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AERONAUTICAL SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 
Unit Unit Symbol Symbol 

Length ____ _ l 
t 
F 

rneter ____________ ~------- m 
s 
kg 

foot (or mile) __ __ ____ _ ft. (or mi.) 
sec. (or hr.) 
lb. 

Time ___ ___ _ second __________________ _ second (or hour) ______ _ 
Force _____ _ weight of one kilogram ____ _ weight of one pound __ _ 

Power ______ P kg/m/s_ _ __ _ _______ __ __ __ _ _ _ _ _ _ __ ___ horsepower __________ _ 
Speed _______ _________ {km/hr____________________ k. p. h. mi. /hr. --------------

hp 
m. p . h. 
f. p. s. rn/s______________________ ill. p. s. ft ./sec. _____________ _ 

2. GENERAL SYMBOLS, ETC. 

W, Weight, = mg 
g, Standard acceleration of gravity = 9.80665 

m/s2 =32.1740 ft./sec. 2 

m, Mass = W , g 

p, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (l;:g-m-4 

S2) at 15° 0 and 760 mm = 0.002378 (lb.­
ft. - 4 sec. 2). 

Specific weight of "standard" air, 1.2255 
kg/m3 = 0.07651 Ib./ft.3 

mk2
, Moment of inertia (indicate a...as of the 

radius of gyration, k, by proper sub­
script). 

S, A.rea. 
Sw, Wing area, etc. 
G, Gap. 
b, Sl)an. 
c, Ohord length. 
b/c, Aspect ratio . 
j, Distance from O. G. to elevator hinge. 
/J., Ooefficient of viscosity. 

3. AERODYNAMICAL SYMBOLS 

V, True air speed. 

'1., Dynamic (or impact) pressure=ip V2 

L, Lift, absolute coefficient OL= :s 
D, Drag, absolute coefficient OD= ~ 
0, Oross-wind force, absolute coefficient 

o 
Oe=qS 

R, Resultant force. (Note that these coeffi­
cients are twice as large as the old co­
efficients L e, Dc.) 

'low, Angle of setting of wings (relative to thrust 
line). 

it, Angle of stabilizer setting with reference to 
thrust line. 

'Y, Dihedral angle. 
Vl 

p -,Reynolds Number, where l is a linear 
p, dimension. 

e. g., for a model airfoil 3 in. chord, 100 
mi./hr. normal pressure, 0° 0: 255,000 
and at 15° 0., 230,000; 

or for a model of 10 cm chord 40 mIs, 
corresponding numbers are 299,000 and 
270,000. 

Op, Oenter of pressure coefficient (ratio of 
distance of O. P. from leading edge to 
chord length). 

{3, Angle of stabilizer setting with reference 
to lower wing, = (it-iw). 

a, Angle of attack. 
E, Angle of downwash. 
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SUMMARY 

This report oj the Forest Products Laboratory deals with 
the design oj plywood webs jor wooden box beams to obtain 
maximum strength per unit weight. A method oj arriving at 
the mo t efficient and economical web thickness, and hence 
the most suitable unit shear stress, is presented and work­
ing stresses in shear jor various types oj webs and species 
oj plywood are given. The questions oj diaphragm spac­
ing and required glue area between the webs and the flange 
are also discussed. 

INTRODUCTION 

The study of wooden box wing beams built with 
spruce flanges and plywood webs involves, first, the 
design of the flanges and, second, the de ign of the 
webs. The design of the flanges is discussed in previ­
ous aircraft reports prepared by the Forest Products 
Laboratory, United States Department of AgricultUTe, 
for publication by the ational Advisory Committee 
for Aeronautics (Reports Nos. 181 and 188). The 
present report deals with the results of tests relating 
to the design of the webs. Approximately 200 repre­
sentative box and double I beams were tested at the 
Forest Products Laboratory for the pUTpO e of de­
veloping the most efficient and economical design of 
plywood webs and to determine the working stresses 
for various types of webs. The project was conducted 
in cooperation with the BUTeau of Aeronautics, avy 
Department. 

FUNCTION OF THE WEBS 

The function of the plywood webs of box beams for 
airplane wings is to resist a very minor portion of the 
bending moment and the major portion of the hear 
acting on the beam. Tests made at the Forest Prod­
ucts Laboratory indicate that, with plywood in which 
the grain of successive plies is alternately parallel and 
perpendicular to the longitudinal axis of the beam, 
only that portion of the plywood in which the grain is 
parallel to the axis should be considered in calculating 
the moment of inertia 1. With plywood in which the 
grain of alternate plies forms angles of ± 45° with the 
longitudinal axis of the beam one-half the thickness of 
the plywood may be considered in calculating 1. In 

1 Senior engineer, Forest Products Laboratory, Forest Service, U. S. Department 
of Agriculture. Maintained at Madison, Wis., in cooperation with the University 
of Wisconsin. 

calculating the form factor of a box section with either 
type of web, however, the total thickness of the 
plywood should be used. 

heal' stresses are a maximum over the plywood POl'­

tion of the cross section of the beam. Hence the chief 
function of the plywood webs is to re ist the e stre e 
with a minimum of distortion. Keeping distortion to 
a minimum i e pecially important when beams are 
subjected to combined bending and axial compression. 

F ORMULAS FOR COMPUTI G SHEAR 

Before we can di cuss allowable de ign stresses for 
plywood webs, we must decide upon a formula with 
which to compute the maximum shear stress in a box 
beam. Two formula are recommended and it will 
generally be found that the result they yield agree 
quite clo ely. The two formulas 2 are: 

VQ 
q=Tt 

V 
q=(ii; . 

(1) 

(2) 

In each formula t repre ents the total thicknes of 
both webs, V the external shear, q the shear stress in 
pounds per quare inch, Q the statical moment of the 
area above or below the neutral axis when the maxi­
mum shear stre s is de ired, I the moment of inertia 
of the section, and a the di tance between the centers 
of gravity of the flanges exclusive of the plywood. The 
same rules, expressed in a preceding paragraph, apply 
to the calculation of Q that apply to I as regards thick­
ness of plywood con idered, but t is the total thickness 
of both webs. 

The external hear V i the derivative of the bend­
ing moment and this fact applies to a beam either 
with or without axial load accompanying a transverse 
load. For combined axial and transver e loan the 
shear V is also numerically equal to the sum of the 
shear from side load and the component of the axial 
load that is normal to the ela tic CUTve. 

For a beam subjected to an axial compression and a 
concentrated load at the center 

w 
V= ---y; 

2 cos 2J 

I British units of measure are assumed throughout this report. 

(3) 

3 
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in which W is the side load, L the length of span , and BASIS FOR ARRIVING AT DESIGN STRESS 

The most effective way of approaching the problem 
(4) of efficient web thicknes and hence correct design 

shear stress is to test a number of beams of uitable 

In this abbreviated formula, (4), P is the axial load, E 
the modulus of elasticity, and I the moment of inertia. 

For a beam subjected to an axial compression and 
equal concentrated side loads at the third points, 

W (. 2L . L) 
V = 2 in L/J sm 3J + sm 3J (5) 

From this we obtain the approximate formula 

V=W (I +PL 2) (6) 2 gEl 

by using the first two terms of the ine serie and by 

L 
dropping all powers of J greater than the second. 

This approximate formula, (6), was used to calculate 
the shear values given in Tables I and II. 

For an axially loaded beam having a uniformly dis­
tribu ted side load, 

L V=w J tan 2J (7) 

in which w is the load per unit length. From this we. 
obtain the approximate formula , 

V=w; (I + ~~;) (8) 

by using the first two terms of the series for tan {:f 
The exact expressions for the bending moments cor­

responding to the preceding and other loading condi­
tions may be found in Prescott's Applied Ela ticity.3 
From these the corresponding exact expres ion for the 
shear are obtained by differentiating with respect to x. 

STRE GTH OF PLYWOOD VARIES WITH DENSITY 

In general, dense wood of any species has greater 
strength thl1n wood of low specific gravity. As a 
matter of fact, fairly definite mathematical relat.ions 
between specific gravity and the various strength prop­
erties have been worked out. Plywood is no exception 
to the general rule and it must be expected that for 
any series of tests on plywood of a given pecies to bc 
of value either the density of the wood must be known 
or the number of t.ests must be great enough for the 
average to be representative of the species. The rec­
ommendations that are to follow are based on the re­
sults of nearly 200 tests made at the Forest Products 
Laboratory on box and double I beams with plywood 
webs, the quality of which wa fairly definitely known. 
Accompanying tables give the re ults of these tests. 

3 Prescott, J. Applied Elasticity. 92-105. London, New York (etc.) . 1924. 

over-all dimensions and various web thicknesses and 
to compare their efficiencies. By efficiency is meant 
maximum load divided by beam weight. Figure 1 
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FIGURE l.-'rhe relation between load-weight ratio and thickness of web (or 
3 by 8Yi. inch box beams with the grain or tbe plywood webs at :H5 degrees 
to the length of tbe beam. Flange depth 1 J.~ inches 

shows the result of uch a series for spruce and 
yellow poplar webs with the grain running at an 
angle of ± 45 0 to the length of the beam. The beams 
were 3 inches wide by 8}1s inches deep with flange 
IX inches deep . Two loads 44 inches apart were sym­
metrically applied between the supports, which were 
16 feet apart . The results used in Figure 1 are taken 
from Table III, IV, V, and VI. A great number of 
tests would group themselves in a milky way along 
the line COG S and between the bounding lines UEF 

and LH I , which repre en t th e maximum and minimum 
value for the group. The line AS is calculated on t he 
basis of failure in the compression flange and a weight 
of 27 pounds per cubic foot. The line CD is based on 
the loads that the two flanges will sustain after the web 
has collapsed. The line CD will naturally slope down-
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ward to the right to the point where the maximum load 
for a box beam exceeds the load that the two flange 
alone will su tain. Along the line DG failure will be 
by shear and the hear stres e repre ented by thi 
line are shown in the upper portion of the figure. The 
inter ection of DG and AS represent the theoretical 
thicknes of web and the resulting shear stre s at 
which there will be equal likelihood of failure by hear 
or by compre ion in the compre ion flange. What 
actually happens, however, is that beam with a web 
tbicknes repre ented by the intersection of these 
curves fail in the compre ion flange although they 
buclde in the web and con equently give lower average 
values than tho e indicat d by the inter ection. 
Therefore, in place of a maA'imum shear stress of 1,225 
pounds per square inch, as hown on the upper curve, 
a tress of about 1,175 p01.mds hould be expected. 
The fillet in the hear curve produce the fillet GK in 
the efficiency curve and throws the point of maximum 
efficiency to a web thickne of approximately 0.13 
inch, which corresponds to a shear tress of 1,135 
pound. 

There is one important matter that i commended 
to the careful attention of the designer at this point. 
It has to do with minimum values. If a web thickness 
that gives equal lilcelihood of failure by hear or by 
compres ion is selected, there i a possibility of getting 
a beam low either in hear or in compre sive trength. 
By using a slightly heavier web with practically no los 
in efficiency the chances of getting a dangerou mini­
mum are reduced 50 per cent. Further, a glance at 
the line of minima LHI (fig. 1) hows that the 
maximum of the e minimum value i at a thickness 
greater than that recommended. onsidering all 
the e fact, a recommended shear stress of 1,000 
pound per quare inch for 45° web of beams without 
diaphragm seem the be t from the tandpoint of 
afety and economy. 

That more of the points of Figure 1 are above the 
average line than below i accounted for by the 
facts that more of the material was above the average 
in quality than below and that, although the average 
line is ba ed on pruce web, a number of the beam 
hown had yellow poplar web , which on the average 

are omewhat stronger than pruce. 

USE OF DIAPHRAGM' 

o exhau tive study of the proper pacing and size 
of diaphragms was made. In a few instance, how­
ever, beam were made with diaphragms to point out 
their po ibilities. Thu beams 73D, 77D, and 1D, 
Table V, all of which failed in shear, can be compared 
directly with 72, 76, and 0, respectively. The first 
et had diaphragms spaced a hown in Figure 2 while 

the econd three had no diaphragm. Beams 10, 15, 
and 20, Table VI, can also be compared with other 
beams in this ame group; their diaphragm spacing i 
al 0 shown in Figure 2. While beam 9 without 

diaphragms failed in shear at 934 pounds per square 
inch shear stres, To. 10 with the arne thickne s of 
plywood and a diaphragm pacing of two and three­
tenths times the clear distance between flanges failed 
in compression. It mu t be noted, however, that 
beams 7 and with thicker web and no diaphragm 
gave better load-weight ratios. Beam 15, with very 
thin plywood of low-den ity tock and diaphragm 
paced two and three-tenths time the clear distan e 

between flanges, failed in shear with a maA'imum shear 
stre intensity of 1,4 2 pound per square inch. 
Beam 20, with thin web of high-density stock and 
with a diaphragm pacing of on and ixteen one­
hundredth time the clear di tance between flanges, 
failed in compre ion when the maximum hear in­
ten ity wa 1,992 pound per square inch. 

The beam sections listed in Table VII, which were 
tested in shear, show too, in a limited mea ure, the 
effect of diaphragm spacing. For example, - 6 and 

-7, with high-density webs and with 20 inche 
between end blocks, average over 1,800 pOlmds per 
quare inch, while -18 and S- 19, with even lightly 

I greater den ity but with 74 inches between end 
blocks, average only 1,050 pound per square inch. 

RECOMMENDED DESI G TRESSES IN SHEAR FOR 
45-DEGREE PLYWOOD 

A careful analysis of the nearly 200 tests previously 
mentioned leads to the following recommended hear 
tre se for either 2-ply or 3-ply 45° plywood web 

for box beams of a depth not greatly exceeding the 
maximum depth of those tested (9% inches). 

When no diaphragms are used or when the dia­
phragm spacing exceeds three time the clear di tanco 
between flanges, use four-thirds of the design tres in 
hear recommended for the species. (Table VIII.) 

The actual values for four specie follow: 
Spruce: 1,000 pounds per square inch. 
Yellow poplar: 1,070 pound per square inch. 
True mahogany: 1,150 pounds per quare inch . 
Birch: 1,735 pounds per quare inch. 

For a diaphragm spacing from one and one-half to 
two and one-half times the clear distance between 
flanges use five-thirds of the de ign tress in shear rec­
ommended for the species. Some actual values follow: 

pruce: 1,250 pounds per square inch. 
Yellow poplar: 1,335 pounds per square inch. 
True mahogany: 1,435 pounds per square inch. 
Birch: 2,165 pounds per square inch. 

For a diaplu'agm pacing up to one and one-half 
times the clear distance between flanges use double the 
design stress in shear recommended for the speCIe . 
Actual values follow: 

pruce: 1,500 pound per square inch. 
Yellow poplar: 1,600 pounds per square inch. 
True mahogany: 1,720 pounds per square inch. 
Birch: 2,600 pound per square inch. 
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A study of the results of shearing te ts and static 
tests of beams lead to the conclusion that plywood 
webs are mo t efficient when the grain of one ply i at 
90° to the grain in adjacent plies, when the web i 0 

arranged that the grain of half of the materials i at 
90° to the grain of the other half, and when the grain 
of all the plies is at ± 45° to the longitudinal a)...Js of the 
beam. 

DESIGN SHEAR STRESSES FOR PARALLEL-PERPE -
DICULAR PLYWOOD 

Allowable shear stresses for plywood webs so con­
structed that the plies are alternately parallel and 
perpendicular to the length of the beam should no t 
exceed 87}~ per cent of those recommended for 45° 
plywood. The beams with 45° plywood webs are also 
stiffer than the uthers, becau e of the fact that the 
shearing modulus for the 45° webs is higher than for 
the parallel-perpendicular webs. 

The shearing moduli recommended for bo th types of 
webs appear in the econd paro,graph following. 

DESIGN SHEAR STRESSES FOR SPECIES OF PLYWOOD 
NOT LISTED 

Stres es for plywood of species other than those 
listed can be obtained from the hear values of the 
wood given in standard strength table by applying the 
same factors as those required to obtain the values for 
the four species of plywood listed. 

SHEARI G MODULI FOR PLYWOOD WEBS 

The shearing modulus or mean modulus of rigidity 
of spruce wood is equal to the modulu of elasticity 
along the grain divided by 15.5 and the shearing 
modulus of 45° spruce plywood is five times the 
hearing modulus of spruce wood. Therefore, the 

shearing modulu of 45° pruce plywood may be 
obtained by dividing the modulu of ela ticity of 
spruce by 3.1. These ratios have not been definitely 
obtained for other species, but scattered tests indicate 
that the radio of modulus of elasticity to modulus of 
rigidity ranges between 14 and 1 . 

Very few data are available relative to the hearing 
modulus of plywood webs the grain of which i alter­
nately parallel and perpendicular to the length of 
the beam. What data are available indicate that 
the shearing modulus of such plywood is the same 
as that for solid wood of the same species. In other 
words, the shearing modulus of 45° plywood is about 
three times as great as that for parallel-perpendicular 
plywood. 

SHEAR STRESSES IN BENDING COMPARED WITH 
SHEAR STRESSES IN TORSION 

For a diaphragm pacing up to one and one-half 
Limes the clear distance between flange, an ultimate 
shear stre s of 1,500 pounds per quare inch i recom­
mended for pruce plywood web of beams subjected 

to bending or to combined axial and side load. Te L 
of a large number of torsion specimen indicate LhaL 
a much higher calculated ultimate hear stress is 
obtained in tor ion. In fact, the average for a series 
of torsion tests was 2,370 pounds per square inch. 
This value is recommended for spruce plywood lmder 
torsional tre ses when the diaphragm spacing docs 
not exceed one and one-half time the unsupported 
height of the plywood. 

COMPARISO OF FOREST PRODUCTS LABORATORY 
TE TS WITH OTHER TESTS 

All Forest Products Laboratory tests, with the 
exception of tho e listed in Table VII, were made on 
comparatively long beam in which the filler block 
at the end reaction points and at the load points were 
not glued to the flange or web and in fact had actu­
ally been waxed in order to prevent any shearing 
resi tance. The results given in Table VII are for 
beam ections tested as illustrated in FiO"ures 3 and 4. 
The shear blocks shown in these figures were made 
in various lengths with flanges either 1 inch or 1}~ 
inche deep. Filler blocks were fitted but not glued 
in the ends. The results of all tests, therefore, rep­
resent the resistance to shear offered by the web 
only. Manufacturers and others, in tesLing short 
beam in which filler block have been glued, repeatedly 
report higher stres e than those representative of 
the webs tested. There are two reasons for this. 
Fir t, the shear formulas for beams are increasingly 
inaccurate as the span-depth ratio is reduced and, 
second, the glued-in filler blocks take part of the shear. 
As the glued-in filler block occupy an increasing 
percentage of the length of the beam, Lheir resistance 
to shear increases until a point is reached where no 
web would be required. Om stre es represent what 
the webs will take and any allowance for the shear 
taken by the filler blocks mu t be provided for by 
the de igner. 

GLUE AREA BETWEE WEB AND FLA GE 

Very often the que tion of glue area between flanges 
and webs is given insufficient consideration by the 
de igner. It ha been the practice at the Fore L 
Products Laboratory to determine the stress on this 
o-lue area by dividing the ma}..'imum hear in 1 inch of 
the plywood by the area of contact per inch between 
the plywood and the flanges. For example, the shear 
stress on the area of contact i 

qt' 
j=([ (9) 

in which q is the maximum shear stress in the plywood, 
t' the thickness of one web, d the depth of flange , and 
j the shear stre required. 

In arriving at a suitable value for the allowable shear 
stre s between flange and web, t" 0 things must be 
considered. Fir t, the grain of the plywood is not 
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parallel to the grain of the flanges and therefore the 
bond between the two as far as shear is concerned is no 
greater than that between successive plies of plywood, 
which is about one-half of that for glued construction 
in which the grain of the different pieces is all in one 
direction. econd, a the beam deflect econdary 

FIGU RE 3.- 0Ile method used to apply shearing loads to relatively short heam 
sections. (The dimensions of the test pieces appear in ' I'ablo V J I ) 

sLre care et up, the di ribu tion acro the cntirc 
area of contact i not uniform, and failures occur at it 

calculated lUliform stress of about one-half the eros -
banding fi o-m e or one-fourth the hearing tre of the 
wood parallel to the grain. 

There i no doubt that with long span , slender cap 
strip , and no diaphragm, the secondary tres e 
would exceed the primary stresse. Likewise, there 
are conditions under which the secondary tre e 
would be small in compari on with the primary tres e . 
We know only in a very general way, however, the 
extent to which the variou factors influence these 
econdary tresse and therefore we can not takc 

advantage of the low econdary tre e Lhat e:xi t at 
times. 

In ufficient data are available in regard to the stresses 
at which failure will occur in the glue and the influence 
of secondary stre e upon such failure. The few 
ca es that are pre ented in the followino- di cus ion, 
however, yield orne information on this ubject. 

P - 7 beam 1 to 9, Table IX, had flange in the 
overhang that varied in thickness and a total shear in 
the overhang that was uniform. Hence, the stres on 

the area of contact varied. The fir t value in Table 
X is for the tress at the outboard edge of the block 
at the outer upport and the second value is the stress 
at the inboard edge or the block et in the end of the 
beam. It must be remembered in this connection that 
the test beam extended 59 .2 inehe beyond the outer 
upport and that a 6-inch block wa set in the end of 

each to take a concentrated load 56.2 inches from the 
ou tel' uppor t. 

TABLE X.- HEAR TRE E IN THE GLUE LI E OF 
TABLE IX BEAM HAVI G FLA TGE OF VARYI G 
THICKNE S IN THE CANTILEVER 

Beam number \ Shear stress 

Pound8 per 

PN- 7- L ..... 
P - 7- 2 .. .•.•.•. 
PN- 7-3 .... ..... 1 
PN- 7-4 . . . . ..... . 
PN- 7-5. ... .. 
PN- 7-6 .. . . .. . . 
PN- 7- 7 . . . .•. 1 
PN- 7 . . • . .... 
PN- 7-9 .. . . .... . 

8quare inch 
230 to 309 
249 to 334 
221 to 29 
280t032 
291 to 392 
164 to 217 
27~ to 403 
244 to 330 
153 to 196 

Failure 

Other than glue. 
Do. 
Do. 

Olue. 
Do. 

Other than glue. 
Olue. 

Do. 
Other thall gluo. 

1· 

When failure occurred in the glue line it talted not 
ncar the end of the beam but at the outboard edge of 

FIGURE 4.-A second method used to apply shearing loads to heam sections. 
(The dimensions of the test pieces appear in Table VII) 

the block, at the tl'ut point, where the hear tres wa 
the lowest. Thi wa due to the econdary tr sses at 
that point. 

PN- 7 beams 10, 11 , and 12, Table IX, all have a 
uniform flange thickness in the cantilever. Table XI 
gives the stres in the glue line. 

• 
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TABLE XI.-SHEAR STRES E IN THE GL E LINE OF 

TABLE IX BEAMS HA VI G FLANGES OF NIFORM together, the shear tres of the weaker pecic hould 
THICK ESS IN THE CANTILEVER govern. 

Beam number 

Pl\-7-1O. ~.~_~_ . 
}' -i-1L ~_~ ___ _ 
PN-7-12._.~. ____ _ 

iSbear stress 

Pounds per 
square inch 

197 
203 
153 

Failure 

Olue. 
Other than glue. 

Do. 

Very few additional data are available. In \"i1' 
erviee Information ireular o. 516, The D e ign of 

Plywood Webs for Box Beams, by R. A. Miller, 
there are reported two beams te ted by the Air erviee, 
Engineering Division, which failed in the glue line at 
a calculated tre of 284 pound per quare inch. 
Beam TO . III, Table II of the pr ent paper, and 
beams 12, 13 , and 15, Table III, failed in the glue 
line at stres e ranging from 52 to 114 pOlmd per 
square inch. The e beams were made and te ted 
seven or eight years ao-o, inee when there ha been 
considerable development in the art of gluing and 
ome development in glue. Of our more recent te ts, 

one beam, PN - 7-10, failed at a tr lightly below 
200 pounds per quare inch. The other failure are at 
calculated t resses much higher than 200 pounds per 
quare inch. 
Considering all factor and bearing in mind that no 

economic design figure can hut out every po ibility 
of failure in the glue, it seems de irable that the glue 
area between web and flange be based on an allowable 
stres of one-fourth the hear t re s of the wood 
being glued. If two differ nt pecic Axe being glued 

92635-30--2 

COl CLUSION 

A a result of this inve tigation it is conchl led that 
to obtain a balance between economy and a[etv, th~ 
following hear stre es should be used in designi~g 4.5 0 

plywood web for wing beam : Twic the customarv 
~lIowable de ign tress in hear for the weaker speci~ 
lU the bond, when the diaphragm arc paced not to 
exceed one and one-half time the clear distance he­
tween flanges; five-thirds the tr all wable [or the 
specie when the diaphragm are spaced one and 
one-half to t'vvo and one-half time~ the clear eli Lance 
between flange ; and four-third the stre allowable 
for the pecies for a diaphrao-m spacing of three or 
more times tit clear distanc between fl anges. 

For 3-ply web with the grain of the plie al ternately 
parallel and perpendicular Lo the longitudinal axis of 
the beam, shear tre es should not ex eed 7 h per 
cent of those recommended for the 4.5 0 con LructiOI1. 

Attention hould be given to the que tion of glu 
area between the flange and the w bs of box beams. 
In the light of available information it eems desirable 
that the t res on thi area, when calculated by the 

I method employed in t be analysi presenLed here, 
hould not exceed one-fourth the cu tomary allowable 

design shear tres for the pecies of wood u eel. 

FORE ·T PRODUC'l'S LABORATORY, 

FORE T ERVICE, UNITED TATE 

D EPAR'l'MENT o~' AGRICULTUIlE, 

lI{ndi on, H'is ., j\. ovembel' 27, 1929. 
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TABLE I.- BOX AND DOUBLE I-BEAMS SUBJECTED TO COMBINED AXIAL AND TRANSVERSE LOADING. DATA FROM UNPUBLISHED FOREST 
PRODUCTS LABORATORY REPORT, "USE OF PLYWOOD IN WING BEAMS," BY GEORGE W. TRAYER 

W eb construction 
Spo-

Deam I I Width I Depth I Depth 1 cinc 
No 'fypeof beam of of of ~ra\' -
1 • benm bea m fl a nges ityof 

fl anges 

i\!ois­
tu re 
con­
tent 

i\!a'i­
mum 
side 
load 

lVlaXi- 1 W eigh t.. 
mum of 
end beam 
load 

_I 
_\ ctua l 

Direction of I Ply thick- I thick-

5 ___ Bo.\ � ______ _ 
6 ________ do. I __ _ 

i _ _ Double L __ _ 
8 ___ _ ____ do __ _ 
9 __ BOL _____ _ 

10 __ _ __ _do _ _ 
11. ________ do ____ _ 
12 ______ _ do ____ __ 
13____ _ __ do ____ _ 
14 ____ ... __ do ____ __ 

5.\ ______ _ do. I ___ __ 
6A ________ do. I __ __ _ 

7_\ _ Double I 
h.L __ _ ._ do _ 
10_\ __ , Box ___ __ 

12_\ __ _ ___ do _ 
14_\ ____ . __ do _ 
9A ____ do _ 
1 LL _,-- __ do __ 
13.\ _______ do __ 

J5 ____ 1 Douhle I _ 
16 r-- --do.'-.---l i ____ ___ __ do. ' ___ __ 
18 ____ · _____ do ____ __ 

19----I-----do- -----
20_ __ _ Box __ _ __ __ _ 
21. ________ do _ __ __ 
22 ____ , _____ <10 ____ _ 
23 ____ ; Double I ___ 
24, ___ • Dox 1 __ ____ __ 

25 __ __ : Double I , __ _ 
26 ____ ____ _ do _____ __ 

Inches 
2.969 
2.969 
2.969 
2.969 
2.969 

2.969 
2.969 
2.969 
2.969 
2.969 

2.969 
2.969 
3. 031 
3. 125 
3.031 

3.031 
3.031 
3.125 
3. 125 
3.1 25 

3.03 1 
3.03 1 
3.031 
3.031 
3.031 

3.03 1 
2.781 
2. i81 
3.03 1 
2.969 

3.031 
3.031 

Inches 
8.375 

.375 

.375 
8.3i5 
8. 375 

8.375 
S. 375 
8.375

1 

R 375 
8.375 

8.3i5 
8.375 
8.3i.5 
8. 375 
8.375 

8.3i5 
8.375 
8.375 
8. 375 
8. 375 

S.375 
8. 375 
8. 375 
8. 375 
8. 375

1 3.375 
9.625 
9.625 
8.375 
8.375 

S.375 
8.375 

I nches 
2.000 
2.000 
2.000 
2.000 
2.000 

2.000 
2.000 
2.000 
2.000 
2.000 

2.000 
2.000 
2.000 
2.000 
2.000 

2.000 
2.000 
2.000 
2.000 
2.000 

2.000 
1. 938 
1.938 
2.000 
2.000 

2.000 
(' ) 
(' ) 

2.000 
2.000 

1. 938 
2.000 

I W ebs glued to two-tbirds of flanges. 
, These beams had fi llets. 

face gram ness ness of 
2 webs 

Per cent' poundS' PO,,,,tiS' POU1lJ 
11.0 2,530 7,000 31.07 \-erticnL __ _ 0.4 11 

.383 

. 377 

.422 

. 379 

11. 0 2,764 7,500 30. 19 I--- __ do ____ __ 
10.S 3,480 9,500 2!!.83 45° ________ __ 
11.4 3,316 9,000 30.94 45° ________ __ 
10.6 2,948 8,000 29.42 \ -cnicaL. __ _ 

. 398 /' 11. 0 

.393 I I. 4 

.35 1 II. 2 

.373 10. 8 

. 410 II. 5 

.4 11 11. 0 

.383 II. 0 

.377 10.8 

.422 II. 4 

.398 11. 0 

~~ 
~~ 
~~ 
~rn 
~500 

~~ ,m 
~­~D 
~4W 

8,750 
7,450 
7,500 
9, 425 
9,500 

15,600 
12,300 
14.400 
15,000 
14,700 

29.96 _____ rlo ____ __ 
29.98 IIorizootaL _ 
27.32 I _____ do ____ __ 

28.79 1 450 ----------
31. 23 45° _______ __ 

32. 23 45° ________ __ 
31. 42 V~rtical _. 
30.63 45° ________ __ 
36. 2':> 45° _____ -
31. 61 45° _____ .. _ 

Inch 
~;o- ~~ O- ~IO 
~I 0- ;10- ~ i 0 
~Io-Ho-~IO 
~Io-ho- ~Io 
Ho-~~o-~;o 

Ho-~1o- ~IO 
Ho-~o- ~,o 
ho-Ha-~Io 
~10- ~~ o-~.lo 
~IO-~20-~IO 

~,-J.12-~4 
H,-J.12- ~1 4 
H.-J.12-~4 
~i a- ;~ ·~io 
~1 .-~12-H4 

. 35 1 11.2 4, 200 11.400 30_24 H or izo ntaL _I ~~ .-H2-h4 

.410 11.5 4,422 12,000 32.80 VerticaL. ___ ~~'I -H2-~' 

.379 10.6 5.234 14,200 34.4 1 _____ do ______ J.1a- ;{.--Ha 

.393 II. 4 5,488 14,900 35. 18 45° __ . __ . - -- J.1a-;~-H a 

.373 10. 8 5,4 16 14,700 34. 12 llorizontaL. Ha- ~~-Ha 

.387 12.1 4,496 12.200 30.40 45° ____ __ ____ ~~ .- J.12-~. 

.362 12.7 1 4,864 13,200 29.98 45° __________ ~1 .-~i2-H. 

.455 II. 4 5,672 15,400 34.36 45° __________ H.-J.1.- ~~ 4 

.434 11.9 5.708 15,500 34 16 45° __________ ~~ .- ~1 z_H. 

.38'1 11.6 4.496 12,200 30.48 45° __________ ~~ .- J.1'-HI 

.400 II. 7 4,716 12, 800 30.70 45° __________ ~.-J.12-~~ .1 

. 390 10.8 3,876 1l, 940 21.94 45° __________ ;~ .-H2-~~ 4 

.387 11.2 4,002 12,325 21.91 45° __________ ~.-~12- ~24 

.371 12.8 4,642 12,600 31. 61 4.,° _____ __ ___ ~.-J.12- ~~ 4 

I nch 
O~OO 
· ~OO 
.HXJ 
· ~OO 
· :200 

. 200 
· :;:00 
.200 
· ~OO I 
· ~OO 

.333 

.333 

.333 

.500 

. 333 

.333 

.333 

.500 

.500 

.500 

.333 

.333 

.333 

.333 

.333 

.333 

.333 

. 333 

. 333 

. 333 .378 13.4 4,422 12,000 I 31.36 45° __________ 1 ~.-J.12- ~1 4 

. 369 12.9 1 4,422 12,000 I 3!.~3 45: __________ ~4-H2-H4 1 .333 1 
, .388 I 13.0 4,532 12,300 3,. ,8 1 45 --- -- -----1 ~.-H.-~. .333 

E Q V' K 
V 

eq uals 
V' K 

J\[nximum 
shear stress 

By (I) 1 By (2) 

Failure 

----.---,---,---,---!- --,---
1,000 lb!. 
per eq. in. Tn ches' Inches 3 

1. 262 123. I 18. 79 
1,058 123. I 18. i9 
1,642 121. I 18.53 
1, G06 121. I 18.53 
1,026 121. I 18.53 

1, 132 1 121. I 18 .. 53 
1.1/3 121. 1 18.53 
1. 095 121. I 18.53 
1,413 121. 1 1&.53 
1,421 121. 1 18.53 

1,893 122.1 18. 69 
1.147 122. I 18.69 
l,f5G 121.4 18.66 
1,642 122.4 18. 92 
1,464 121.4 18.6(; 

1, 154 121. 4 18.66 
1,138 121. 4 I ~. 66 
1,355 122. '1 18.92 
1,625 122.4 18.92 
1,355 122.4 18.92 

1,333 
1,478 
1,925 
1,824 
1,518 

1,638 
1,484 
1,648 
1,403 
1,664 

1,440 
1,762 

121. 4 
120. I 
120. J 
121. 4 
121. 4 

121. 4 
120.7 
120.7 
121. 4 
122. I 

120. I 
121. 4 

18.66 
IS. 48 
18.48 
18. 66 
18.66 

IR.66 
15.00 
15.00 
18.66 
18.69 

18.48 
IS. 66 

~~~ 
&m 
&m 
&n5 
&m 
&m 
im 
&m 
&m 
&m 
&m 
&m 
&m 
&m 
am 
&n5

1 
&m 
&m 
&m 
&m 
&m 
6. 375 
6.437 
6.437 
6.375 
6.375 

6.375 
8. 190 
8. l gO 
6.375 
6. ~i.' 

6.437 1 
6.375 

poundsl 
1, 290 
I, 3~2 
1,740 
1, C58 
1,474

1 

1,612 
1,373 
1. 3-92 
1,736 
1,750 

2,872 
2,266 
2,653 
2,762 
2, i08 

2,100 
2,2 11 
2,6li 
2,744 
2,708 

2,248 
2,432 
2,836 
2,854 
2,248 

2,358 
1,93S 
2,001 
2,321 
2,211 

2,211 
2,266 

I. 11 7 
I. 149 
1. 124 
1. l ~O 
1. 167 

I. 166 
1.136 
1. 147 
L 143 
1. 143 

I. 175 
1. 123 
I. 186 
I. 194 
1. 215 

I. 211 
1. 226 
1.222 
I. 195 
1. ~30 

I. 196 
L 193 
1. 173 
I. 182 
1. 172 

1. 167 
I. 173 
1. 161 
1. 192 
J. 153 

1. 180 
1. 149 

Pounds sq. in. sq. in. 
Lbs. per ILbS. per 

Shear in webs. 1,441 1,100 1, 130 
Do. 
Do . 
Do . 
Do. 

1.587 1, 21 1 1,744 
1,056 1,497 1,535 
1.856 1,4~0 I 1,456 
I, 7~0 1,315 1,349 

1,880 
I, seo 
1,586 
1,9Po5 
2,000 

3. 378 
2.545 
3, 150 
3.300 
3, ~90 

2,54 1 
?, 712 
3,195 
3, 2110 
3,330 

2,690 
2, 902 
3,325 
3,375 
2, C35 

2, i50 
2,2i2 
2,322 
2, no 
2.550 

2.610 
2, C02 

1, 438 
I , 194 
1,212 
1.517 
1,529 

1,552 
I , liO 
1. 455 
l. 021 
1, 5~O 

1,173 i 

1, 254 I 
988 . 

1,015 
1, 030 

1,242 
I. 340 
1,536 
1,558 
1,216 

1,270 
848 
866 

1,280 
] , 170 

1,206 
1,202 

1,4iii I Do . 
1,224 Do. 
1,244 Do. 

1,556 1 Do. 1,568 Do 

I, .590 CompreSSion. 
I, 198 Shear in webs. 
1,482 Com pression . 
I. 03r, Do. 
1,548 Do. 

1, 19r, 
1,277 
1,002 
1,029 
1,045 

1, 266 
1,355 
1,552 
1,590 
1, 241 

1,295 
833 
851 

1,304 
1, 20 1 

1,21 8 
1,226 

Do . 
Shear iLl w cbs . 
Compression. 

Do. 
Do. 

Do. 
Do. 
Do. 
D o. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do . 
Do. 

• Beams 21 and 22 bad 2-inch flanges routed to 1 ineb in the cen tral portion. 
'rhe webs of all beams were of yellow popla r pl ywood and the grain of th e core was at 90° to t he grain of the faces. All beams were tested in combined loadi ng. The colu mn length was 152.875 inches and the distance 

between s id e load reactions was 141 inches. Side loorl was sy mmetrically applied at two points 47 inches apar t . In ca lculating I and Q one-ha lf the thickness of the p lywood wa~ used. _\11 ca lcu lat ions were made with" 

slide rule. 
PL' 

K =I+9E1 
L=152. 875 inches. 

VQ 
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TABLE II.- BOX BEAMS SUBJECTED TO COMBINED AXIAL AND TRANSVERSE LOADING. DATA FROM UNPUBLISHED FOREST PRODUCTS 
LABORATORY REPORT, " THE USE OF PLYWOOD IN WING BEAMS," BY GEORGE W. TRAYER 

I 
-

! Maximum I Web conslruction shear strcss _ 
Width D epth MaXi. ' Maxi- Weight 

I I 
V Beam 

No. of of Stiffeners ~id':' ~~d of Direc· Direc- Actual E I Q a V' K equals }' ailure 
be,un beam load load beam tion tion Ply thick· thick· V'K 

of face of core M SS 
Species of wood ness of I By (1) By (2) 

grain grain 2 webs 
'- --- ---1--------- --------- -- - ---------1---

0 0 
1,000 lbs. 

Inches ' 
Lbs. perlLbS, per 

inches Inches Pounds Pounds Pounds Inch Inch per sq. in. Inches' Inches Pounds Pounds sq. In. sq. ' 71. 1. ___ ___ 2% 9% With_. ___ _ 3,410 10,500 ' 20.61 45 45 ~o-~o-~o Bircb-poplaL ___ 0.18 1,649 114.9 14.09 8.19 1,705 1,144 1,950 1,328 1, 322 Ol ue. IL ____ 2% 9§~ _____ do ___ _ 3,334 10,270 20.16 45 45 ~o-~o-~o __ . __ do ___ _______ .18 1,800 114.9 14.09 8.19 1,667 1.129 1,882 1,281 1,276 Slight compression . 
IIL_._ 2% 9~~ ___ __ do ____ 2,760 8,500 20.13 45 45 J.i'-~6-J.i2 Yellow poplaL __ .25 1,407 120.7 14.91 S, 18 1,380 1.130 1,560 771 762 SheAr and glne, IV _____ 2% 9% ____ _ do _____ 3,734 11,000 19.44 45 45 J.i2-~ 6-J.i2 _____ do _____ _____ .25 1,388 120.7 14.91 8. 18 1,867 1.171 2,188 1,080 1,069 Compression. V ______ 

2§~ 9~~ Without-_ 3, 734 11,000 20.53 45 45 l1;o-~o-~o I Bircb-pop\aL __ _ . IS 1, 695 114.9 14. 09 8. 19 1, 867 1. 147 2, 258 1,537 1,530 Do. 
VL __ _ 2~~ 9% With _. ____ 3,858 ll,380 ________ 45 45 ~o-~o-~o _____ do ____ _______ .18 1,742 114.9 14.09 8.19 1,929 1.148 2,215 1,508 1,501 Do, VIL __ 2~4 9~~ WithouL_ 4,024 12,390 21. 79 45 45 J.i2-~.-J.i2 Yellow poplar ___ .25 1, 588 120.7 14.91 8, 18 2,012 1.188 2,352 1,162 1, 151 Do. 

I 

XIIL _ 2% 9% Witb_. ____ 4,288 12,710 __ ___ ___ 45 45 J.i2 -~6-J.i2 , _____ do ____ _______ . 25 1,622 120.7 14.91 8. 18 2, 144 1.164 2,498 1,234 1,220 Do. IX ____ 2% 9% WitbonL_ 3,182 I~: ~~ ! __ ~~~~~ _ 45 45 ~o-~o-~o ____ _ do. _______ ___ .20 1,632 114.4 14.06 8.19 1,591 1. 136 1,808 1,112 I, 104 Shear . X __ __ _ 
2% 9% Witb. _____ 4,284 45 45 ~o-~o-~o ! _____ dO _____ _____ _ .20 1,707 114.4 14.06 8, 19 2,142 1.169 2,505 1,540 1, 529 CompressioD. 

-- -
In COIDputing I and Q one-haH tbe plywood was conSidered. All beams had routed fl anges . Beams were tested in combined loading. Colu mn length was 152.875 inches and the distance between side load reactions was 

141 incbes. Side load was sy mmetrica ll y applicd to two points 47 inehcs apart . Stiffeners were glued to tbe webs of bea ms indica ted. Stiffeners consisted of two triangular pieces of spruce ~~ by H inch between which a 
~~-InCb strJrL'ias glued. They were spaced 20~ inches and simulated the rib connection. 

K =1+9EI 
L = 152.875 inches . 
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TABLE IlL- BOX BEAMS SUBJECTED TO TRANSVERSE LOADING ONLY. DATA FROM UNPUBLISHED FOREST PRODFCTS LABORATORY 
REPORT, " USE OF PLYWOOD IN WING BEAMS," BY G. E. HECK 

Dca m No. 

L ..... __ ..... 
2 •••••.• ••• •.. 
3 ............ . 
4 •• •.••• .••••• 

6 .... ... ..... . 
7 .........••.. 
8 ......•...... 
9 ............ . 
10 .. .. ....... . 

]t~~iiiE~:: 
w ........... . 
lL __ _ 
18 ........... . 
19 ........... . 
20 ........... . 

21 ············1 22 . . ......•... 
23 •••••.•••••• 

~~ : :::::::::::1 
26 ........... . 
27 _________ _ 

\ridth I Depth 
of of 

beam beam 

Inches 
2.98 
3. 00 
2.94 
2.99 
299 

3.00 
3.00 
2.98 
3. 00 
3. 02 

3.01 
3.02 
3.00 
2.98 
2.98 

3. 00 
3. 00 
3.02 
3. 02 
3.0 1 

3.00 
3. 01 
3. 02 
3.00 
3.00 

2. 99 
3. 01 

i nches 
8. 42 
8. 45 
8.44 
8. 44 
8.44 

8.41 
8. 44 
8.45 
8. 44 
8.45 

8.45 
8. 46 
8.43 
~. 45 
8. 46 

8. 45 
8.45 
8. 47 
8.47 
8. 45 

8. 42 
8. 46 
8. 45 
8. 44 
8.44 

8. 45 
8. 45 

SpeCifi c! M ois. 
Depth I gravity ' ture 

of of content flanges fl anges 

Inches 
1. 47 
I. 50 
I. 50 
1. 50 
I. 48 

1.46 
I. 48 
I. 35 
I. 22 
I. 50 

I. 50 
I. 50 
1 . . 50 
1. 50 
1. 50 

I. W 
I.W 
l.W 
I.W 
1.~ 

1.W 
IW 
IW 
I. W 
I. W 

I.W 
1.W 

O~ 
. 41 
. 41 
.41 
.44 

. ~ 

.41 

.~ 

. G 

.~ 

. ~ 

.~ 

.~ 

.~ 

.~ 

.~ 

. 41 

. ~ 

." . ~ 

. W 

.W 

.~ 

.~ 

.44 

.47 

.45 

Per cent 
13.6 
10.8 
9.2 
9.0 
8.6 

9.3 
10. 3 
10. 2 
10.0 
9.3 

10. 2 
9.8 
9.5 
9.8 
9.7 

I I. 0 
10.2 
12.8 
13.1 
12. 8 

12. 
12.2 
12.0 
13. 8 
14.2 

12. 6 
13.3 

M ax i· 
mum 
load 

Ponnds 
3,lW 
4,4W 
3,700 
4,630 
3,900 

3,800 
4, 180 
4,160 
3,730 
3,300 

3, 100 
4,625 
4) Oi!) 
4, 325 
4, 425 

4,620 
4,800 
4,625 
4,470 
4,2W 

4,370 
4 200 4: 260 
4, OS5 
3,8W 

3,320 
3, 275 

Weigh t 
of 

beam 

Pounds 
32. 82 
35. 59 
30.03 
34.35 
33.98 

33.83 
35.04 
33. 99 
32. ~9 
31. 54 

.11. il 
35. 19 
:14.92 
33. 81 
33.83 

37. 41 
37. 14 
36.93 
36.52 
32.4 5 

33.93 
32.80 
32.14 
36.63 
35.10 

36.60 
35.20 

Load· 
weight 
ratio 

95. 9 
125.0 
123.2 
134.8 
114. 8 

112. 3 
Jl9. 3 
122.4 
11 5.3 
10·1. 8 

97.7 
131. 5 
13:1. 9 
127.9 
130.8 

123. f> 
129. 2 
125.2 
122.4 
13 1. 0 

128.8 
128. 1 
132.5 
I I L 5 
109.6 

90.8 
93. I 

\\" eb constru ction 

Direction of face 
grai n 

E Q It I' 

Nfaximum shc!lr 
str~ss 

J3y (1) J3y (2) 

Fa ilure I Actual 
thick· 

I'l l' thickness I neSS 
of2 

webs 

- 1--1--1--1--1--1--1--1-----

' -erticaL _________ _ 
••• • • <10 ••..••..•••. 
..... do •........... 

I::::: i:~: ::::::::::: 
••• _. <10 _ 
..... do .... _ ... _ .. _ 
. . ... r\o. ___ ... _ .•.. 

i::::: ~~ :::::::::::: 
._ •• _lIIL . •• __ •• _._. 
_ .. __ do .... _ ...... . 

do .•••• _ •••••• 
___ . do . .. _ ..... . 

: •••• <10 •.•••.•••••• 

••••• <10 •... _ •.••••• 
..... do .... _ .... _ .. 
••••• <10 . 
••••• <10 _ ••.•••••.•• 
45° __ . __________ __ _ 

45° .• _ •.••• _ •••••• _ 
45° ....... . _ .... . . . 
45° _______________ _ 
\"crtictlL ........ . 

.... . do .... _._ .... . 

1

450 ········-·······1 45° _______________ _ 

Inch 
~O-~30-~O 
lo 6-lO 6-lO 0 
~o-Y.lo-Y.lo 
~o-J_io-J_io 
~~4-J_i4-J_i 4 

~4-~~ '-J_i ' 
~~o-J_io-J_io 
lO.-)1.-H" 
lo 2-yf2-lO 2 
J_i ' -H! '- ~~ ' 

H .. -~~.-H. 
~~O-~20-;§O 
~~o-Ho-~:!u 
lO.-106-H. 
lO.-lO6-lO. 

lo 2-yi2-lO 2 
lO2-lO2-lO2 
~o-~o-J_io 
~ o-J_i o-J_io 
~4-~~4-~4 

~24-~2'-~ ' 
~o-Y.lo-~o 
~o-~o-Y.lo 
;2.-H.-J_i. 
Y§ 4-~4-H4 

~~ .-~ .-~ . 
~ ,-~ ,-~~ , 

Inch 
0.216 
.376 
. 220 
. 292 
.232 

.230 

.290 

.374 

. 490 

.220 

.220 

. 300 

.296 

.362 

.362 

. 494 

. WO 

.29{ 

.296 

.242 

. 2~ 

.220 

.228 

. 252 

. 252 

. 246 

. 248 

1,000 lbs. 
per sq. in. 

1,321 
1, 460 
1,512 
1,6~ 
1,588 

1,520 
1,462 
l ,495 
1,607 
1, 307 

l,288 
1,504 
1,550 
1, 516 
1,544 

1,732 
1,723 
1,506 
1,532 
I, fil5 

1,565 
1,524 
1,522 
1, 455 
1,445 

1,958 
1,842 

Inches' 
103.5 
103.0 
103. 5 
103.8 
104.2 

102. 8 
103.4 
95. 8 
88. 8 

106. 0 

106. J 
105. 1 
103.8 
102. 3 
102.6 

JOO.4 
100. 3 
105.8 
105.0 
107. 4 

106. 4 
lOS. 2 
lOS. 5 
194.8 
194.8 

107.0 
107.9 

Inches' 
14.75 
14.79 
14.94 
14.90 
14.88 

14. 76 
14.82 
13. 61 
12. 50 
15.24 

15. 16 
15. 06 
14.95 
14.1\8 
14.75 

14. 54 
14.54 
15. 12 
15. 11 
15.43 

15.40 
15.54 
15.57 
15.05 
15.04 

15.40 
15.5 1 

Inches 
6.95 
6. n5 
6.94 
6.94 
6.96 

6.95 
6.96 
7.10 
7.22 
6. 95 

6.95 
6.96 
0. 93 
6.95 
6.96 

6.95 
6.95 
6.97 
6.97 
6.96 

6. 92 
6. 96 
6.95 
6.94 
6.94 

6.95 
6.95 

Pounds 
1,575 
2,225 
1, 850 
2,315 
1,950 

1, 900 
2,090 
2, OSO 
1,865 
1,650 

1, 5W 
2,312 
2,3~ 
2, 162 
2,212 

2,3 12 
2,400 
2,312 
2,235 
2, 125 

2,185 
2 100 
2: 130 
2,942 
1, 925 

1,660 
1,6:Ji; 

Lbs. per 
sq. in. 
1 , 0~ 

850 
1,214 
1,1~ 
1,200 

1,la6 
1, 033 

790 
530 

1,072 

J,007 
1,105 
1,137 

857 
878 

678 
695 

1, 125 
1,OSO 
1,261 

1. 329 
1,371 
I. 340 
1, 165 
1,096 

971 
950 

L b • . per 
sq. in. 
1,049 

852 
1,211 
1, 142 
1,207 

1,188 
1, 035 

783 
527 

1, 078 

1,014 
1, 107 
1,140 

859 
878 

674 
691 

1,129 
I, OS4 
J, 261 

1,326 
1,371 
1,344 
1, 168 
1, 101 

971 
950 

Shear in webs . 
CompreSSion. 

I Shea r in webs. 
Compression . 
SheRr in webs. 

Do . 
Compression. 

D o. 
Do . 

Shea r in webs. 

Do. 
Com pression, glne . 

Do. 
Com pression. 
CompressioD, glue. 

Com pression . 
Do . 
Do. 
Do. 

Shea r in wcbs. 

Compression . 
Side bnckling . 
Shea r in 'rebs. 

Do. 
Do . 

D o. 
Do . 

'rhO wcbs of all beams were of yellow poplar pl ywood a ncl th e grain of tbe core was at 90° to the gra in of the faces. Nominal dimensions of the bea ms were 3 by 8110 inclles by 16 feet 4~ inches. The test spaD was 16 
feet a nd two loads were symmetrica lly Rpplie<l at points 44 inches a part . In ca lculati ng Tand Q only that pRrt of Lhe plywood the groin of which was parallel to tbe length of the bea m was considered. '\"ith 45° plywood 
one·half the thickn ess wa s use<l . All ca lclll.Lions were made wi th a slide ru le. 

VQ 
( I ) q-n 

V 
(2) ({ -Oi. 

--------- ---- -- ------------~----------~~-=----
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TABLE IV.- BOX BEAMS SUBJECTED TO TRANSVERSE LOADING ONLY. DATA FROM UNPUBLISHED FOREST PRODUCTS LABORATORY 
REPORT, "USE OF PLYWOOD IN AIRPLANE WING BEAMS," BY G. E. HECK 

Web construction 

Beam j"'idth/DePth Depth ~Ilr~ ~~:'I MBXI' lweightl LOBd· N of of of gravity mum of weight 
o. beam beam Iflanges of fni load beam ratio IDirection 

fl angcs en of face 
grain 

Direction of 
core grain 

l

Orain of faces in lorain of facesi n/ Ply 
oPPosite webs each web thickness 

.Actual 
tbick· 

I
ness of 
2 webs 

/

lnchfB l Inches Inches 
28. .. 3.00 8.46 I. 50 
29 ... . 3.00 8.47 1..50 
30.. .. 3.01 R. 45 I. 50 
31 "1 3.00 8.45 1.50 
32... 3.00 1 8.45 I. 50 

33 ... 1 2.99 h. 43 1 I. 50 
34-.. 2.99 8.45 1. 50 
35. .. 2.99 8.43 1. 50 
36.. . 2.99 8. 46 1. 50 
37 .. . 2.99 8.44 1.50 

38. . . 2.99 8.42 I. 50 
39.. . 2.99 8.44 1.50 
40 •.. 2.99 8. 42 1.48 
4L .. 3.01 8.41 1.48 
42... 2.99 8. 41 I. 48 

43 ... 3.00 8.41 1.49 
44 •.• 2.98 8.40 1.50 
45 ... 2.98 8. 41 1.50 
46... 2.98 8. 43 I. 49 
47 ••• 2.99 8.43 1.50 

48... 2.97 8.45 I. 50 
49... 2.9S 8. 45 I. 50 
50... 2.97 8.43 I. 50 
51 ... 2.98 8. 43 1.50 
52. .. 2.96 8. 46 I. 48 

53 ...• 2.96 8.46 I. 4~ 
54"'1 2.96 8.38 1. 4r 
55-- . 2.96 1 8.44 1.50 
56"'1 2.90 8.44 1.49 
5L .. 1 2.90 8.42 1.49 

58... 2.92 S.43 I. 50 
59. .. 2.92 8. 43 1. 50 
60. . . 2.94 8.41 1. 50 
6L. . 2.94 8.43 I. 50 
62... 2.94 8.40 I. 50 

63... 2.95 8.40 1. 50 
64... 2.97 8.44 1. 48 
65... 2. 97 8.46 US 
66. .. 2.97 1 8.42 1. 48 
67 ... 2.98 8. 43 1.48 

0.443 
.436 
.412 
.393 
.422 

.431 

.440 

. 434 

. 386 

.389 

.400 

.390 

.407 

.429 

.416 

.426 

.464 

. 454 

.459 

.455 

.432 

.424 

. 428 

. 423 

. 417 

.4 18 

. 424 

. 412 

. 472 

.462 

. 457 

.440 

.406 

.403 

.402 

.408 

.430 

.436 

.428 

. 436 

Per 
cent I Lbs. Lbs. 
14. 0 3,835 36. 16 
14.3 3, 720 35.04 
14.0 4, 025 34. S5 
14.0 4,175 33.54 
1f1. 4 1 3, 825 35. 49 

16.5 4,090 35.86 
16.3 3,750 36.76 
15.9 4,015 I 36.61 
15. 6 3,300 33.58 .• 
16.2 3,365 33.03 

16. 0 3,250 32.77 
15.8 3,090 32. 86 
11.93,200 32.02 
12.1 2,915 33. II 
11. 8 2, 350 32. 66 

11.82,300 33.17 
10.8 3,785 34. i7 
11. I 3, 530 33. 76 
10.8 3,040 34.83 
10. 5 2,940 34.44 

11.8 . 4,250 33.96 
I I. 4 . 4.225 33. h7 
] 1. 2 5, 060 33. 31 
11. 1 5,025 33.77 
10.3 3,900 32.19 

10.8 3,675 32.21 
10.6 4, 060 32.93 
10.7 4, 100 32.78 
10.9 1,710 32.98 
11. 0 1,875 31.94 

11.1 1,325 32.75 
10.8 1,235 31. 54 
11. 0 4,315 34.22 
II. 2 4, 335 36.57 
II. 0 4,100 34.25 

]1.2 3,715 34.42 
] 0. 8 4,775 37.55 
10. 8 4,690 38.15 
10.8 4,435 37.92 
10.8 4,775 38.63 

106. 1 
106.2 
lJ5.5 
124.5 
107.8 

114.1 
102.1 
109.6 
98.4 

101. 8 

99.2 
94.1 

100.0 
88.0 
72.0 

69.4 
lOS. 8 
104.6 
87.3 
85.4 

125. 2 
124.8 
151. 9 
14B.9 
121. 2 

11 4. 1 
123.2 
125.1 
51. 9 
58.7 

40.5 
39.2 

126.1 
118. 5 
UO.7 

107.8 
127. 2 
122. 9 
116.9 
123.6 

----------1----

I 
Inch 

VerticaL Longitudinal.. ParalleL ...... ParalleL ...•. ~~.-~~.-H. 
__ . do .......... do .•.•........ .. do ...... __ •.. . do ......••. ~.-~.-~~. 
... do .......... do ..•.. 00 ••••••• do....... 1 ••••• dO .. __ . ____ 

1 

~2-7i6-~2 

~~~::~~~~ ~ ~~~:~::~~~~~~~~~ ~~~~~::~~~~~~~~r~~~:::~~~~~~~~, ::~~:~:: 
45° .. ... .....• do .•....... Perpendicular Perpendicular. ~2-~i6-~~2 

:~: :::::: :::::~~: :::::::: ::: ::~~:::::::::'::::: ~~::::::::: ~~~:=~~ 
45° .•......... do .............. dO ••••.•••• I ..... dO •.••••••• ~2-Yo.-~2 

45° •••.••..... do .• __ ....• ParalleL ...... ParalleL ...... ~2-Yo6-~2 
45° ....•...... do __ ......•..•.. do __ •.•.... ____ . do......... ~2-H 6-~2 
VerticaL ..... do ........•..•.. do .•............ do ......... J4o-~o-J4o 

... do ......... do .. __ ....•..... do .•... ......... do. __ . ..... J4o-~o-~~o 
4.5° ........... do __ ...... _1 Perpendicu lar. Perpcudicular. ~o-~o-~4o 

45° ........... do __ .... ..•..... do.-. ...... , ..... do ...... .. . 
VerticaL ..... do ...•... .• ParalleL ...... ParalleL ..... . 

':g:;:':::: .:g: : ~;::::::::: :~~~e~~~~~~~r:J~::::::::: 
VerticaL Longitudinal.. ParalleL .... •. __ ... do •........ 

... do .......... do .... . ...•.... . do ...... _ ...... do .. __ .... . 
45° . .•... 45°............ Perpendicular. , .... . do ....... . . 
45° ...... 45° •..........•..... do .......•. , ..... do .. __ .... . 
VerticaL LongitudinaL ParalleL ....•...... do ...•... .. 

... do .•... ....• do .............. do ..... . . •. __ ... do ........ . 
45° .. .... 45° .. ......... . Perpendicular ...... do ____ .... . 
45° ...... 45° ..• ....... . ...... do ....... __ ..... do .. __ .... . 

. ~~~~~~: : . ~~~~~~~.i~~.I~: . =-~~~~~l.~:::: :: :::::~~:::::::: : 
45° ...... 45° . . ... ...... . Perpendicular • ..... do ......•.. 
45° ...... 45° ...... .. . ..... . •. do ...•.. .•...... do. __ ...•.. 
Vertical. LongitudinaL. ParalleL ... .•...... do ......•.. 

.. . do ..... ....• do .............. do __ ............ do ____ ..•.. 
45° ....•. 45° ... ...•.... . Perpendicular. ..... do __ ....• .. 

45° .....• 45° ................. do . .... ......... do ...... •.. 
Vertical. LongitudinaL ParalleL ... .•..... . do ......• .. 

__ . do ....•..... do __ .... ..•..... do .............. do ......•.• 
45° .... •• 45° .......... .• Perpendicular ...... do ......•.. 
45° . ...... 45° .......•...• .. ... do ..... ......... do ......•.. 

J4o-~o-Ho 
l4.-~2~-H. 
l4.-~.-J4. 
J48-~.-J48 
J48-~.-Yo8 

~~2-Yo.-~2 

~2-YoO-~21 
~2-H.-~2 
~2-H.-~2 
Ho-~o-Ho 

J4o-~o-J4o 
Yoo-~o-J4o 
J4o-~o-J4o 
~~.-~~2-~1l.1 
~.1-~2-~' 

~.-~2-~6. 
~'-~2-~' 
~.-H2-~' 
~.-YI2-~. 
~.-H2-~' 

~.-H2-~' 
~o-Ho-~o 
~o-Ho-~o 
l~o-Ho-~o 
~o-Yoo--~~o 

Inch 
0.252 
.252 
.248 
.240 
.240 

.246 

. 266 

.266 

. 272 

. 268 

.268 

.264 

.186 

. 184 

.190 

.188 

.166 

.168 

.168 

. 166 

.252 

.256 

.250 

. 246 

.190 

.184 

. 190 

.188 

. 124 

.126 

. 128 

.128 

.336 

.330 

. 330 

.336 

.392 

.392 

.382 

.388 

E I 

1,000 
Ib&. per 
sq. in. Inches' 
I, 495 105. 52 
1,479 105.81 
1,493 107.81 
I, 501 107. 49 
1,471 107.49 

1,465 106.70 
1,830 106. 79 
1,875 106.28 
1,574 107.18 
I , 560 106. 82 

1,392 105.90 
I, 380 106. 42 
I, 350 lOS. 98 
I, 367 106. 50 
I, 536 105. 75 

I, 605 106. 52 
1,470 106.OS 
1, 420 106.40 
1,872 106.55 
1,910 107.40 

1,541 106.35 
1,452 106.65 
1,765 105.70 
1,779 106.05 
1, 475 106.10 

1,391 . 106. 10 
1,~90 103.32 
I , liB 106. 20 
I , 335 104. 40 
1,336 103.80 

1,731 105.20 
1,675 105.20 
1,481 103.10 
1,474 103.70 
1,575 102.70 

I, 555 103. 20 
1,604 103. 69 
I , 598 I 04. 32 
1,770 103.02 
I, 770 103. 60 

Q 

Inches I 
15.02 
15.11 
15.51 
15.45 
15.45 

15.40 
15.39 
15.34 
15. 40 
15.43 

15.33 
15. 36 
15. 22 
15. 29 
15.19 

15.33 
15.29 
15.32 
15.29 
15.42 

15.28 
15.34 
15.24 
15.31 
15.15 

15.17 
14.89 
15.28 
14.94 
14.90 

15.11 
15.11 
14.93 
15.00 
14.94 

15.00 
15.00 
15.10 
14.98 
15.07 

v 

Maximum 
shear stress 

By (1) By (2) 

Lbs. per Lbs. per 
Inches Pounds sq. in. sq. in. 

6.96 1,918 1,083 1,094 
6. 97 I, 860 I, 054 I, 059 
6. 95 2,012 1,169 1,167 
6. 95 2, 088 I, 250 I, 251 
6.95 1,912 1,145

1

1, 145 

6. 93 2,045 1,200 1, 200 
6.95 1,875 1,015 1,015 
6. 93 1 2,008 1,089 1 1,089 
6. 96 I, 650 872 871 
6. 94 1,682 907 905 

~n 
~W 
~94 
~a 
~a 

~n 
~90 
~M 
~w 
6a 

1,625 
I 545 I; 600 
1,458 
1, 175 

1, 150 
1,892 
1,765 
1,520 
1,470 

8i7 
850 

1,236 
1, 137 

888 

884 
1,644 
1,5]3 
1,296 
1,272 

876 
843 

1,240 
1,142 

892 

886 
1,650 
1,520 
1,304 
1,277 

Failure 

Shear in webS. 
Do. 
Do. 

Compression. 
Shear in webs. 

Compression. 
Sbear in webS. 

Do. 
Compression. 

Do. 

Do. 
Do. 

Shear ill webS. 
Do . 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

6% 
6% 
6a 
6a 
698 

2,125 
2, 112 
2,530 
2,5 12 
1,950 

1,212 
1,186 
1,460 
],475 
1,465 

1,214 I Do. 
1,188

1 

Do. 

698 
6m 
694 
6% 
6a 
6a 
6a 
6m 
6a 
690 

690 

698 
694 
6% 

600

1

. 

1,838 
2,030 
2,050 

855 
938 

662 
618 

2,158 
2, 168 
2,050 

1,858 
2,338 
2,345 
2,218 
2,388 

1,428 
1,540 
1,568 

988 
1,067 

744 
694 
929 
948 
904 

804 
880 
866 
843 
896 

1,460 Compression. 
1, 474 Sbellr in webs . 
1,470 Do. 

1,430 I Do. 
1,545 I Do. 
1,570 Compression. 

992 Shear in webs. 
1,074 Do. 

746 
697 
929 
947 
900 

801 
875 
857 
836 
885 

Do. 
Do. 

Compression. 
Do. 
Do. 

'rensiOD. 
Compression. 

Do. 
Do. 
Do. 

The webs of nil brams were of yellow poplar plywood. Nominal dimensions of the bcams were 3 by 8)10 inches by 16 feet 4~ inches. 'rhe test span was 16 feet and two loads were symmetrically applied at points 44 
inches apart. In c>1lculating I and Q onc·balf the plywood was used. All calculations were mrtde with a slide rule. 
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TABLE V.-BOX BEAMS SUBJECTED TO TRANSVERSE LOADING ONLY. DATA FROM UNPUBLISHED FOREST PRODUCTS LABORATORY 
REPORT, "USE OF PLYWOOD IN AIRPLANE WINGS BEAMS," BY G. E. HECK 

I " -eb construction 
Maximum 

s peCi· IM . 
sbear s t ress 

Widtb D epth D eptb fico • OLS· !\Iax i· Weigbt Load· 

Dy (1)1 Dy (2)1 
B e:"ll I of I of of 1 Diaphragm s 1 gray· ture mum of weight IActu al 

E I Q a 11 Failure 

_" 0 beam beam flanges ity of ~~~t load beam ratio DireCtion / D ' eetion of Grain of Grain.of 
fl a ugesl 

of face Ir . faces In o~. faces m Ply tbiCk. \ t hick· 
grain core gram posite we s each web ness ness of 

2 webs 

,------ ------ \-I 1,000 LbS' 1 Lbs. 
P er lbs. per per sq. per sq. 

Inches Ill ches Inches Inches I ce1it Lba. L bs . Inch I Inch sq. in . (nclies < Inches 3 Inches Lbs. in. in. 

68 .•.. \ 2. 98 8.39 1 1.47 None •... -·_·· 0.403 9.6 4,788 37.65 127.2 , ·cnicn L I Longitudi· ParalleL ... P a ra lleL J.i .-~J.i 6.. O. 484 I, 660 100. 8 14. 83 6.92 2, 394 728 715 Compression. 
nal. 

69D .. /2.97 8.371 1.46 Spaced 1711(6.1 .40.1 10. 6 1 4' 740 
37.6S 125. 8 ... do . __ ...... do ..... ..... do. __ .. ... do ..•• J.i.-~J.i6 .. 1. 480 I, 672199. 7 14.67 6.91 2,370 726

1 

714 Do. 

70 __ .. 2.97 8.38 1.47 Nono ..... ·_·· .397 10.4 4, 590 36. 31 126. 4 45° ...... ~5° ..... _ ... P erpcndic· ... do .... J.i6-~J.i6.. .480 1,610 100.4 14. 74 6.91 2,295 702 692 '.rensioD. 
ulnr. 

7lD __ 2.98 8.36 1.47 Spaced 1711(6 •. 402 10.0 4.610 38.22 120. 6 45° .... _. 45° .....•... ..... do. _ ... ... do .. _. H6-~~-H6.. .494 1,698 100.2 14.76 6.89 2,305 687 677 Compress ion. 

72_ ... 2.99 8. 41 1.50 Nonc .... - ···· .412 JO.O 3,615 33.39 100. 3 l 'cr licaL LOllgitudi· Para llel .... ---". --r'-'''-"'- ", 1,5&2 105.9 15. 30 6.91 1,808 1, 036 I 1, 038 Sbear in wcbs. 
nal. 

73D __ 2. 98 8.43 1. 50 Spaced 1711( 6- .402 8. 4 I '1,230 33.30 127.0 .. do ....... do . __ .. .... _do •.... ... do. __ . ~~2-J.i6-Y.2 .206 1,515 105. 9 15. 30 6.93 2, U 5 1, 194 1 1, 192 Do. 

74 _ ••• 2.99 8.41 1. 48 Nonc _________ .4 10 9.4 4,520 32.27 140. 1 45° ______ 45° _________ Perpendic· ... do. __ • ~~2-J.i'-~2. . 248 1,736 105. 0 15.16 6.93 2,260 1,303 1,315 D o. 
ular. 

75D __ 2.99 8.42 1. 48 Spaced 1711(6. .398 9.0 1.480 32.74 136. S 45° .•... _ 450 _________ ..... do ..... .. dO. ··_1 ~2-h'-~~2 .254 1,758 105. 3 15.18 6.94 2, 240 1,275 1,270 Compression. 

76 _ .. 3. 00 8. 46 1. 48 None .... ···• . 434 10. I :3,900 34.27 11 3.8 4.5° ...•.. 45° ......... ..... do . _ .. ... do .. _. ~~o-~o-J4o . .216 1,928 ]07.3 15.35 6. 98 1,950 1,290 1,294 Shear in w ebs. 

'iTD __ 2.96 8. 43 1. 48 Spaced 11 % .. . 428 I 10.0 <1,770 33.71 141. 5 45° .... _. 45° ....•.... .• _ •. do. _ •.. ... <10. _ .• Ho-Ho-Ho. .204 1,970 105.0 1 15.08 6.95 2, 385 1 I, 678 1,680 Do. 

78 __ .. 
2. 96

1 
8.45 1.48 None ...... ··· .438 9.8 3,820 33.80 113.0 Yertie>1L Longi tudi· Pa ra lleL ... ... do .... ~10-~~o-J4o. .202 1,600 105.5 15.12 6. 97 1 1,910 1,355 1,356 Do. 

nal. 
... do· _·.1 Ho-~o-Ho. 79D .. 2.97 8. 44 1.48 Spaced 11% .. . 420 9.9 4,325 34.21 126.2 .. _do .. _. .... _do. __ .. ..... do . __ .. .212 1,610 105. 5 15.1 5 6.96 2,162 1,463 1, 465 D o . 

80 _ ... 2.97 , 8. 42 1. 48 None _________ .430 9.8 4,610 34.23 134.7 ... do.. • ..... do ..... ... _. do . __ .. .. . do .... ~2-J.i6-~2. .240 1,606 104. 7 15.08 6.94 2,305 1.383 1,384 Do. 

81D. _ 2.95 8.38 1. 48 Spaced 11% •. .426 9.8 4. 820 34.69 139.0 ... do .. _. ..... do ... _. ..... do ..... ... dO·_.'1 ~2-J.i'-~2. .248 1,670 102.6 14.89 6.90 2,410 1, 409 1,408 Do . 

82 __ .• 2.97 8. 40 1. 47 Nonc ...•.. _.· .420 9. 7 I 4,760 33.91 1 140.3 45° .... _. 45° ......•.. Pcrpendic· ... do ..•. ~2-J.io-~2. .250 1,890 103.8 14. 95 6.93 2,380 1,371 1,373 Do. 
u lar . 

83D .. 2.97 8.40 1. 47 Spaced 11% .. .432 9. 9 5,290 34.96 ! 151. 4 45° .• 45°_ .......• ..... do .. _ .. ... do .... ~2-J.i6-~~2. .248 1,935 ]03. ~ 14.94 6.93 2,645 1,536 1. 539 Compression . 

84. ... 2.96 8.43 1. 46 NOlle , _______ .396 8.9 4.995 33.97 147.1 YcrtieaL L~~tLUdi. ParalleL ... ... do.... ~,,-J.i 2-H. .324 1,330 102. 7 14.86 6.97 2, 498 1, 115 1,105 Do. 

85D .. 2.96 8.44 I. 45 Spaced 11% .. .38 1 9.5 4,680 34.33 136.3 ·.j5~~.·.~== ..... do ..... ..... do .•... ... do . ... ~",-J.i2-~' . . 326 1,258 102.7 14.82 6.99 1 2,340 1, 035 1, 026 D o. 

86_ ... 2.96 8.41 I. 46 None ......... .385 9.5 4,470 32.25 138.6 45° .. _ ...... P erpend ic· ... do. _ .. ~" .-J.i 2-~ ' . . 324 1,355 102.4 14. 84 6.95 2,235 1, 000 993 D o. 
ular. 

7D .. 2.97 8.45 1.46 Spaced 11% .. .385 9.1 4,450 33. 43 133.1 450 ______ 450 ____________ do ___ . ______ do ____ !-i4-}12-~~" . 322 1,308 103.7 14. 98 6.99 2,225 998 989 D o. 

Tbe w ebs of a ll beams were of yellow poplar plywood. Nominal dimensions or beams were 3 by 811(. inebes by 16 feet 4 ~ incbes . The tes t s pan was 16 feet and two loads were symmetrically applied at points 44 inebes 
ap art. lIt ca lculating I and Q onc·half tbe plywood w as used. All cnlculatiolls wcre made with a slide rule . 
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TABLE Vr.-BOX BEAMS SUBJECTED TO TRANSVERSE LOADING ONLY. DATA FROM UNPUBLISHED FOREST PRODUCTS LABORATORY 
REPORT, "DESIGN OF PLYWOOD WEBS FOR BOX BEAMS," BY GEORGE W. TRAYER 

Web construction ! M a.\ imum shea r 
s tress 

Width Depth D epth Specific Mois- M ax i- Weight Load-Beam of of of gravity ture mum of weight E / Q a NQ. beam beam flanges of COD- load beam rat io Direction Num- Actual 
flanges tent of face Species of wood Specific ber of thick-

grain gravity plies ness of 
2 webs 

V Failure 

By (1) By (2) 

-- ------ I .. . ---------------------- - ---
J/)(XJ lbs . 

Inches Inches Inches Per cent Pounds Pounds Inch ~'·;'I ,."., Inches I Inches P L ____ 3.01 8.45 1.498 0.352 13.8 3,630 31. 31 116.0 45° ________ Sitka spruce _____________ 2 0.312 1,545 107. 1 15.41 6.952 I 2 _____ 2.99 8.45 1. 498 .349 13.8 3,565 33.26 107.1 YerticaL _ Yellow poplar ___ -------- 3 .300 1,393 104.0 14.90 6.952 I 3 _____ 3. 02 8.46 I. 497 .352 13.6 3,640 31. 80 114.5 45° ________ Sitka spruce _____ -------- 2 .322 1. 549 107.6 15.50 6.963 I 4 _____ 2.99 8.46 1. 498 .354 13.6 3,515 33.50 105.0 VerticaL __ Yellow poplar ___ -------- 3 .298 1,383 104.4 14.94 6.962 
I 

1 5 _____ 3. 02 8.40 1. 485 .318 -------- 3,680 28.41 129.2 45° ________ Sitka spruce _____ 0.32 2 .390 J,374 104.4 15.26 6.915 1 

- ---
Lbs. per I Lbs. per 

'ou'Ilds sq. in. sq. ill. 
1,815 837 837 Compression. 
1,782 852 854 Do. 
1,820 815 812 Do. 
1, i58 844 848 Do. 
1, 840 690 682 Do. 

6 _____ 3.00 8.43 1. 500 .321 S. 6 3.880 27.64 110.4 45° ________ _____ do ___________ .32 2 .344 1,364 105.8 15.33 I 6.930 1 7 _____ 3.00 8.42 1.490 .317 8. 2 3,985 26.56 150.0 45° ________ _____ do ___________ .32 2 .300 1,381 105.5 15.27 6. 930 1 8 _____ 3.00 8.42 1.495 .318 8. 6 4,000 25. 91 104. 4 45° ________ _____ do ___________ .32 2 .276 1,374 106. 1 15.33 6.925 
j 9_. ___ 3.00 8.40 1.485 . 315 8.4 3,080 25.35 132.0 45° ________ _____ do ___________ .32 2 .238 J,385 105. 5 15.22 6.915 10 ____ 3.00 8.39 1. 490 .316 8.3 3,760 26. OS 144.1 45° ________ _____ do ___________ .32 2 .236 1,378 105.2 15. 25 6. 900 1 

1,940 815 813 Do . 
1,992 961 958 Do. 
Z,OOO 1,047 1,046 Do. 
1,540 934 936 Shear. 
1,880 1,155 1, 154 Compression. 

IL __ 2.99 8.45 1. 486 . 332 8.9 3,550 26. 53 133.9 45° ________ _____ do ___________ .33 2 .240 1,355 106. 8 15.33 6. 964 1 12 ____ 2.99 8. 44 1.488 .328 9.2 2,640 25. 74 102.5 45° ________ _____ do ___________ 
.33 2 .206 1,389 107.0 15.34 6.952 1 13 ____ 3.00 8. 44 1. 486 .326 9.1 2,050 25.29 81.1 45° ________ _____ do ___ __ ______ .33 2 . 166 1,356 107.8 15.42 6.954 I 14 ____ 3.00 8. 45 1. 489 .326 9.1 1,540 24. 71 62.3 45° ________ _____ do ___________ .33 2 .134 1,223 108.2 15.47 6.961 15 ____ 3.00 8. 46 I. 4.88 .320 9.4 2,870 25.37 ll3.1 45° ________ _____ do ___________ .33 2 . 138 1, 175 lOS. 7 15.49 6.972 1 

1,775 1, 061 1,061 Sbear. 
1,320 919 922 Do. 
1, 025 883 887 Do. 

770 822 825 Do. 
1,435 1,482 1,490 Do. 

16 ____ 3.00 8.47 1. 495 .322 10.8 3,440 28. 23 121. 9 45° ________ _____ do ___________ .44 2 .248 1,282 107.7 15.53 6.975 I 17.. __ 3.00 8.46 1. 490 .323 10.7 3,230 27. 24 li8.5 45° ________ _____ do ___________ .44 2 . 206 1,315 107.8 15.43 6. 970 I 18 ____ 2. 99 8.44 1. 490 .324 10.6 2,365 26. 12 90.6 45° ________ _____ do ___________ .44 2 . 162 1,290 107.2 15.35 6.950 I 19 ____ 2.99 8.47 1.495 .324 II. 2 1,545 25.60 60. 4 45° ________ _____ do ___________ .44 2 .130 1, 162 lOS. 9 15. 52 6.975 20 ____ 2.99 8.47 1. 500 .326 10.9 3,470 26.76 129.7 45° ________ _ ____ do ___________ .44 2 . 124 1,225 109.0 15. 52 6.970 1 

1,720 1,002 995 Com pression. 
1,615 J,122 1, 124 Shear. 
1, 182 1,040 1, 049 Do. 

7i2 848 851 Do. 
1, 735 1,992 2,008 Compression. 

2L __ 2.99 8.47 1.500 .328 10.4 3,960 28.58 138. 5 45° ________ _____ do ___________ .33 3 .250 I 1, 443 107.8 15.44 6.970 I 22 ____ 3.00 8.41 1. 495 .328 10.0 3,795 27.98 135.7 45° __ __ ____ ___ __ do ___________ .33 2 . 258 1,466 106.0 15.29 6.9 15 I I 23 ____ 2. 98 8.45 1. 495 .326 10.5 3,965 28.36 139.8 45° __ ______ _____ do ___________ .33 3 .244 1,435 106.5 15.27 6. 955 1 24 ____ 3.00 8.50 I. 495 .326 9.9 3,600 27.96 128.8 45° ________ _____ do __ ______ __ _ .33 2 . 258 1,428 108.8 15. 49 7. 005 1 

1,980 1, 134 1,135 Do. 
1,898 1,060 1,064 Shear . 
1,982 1,166 1,168 Compression. 
1,800 993 996 Shear . 

---- ---

T h e gra in of 50 per cen t of tbe web material was at 90° to tbe otber 50 per cent. Nominal dimensions were 3 by 8:9\_ inches by 16 feet 4~ incb es. T he test span was 16 fcetand 2 loads were symmetricall y applied at points 
44 inches apar t. In calculating I and Q oue-half tbo plywoocl was used. All calculations were made witb a slide ru le . Beams 10 and 15 had d iaphragms spaced 11.625 inches and beam 20 b ad diapbgrams spaced 6.33 
IDches. 

VQ 
(1) q=Jt 

V· 
(2) q=Ul 

TABLE VII.-BEAM SECTIO NS TESTED IN DIRECT SHEAR AS ILLUSTRATED IN FIGURES 3 AND 4. DATA FROM UNPUBLISHE D FOREST PROD­
UCTS LABORATORY REPORT, " DESIGN OF PLYWOOD WEBS I N BOX BEA MS," BY GEORGE W. TRAYER 

. I D istance I I . - Distance ~ctllal Spec~fic center to, Ac~~a Spec~f!c center to 
Block No Type of Type of web I Depth of I thICkness grav ity Shearstress center of Block No '[ ype of 'rvre of web Depth of thIck ess gravIty Shear s tress center of 

. test block of two of we.b end . test . block of two of web encl 
webs material I blocks I webs material blocks 

1------- ,--------1------ ---
I Pounds per Pounds per 

Inches Inch square inch Inches Inches Inch square inch Inches 
8.42 0.138 0.34 1,387 20 8-16 __________ Fig.3 _____ 2-ply45°Sitknsprucc _____ 8.40 0. 134 0.34 753 74 
8.42 .166 .34 1,306 20 S-17 ___ ______ ____ do ___________ do __________________ __ 8.41 .176 .34 835 74 
8.42 .126 .44 1,886 20 S-18 _____________ do ___________ do__ ________________ __ 8.43 .130 .46 963 74 
8. 44 .liO .45 1,769 20 S-19 ___________ __ do __ ____ _____ do _ _ ________________ __ 8.44 .168 .46 1,137 74 
8.43 .122 .34 1,505 20 PS-l. ______ __ Fig.4. _________ do ____________________ 7.55 .250 .35 1, 066 26 
8. 38 . 170 . 38 1, 51~ 20 

S-1. _____ __ 1 Fig.3 _____ 2-ply 45° Sitka spruce ____ _ 
S-2 ________ . ___ do ___________ do ___________________ _ 
S-6 ________ ' ___ do ____ ____ ___ do ___________________ _ 

1=[~:::::4J~:: :::: :::J~:: :::::::::::::::::: 
The grain of all plies WIIS at ±45° to the longitudinal R!is of the beam and the grain of 50 per cent of the material was at 90° to the other 50 per cent. All calculations were made with a slide rule. 
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TABLE VIII.-STRENGTH VALUES OF VARIOUS WOODS FOR SE IN AIRPLANE DESIGN 

Common fi nd botan ical names 

lIAROW()ODS ( OROAO-L"J.;AVED SPE('JES) 

Ash, black (Fraxinusn igra) __ __ .. __________ __ 
Ash, com mercia l wbite (Frax inus 8p .) '. ___ _ 
J3asswood (Tilia glabra) ___ _______________ _ 
Beech (F agus grandi folia) __ ____ _ 
Birch (Betula sp .) , __ ________ _ 
Cberry, black (Prunus seroti na) . _. 
Cottonwood (Populus del to ides) __ -_ 
Elm, rock (Ulmus racemosa) _________ _ 
Gum, red ~Liq llidambar styraciflun) __ _ 
Hickory (true hickories) (llicoria sp .) '. 
Mahogany, African (Kh oya sp.) __ ___ _ 
Mahogany, true (Swieten ia sp.) ,_ 
IHaple, s ugar (Acer saccharum) _ . _ - -
Oak, commercia l white and red (Quercus sp.) 10 _ 
Poplar, ycllow (Liriodenoron tulil)ifcrn) 
Walnut, black (Juglans nigra) ____ ____ __ 

SOFTWOO DS (CONI FEllS) 

Cedar, inccnse (Libocedrus decurrens) . _ _ _ . 
Cedar, Port Orford (C hamaccyparis lawsonia na) 
Cedar , western red (Thuia plicata) ___ ______ __ 
Cedar, nortbcrn whi te (Thuja occidenta lis) . 
Oypress, southern ('r axod iu m distichum) _ 
Douglas fir (Pseudotsuga taxi folia) __ _ 
Pine, Norway (Pinus rcsinosa) ___ _ 
Pine, sugar (Pinus lam hcrtiano) 
Piue, western white (Pinus monticola) 
Pine, north ern whito ( Pinus strobus) 
Spruce (Picca sp.) " _ ---I -- -

S p ec ifi c g rav i ty 
based on \'olume 
and weight when 
o\"CIl·dry 

Averaye 
0. 53 
.62 
.40 
.66 
.1\8 
.53 
.43 
.66 
.53 
.79 
.47 
. 51 
.67 
.69 
.43 
.5 

.31j 

.44 

.34 

. 32 

. 48 

.51 

.51 

.38 

. 42 

.&~ 

.40 

.. 'Jinimltm 
permitted 

0.48 
.56 
.36 
.60 
. 58 
.48 
.39 
.60 
.48 
.71 
.42 
. 46 
.60 
.62 
.38 
.. 52 

.32 

.40 

.31 

.29 

.43 

.45 

.46 

.34 

.38 

.34 

.36 

[Based on 15 per cent moisturc content] 

I Shrinkage from 
green to oven ­
dry condition 

Static bending 
Weight at 
15 per cent 
moisture 
content I " ['iber s tre£~1 1'1 n adial I la'!gen- at elas tic YIodulus of IV od':l l~s of 

t191 limit I rupture I elastlClty ' 

PoulIds per 
cubic f~~t I Per ~~8t Per ~e8t 

41 4.3 6. 9 
26 6.6 9.3 
44 4.8 10. 6 
44 7. 0 8. S-
36 3. 7 7. 1 
29 3.9 9.2 
45 4.8 8. 1 
34 5.2 9.9 51 __________ __ _______ _ 
32 4. 8 5. 5 
34 3.4 4. 7 
44 4.8 9.2 
45 4.6 9.0 
28 4.0 7. 1 
39 5.2 7.1 

25 
30 
23 
22 
32 
34 
34 
26 
27 
26 
27 

a3 
46 
2 5 
21 
ao 
~O 
4 6 
29 
41 
22 
41 

5 7 
6.9 
5. I 
49 
6. I 
7.8 
7.2 
5.6 
7. 4 
6. 0 
7.4 

Pounri8per 
square inch 

6,400 
8,900 
5,600 
8,200 
9,500 
8, 500 
5,600 
7,900 
if 500 

10,600 
7,900 
8,800 
0,500 
7,800 
6.000 

10,200 

~ooo 
~~ 
~ ~ 
~~ 
~JOO 
,000 
,500 
~a 
,000 
~~ ,M 

I 
1,000 

PO'unds per pounds per 
square inch square inch 

ll , 900 1, 340 
14,800 I , 460 
8,600 1,250 

14,200 1,4'10 
15, 500 1, 780 
12,500 1,330 
8,600 1,190 

15, 000 1, 340 
11 , 600 1, 290 
19,300 1,860 
10,800 1, 280 
ll, 600 1, 260 
15, 000 1,600 
13,800 I, 490 
9.100 I, 300 

15, 100 I, 490 

8,700 
11,000 
7,800 
6,600 

10, 500 
11,500 
11,900 
8, 000 
9,300 
8,700 
9,400 

1,020 
1,520 
1, 030 

700 
1,270 
1,700 
1,560 
1,040 
1,310 
1. 140 
1,300 

Co mpression parallel 
to grain 

Work to 
max imum 

load 

Fiber Sl.ressl M ax imum 
at elastic crusbing 
limit I , strength I 

[nch-pounds 
per cubic I Pounds per 

inch square inch 
14. 3 4.050 
14.2 5,250 
6.6 3,370 

13.5 4,880 
18.2 5, 480 
11. 7 5,100 
7.4 3,520 

19.3 5,180 
10.9 4,050 
27.5 6,520 
8.0 4,280 
7.3 4,880 

13. 7 5,620 
13.6 4, 9.>0 
6.5 3,750 

11. 4 5, 700 

~6 
&7 
~8 
49 
~7 
&1 
&9 
~4 
~9 
&3 
~8 

~m 
~~ 
~OOO 
~ ~ 

~­~a 
~­~~ 
~~ 
~~ 
~OOO 

Pounds per 
square inch. 

5, 400 
7,000 
4,500 
6,500 
7,300 
6,800 
4,700 
6,900 
5,400 
8,700 
5,700 
6,500 
7,500 
6,a 
5,000 
7,600 

~@ 
,~ 

~ OOO 
~~ ,M 
~OOO 
~a 
~600 
~m 
~~ 
~OOO 

Compres· 
sion per· 

pend icular 
to grain ~ 

Pounds per 
square inch 

1,260 
2,250 

620 
1, 670 
1,590 
1, 170 

650 
2, 090 
1, 190 
3,100 
1, 400 
1, 760 
2,170 
1,870 

810 
1,730 

900 
1,030 

800 
560 

1,230 
1,300 
1,080 

810 
750 
780 
840 

Shearing 
strength 

parallel to 
grain ' 

Pounds per 
square inch 

1,050 
1,380 

720 
1, 300 
1,300 
1,180 

660 
1,360 
1, 100 
1,410 

980 
860 

1,520 
1,300 

800 
1,000 

650 
760 
630 
6lO 
720 
810 
870 
730 
640 
640 
750 

Hardness, 
sid e; load 
requ ired 
to imbed 
OA44-incb 

ball to 
one-half its 
diameter 

Pounds 
760 

1,180 
370 

1,060 
1,100 

900 
410 

1,230 
650 

720 
790 

1, 270 
1,240 

420 
990 

450 
520 
320 
300 
480 
620 
520 
370 
360 
380 
440 

I T he a\'erage \·. Iues for fiber stress at elast ic limit and modulus of rup ture in static bending, fiber stre£s at elast ic limit, and maxim um Crus bing st rength in compression parallel to grain havo been multiplied by 2 factors 
to obtain vaJues for use ill design . A statement of thcse factors and of the reasons for tbeir usc follows; It was tbougbt best, in fixin g upon s trength values for use in design , to allow for the variability of wood an d tho fact 
that a greater number of values are below tho averago than above it, and the most probable value (as represented by tbo mode oC tbe Crcquency curve) was accordingly decided UPOIl as tbe basis for design figures . From a 
study of tbe ratios of most probable to average values for three speCies (Sitka spruce, Douglas fi r, a nd white asb), 0.94 was adopted as tbe best value oC this ra tio for general appUcatiou to the properties in question. Tbo 
stress tbat woo:len members can carry depcnds on its duration. A factor oC 1.17 bas been applied to test results to get values of the strcss tbat can be sustained for a period of 3 seconds, i t being assumed tbat the maximum 
load w ill n ot be maintaiued for a longer period. 

, '1'he values given are the most probable values (92 per cent of the average) of the a pparcnt modulus of elas ticity (E,) as obtain ed by substituting results from tests of 2 by 2-inch beams ou a 28-incb span with load at 
the center in the formula E,=PI'/48t!. J. 'l'ho use of these va lues of E, in the usual formulas will give tbe deflection of beams oC ordinary length with but small error. For exactness in tbe computation of deflections of I 
aud box beams, particlllarly for short spans, the formula that ta kes in to account shear deformations (sec National Advisory Committee for Aeronaut ics Report No. 180, "Defl ection of Beams with Special Reference to Sbear 
Deformations") should be used. This formula involves ET, the true modulus of elast icity in bending, and F, the modulus of rigidity in shear. Values of ET may be obtai ned by adding 10 per cent to the values of E, as 
l'iven in tbe table. If the lor box beam bas tho grain of tbe. web parallel to the ax is of the beam, or parallol and perpendicular thereto, as in some plywood webs, tbe value of F m ay be taken as ET/160r E,/14.5. If the wcb 
IS of plywood with tbe grain at 45° to the ax is of t he beam F may be taken as ET/5 or E,/4.5. 

' D esign values for fiber s tress at elas tic limj t in compression paraJlol to grain were obtained by mllltipl ying the values of maximum crushing strength as given in tbe next column by factors as follows; 0.75 for hard ­
woods, 0.80 for cooifers . Vailles as given are to the nearest 10 pounds. 

, Wood does not exhibit a (Iefinite ul timate s trength iu compression perpendiclllar to grain , p articularl y wben tbe load is a pplied over only a p art of the surCace, as it is at fitt ings. Beyond tbe elas tic limit tbe load con­
tin ues to increase slowly un ti l the deformation and crushing become so severe as to seriously damage tbo wood in other properties. Figures in th is column were obtained by applying a duration oC stress Cactor oC 1.17 (sec 
Note 1) to the average elastic limit stress and then add ing 33~ per ccnt to get d esign values comparable to those for bending, compreSSion p arallel to grain , and sbear as listed in the table. 

'Values in this column are for usc in computing resistance oC beams to longitudinal sbear . They are obtained by multiplying average values by 0.75. 'l' his factor is llsed because of tbe variability in strengtb and in 
order tbat failure by sbear may be less probable than failure from other causes . Furthermore, tests have shown that because of tb e favora ble inOuence u pou the distribu t ion of str esses resul ting [rom limiting s bearing 
deformatioJls the maximum strength-weigbt ratio and minimum variability in strengtb aro atta ined wben I and box beams are so proportioned that the ultimate shearing s trength is not developed and Cailure by shear does 
not occur . 

• Incl udes white ash (F. americana), green ash (F. pennsylvanien lanceolata) , and blue asb (F. qundrangulata). 
7 Includes sweet birch (B. lenta) and yellow birch (B. lu tea) . 
8 Includes biglcaf sbagba rk hickory (II. laciniosa) , mockernu t hickory (II. alba) , pign ut hickory (IT. glabra), an d sbagbark hickory (II. ovata). 
' Includes material from Central America and Cuba. . 
10 Includes whi te oak (Q. alba), bur oak (Q. macrocaq)a). swamp chestnllt oak (Q. prinus), post oak (Q. stellato) , red oak (Q. borea liS), southern red oak (Q . rubrR), laurel oak (Q. laurifolia), water oak (Q . nigrn) , 

swamp red oak (Q . pagodaefolia), \vi llow oak (Q. pbellos) , and yellow oak (Q. velutina). 
" Includes red SI)rUCe (P. rubra), white spruc~ (P. glauca), and Sitka spruce (P. s itchensis). 
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TABLE IX.-SC-l AND PN- 7 BOX BEAMS SUBJECTED TO COMBINED AXIAL AND TRANSVERSE LOADING . DATA FROM UNPUBLISHED FOREST 
PRODUCTS LABORATORY REPORT, "DESIGN OF PLYWOOD WEBS FOR BOX BEAMS," BY GEORGE W. TRAYER 

Width Mean I ~fli~ 11IIois-
Beam No. 1 of I depth grav- ture 

beam b~m ity of ~~~t 
flanges 

1---· I -
Per 

Inches Inches cent 
SO-I-L_ 2.98 7.55 0.33 9.0 
SO-I-2 __ 2.98 7.56 .33 9.4 
SO-I-3 __ 3.00 i.53 .33 9.1 

SO-I--L_ 2.95 7.56 .33 9.5 
SO-I-5 __ 2.97 7.53 .31 9.0 
SO-HL 3.00 7.54 .32 9.6 

SO-I-'-_ 2.99 
7.60 1 

. 31 7.6 
SO-I-8 __ 2.99 7.60 .31 7.5 
So-l-9 __ 2. 99 7.57 .31 8. 2 

-- - -

PN-7-L 3.00 
7.

78
1 

0.33 8.0 
PN-7-L 3.00 7.78 . 33 8.2 
PN-7-L 3. 00 7.78 .33 8.2 

PN-i--4 __ 2.98 7.75 .45 8.9 

PN-7-5 __ 2.98 7.76 .45 9.2 
PN-7--6 __ 

3. 00 I 7.77 .45 8.8 

PN-7-L 3.02 7.74 _ 47 9.4 

PN-7-L 3. 00 7. 71 .47 9.8 
PN-7-9 __ 3.00 7.74 .47 10.3 

PN-7-10_ 2.96 7,81 .41 9.4 I 
PN-7-1LI 2.99 7.78 .41 8.9 
PN-7-12_ 2.99 i. i6 . 41 9.5 

~I 
m 
si 
10 

~- Weight 

de b~~m 
ad 

--

Po 
4 
3 
5 

unds Pounds 

4 
4 
4 

160 
590 
100 

870 
520 
750 

360 I 920 
330 

5,970 
6,450 
5,750 

7,300 

7,620 
4,270 

5,945 

6,385 
4,590 

5,390 

5,810 
4,580 

23.89 
23.60 
24.06 

23.81 
23.36 
24.36 

22.54 
22.69 
22.65 

38.98 
38.58 
35.70 

46.65 

45.09 
42.04 

44. 22 

44. 82 
46.87 

42.73 

43.29 
43.76 

Load- Maxi-
weight mum 
ratio end 

load 

---

Pounds 
---------------
--- - - ~- --------

212 11,925 

205 11,390 
194 10,570 
195 11,110 

193 10,200 
217 11,510 
191 10,130 

152 16,240 
167 17,550 
161 15,650 

156 19,850 

169 20,720 
101 11,620 

134 19,400 

142 20,830 
98 14,970 

126 17,580 

134 18,950 
105 14,940 

SO-I BEAMS 

Web construction I I Maximum 
shear stress 

-
E I Q a V 

By (1) I By (2) 

Failure 
Direction !Nmn- ''''- lA''''' I of face her of Species of wood ciJlc thick-

grav- ness of grain plies ity 2 wehs 
-_. - ----- --_. -- -- ----

1,000 
lbs. per Lbs. per Lbs. per 

Inch sq. in. Inches' Inches' J Inches Lbs. sq. in. sq. in. 

~ _~~~d~~~~~~~~=== o:!! =====J Load does not indicate strength of beam. 
VerticaL 45° ______ , 
45° ______ 

VerticaL 
45° ______ 
45° ______ 

45° ___ ___ 
45° ___ ___ 
45° ______ 

~ 
Qi 
"J" 

2 Sitka spruce __ ___ 

3 Yellow poplaL __ 3 _____ do _________ __ 
2 Sitka spruce _____ 

2 __ ___ do __________ _ 1 
2 _____ do _______ ____ 
2 _____ do ___________ 

.44 0.260 

.44 .246 

.44 .242 

.43 .260 

.32 

.

446

1 
.32 .350 
.32 .246 

1,281 63.30 

1,172 63.06 
1,210 62. 78 
1,309 63. 90 

1,310 54.35 
1,311 59. 90 
1,300 60. 50 

O.30364 P 
I. 

Hinge ., I 
J, /54 '%." -39.6", 

VerticaL 
45° _____ _ 
45° ______ 

45° ______ 

45° ~ _____ 
45° ______ 

45° ______ 

45° ______ 
45° _____ _ 

45° ______ 

45° ______ 
45° ______ 

~ , 
" I.~ 
r--: OCC 
lo ~ 

PN-7 BEAMS 

I 
3 Yellow poplar ___ 0. 46 0.390 3 _____ do _____ ______ 1 .46 .390 
2 Sitka spruce_____ .33 .406 
2 ____ _ do ___________ .45 .500 
2 _____ do ___________ .45 .384 2 _____ do _______ ____ .45 .212 
2 _____ do_. _____ ____ .33 ,504 
2 _____ do ___________ .33 .394 2 _____ do _______ ____ .33 .266 
2 ____ _ do ___________ .35 .498 
2 _____ do _________ __ .35 .386 2 _____ do ___________ .35 .262 

1,455 78. 10 
1,451 78.10 
1,451 78.10 

1,881 77. 30 

1,875 77.72 
1,884 81. 20 

1,452 72. 68 I 

1,445 77.88 I 
1,436 82.07 

1,644 73. 69 

1,654 79.27 
1,643 83.57 

9.87 6.53 2,130 1,278 

9.76 6.56 2,020 1,271 
9.74 6.53 1,885 1,209 
9.86 6.53 1,984 1,176 

S.22 6.82 
1,

815
1 

615 
9.14 6.70 2,055 895 

10.28 6.52 1,809 1,137 

12.40 6. 07 2,258 920 
12.40 6.07 2,450 997 
12.40 6. 07 2,142 837 

12. 60 6.15 2,765 905 

12.51 6.17 2, 872 1,205 
12.91 6.16 1,643 1,232 

11. 84 6.30 2,242 725 

12.84 6.08 2,362 989 
13.30 6.03 1,762 1,075 

11.75 6.38 2,012 645 

12.71 6.20 2,192 911 
13.50 6.05 1,747 1,078 

Strut block split. 

1,255 Strut block split, compression. 

1,252 Compression. 
1,193 Do. 
1,168 Do. 

597 Do. 
876 Do. 

1,128 Shear. 

The grain of 50 per cent of the web material was 
at 90° to the other 50 per cent. Upper and lower 
flanges were beveled. Approximate depth of 
each was 1 inch. Weights include flller blocks. 
Shear is calculated for the inside edge of t he filler 
block at the stru t point. All calculations were 
made with a sli de ruJe. 

VQ 
(1) q= It 

V 
(2) q-iiI 

954 
1,035 

870 

901 

1,210 
1,258 

706 

986 
1,098 

633 

917 

Coml~~ion. 
D o. 

Loosening of plywood and failure of 
flanges in cantileyer. 

Do. 
Shear. 

Shear between flange and web in 
cantilever. 

Do. 
Shear. 

Shear between flange and web in can-
tilever. 

Compression. 
I, 102 Shear . 

I 

'l'he grain of 50 rer cent or the web 
material was at 90 to tbe other 50 per 
cent. Upper and lower flanges were 
beveled and were varied in depth 
throughou t their length. Weights 
include filler blocks. Shear is calcu­
lated for the inside edge of the flller 
block at the strut point_ 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel Linear 

Sym- to axis) Designa- Sym- Positive Designa- Sym- (compo-
Designation bol symbol tion bol direction tion bol nent along Angular 

axis) 

Longitudinal ___ X X rolling ______ L Y------> Z rolL ___ __ q, u p 
LateraL _______ Y Y pitching ____ M Z------> X pitch _____ e v q 
NormaL ______ Z Z yawing _____ N X------> Y yaw _____ '.IF w r 

Absolute coefficients of moment Angle of set of control surface (relative to neu­
tral position), o. (Indicate surface by proper 
su bscript.) 

L M 
CL = qbS CM = qcS 

D, Diameter. 
pe, Effective pitch. 
Pg, :Mean geometric pitch. 
P., Standard pitch. 
Pv, Zero thrust. 
pa, Zero torque. 
pID, Pitch ratio. 
V', Inflow velocity. 
V., Slip stream velocity. 

4. PROPELLER SYMBOLS 

T, Thrust. 
Q, Torque. 
P, Power. 

(If "coefficients" are introduced all 
units used must be consistent.) 

7], Efficiency = T VIP. 
n, Revolutions per sec., r. p. s. 
N, Revolutions per minute, r . p. m. 

<J?, Effective helix angle = tan-1 (27r~n) 

5. NUMERICAL RELATIONS 

1 hp = 76.04 kglmls = 550 Ib./ft./sec. 
1 kg/m/s=0.01315 hp 

1 lb. = 0.4535924277 kg 
1 kg = 2.2046224 lb. 
1 mi. = 1609.35 ill = 5280 ft. 
1 m=3.2808333 ft. 

1 mi./hr. =0.44704 m/s 
1 mls = 2.23693 mi./hr. 




