form, and sawed and kiln dried at the laboratory.

PHILIPFINE MAHOGANY.

This material was from War Department stocks in the form of l-inch kiln-dried lumber.
A cutting diagram was made for each log

~lm~l supem~ionaoutsiomi]+. ~Yc]~o.r~was
sawed at tho laboratory or under laboratory

numbered fur future Iclentdlcatlon, tind these
numbws were recorded on tho bomls and
cutting dingratn. A stirnplc rmord is shown
in figure 5. .

The ldn drying in cac.h cusc wtis dono m-
recordingto specifications for propeller si.uck.

upon receipt at the shop, all stock wus
surfaced and stored under constant cmditions
of temperature and relative humidity. Sam-
pl~ were taken from both ends of each 40-inch

1%.&—African Wixguny. “ stick for use in making density determinations.

TYPE OF GLUE.

The glue used for the manufacture of the laminated specimens was an animal glue, certified
in accordance with Bureau of Aircraft Production specification No. 14000–A. It was mixed
in the proportion of 1 part of gIue to 2* parts by weight of water and heated to 140 to 145° F.
before being appIied,
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SPECLiL EQUIPMENT.

.The same shops and storage rooms were used for carrying out this investigation as were
provided for the propeller m~ufacturirg and storage tests which are being conducted at the
Forest Products Laboratory.s In these rooms the temperature and relati~e humidities are
constantly maintained at the following values:

Woodworking room, 70° F., with 55 per cent reiative humidity. .
Glueroom, 90° F., with 65 per cent relative humidity.
Storage room, No. 3, SOOl?., with 30 per cent relative humidity.
Storage room, No. 2, SOOl?., with 60 per cent relative humidity.
Sto%ue room, No. 1, 800 ~., tith 9(Jper cent relative humidity.

SPECIMENS.

The test specimens used were the standard specimens for tension across the grain, having
the dimensions shown in figure 2. Each test piece was made of three laminntions~ a core

--

$ inch thick, and faces ~ inch thick.

1~
A -.: ......-------.—.... I

* ---- “—-

-.

The laminations for the glued-up and free (not glued) test specimens, shown in plate 1,
were matched end to end and taken as near each other as possible. Two sticks, A and B
(about 40 ~~es iR le%th), caref~y selected and matched for density, furnished material
for test specimens, five of which were glued and five not glued, or free. Stick B was resawed
longitudinally, making the two face pieces B, and B,. The 40-inch block was then marked
X and Y as shown and cut in two, ma~u two 20&mh blocks. Block X vras then glued and
kept in the glue press 24 hours. The gluing operation was conducted in a room kept under
constant conditions of temperature (90° F.) and relative humidity (65 per cent). The lamina-
tions of block Y -werefastened together with metal staplm. The marked end of block Y was
placed opposite the marked end of block X and the specimens laid out and numbered as shown.
Odd numbers indicate specimens that are glued-up and even numbers those not glued. The
free specimens serve as a standard of comparison for the glued-up specimens.’

~Acom@Otedwalption Of thk w~meot IS gIVeOin a reE@ ‘rAtit~C re@et[on of ~tum and humidity ‘In an -fatal
airplane propdk plant and ite applkatien to cemmemd modltlem,”by A. C KnarE% June 2,1919.

●Insxneofthelettex fre8apMmensthey wezemedeoftwo pkesenoh;i nchthiok.

.- d..
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METHOD OF TESTING.

The method of testing these specimens is indicated in @ure 6, which illustrates a standard
test used at the Forest I?roducts Laboratory for the determination of tensile strength across
the main.

‘The selection of materinl, marking, care of specimens, and courses of conditioning before

Fm. 6.

testing are explained in detail in the original
working pltin, a copy of which is included as
Appendix A of this report.

In conditioning specimens they were
considered at equilibrium with the constant
conditions in which they were stored, when
they ceased to change weight. So ftir as
moisture content is concerned, this assumpt-
ion is correct, but from a standpoint of
stresses induced by the.method of manufac-
ture many had not reached their ultimato
condition. Stressw ted tu dio out, and if
till sp?cimens had been tdlowcd to remain
in tiny one condition of storago for an “
indefinite period, tests wou~d havo shown
them to be stress free. This fact was not
fully appreciated @ the beginning of this
work, and care was not taken to tit the

specimens immediately ..after reaching apparent equilibrium. Sometimes delay was necessary
because testing machfi]es or operatom were otherwise engaged.

REWORDFORMS.

Several special forms were used ill recording C&tit” A sample of each of these with de-
scriptive title is included as appemlii B of [his report.

ANALYSIS03?RESULTSOT”SERIESA.

TEE INFLUENCE OF COMBINING PMIN-SAWEDAND QUAETEE-SAWED MATERIAL ON THE STRENGTH OF
LAMINATED CONSTRUCTION.

The following species were studied: ._
Central American mahogany.

.

Philippine mfthogany.”
Yellow birch.
Yellow poplar.
Red gum.
Northern red oak,

Specimens were made with plain-sawed facw and a q~arter-sawed core, of uniform density
and conditioned to uniform moisturo content before gluing. After manufacture, the specimens
were successively subjected to several atmospheric conditions, remaining in each until constant
weight was reached. Upon leaving each condition a number of the.specimens were &ted, the
remainder passing to the next condition, according to the following schedules:

Scheclule No. I—Glue room: Room No. 1, room_No. 2, room No. 3.
Schedule No. 2+lue room: Room No. 3, room No. 2, room No. 1.
Reliv%n betweenrdal and tangenttil temile strengthacrow the grain.—The members of tho

_..

free specimens were tested independently, giving separate data on the tensile strength across
the grain of the plain-sawed material and the quarter-sawed material. The average of the unit
strengths of the individual members was then taken as the strength of the free specimen. The
glue specimens ware necessarily tested as a unit. As shown in figure 7, the tensile strength
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acrox grain (across the face of the board) of plain-sawed material is des@ated as radial t~e
stren@h, and that of quarter-sawed material is designated as tangential tensile strength2 on
account of the nature of the failure.

The ratio of radial to tangential tensile strength across the grain obtained in this inw@a-
tion, for these species, is shown in plate 2, in which each plottd value is the average of five tests.
This ratio seems to be independent of moisture content up to 20 per cent, but varies over a
comparatively large range at all moisture conteut.s. The a~erage relations found for each
species in this t=t are given in Table 2..

TABLE ?.--ttaiti htuwn radial and iangmtid atwngti mm grain.

1 r3pedes.
R

I

G
T T 1 ;

{~entral.4.mencan raabgany. . . . . . . . . . ..i 0.73 0.37 1.17
Philippine mahcgany . . . . . . . . . . . . . . . . . . ;:: .00 L12

Z Yel.lowbirch . . . . . . . . . . . . . . . . . . . . . . . . . . . !)1 1.11
! Yellow popkm . . . . . . . . . . . . . . . . . . . . . . . . . .70 .36 1.22

Reiigum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .&4 L23
‘ “Northern redoali . . . . . . . . . . . . . . . . . . . . . . . :2 . 7s 1.39

—- .,

These ratios indicate that plain~awed lumber is weaker in tension across the face of the
board than quarter-sawed lumber, particularly in red oak. The ruedulkry rays of oak are very
large and prominent, and checking often occurs along
these rays in drying lumber. This fact may account t t

I 1
for the extremely low ratio of $ for oak. It aIso in-

8

——.

dicates how easily drying may reduce the radial - – –——.
strength across grain of plain~awed oak lnmber. ,U’tmeoflb

00mpariaon of teneih strengtk across grain with ‘Z ‘w”+;”!
changes in moisture con&=nt.—Rwdts of the test ou — -
series co-rering this study are shown in plates 3 and 4. —
Ratios of maximum unit loads carried by glued speci-
mens to maximum unit loads carried by free speci- 1 1

Tmf for Testfir

mens me shown at values of
hncjww~nstk radidfezsile

#&T, and are plotted sfrengfh
0G71ssq- acmss gmkt

against change in moisture content after gluing. ~Q. 7.

~G
— do not always equal unity, indicating a cMerence inlt w be ‘een ‘“hat ‘alu= ‘f R+ 2’

strength between glued specimens and free specimens. This may be due either to the presence
of internal stress= or to the ebtic properties of the -wood. If intend stresses are pr=ent,
the capacity of the specimen to sustain external loading is ordinarily reduced, giving a ratio
less than unity. A similar ratio is also obtained if the elastic properties of the members making
up the glued specimens are not the same. The strongest member receiv= maximum load and
fails, thus throwing the whole load on the remaining members and producing failure. The
total load which the piece will therefore support may be lass than the combined capacity of all

the membem. In any case, *T could not exceed unity unless the glue film adds strength,

and could reach unity onIy if internal stresses were so distributed that the maximum strength
of all rnembem is reached at the same deformation, which would be rather unusual.

Heavy Iines at values of unity for & are drawn on plates 3 and 4. In Central Anerican

.,
-. . .

,.

—-

.. -

mahogany, Philippine mahogany, and yellow poplar, the values of &.T do not vary far from
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unity, and are not appreciably affected by change in moisture content after gluing. In the
values for yellow birch, red gum, and northern red oak, however, there seems to be a reduction
in strength as losses in moisture content take place after gluing. This inclination can not be
due to difference in elastic properties of members in glued pieces, for such differences vrould be
practically the same for all changes in moisture content. It is more likely due to the presence
of internal strasses.

The specimens of plate 3 were manufactured and conditioned similar to those of plate 4.
The shrinkage properties of all species are similar dt.bough cliflerent in degree; hence, if internaI
str=es are developed in one species, they might reasonably I?e expected in ot.hers, and the
prwence of internal stresses in some species but not in others seems inconsistent. The period
of conditioning before test, however, was not uniform for all specimens. Central American
mahogany, Philippine mahogany, and yelIow poplar are species of wood which change moisture
content rapidly and reach equilibrium in a constant atmospheric condition in a comparatively
short time. The species in plate 4 are of greater density, change moisture content more slowly,
and have greater radial and tangential shrinkage than those of plate 3, and W-NM consequently
develop greater stresses with moisture changes.

The conditioning data show that, specimens of yel.hw poplar and Philippine mahogany
were allowed to remain under constant atmcxpheric conditions for some time after constant
weight had been reached, being t.ested after periods of 13 to 25 daeysin the fi~ conditioning
room. The vahms of 0.91 and 0.93 at moisture losses of 10.S amd 9.5 per cent in Central
American mahogany arq from specimens twted after a period of only five to seven days, and
the periods for -dues showm on plate 11 rmge from fire to eight days. Apparently, where

~Q
ratios of ~-= have falkm off, indicating the presenca of internal stresses, the specimens were

tested after having been subjected to climatic change for only a short period, while in those
permitted to condition under uniform atmospheric condition for longer periods before test,
internal stre=es were not present. Since the species for which these ratios showed internal
stress require longer periods to reach equilibrium with climatic changw than the species for
which the ratios showed no internal stress? the redts indicate that the magnitude of internal
stresses changes with time. The internal stresses are set up as sweIling or shrinkage takes
place, which in turn depends on the change in moisture content. Mer constant weight is
reached, however, further stresses are not set up, and, judging from the results of this test,
those already set up seem to die out.

Had the specimens for values in plate 4 remained in conditioning rooms for longer periods
before test, their ratios would no doubt have approached unity, and if allowed to remain for
comparatively long periods, would probably have equaled the ratio of specimens in which no
moisture change took place.

The r=ults of these &ts do not permit us h study the rate of change of internal stress,
either while in development, or whiIe dying out. Neither can the maximum internaI stress
developed be determined from these resuk%, for some teds were perhaps made while stress=
were not fully developed, and in others the S=CS at the time of tsst had already fallen bdow
the maximum. ?&ximum internal str-es, however, vrould in aI1casw be as great or greater
than RUyshown in this study.

Rei!utionbetuxen tensile strength across grain of block made of all quarter-sawed boards as
compared to blocks of all plain-sawed bards .—The relation between the temsilestrength across
grain of flatisawed and of quarter-sawed material has already been given in Table 2. The
tensilestrength across grain (across the face of the board) of quarter-sawed materirdbeing greater,
laminated stock of quarteraawed material wilI develop the great=t strer@h in the direction
of glue joints, and, because of its lesser shrinkage, will develop smiller intern@ stresses, acting
parallel to the glue joints. Purely plain-sawed constructions produces the weakest structure
in the direction of the glue joints.

.
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Tho maximum strength that can possibly be developed in laminated construction is ob-
viously the sum of the m~ximum strengths of. the ,individual members. W_hcm plain-sawed
and quarter-sawed material are both tised ir. the laminated construction, the maximum unit

R+T
stmren@ G occurs wkn it equals ~! or #T= 1. Using thism~ximum strength value of G as

1, the maximum unit strength of laminated construction containing both plain-sawed ~d qu~tcr-
sawed materhd compared to the unit strength of “purely quarter-sawed construction becomes

~=$. Val& of $from * test are shown in Table 2, and plotted in plates 10 and 11.

This value was always found to be less than unity.

Values of $ tmd$ when t?= 1 are shown as dotted liu@sin plates 3 UId 4. In the specimens

nmde of northern red oak, values of ~ were more variable when conditioned from a Klgh xnois- ‘

ture condition directly h a dry condition (lcm-erset of data for northern red oak, plate 4) than
when conditioned from a high to a low moisture content by succmsivc steps (upper set of data
for northern red oak, phik! 4). ‘ilk is perhaps due to tho ease with which this species checks
along trho Inechdlary rays in rapid drying. When ouco formwl, these @ecka permanently
reduce tho radial tensflc strengt~~of the wood, for although swellbig may again close the checks

and mako them invisible the loss in strength is pgrmanent. Values of .$ are not so afhctcd

since incipient shakes occur less frequently in this diiwtion.

CONCLUSIONS FROM SERIESA TESTS.

From this series of tests it is concluded tha%.
1. TmsiIe strength across grain (across the face of the board) for quarter-sawed lumber is

greater than for plain-sawed lumber. Plain-sawed lumber may be from 20 h 50 per cent
weaker across the grain, depending upon the species and method of drying.

2. The glu@ together of plain-sawed and quarter-sawed stock giv= rise to the develop-
mont of internal stresses through unequal swelli@g and shrinkage with changes in moisture
content, “and results in a weakening across grain of the laminated structure.

3. When a laminatcil structure containing both quarter-sawed and plain-sawed members
is subjected to conditions which cause a change @ moisturo content, the unequal swelling or
shrinkage of different members induce stresses. These stresses roach a maximum and then
gradually die out. The structure is then free fro~i@rnal stressesbut has assumednew dimen-
sions; ml, if the elastic.limit of the wood hw ngt been exceedd, the strmgkh has not hcen
affected. With each change of .moisturg conta.gt pew stressw will bo developed, .

ANALYSISOF RE9ULTS OF SERIES B.

THE INFLUENCE OF COMBINING MATERIAL OF LJNSQUALMOISTURE CONTENT ON THE STRENGTH OF LAMINATED
00NSTRUOTIOA.

Test speci.nmnsfor this series of tests were made of the following species, as outlined in the
working plan:

Central American mahogany.
PMippine mahogany.
Hard maple.
Yellow pophm.
Yellow birch,
African mahogany.
Northern wtite ouk.
Nor&ern red oak.
Red gum.
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Specimens were manufactured in which the moisture content of the core differeil from that
of the faces by various amounts. The material for any specks was either entirely plain sawed

\ .—-

or entirely quarter sawed and within specimens was uniform in density. Specimens as before
described were subjected succmively to various atmospheric conditions before test.

The properties 04 hide glue were found to tied materially some of the results of th~ test.
K1de glue is hygrcsicopic, and its strength -rariesrapidly with moisture changes. When exposed

-.—

ta a !)(Yper cent relative humidity, this glue softens mtil it has very little strength, nnd glue
joints open, as shown@ plate 5. Plate 6 shows
the redt of attempting to glue together lami-
nations of red oak nt 1S per cent moisture corl-
tent. - Sufficient water &d not lea~e the glue to”
permit it to set and dmwlop i@ full strength. -

In this series t.lmbpecimens’gluefl at 18 per ~
cent moisture content showed no adhesion untfl
the moisture content of the wood had been.
reduced to the point of setting. By thi; the,
the dry members of the. series IMd u_b-wybeJ
moisture and the actuai. diff~renc~.ii} l~olsture’
content between core MXdface&81the time w;h_tn
the glue was able to @amm~t”~@& Y~.rnUCh
less than when ‘the pieces”w&e fit &embled.
The de-mlopment of internal stress in these
specimens would therefok correspond to mois-
ture difference when the glu~ had set enough
to transmit stresses, rather @.ag to the o&ginal
moisture difference.

In the cond.itionkg of s.peci&na, thiSfa~t.&:
again appeared. Upon enter@g an atmosphere
of 90 per cent relative humidity, the. glue
softened within a few days, gnd members of
specimens ,ynder stress -iverepermitted to mova
over each other, thereby reliewing the stress.
The initial stress having disappeared and no
further source of interm-dstress being present,
all subsequent tests would show complete
regain in strength.

HARD M.WJ-Efpl: 7).

SpeCkens of this species vrere mude of
plain-sawed material. Those glued with mois-
ture differences of 11 per cent began to check
and split open soon after gluing, as illustrated
in plate S. The shrinkage of the wet member
nnd the swelling of the dry member in coming
to a common moisture content were so rapid PLAmL-showing fedwe of glue jcfnfs when mbJected to U.@

in these specimens that stresses beyond the
humidiby conditforu

strength of the wood were demloped and failure redted. Specimens similarly manufactured
which did not check and split open showed low strength ratios upon being teded from the glue
room, but after being conditioned in room 1 or 3, showed a considerable regain in strength, and
continued to regnin strength with further conditioning. Similar restits were. obtained on
specimens glued at smaller mokturo different=, indicating that the magnitude of the interred

.

stresses was decreasing with continued conditioning. In practically all cases, specimens .

conditioned in a high humidity showed remarkable regain in strength, due probably b softening
.-

of the~gIueand consequent rekxwe of stresses.
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Results of tests on specimens glued at uniform moisture content were quite ~niform,
indicating that where stresses are not developed, variations for the species are quite small.
ThcIelastic properties of membfm of glued specimens being quite shnilar, no varjation in shmgth
ratios would be expected from th~ source.
X%ILmmNE MAHW.4NY (pi. ~), ●

Specimens of this species were made of plain-sawed material. Results of tthwe tests wew
much more uniform than in maple and no failures “directly after gluing were recorded. Ilvcn
with initiaI moisture differences of S and 11 per cent., specimens tested from tho glue room
showed a maximum of only 10 to 20 per cent. reduction in strength, and this was reduced by
further conditioning until it fell within the strength variations for this species. A.. ill the swim

PLATE6.-Showing ghre jcdnLfoilurw (rmrthom whItG oak). Pkm gkxxl at 18 por canl ruokturo cuntent and held under prrwuro for 24 hUIIm

of plain-suwad and quarter-sawed spticnnens, a compmativel y longer period of conditioning WM
given specimens of Philippine mahogany, permitting reduction in intarnnl stress to take placo
boforo test,.
CENTRAL AMERICA1731AIWGANY(pi. 10).

Specimens of this species were made of plain-eared material. This species changes moisture
content rapidly, and its radial tensilestrength acrossgrain is low and somewhat variable, rcsulting
in a large variation in strength ratios, even when the specimens were glued at uniform moisturo
content. In specimens glued with moisture differences between face and mre, results were moro
variable, regain in strength being found in some specimens and appment 10SSin strength being
found in others.

There seemed to be a general inclinatio~ toward higher strength ratios at low moisturo con-
tents. If the glue film adds any strength, its effect on the strength ratio would bo most appmcnt
in species of low tensile strength, across grain and at low moisture contents, at which glue hns
its greatest tensile strength. This may be partly responsible for suck inclinrition in this species.
YELLOW BIRCiI (pi. 11).

Specimens were made of plain-stiwed naterial. Moisture chang~ take place comparatively
slowly in this species? and th~ rad!al @sUe strength across the grain is comparatiwdy high.
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Consequently, strength ratios *ere more uniform. In specimens manufactured with large

moisture differences no great development of internal stress appeared when fsts were made on
them directly on leaving the glue room, and further conditioning brought-practically all results
within the strength variation for this species.

YELLOW POPI& (pi. 12).
Specimens werO made of plain-sawed material. This species is easily affected by

moisture changes. In other species O and 3 per cen~ differences compared fuvorably;
hence only the 3 per cent differences were included. As shown in the series on .

=ATE &—XandMtedIUWIOShOWhgtmslrmf8111uwdm io mOtstlUO
diflercnco at tfrm of glulng. Odd numbers fndfcate ghwl Pfc#s.
Even numimrs indimk frw pk=.

pIa@awed and quarter-sawed specimens, the
study on yelIow poplar was extended over a
comparatively long period of time. This was
not intentional, but was due to unforeseen
delays in testing. Results of tests for this
species gave little indication of stress at time
of test, showing that if stresseshad developed,
they hat] disappeared before test to such fin
extent {hut strengLh rtitios fell within the
strength variation for the species.

;!FRICANMAIIO(lANy(p~. 13).
Specimens were made of quarter-sawccl

material. This species changes moisture con-
tent readily. Strength ratios for specimens
glue!l with hwge moisture differences were — .-
only slightly lower than for those glued at
uniform moisture contcut~ and were a m8xi-
mum when tesLed at low moisture contents,
again swgest~g the possibility of glue-film ,
strength aflecting the ratio. Only slight indi-
cations of internal stress were found.

~tEDGUM(pi. 14). .
Specimens were made of quarter-sawed

material. Tangential tensilo strength across
the grain is comparatively high, and moisture
change takes place at a moderate rat c.
Strei@h ratios of specimens glued at large
moisture differences showed as much as 20 per

cent reduction in strength, but in neaily all cases this was redui-ed by further conditioning,
indicating the dying out of stresses.
NORTHERN WHITE OAK (pi. 15).

Specimens were made of qumter-sawed material. This species changes moisture contmt
slowly, and possesseshigh tangential tensile strength across grain, giving rather small variation
in strength ratios. Only slight indications of internal stress at time of test were found, and in
such cases further conditioning served to reduce the magnitude of the internal stress. No
doubt if the specimens had been tested immediately after reaching moisture equilibrium,
greater stresses would have been found.
~OIUTIERN RED OAK (pi. 16).

Specimens were made of quarter~awed mnterkd. Tangential strength nc.ross grain is
c~~mparati-relyhigh, resulting in a small strength-ratio vmiation, and moisture chnnges take
place slowly. Specimens w~e tested after conditioning in the glue room only. Indications
of internal stress weie slight, even for specimens manufactured with high moisture differences.
This was probably due to the long conditioning period. Further conditioning served to reduce

, the magnitude of internal stressesuntil they fell ti~~m t~~ ~~~~~gthvariation for the species.
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That internal stresses of serious ma=titude can be developed by gluing together material
of different moisture contents is shown by the failure of maple specimens soon after manufacture.
While this action occurred only in the maple specimens for which the rate of shrinkage was high,
internal stresses would Iihewise be set Upj to a lesser degree perhapsl in the other speck with

relatively high rates of shrinkage. The rapid regain in strength in maple specimens which did
not fail immediately after gluing, shows that the internal stresses are developed to a ma.ximurn
and then die out, probably at a const.ant~y decreasing rate. The resndts for other species con-
form to the same theory and indicate that if specimens are alIowed to condition for a long period
of time, internal stress will completely disappear.

CONCLUSIONS FROM SEEDLSB TESTS.

From this series of tests the folIowing conclusions seem warranted:
I. The gluing together of lmninationa of different moisture contents gives rise to internal

str~es on amount of the unequal swelhrg and shrinkage M the Iamiiat ions approach a com-
.-

mon moisture content. This results in a weakening across the grain of the structure, which
may he of sufficient magnitude to cause rupture of members of the laminated structure.

2. When n laminated structure is composed of mernbem whose moisture conteu ts me
not, the same, the moisture in the wood tenih to equalize, and stresses are set up in the structure
through unsqual shrinkage or s-weU@ of the membets. These stresses die out, hw-ring the
structure stress-free but with than@ dimensions: und, if the elastic l-tit of the. wood has
not been exceeded, the stren@h is not dfected.

.—
If the structure is subjected to further

moisture change, no stresses are induced! sigce all members ha}-e reached the stime condition
md act together. .

3. Animal glue used in these tests does not set properly when the laminations are of rather
high moisture content. The exact point where unsatisfactory results occur can not be deter-
mined from the cluta secured, but it appea~ to be between 15 and 18 per cent. Also, glued
specimens placed uncler conditions tending to produce a moisture content of from 15 to 1S
per cent in the wood indicate thab the glue softens and permits the lamintitions to he easily
pulled apmt.

ANALYSISOF RES~TS OF SERIESC!.

THE fNFLL!E?WEOF COMBINING HIGH-DE’NSITY AND LOW-D~-SITY MATERIAL OX THE STRENGTH OF LAMfNAT~
CONSTRC13TION.

Giued and free specimens were made in which faces and core differed in density. The
direction of the annual rings within a species and the moisture content at gluing were matle
uniform.

In th~ series the elastic properties of tho wood aLsodfect strength ratios of the test, h@-
denaity wood usually having greater stre@h 7’am-lelasticity than lowdensity wood. Results
of the teds are shown in plates 17 to 21, inciusiwe.

CE?WRAL hEEI12AX MAHOGAXY. ‘
This is a species of relatively low radial tensile strength across the grain. Small variations

in stre@h result, therefore in considerable variation of strength ratiosj as seen in plate. 17,
where laminafhd specimens of uniform density gave variable results with or without moistme
changes. Theoretically, these specimens developed uo internal stress with moistum chang=,
and the strength ratios should equal unity. ●

In the specimens made of mkeddensity material, greater vmiations were obtained,
possibly due to variation in elastic properties, to the presence of internal st=ses, or to both.
InternaI stresses should come, however, only with changes in moisture content, because the
laminations were brought to equilibrium before %@ glued. Specimens in which moisture
changes had taken place showed only s~~ht reduction in strength ratio below those having no
change in moisture content, indlcatmg that if internal stresses were present, they were of smalI
ma=titude. #

.—

.—

~Bnfletin No. 676,U.S.Dep-ment efAgrieaItur% “The Reletion of the ShrWage end Strength Pmpertfes of Wcod to Us Speci6a GraVftY,’)
by J. A. Newlfn and T. R. 0. Wlleon.
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HARD MAPLE.
This is a species of relatively high radial tensile strcn@h across tlm grain, and strength

ratios (pi. 17) for specimens of uniform density wera”less variable than for Central American
mahogany. Although greater variation of strength ratios, due probably to variation in elastic
properties, is found in specimens of mixed density, rtverage ratios remain the same for all
moisture changes, indicating that ogly slight, if imy, internal stresses were premnt at time
of kst.
PHILIPPINE M.KEOGAN r.

This is a species of relatively low radial tensile strength across the grain, and strength
ratios for this species (p]. 1S) wero somewhat vmiab]o for specimens of uniform density.
Specimens of mixed density gave strength ratios sogewhat more variable, but with the snmc
average over all rangea of moisture change, indicating but slight, if any, intemal stre.sscs
present at the time of tosthg.
YELLOW POPLAR.

This is a species of medium but varial.de radial tcmsilostrength ucrosa the grnin, giving
quite variable strength ratios, even for specimens of uniform density material (pi. 21). ~pcci-
mens of mixed density material showed a similar variation in the hmsilo strength timosagrtiin,
but indicated at the time of test no developmm t of apprecialJe internal strwses Am to rhange
in moisture content.
~ELLOw BmcH, -

This is a species of relativelyhigh radial tensilestrength across the grain, and strength

ratios for uniform density specimens are only moderatdy variable (pl. 19). Specimens of
mixed density gave no indication of internal stress development with moisture changes} except

(
those having greatest density difference ~,= .779 – .761~. The values here are so few, how-

ever, that they can not be ttiken to indicate serious stress conditions inconsistent with values
for specimens of other densities.
AFRIOANMAHOGANY.

This species is of comparatively low tangentkd tensile strength, and quite variable streng~h
ratios were obtained for specimens of tiform and of nonuniform density material. The results
(pi. 18) do not indicate moisture changes causing any serious development of internal stress at
time of te9t.
NORTHERNwzzrm OAK.

This species is of comparatively high tangential tensile strength across the grain, giving
uniform strength ratios (pi. !20), Specimens of rnixiXldensity gave strength ratios as great as
those of uniform density, indicating that there -wereno intamd stresses at time of test.
NORTHERNRED OAX. .-

This species also poswams relatively high tangential tensiIe strength across the grain,
and the strength ratios (pi. 20) are comparable in uniformity with thqse of other species. No
indications of internal stress at time of test were found.
RED G~.

This species is lower in tangential tensile strength across grain tkm the orh and is also
more vartable. Results (pi. 19) for specimens of mixed density do not indicata lower strengths
than for those of uniform density, nor were intwml stresses apparent at time of tostj

CONCLUSIONS FROM SERIES C TRSTS.

The rwdts of these tads do not indicate that internal stressesof tiny serious ma=mitudc

we developed by the unequal shrinkage propertiw of material of rather es trcrno dmsit.ics

within the speciesstudied. While stressesmay be set up in lamirmhxl construction co~tuining
material of the various densities found w~hin a speciq they are apparently of small mabmi-
tude and within a comparatively short time become so small that they ftill within the variation
of the strength properties.
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From this series of twts the foIIowing conclusion appears warranted:
When laminations of very high and very low densities are combined to form a ltiated

sh-ucture~change of moisture content induces stresses on account of the unequal shrinkage or
swelling of the members. These stresses disappear, and, if the elastic hit of the wood hss
not been exceeded, only a change in dimension results. Further changes in moisture content
induce new stresses. Within a single species the stre=as so tiduced are@LtiVEJYsmall, how-
ever, and not Iikely to ba serious except in drerne CSS*.

h-i-n-m
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PLATE21.—Resuke C4t6ts showing rdathm Mween tensi!e strmgth scrcc!s pin of Iembmtsd SPSCimem (ginsd cd unfkmn demit y sn.1 o! non-
unlkxm densiw stock] and tensi!e strength screm grain of bw spscimmsafter M have bean wbl@ed to vwicus atmcqherio condIUons.

DISCUSSION OF RESULTS.

The outstanding feature of this series of irmatigations is the decrease in magnitude of
internal stresses with time. Although shrinkage governs the development of internal stresses,
the time factor affects the permanency of these strwses. b Iaminated construction containing
plain-sawed and quarter+awed material, results showed internal streesas in specimens tested
after a comparatively short period of conditioning, but showed absence of such stresses where
specimens were conditioned for comparatively long periods before test, due com=iderationbeing
gi~en to the rate of moisture change peculiar to the species. Thus there is strong indication that
internal stresses die out under constant uniform atmospheric conditions.

Evidence from the series in which material of different moisture contents was glued together
showed development of internal stresses in some specimens of maple sufficient to cause rupture.
In other specimens similarity made, which did not fail under internal stresses and which were
Jlo-ired to condition under unifornily constant atmospheric conditions, there vias evidence of a
remarkable regain in strength, corroborating further the theory that internal stresses die out
in time, provided atmospheric conditions remain conqtant. Results from the other species of
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this series showed tho development of interred stresses to a lesser extent, and likewise showed
regain in strength with conti.nyed conditioning.

The series in which variable shrinkage due to density difference was studied indicated that
stresses developed from this source are much lees significant than those caused by moisture
differences at time of gluing, or by the combining of plain-snwed and qumler-sawed Ina{orial.
The results he,vc shown thal interrml stress in numerous species disappcnrs undrr consttint
atmospheric conditions, but the specimens suffered pernmnen Ldeformation. This must ho duo
to a property of the wood fiber, by virtue of which it may be deformed and develop resistant
stress, but in which Lhe stress gradually disappems, leaving the deformation permanent-. SUCh
property must be inherent in the wood itself, irrespective of the source of internal stress, and t~le
theory explains the dying out of internal stresses in the laminated specimens of these tests. In
order, however; that the strength of the wood shall not be permanently reduced~ internal stresses
must not have exceeded its elastic limit.

The development of internnl stresses is due to unequal shrinking and swelling, and the
mfignitude of Strms &vfJ~pC(l will ~?~lry wi fJ~ fJIc mq@tU(]C of such inequality. ‘1’h(?inequality
of shrink~~c within n spe.cimbctwce.n wood of low density nn{l WOO(1of high density, for any of
the species studie(l in Lhis twt, does not seem to bu enough to cwusc serious in[ernd stress with
moisturo clnmges of even 10 or 1!2per cenL Sh’csses so devdup(?d eventmd]y dic ou~ when
u uniform moisture content is mainhtinecl. Any clmngc in moisture contw]~ dcvch)ps ncw
streesesj which also cwmturdly dimppem under consttmk moisture conditions.

Between plain-sawed and quarter-sawed material the inequality of shrinkage is greater;
and larger stresses are developed with moisture changes. Moisture difTerencca between lamina-
tions at gluing can develop strewm of even greater magnitude, capable sometimes, as shown in
the test, of causing failure without application of external lofiding.

The shrinkage propertim given in Table 1 give sgme indication of the factor which is likely
to deveIop the greatest internal stress in laminated construction of any species. Valuw from
Table 1 may be used in ,comparing the magnitude of ..uneqmd shrinkage in laminatcd COMtruc- .
tion of plain and quartered material when umlergomg moisture changes after manufacture,
with the unequal shrinkage caused by gluing together material of different moisture contents.

Internal stresses that have once died out do not ulways recur with a change in moisture
content. Wlmn only moisture differences exist at tho time of gluing, the source of stress dis-
appears when a common moist,uro conknt is reached. l’hweaf k rdl moml.wrs will chungc
moisture content aL tho sa.morate, and shrinking or swelling will bc approximately cqwd.

IJneqUnl shri]lkage due to densi~,y (Iiffercniq or to ineth~d of sawing, dOCS IIOLpornm-
mmtly disappear with conditioning, and each moistura chnnge sets up ncw stresses, irrespcciivo
of previous moisture contents or conditioning.

The results of this test do not indicate the rato of de-rclopmcnt or disnppcrmnro, nor the
magnitude to which intmmal stresses are developed, Failure of specimens in maple indicated
that internal stresses beyond the strength of the wood may be developed. Stresses mmsurcd
at test give merely the stress at that particular time and can not be taken as the mnximum,
The rate of development and disappearance of stress no doubt varies with the siza of construc-
tion, species of wood used, and magnitude of source of stress, and can be determined only by
an actual test with respect to time.

-.

In commercial practice, the sources of stress frequently occur in combination; and each
lends its influence with respect to the development of internal stresses. Main-sawed and

quarter-sawed material of different de~ities and at different moisture contents am frequently
combined. Since gluing at different motiture contenti ca~es the greatwt development of

= internal stressw, elimination of this source of stress is highly desirable. This can be accom-
plished only by bringing the moisture content of material to Lhosnme uniform condition before
the structure is glued up. Combining plain-sawed and quarter+mwcd rnatcrinl in tho snmc
structure develops stress of somewhat lesser magnihde with moisture changes. Whero mnxi-
mum strength across grain~in the direction of the glue jointsliadesiredin built-up construction]
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mixing pIain and quartered material should be prohibited, as it results in a weakening of the
structure which may be temporary but will return with each subsequent change in moisture
content.

Controlling variabhs to eliminate the development of internal stresses increases th~ diffi-
culties of manufacture. The density of wood is difficult to determine except by actual tests,
and the slight development of stresseS from this source can be more easiIy offset by the use of
somewhat lower working stresses. ~oisture differences before gluing can be eliminated by
proper conditioning of the material, which, although not inexpensi~e, is highly desirable because
of the stresses thereby avoided. Matching material for unifo,tity in direction of annual growth
rings reduces the amount of available material and increases the cost of the finished article
quit-e appreciably. Only two courses of action can be followed io eliminate the development
of serious stressesfrom this cause. Elt.her the material must be seIected to give uniform match-
ing of grain-and this only serves to minimize the development of stresses with moisture
changes-or the moisture content of the construction cent ainirg both plain-sawed ancl quarter-
stawedmnterial must bc prevented from chnnging, an extremely difficult tnsk to accomplish.

The effect of internal stresses in oirplane propelks can be minimized by the proper con-
trol of manufucturing. Tests on airphme propdle~ have shown thtktchanges in moisture con-
tent cause finished propelle~ to warp mudbecome unfit for service.E Preventing such ch~ues
hy maintaining constant moisture content ~-ould aIso eliminate any development of internal
stress, provided moisture contents at gluing were uniform, and the masimum strength of the
propeller would be retained.

s~~he~w~e~ kmmh~aand tiscturiug Conditions cmMrpIeae PropeIkrs/’ Frojcd Wl, ddd JKIY8,1LWbY A. ~ E* ~d
A. C. Knauss.
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APPENDIX A.—WORKING PLAN.

PURPOSE OF THE INVESTIGATIONS.

Field observations and tests of timbm construction involv~~ laminations and gluwl joints
have indicated that differences in moisture content, different= in density, the combining of
quarter-sawed with plain-sawed material induce strasses due to atmospheric conditions that
cause checking or opening of the glued joints, or combine with working stresses, and in this way
contribute to failure. .

The purpose of this investigation is to obtain information for use in the design and con-
struction of airplane members made of laminated wood, with special reference to propellers.
Conditions sidar to those of field service will be maintained and controlled and the test
specimens subjected ta them. Rooms will be provklecl in which there can be rnriintained
under control constant conditions of temperature and relative humidity. These conditions

M, > ~$

T
are to be such as to approximate the extromo condi-
tions found in Mual service..... . ....... . ..

The specific information sought ii:
—- ‘&- - 1. A comprwison of tbo strength across the grnin

L

of la+ated construction made entirely of quarter-.... ......... ... *
sawed material, partly of quarter-sawed and partly of

-l-J- - ‘- *“

L-1~“ ~“ ~. ~“ ,,, J.- plain-sawed, and entirely of plnin-sssved boards under
848 ;2 2Z such conditions as may take place after gluing, after

L;” ~“ the seasoning period, or in transferring the glued mcm-
~2

FIO. S.-TeZ spwlmen.
ber from one condition to another.

2. A comparison of the strength across the grain of
laminated construction made of pieces of dtierent densities, with the view of determining the
limit of density difference that may be safely had in the constituent members of huninated
construction when they undergo certain atmospheric conditions.

3, A comparison of the strength across the grain of laminated construction rondo of pieces
differing in moisture content at the time of gluing, when these me subsequently nllowed to

come to a uniform moisture content.
It is proposed to combhe this information with data to bo obtnined from servico fnihms

and data taken on built-up propellers undergoing tie samo conditions, with a view of cstub-
lkhing a recommendation as to the allovmble moisture and density (lifferrmce and restrictions
upon the use of plain-sawed, quarter-sawed, or plain-sawed combinod with quarter-sawed
material.

MATERIAL.

In order to actimplish the purpose of this project, l~tiated test pieces will be mado of
each of nine species representing three classes of wood material used in propeller construction,
and tested. Other speciw will be added later, if deemed advisable. A series of tests wi~l IM
made for each of the following species of woods:

Central bericsm mahogany (Swetenti.muhogani).
African mahogany (li%rya se~aleti).
Northern white oak (Quercw .sp,).
Northern red oak (Quercuasp.).
Yellow birch (Betda q.).
Red gum (Liqutiam.bm .@racijua).
Yellow poplar (.i%+xkdron fulipijera),

Hard maple (Acer saccluzrtnn).
Philippine mahogany~(~horea 8P.).

962
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AU pieces used in the test specimens are to be cut from clew material free from checks.
This material wiI1be selected from Mn-dried stock on h~nd at this laboratory, for which com-
plete data on other wood properties is avaflable.

TEST SPECLMEIW.

The test specimens shall have the dimensions shown in Figure 8. Each test piece is to be
made of three laminations, a center, ~ inch thick, and sides ~f inch thick. The laminations
me to be glued together when practicable in 20-inch lengths, making blocks from each of which
four standard specimens for tension across the grain are to be cut. Other test specimens are
to be made up in the same marmer,but not glued together. Each free specimen is to be matched
to a glued-up specimen and serve as a standard of comparison for the ghmd-up blocks. These
are to be tested in the usual manner. Laminations for the glued and free test pieces are to be
matched end to end and taken as near each other as possible. Sketches will be made showing
direction of the amual growth rings in each lamination of each specimen.

%~~ &&* AC.
I —- .

~ Sflac
Fm. 9.4heet .%hOW@ dots used h dete~ P- Wo@lm Ofmateriel and assignment to schedule of working ph.

1 -- - --- I I t . . I
❑ z@a < 111-

! 41-44
!Ill!

41

?. * mrc tu+ti

FIG. 10.-Chart eho~ r- of cpiftfxd spwimens. Portion ofchart at M shows progms ofs@mens through room In conditioning
schechrh.
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MOISTURE DETERMINATIONS.

Moisture determinations will be made upon each board from which the 20-inch laminations
are cut. Three blocks 1 inch in length along the graih are to be cut from approximately the
third points of the board. A l-inch section is to bo. cut from the center of each 20-inch block
at the time the bIook is cut into test spec.irnens, for tho purpose of determining tho averago
moisture content of the block. Jfoisture determinations will also bo mado upon each test picco
after rupture—one-half of the broken kst piece is to be sawed npart and the moistmw content
obtained for each lamination-the average moisture content of the test piece to be ob~aincd
from the other half en masse. The test specimens will be weighed at such intervals as arc
necessary for obtaining information on the rate of change of moisture in htminate(l construction.

MARKING.

All of the information available (shipment, tree, and piece) shall be indicakxl in the standard
way. Besides these items the test specimen is to have a mark giving the series, tho group, @
the number. Series me to be indicated with reman numcrnle, groups with capihd lcttors, mul
tho numbers with ordinary Arabic numerals. In suih cam, when test pieces arc made of the
same material as the propehs outlined in working plnn for project W233 Nl) m regurds density,

moisture content, etc.,the testspecimen is tu have a rnnrlicorresponding to the mmIi on tho

propcllms. —-

SERIES 1.- MATCHING PLAIN SAWED WITH QUARTERSAWED.

Preparation oj test piece~.—The canter laminatia of each.test piece is to be quarter sawed
and the sides plain sawed. All htminations are to be cut from clear material, frco from checks.
Density shall be based upon oven-dry weight and volume, and a determination shall bo made
upon each of the boards from whie.h the 20-inch laminations are cut. Moisturo conditions are
to be obtained by means of the conditioning roo& provided for tl& purpose. Tho averago
moisture content will be determined by weighing the test pieces from time to time. lhch tosb
specimen will be- conditioned in consecutive rooms, passing through all of the conditions preced-
ing that condition at which the test piece is to be broken.g

The following temperatures and humidities are to be maintained in the conditioning rooms:

i- RelatiYo Tfm&m.
hu@dity. ,

Pw Cnlt.
00/

● F.
Glueroom . . . . . . . . . . ..~ . . . . . . . . . . . . . . . . . . . . . . . . . .
Worlmhop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ; 70
Firatcondkioningroom. . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Secyndconditioningroom. . . . . . . . . . . . . . . . . . . . . . . . . 60 n~
Thn!deonditioning room. . . . . . . . . . . . . . . . . . . . . . . . . ,Wl

*I

GROUP A.

Average moisture content throughout the @st pieces at the time of testing to be that pro-
duced by conditioning in the glue room. Odd numbers indicate test specimens that are glucd
up; even numbers indicate tes~specimens that are not glued up.

CondMonaatthetimetie tat piecaare@uci kwetlta.

11- IMcdeturqercemt when,hm$

~;~R
.———

$Sea ‘tPurpose of the Investigations,)’ above.

,.

.

—

. .

,.. —

., ——. —-.
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GROUP B.

Average moisture content throughout the test pieces at the time of testing h be that produced
by final conditioning in the workshop after condition~m in the glue room. Odd numbers indi-
cate test. speoimeqs that are glued up; even numbers indicate test specimens that are not
glued up.

C&tti atthetimethe tegt piem are glued togethet.

i ‘0” I’Em
I 1-20 I
i :1 2 ! J I J

20 14 I ‘“14
61-W 20 IS, ls

. .
-T-.
-/. .

;—
.—

I I‘.— .

Average moiat~e content throughout the test pieces at the time of testing to be that produced
by final conditionkug in the fit conditioning room after conditioning in the glue room and then
in the workshop. Odd numbers indicate the test specimens that are glued up; even numbers,
test specimens that are not ghwd up.

Conditwns at the tim the teat pt”eceaare glued together.

I IMdstmpercentwhe* @uA ~

‘o-‘=-4
GROUP D.

Average moisture content throughout the test piec+ at the time of testing to be that produced
by final conditioning in the second conditioning room after conditioning in the glue room and
the first conditioning room consecutively. Odd numbers indicate test specimens that are
glued up; even numbers indicate test specimens that are not glued up.

Cbnditabru atthetimethetatP%X3areglued together.

I @JlreFmentvhen@aed-!
No. : pller[ ,

~J, “~ ‘w.
Sides.

1

GROUP E.

Average moisture content throughout the test pieces at the time of tMt@ to be that produced
by fial conditioning in the third conditioning ioom after conditioning in the glue room, work
shop, fit and secogd conditioning rooms consecutively. Odd numbers indicate test specimens
that are glued up; even numbers indicate test specimer& that are not glued up.

—.-
——

.- _—...—

.-
--
—
-.

.—

.-

..-

..-—----
.—...-

.—
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.

Average moisture content throughout the test pieces at the time of testing to be that produced
by final conditioning in the third conditioning room after conditioning in the glue room and then
in the work shop. Odd numbers indicate test specimens that are glued up; eyen numbers indi-
cate tast speoimens that are not glued up.

Cotddwtu atthe timethetestpiecesareglued together.

~ i Moisttue ~r cmt when glwl. 1

No.

+“- ““””””

Number of ;
testpkes. c@Or. Biflw.

20 , ‘7
2!-3 20 j 10 J
41-60 20

~.

61-S0 m * -:
,

—

—

.—

GROUP G.

Average moisture content throughout the test piegesra! the$irneof t.e.stingto,bethatproduced
by final conditioning in the second. conditioning room after conditioning in the glue room,
work shop and third conditioning room consecutively. odd numbem indicate test specimem

that are glued up; even numbers indicate test specimens that are not glued up.

Conditions ratthe Linu the teat pt”m are glued together.

- ~-l”’; p, “?~l

~

GROGI?H.-:-

—

.-..-. :—=# :.

.
.-. — ,.-

Average moisture content throughout the tast-piecw at the tjmeof testing to bo that produced
by fial conditioning in the first conditioning room after conditioning in tho glue room, work
shop, and third and second conditioning rooms consecutively.

1 I 1 .,. 1 .

l.” ~uwof -’U’Q p“-’ w~e’rgl~.
No. Wt pfec.es.

I
i M

I IT”
—

1-20 20 -7 “7
21-40 20 10
41-60’ 20 14 H
61-60 ! 20 I% ls,

— —. -.

. . .
—.

.. w—
,- .=. .

-.

.—

.. —-.-

.
—-

.-.

.—

.
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SERIES 2.-DENSITY DIFFERENCE.

Preparation of hMt@ces.—The kuninations for birch and mahogany are to be cut from
plain-sawed material and the Laminations for oak are to be cut from quarter+ a-wedmateriaI.
A.11materkd is to be clear and without checks. Density is to be determined upon three l-inch
sections cut from each board at approximately the third points. After the density has been
determined, the boards are to be selected. Three groups are to be made consisting of boards
having a comparatively high density, a comparatively low density, and a mixed dtity.
These t~t pieces.are to be marked wjth numbers corresponding to numbers on propellers built
under like conditions m to species, moisture content, and density. Each test specimen wiIl be
conditioned in consecutive rooms passing through all of the conditions preceding that condition
at which the test piece is to be broken.’”

. GROUP A.

All laminations to contain 7 per cent moisture at the time of gluing and be of a compara-
tively high density. Odd numbers indicate test specimens that are glued up; even numbers
indicate test specimens that are not glued up.

1
p ~o I ~“

Glue room conditions.
21-40 m Work eho
41-60 20 %-”Fii con W* room.
61- m 20 Second conditioning room.
81-1OO 20 Third conditioning room.

.

(;ROUP FL

All laminations to contain 10 per cent moisture at the time of gluing and be of a compara-
t ively high density. Odd numbers indicate test specimens that are @ued up; even numbers
indicate test specimens that are not glued up.

~tir ,H -

GROUP c-

A.11laminations to contain 14 per cent moisture at the time of ghing and be of a compara-
tidy high density. Odd numbers indicate test specimens that are glued up: even numbers
indicate test specimens that are not glued up.

:20‘F’m
21-40 m“ ‘iVork&O

‘ 41-60 : 20 %“ - IFti con b@g room.
61- So ! 20 Second condtimmg room.
m-loo 20 Third conditioningmom.

1-

.. —=—.-

.—

.—

-.

— -—.—.. :—

----
.-— —

—.
..-—

J

---””

u See” Pquse ofthe In?e&igetiom,” almva. -
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GROUP D.

All laminations to control 1S per cant moisture at the time of gluing and be of compftra-
tively high density. Odd numbers indicate test specimens that tire glued up; even munbers
indicate test specimens that are not glued up.

\ ~.

1-20
21-40
41-60
61-80
81-100 P

_.—.
Nrunkr of Amrage mofe$rrmitant d the
testpkaa.

A.—“
.,..

>–
.

.—

20 Gluoroom-tinditims.
20 JVorksho
20 $“l’irstcon Uoningroom.
20 &ond cond$ioningroom.

.

.2a Tlurdcondlloning~om,
.

All laminations
tively high density.

.=. u.

GROUP E.

N laminations to contain 7 per cent moisture at tho time of gluing and be of a compara-
tively high density. Odd numbers indicate test spccirncns thttt me glued up; ewm numhcre
indicata test specimens tlhut arc not glued up.

—. . . . . ..

No. Nunber of I ~-w m~:ly:sptcn~ ~~tbo
testpkm. s

*= ..

1-20 1Third con~i.ioning ro&n.
2140 z
41-60

~Second+if.ioning room.
Fist conthhoning room,

‘1,

(1ROLJP F.

All laminations to contain 10 pm cent moisture nt the time of gluing and ho of a compara-
tively high density. Odd numbers imlicnte test specimens that arc glued up; even numbers
indicate test specimens tht me not glued up.

No. ‘~k’’~””” ~ “-- “:Average rnoIsluroconfeut d time

1 1 ‘-”” ““ ‘“ !1-20 . !iO T~d cond~tiomng room.
21-40 : “-20 Secwd cwditiotingroom.
41-60 20 FimtconilitioI@room.

—:. . ....—
(.iRolJ J? G.

to contain 14 per cent moisture at the timo of gluing and be of a compnra-
Odd numbers indicate test specimens that are glued up; even numbc~

indicate @.st specimens that are not glued up.
.. -—- ---..——— —

No. Nnrnber of. Avaraga,m$!iture content at time
teat pkw% _ _ Qf~t. ...

..:
- < ~ ..1 -, ,. .=.. .. . . . . .
~.-””””””” .i

1-20 20 ~JirdOnitiONng room. :
21-40 20 ditioningroom.
4150 %?”Fiat con honing room.

I ‘ 20 .:! . -.

GROUP H.

All htminations to contain 18 pki cent moisture at the time of gluing and be of a com-
paratively high density. Odd numbers indicate test specimens that me glued up; even
numbers indicate test specimens that are not glued up.

—— -...-.

k‘7=”. “.__

.-.

.x

-.

,.

——

.—

—.
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GROUP J.

AI laminations to contb 7 per cent moisture at the time of gluing and be of a compara- “

tivelyIow density. Odd numbers indicate test specimens that are glued up; even numbers

indicate test specimens that are not glued up.

No.

1- m
21-40
41-60
61- SO
u-loo

.

GIueroom condition.
Workeho condition.

I&”Fii con tier@ room.
Second conditioning room.
Third conditioning room.

GROUP K.

AU laminations to oontain 10 per cent moisture at the time of isduirwand be of compara-
tively low density. Odd numbe~ indicate test specimens that ar~ glu~d up; even n~bers
indicate test specimens that are not glued up.

..-. —.—

k
No.

1– 20
21-40
41-60
61- SC
81-100

Number C4 ‘ Arm nwls;mtmantent d timi
hst pkr.% I

Glue rmm condition.
Work&O condition.

&-Firet con tioning ream ~
Second conditioningroom.
Third conditioningroom.

I

GROUP L.

All Itiations to contain 14 per cent moisture at the time of gluing and be of low
density. Odd numbers indicate test specbmns that Me glued up; even numbers indicate
test specimens that are not glued up.

No. Nomber d
tea pkes.

Avre@ ~ Omtmlt at tba
Ortmt.

—-20

z
20
20

Glue roomcondition.
Workeho condition.

$“Firet con tlO~ mm.
Secondconditioningroom.
Third condition@ room,

1-20
21-40
41-60
61- SC
81-100

.

GROUT M.

AU laminations to contain 18 per cent moisture at the time of gIuing and be of low
density. Odd numbers indicate test specimem that are glued up; even numbers indicate
test specimem that are not glued up.

Wonlxr Ot
Sst piecei%No.

Glue roomcondition.
Work sho amdition.

J“First eon tioniq room.
S’wendconditioningroom.
~d conditioningWM.

1-20
21-40
a- 60
61- SO
81-100

20
20
20
20
20.
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GROUP N.

All laminations to contaim7 per cent moisture at the time of gluing and be of compara-
tively low density, Odd numbers indicate test specimens that are glued up; even numbers
indicate test specimens that are not glued up.

—. .-. . . .

No. Mu&rof

-+ .

Average m.@ure content at time
to$t pkces. .,” Dft@.

— . .

1-20 .20 Third conditioningroom.
2140 &xond conditioningroom.
a-oo E First conditioningream.

GROUT O.”
-, .,

All laminations to contain 10 per cent moisture at the time of gluing and be of comprtratively
low density. Odd numbers indicate test specimens that are glued up; even numbers indicate
test-specimens that are not gheci up,

\ No.

~

1-20
2140
41-60

Numbarofi ‘ ““

‘&;le’” - ‘ ““””:’ :’”
[“ :,:” ..1 : .::.

— .._— —-

GROUP P.

All la.ruinations to contain 14 per cent moisture ah the time of gluing and be of a compara-
tively low density. Odd numbers indicate teat specimens that are glued up; m-en numbers
indicate test specimens that are not glued up.

+“

.—.— —

No. Numberof Awzag@m~$rrontent nttime
tet pi-.

1-20 Third Conehoni-ngroom.
,.

21-40 E Secondcoqditioting room.
41-00 20 Ijllllt conditioni~ rwrg.

GROUP R.

AII hminaticma to contain 18 per cent moisture at the time of gluing and be of compara-
tively low density. Odd numbem indicate test specimens that are glued up; even numbers
indicate test specimens that are not glued up.

No. N-of j

\ “:”” d

Aveiv.gemoisture~ti~t at the
t-esTikcgs.

+

.,:Ofta?t.
.-’. . . .

l-xl 20 Third Conti-tioning rwm.
.

21-43 20 Secondconditioningroom,
41-00 20 F%@cc+ioni.pg room.

—
GROUT’S.

U laminations to contain 7 per cent moisture at the time of gluing and be of a mixed
density. Odd numbem indicate test specimens that are glued up; even numbers test speci-
mens that are not glued up.

! No. Numbsot
testpkeses,

II

I;— ?.. ““”
Avenge mdhre odent attime

:,o[test. -.
. . ..”.

GIueroo~mmnditio&
Wodreh conditions.

%oti~room.First can
%cond ccmjitionmgroom.
Thirdconditioningmom..._.

Q...—
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GROUP T.

All laminations to contain 10 per cent moisture at the time of gluing and ba of a mixed
rlensity. Odd numbem indicate test specimens that are glued up; even numbers indicate test
specimens that are not glued up.

No.

I
1-20

21-40
41-60
%1- 80
81-100

Nmnte.r of Amagemdst#rrytmi atthe
tmt pkces. !

20 I .Glue room condition.
20

1
Work&o condition.

20 %.Fmt con honing man.
20 Semnd ccmditionmgrmm.
.33 Thirdconditioningroom.

I

GRIXT U.

All laminations to oontain 14 per cent moisture at the time of gluing and be of a mixed
density. Odd numbers indicate test specimens that are gluecl up; even numbers indicate t&t
specimens that are not glued up.

INnmbevof ; Avmge. mdsdti=dent at tfma
i No. test pkes. , I

1-20 ! GItiemm conditions.
21- 40
41-60

: I vT%y&p#d&iy&

61-80 20 ~Secondcwditiomng room.
SI-100 20 Third conditioning rwm.

GROUP V.

U laminations to contain 18 per cent moisture at the time of gluing and be of a mixed
density. Odd numbers indicate test specimens that are glued up; even numbers indicate kt
specfiens that are not glued up.

No. I

1-20
: 21-40

4P(3O
61-80
81-100

I

I
●Hnnlberof Aw.mga mofe~tutiantent at tfma

testpfeces.

20 IGlue roomcon”titions.
20 Workeho condition.
20 Firet coJ&:qiq room.
20 Second conchhomng room.
20 Third COtitiODiIlg rcmm.

.——
,—-

...+-
.-.———.-

-—

.-
.. —

.-—
. ..-—

.——.

.. -

GROUP W.

N laminations to contain 7 per cent moisture at the time of gluing and be of a mixed
density. Odd numbers indicate test speoimens that are glued up; even numbers indcate
test specimens that me not ghmd up.

I
l-i

.:.
No. .

Numiwr of Awrase mohdtitmamtant at ttme
test pfeces.

1-20 20 Third conditioning room.
21-!4 Second conditioningroom.
41-60 2 Fimt conditicmingroom.
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GROUP X.

All laminations to contain 10 per cent moisture at the time of gluing and be of a mixed
density. Odd numbers indicate test specimens that are glued up; even numbers indicak
test specimens that are not glued up.

“1

;++ “’””- ~ _., . ““”

~ ‘o”
Num~of

—.
Averege rr@etititimnteut at time

tmt p!wes.

. ..- -.

I 2:3 % Third con&~oning room”.
Secondconditioning room. .

41-ao 20 Firet Conqcming mm.
. . . .

-:.
GROUP Y.. .

All Iaminatione to contain 14 per cent moisture tit the t@e of gluing and be of a mixed
density. Odd numbers indicate tast specimens that are glued up; even numbers indicate
test specimem that are not glued up.

— . .. . . ,. - ..r—
~o, ~&W:f AT- &i&:ontant at time

. . .

~:fl i ;: Third conditioningroom.

I
Secondconditioningroom.

;1-00 20 Firet condi~oting room.
... ..

—.. .

GROUP Z,

All laminations to contain 1S per cent ruoisture at the time of gluing and bo of a mixed
density. Odd numbers indicate teat specimens that are glued up; even numbers indicate twt
specimens that are not glued up.

—. r .—

No. Nmnber of Averr@ ri%@@@ontentat tfme
tast plains.

1-20 20 Third ~-ditioning room.
21-40 ‘“ Second conditioning room’.

. .

41-oo d? Rret conditioning room.

SERIES&-vARIATIONIN MOISTURECONTENT.

Preparation of test piecm.—The laminations of any one test piece are to be all plain sawed
or all quark sawed and of the same density and rah of growth, The variations in moisture
conhnt are to be ,obtained eitker by drying (under conditions slightly more severe than air
drying) in the laboratory or by placing the specimen in one of the conditioning rooms, pro-
viding temperature and moisture conditions as required. Each test spechqen will be mn-

‘ ditioned in consecutive rooms, passing through all of the conditions preceding that condition
at which the test piece is to be broken.

GROUPA.

Average moisture content throughout the test pieces at the time of testing to be that pro-
duced by conditioning in the glue room. Odd numbers irdcate test pieces that are glued up;
even numbers indicate test pieces that are not glued up.

Conditions at tha time the test* are glued .?ogeth.w.

+kl _“. ””-

MolsturO per mnt when ghvxl.

No. Numm Of

C@er. Sides. ,
.=

,.

1-20 20 ~;”
21-40 20 ;;
41-00, 20 7 14
61-S0 20 7 la .

—- , -— .,=
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GROUP B.

Average moisture cmntent throughout the test piec~ at the time of testing to be that pro-
duced by conditioning in the workshop. Odd numbem indicate tat pieces that are glued up;
even numbers indicate test pieces that are not glued up.

Conditicm at the lime the test piewa are gked together.

GROUP C.

Average moisture content throughout the test pieces at the time of hxhing to be that pro-
duced by conditioning in the fit condition@ room after conditioning in the workshop. Odd
numbers indicate ttit specimens that me glued up; everi numbers indicate test specimens
that are not glued up.

Conditions at the time the teat phx are glued together.

. ..-..-

...-.—--

—

- .—
. . .—

. ..-.

GRORT D.

Average moisture content throughout the test pieces at the time of testing to be that pro-
duced by conditioning in second conditioning room after conditioning in the workshop and the
required period of time in the first conditioning room. Odd numbers indicate test specimens
that are glued up; even numbers indicate test specimens that are not ghd up.

.

COnditbne at the time the ted pieces are glued together.

Moisture”per cent when ghed.

No. 2bh& of .

center. * Fides.

i ~-m Z. 1’
214 ~ 23 7 J
4-60 20:7 M
61-60 1 20 : 7 18

I I

GROUP E.

---

Average moisture content throughout the test pieces at the time of testing tO be that PrO-
duced by conditioning in third conditioning room after conditioning in the workshop and the
required period of time in the &st and second conditioning rooms. Odd numbers indicate
test specimens that sre ghuxl up; even numbers indicate t~t specimens that are not glued up.



374 RlWO13TNATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

Condtiwn.s at the time the test *8 ar4 glued hgeth.er.

Moisture per centwhen glued.

; “y; - :.:”

61-80 20, 7 -.
.-

GROUT F.

Average moisture content throughout the test pieces at the time of testing to be that pro-
duced by conditioning in the third condit@ing roonrafter conditioning in the workshop. Odd
numbers indicate test specimens that me glued up; even numbers indicate test specimens that
are not glued up.

Conditwne at the time the test pi.fwe are glued together.

I ‘ Moisture per ecnt wherr glued.

No. N&rrbor of
. pieces.

—

C@&. - mcs.
—.

1-20 20 ?. “;;” t
20 ‘ .“7

z: 20 “7 14
61-80 20 7 18

I I I————. -—.. —.

GROUP G.-

Average moisture content throughout the test.pieces at the time of testing to be thaL
produced by conditioning in the second conditioning room after conditioning in the workshop
and Lherequired period of time in the third conditioning room. Odd numbers indicate tcs~
specimens that are glued up; even numbers indicate test specimens that are not glued up.

Condtlion.sat L% the Uie teatp-m are glwd together.

.

Molst@$ per cent whim glued.

No. Number 01
piewl

center. I skies.,

1-20 20
21-40 20 ; J
41-60 20 14
61-80 20 :; ‘ 18

.-

.,

GROUP H.

Average moisture content throughout the test-pieces at the time of testing to be t.hrtt
produced by conditioning in the fist conditioning_~om after conditioning in the workshop
and the required period of. time in the third and second conditioning rooms. CMd numbers
indicate W-t spec-fiens that are glued up; even numbers indicate test specimens that are
not glued up.

Condihna at the time the tat piws are gk.ed togetha.
—.

{ Mo@&=e.ntwkengW.
No. Numtxr O(

piews. i

m-l “ .“”. “

. . C&i@r. rkfes. -

1-20 m “7
21-40 20 J
4J-60 20 +. 14
61-80

tm
18

. .—.

*-
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Average
produced by

GROUP J.

moisture content throughout the test pieces at Lhe time of testing to be that
conditioning in the glue room. Odd numbers indicate tast specimens that are

..—

glued up; even numbem indicate test specimens that are not glued up.

Conditwm atthetime the tat pieces me glued together.

GROUP K. . .
Average moisture content throughout the test piec= at the time of testing to be that

produced by conditioning in the workshop. Odd numbem indicate test specimens that are
glued up; even numbers indicate test specimens that are not glued up.

Condithasat the time .?h6tat @ce8 are glued togetli~.

1-20 “20
21-40 20 ~ :: 1: -
41-60 20 10
61-S0 20 ! 10 ::

I I I I

GROUP L.

Average moisture content throughout the test pieces at the time of testing to be that
produced by condition@ in titi conditioning room after conditioning in the workshop. Odd
numbers indicate test specimens that me glued up; even numbers indicate test specimens
that are not glued up. - ●

Gnditiomath tim theted pb23 are glued together.

II
M0fstm3 w cmtwhen.&d.

No. Np~mnfrof
Center. I

Sides.

GROUP M.

Average moisture content throughout the test pieces at the time of tAing to be that
produced by conditioning in second conditioning room after conditioning in the workshop and
the required period of time in the first conditioning room. Odd numbers indicate test speci-
mens that are glued up; even numbers indicate test specimens that are not ghd up.

-.

~ .—. .-—.-
:..—
.—

.—
..—=

*
—

.—..——

-.-
.-

,.. -
.

.-.—

.



876 REPORT NATIONAL ALWTSORY COMXITTI?,JJ FOR AERONAUTICS.

.

ConditiOn8 at the tinu the test piwa are glued together.

~
nt~v, ,..

21-40
41-60

.T . . .. . ~ ,

1:.1
10 .14

61-60 ““z 10 lx
:

GROUP N. “

Average moisture content throughout the tad pieces at the time of tasting to be that pro-
duced by conditioning in third conditioning room after conditioning in the workshop and the
required periods of time in the first and second ccmditioning rooms. Odd numbers indicate tc..t
specimens that are glual up; even numbers indicate test specimens that are not glued up.

Conditwna at thbtimethe ted@tea areglued together.

-. ..:
..-.

:. .._ _

..

.-.

. .. . .... .

.

.-
.-

Average moisture content throughout the test pieces at the time of testing to IN that pm-
duoed by final conditioning in the third conditioning room after conditioning in the workshop.
Odd numbers indicate test specimens that are glued up; even numbe~ indicate test spocimcns
that are not glued up.

Con&tineat the time th teet * are glued together.
-. .-

, -. . .
Moisture ~r cent when glued.

No. Numtir of
pi0M9.

‘ 5. “. : -..’

center. Sides.
i= .

.

1-20 20 10
!21W 20

lo.

t. *
J

4140 20 10”
6J-60

14
20 la

;. .. . . —.-.

GROUP R.

Averago moisture content throughout the test pieces at tho timo of testing to be that pro-
duced by final conditioning in the second condition~r room after conditioning in the workshop
and the required period of time in the third conditioning room.. Odd numbels indicate
specimens that are glued up; even numbers indicate test specimens that are not glued up,

Conditwmat the time the test pieces are glued together.

Mofsture Mr cent when glued

No. N:rnn of

Cer& EMcs.”

1-20 20,
; ,.

10
21-40 10 J
41+0 2 10
61-S0 20 10”

●

2

—

M
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GROUP S.

Average moisture content throughout the test piet-ws at the time of testing to be that
produced by tl.nal conditioning in the first conditioning room after conditioning in the workshop
md the required period of time in the third and second conditioning rooms. Odd numbers
indicate test specimens that are gIued up; even numbers indicate test specimens that are not
glued up.

Con&tine at Lhetime the teet* are gluedtogeilur.

GROUP T.

Average moisture content throughout the tast pieces at the time of testing to be that
produced by conditioning in the glue room. Odd numbers indicate test specimens that are glued
up: even numbem indicate test specimens that are not gIued up.

Conditiime atthe time the tedpieceewe gluedtogether.

1-20

I
20 ; 14 :

21-40 20 i J
4-60 xl !

I
“:: 14

61-60 20 14
!“.

GROUP U.

Average moisture content throughout the test pieces at -the time of testing to be that pro-
duced by final conditioning ‘m the workshop. Odd nimbers indicate test specimens that me
glued up; even numbers ‘&dicate test specinmns that are not ghmd up. -

thditione atthe timethe ted @c-esoreglued together.

- T
MoEture pm centwhen glued.

No. N=c4 ,

CaLer. .eMc5.

MO 20 14
14 ‘ J , -

-.
21-40 20
4-60 20
61-M 20 ;2 E i

GROUP W.

Average moisture content throughout the test piecxssat the time of testing to be that
produced by fial conditioning in the&t conditior@ room after conditioning in the workshop.
Odd numbers indicate test specimens that are glued up; even numbers indicate test specimens
that are not glued up.
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Conditicmatthe timethe tedphe8 are glued together.

d’;m7.‘“.... . .

/. ....=.. . ..=

GROUP X. ●

Average moisture throughout the test pieces at the time of twting to be that produced
by final conditioning in the second conditioning room. after conditioning in the workshop and
the required period of time in the first conditioning room. Odd numbers indicate test specimens
that are glued up; even numbers’ indicate test specimens that are not glued up,

Chiitbns at thetimethetedpiecw are glued together.
- .—

,1+” ‘:, . “... . . ~

~ofstlq percentwhen glued.

No. Nnmher of
plecm. ,4 “1

.“
l_~(J ;.”” * “;” “ a

21-40 20 14 i
41-60 14 ;:
61-W 2 14 18.

—. -=.

GROUP Y.

Average moisture content throughout the test pieces at the time of testing to be that pro-
duced by final conditioning in the third conditioning room after conditioning in the workshop
and the required period of time in the fWt and second conditioning rooms. Odd numbers
indicate test specimens that are glued up; even numbers indicate ted specimens that aro not
glued up.

Mtiona at the time the tat pie-w are glued together.

‘. tituii percept when glu.cd. ‘“

~*+~ “:” ‘“ .-

2140 14 J
41-60 ; ‘ 14’ 14

I
61-60 .20 , 14” 18 .

. ..!- ..— -..

GROUP Z.

Average moisture content throughout the test pieces at the time of testing to be that pro-
duced by fial conditioning in third conditioning room after conditioning in the workshop,
Odd numbers indicate test specimens that are glued up; even numbers indicata test specimens
that are not glued up.

&ndithmatthetimethetat pkee are ghci togetlur.

r

.-

.

—.

\

.-.=--.:. . ,<.- .
..-

. ...=.._ ..,.

... . .

------. .
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GROUP U.

Average moisture content throughout the t& piecee at the time of testing to be that
produced by final conditioning in second conditioning room after conditioning in the workshop
and the required period of time in the third conditioning roam Odd numbers indicate test
specimens that are glued up; even numbers indicak. testspecimens that are not gIued up.

Conditiotu at thetime the ted piaw areglued together.

GROUP BB.

Average moisture content throughout the test pieces at the time of testing to be that pro-
duced by limd conditioning in&t condit.io~~ room after conditioning in the workshop and the
required periode of time in the third and second conditioning rooms. Odd numbers indicate

. kst specimens that am glued up; even numbers indicate test specimens that are not glued up.

Conditabne at thetimeLhetest@we areglued together.

.—

—.. . -
.. :-=_.. ..

- :.”..— —
-—-.. —

7“”””~~“.”
Moisture p centwhen gksd.

No. InlmheI of
pfeces.

Cenfer. roes.

1-20 20 i 14
2H0 . 20 ;
41-60 20 ;:

!.;;

61-S0 20 i 14 M ..

—

GROUP CC.

Average moisture content throughout the test pieces at the time of testhg to be that pro-
duced by fiml conditioning in the gIue roon Odd numbers indicate test specimens that are
gIued up; even numbers indicate test specimens that are not ghed up.

&ndilwn4 at thetime the [eat piwa me glued together.

‘oi:=”f~=

GROUP DD.

●_—.

..-— ,.
——

..- .—....-.

. .
.-

.

. ...

Average moistu cuntent throughout the test pieces at the time of testiqg to be that pro-
dnced by flmd condition@ in the workshop. Odd numbem indicate test specimens that are
glued up; even numbe~ indicate test specimene that are not glued up.
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Conditima atthe timathe tedtpieced are ghed together.

+~R~-,
GROUP EE.

Average moisture content throughout the test pi.~s at_ the time of tasting to be that pro-
duced by final conditioning in the first conditioning room after conditioning in the workshop.
Odd numbers indicate test specimens that are glued up; even numbws indicate test specimens
that are not glued up.

Corulihbmat thetime& test pkw are glued tugether.

“i

Wisture per cent when ghd.

No. NuUlbOIUlbOrOt
,

C-alter. FIdee.

1-20 20
214 20 H J J
41-6a 20 ,U 14
61-S0 20 w. 18

. .—.

GROUP FF.

Average moisture content throughout the test pieces at the time of testing to be that pro-
duced by iinal conditioning in the second conditioning room after conditioning in the workshop
tmd the required period of time in the first conditioning room. Odd numbers indicate test
specimens that are glued up; even numbers indicate test specimens that are not glued up.

Condiths at the time the te8t pieced are glued together.
———

K ~lm~, ,

GROUP GG.

Average moisture content throughout the test pieces at the time of testing to be that pro-
duced by final conditioning in the third conditioning room after conditioning in the workshop
and the required period of time in the &at and second conditioning rooms. Odd numbm indicate
teat specimens that are glued up; even numbers indicate test specimens that are not glued up.

ConMonaat .& time the teet pix.ee are glued together.

Mdatumpercentwhen glued. “

No. NpyU&J&WOf
-.

~~ -<“ .“

Center. Fldes.

1-20 20 18
21-40 20 18 4
41-60 20 18 14
61-80 2(? 1s 18

... .

4

——-—
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GROUPHH.

Average moisture cuntent throughout the test pieces at the time of t=ting to be that pro-
duced by fial condition@ in third conditioning room after conditioning in the workshop.
Odd numbers indicate test specimens khat are glued up; even numbers indicate test specimens
that are not ghed up.

Gm&&msatti timethetit P&4 are @ed tqrei%er.

Moisttm pa centmenglued.

No. Npmn.&cOf

cm”” k

1-20 20 Is
21-40 20 IS 1;
41-60 20 ls
61-S0 20 18 i ::

[

.—....-
—

. .—-=.-
. . .

.=

GROUP K3L

Average moisture content throughout the ted pieces at the time of testing to be that pro-
duced by bal condition@ in second conditioning room after conditioning in the workshop
and the required period of time in third conditioning room. Odd numbers indicate test speci-
mens that are ghwd up; even numbers indicate twt specimens that are not glued up.

Gbn&tbm at the tima the tat @w are gk.d togeths.

No.

Moiwmap3rcmtwhreglued.
Nomber of

L20 20 U
21-40 20 18 ;
!&60 20 18 14
61-S0 20 18 18

t I t I

GROUP MM.

Average moisture content throughout the test pieces at the time of testing to be that pro-
duced by tinal conditioning in tit conditioning room after conditioning in the workshop and
the required periods of time in the third and second conditioning rooms.
test sp~cime& that are glued up; even numbers indicate test specimens

C.bnditiomatthetimethetestptkzdareglued together.

CJddnumbers Micah
that are not gIued up.

No.

1–20
21-40
4L-60
61-80

Numb&r of

20
20
20
20

, ,

-.

.
.—

-.. .

-.

. .

-—

.—

..—

. .—

.
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APPENDIX B.-SAMPLES OF RECORD FORMS.

SERIES 1.–MATCHJNG PLAIN AND QUARTERSAWED.

Specimens are to be conditioned or brought h constant weight in each of tho various
rooms in the order given below, then taken out and tested, e. g., Group II will be conditioned
in the glue room, workshop, first, second, and third conditioning rooms and then tinted.

Oroup.
Glue mom.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..A.
WmMop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..B.
Hmtmn~tig~~ room. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..C.
Eecondcon.+tio.pmg room. . . . . . . . . . . . . . . . . . . . . . ..- . . . .._ . . . ..- . . . ..-.. -- . . . . . . . . ..- . . . . ..-..D.
~::tiboq mm . . . . . . . . . . . . . . ..". . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..E.

Workehop:
Third conditionbyr oom. . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.. -- . . . . . . . . ..-... - . . . . . ..-- . . . . . . . . . . ..F.
Second conditignmgr cam. .. . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . ..G.
Firetconditiomng room. . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . ..--- .--.. - . . ..-. - . . . . . . . . . . . . . . . . . . . .. II.

SERIES 2. DENSITY DIFFERENCE.

~pecimens are to be conditioned or brought to constant weight in each of the various

rooms in the order given below until they reach constant weight in the room opposite which
their numbers appear. They will then be tested.

GruuPA,B, C, D. I GroupsJ, K, L, M. I “-”;‘O&rPSS,T,U, V.

i “ ‘“””””

Bpedmcn
numlxus.

<..

Gluermm . . . . . . . . . . . . . . . . . . . . . . . . . ..l . . . . . . . . . . . . . ... . ..~ 1-20!
WorWop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21-40 ;
~tmntitioni~ rmm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l 4L- GO ;
Second cor@tiomng room . . . . . . . . . . . . ..." . . . . . . . . . . . . ..l 01311~ ~

.—

Thirdconchtioning room . . . . . . . . . . . . . . . . ..L.. . . . . . . . ..-... ~
1 ——— . . . . ...’ ----- J

I

Groups E, F, G, HJ Groups N, “O,P, RJ l&p3-n,,x,*,Z.s, .> “1 :PS&&”! “-: ,. . .
f I

L
IIG1uercmm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Worlmhop . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . .. . . . . . . . . .1
tidcontititing room . . . . . . . . . ... . . . . . . ... . . . . . . . . . . . . . .
Second conditioning room . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $! !
Fimtconditioningr oom. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .

I “:.—. ———
1Comparatively h!gh density. “*~~ti~dy km density. : Mixed &nsIty.

SERIES 3. -VARIATION IN MOISTURE CONTENT.

Specimens are to be conditioned or brought. to .qonetant weight in each of the various
rooms in the order given below, then taken out and tested, e. g., Groups II, N, Y, and GG will
be conditioned in the glue room, workshop, first, second, and third conditioning rooms and
then tested.

Groups.

Glue room. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -—. . . . . . . . . . . . . . . . . . . . . . . . .A. J, T, CC.
Workehop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..m . . . . . . . . . . . . . . . . . . . . . . . ..B. ~U DD.
Firetconditiy@g room . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..C. L }~EE.
S~ondmn&tiom~ rmm---------------------------------------------------------- D ti, ~ FF.
I&iidryrnlitioning rcmm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .~, N, Y, (X+.

Work6hop.’
~timn&tioting wm.l . . . . . . . . ..-- . . . ..--.. ---———— ..-.. --------. -.. -......F P Z,IIII.
Second contitioti~ mm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . ..G. ~,AA,KK.
Rmtmnditiotiw rmm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..H. S, BB, MM.
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