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IWATIONAL ADVISCRY COMMITTEE FOR AERONAUTICS.

TECHIICAL MEMORANDUM NO. 313.

STRUCTURAL LETHODS EMPLOYED BY
THE SCHUTTE-LANZ AIRSHIP :COL.&PANY.*.
By Chi%f'Engineer Geptzcke of thé 81 Airship Comp§nf.
This article was prepareg at the'suggeétion of‘thé "Wis§eq;
sohaft%}chc Gesellschaft fur Luftfahrt" and is based on~th@‘éx~
periéncé ot Lae Soh&tte~Lanz Airship Company in Xight oonstfﬁé-

tion. The object is to stimulate the employment of these meth-

ods in other fields of industry.
PART I - BUILDING MATERIALS.

A. Manner of employing materials.- The principal building

materials are steel, duralumin and plywood. To obtain lightness,
supporting structures are composed of open-work girders with di-
agonal‘braces. Plywood is suitable for girders and plates, but
not for the diagonals. The latter are best made of strong steel
wire, though duralumin and steel strips may also %e used. By
the crossing of two diagonal wires in a rectangular support,
stiffening by means of a single rigid strut is avoided, with

the advantages of smaller weight, simpler connections at the

corners and great elasticity of the diagonal members. Fig. 1

ig an inside view of the hull and walk-way of an airghip.

A L ' g
* From "Zeitschrift fur Flugtechnik und Motorluftschiffahrt,!
May 15, 1934, pp. 77-95.
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Other views are given in "Zeitschrift fur Flugtechnik und Motor-
luftschiffahrt," April 30, 1921. The hull ig stiffened lateral-
ly by means of wires and struts attached at certain intervals

to the transverse frames or rings. The individual girders com-
posing these rings or (wmore accurately) polygons, the longitudi-
nal girders and the unbraced intermediate rings dividing the
distance between the braced main ?ingsﬂare built in the first
place to withstand axial compression and tension and, in the
second place, to withstand bending stresses. The walk-way in
the lower part of the hull has a structure similar to the lat-
ter (which it serves to strengthen, as well as to tranémit the
load streseces to the main rings), with a tiiangular Cross—
gection {Fig. 1). Its girders are likewise stressed both-axi-
ally and transversely. The bending stresses on the girders are
exerted on the junction points of the hull framework by the
forces transmitted from the gas bags and loads.

The auxiliary parts are made of steel, duralumin, brass,
copper, aluminum and German silver and are assembled, according
to the principal material, by rivets of steel or duralumin and,
for plywood, by hollow rivets of brass, aluminum or duralumin.
Hollow steel rivets are used for uniting sheet steel or duralu-
min. Assembling parts are made of duralumin or sheet steel.
Single form pieces, at junction points, are made of steel, dur-

alumin or aluminium. Subordinate parts are also made of German

gilver.
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B. Improvement of bullding materials.- Employment of the

best materials is an essential condition for light construction.
The original condition of the principal materials, steel, dural-
umin and wood, is capable of considerable improvement. The met-
als are mace denser by rolling, drawing, hammering, etc., ih
the cold state. The texture of steel and duralumin is affected
by thermal treatment. The thermal treatment consiéts in heat-
ing t0 a cerdtain temperature, 750 to 900°C (1382 - 1652°F) for
steel and abous 500°¢ (932°F) for duralumin, and suddenly cool-
ing in air, water or oil at different temperatures, with the
difference that, for duralumin, the hardening ‘first becomes ev-
ident about an hour after the cooling and continues to ‘increase
for 100 or more hours ("seasoning"), so that changeés in shape
can be conveniently effected immediately after the thermal
treatment, e.g., the straightening of drawn profiled rods and
the clinching of rivets. The brittleness produced by the hard-
ening and subsequent working is remedied by a short period.of
heating, steel at 100-700°¢ (212-1292°F), duralumin at 100-150°¢
(212-302°F). The effects of.the compression and tempering are
partially or entirely destroyed by longer or shorter heating,
steel 400-950°0 (753-1743°F), duralumin 230-400°C (446-752°F),
for which reason the thermal treatment must always take place
before the cold compression. For most kinds of steel only one
of the two processes can be employed. Steecls containing chrom-
jum, nickel or wolfram have a greater hardncss and strength,

gimilar to duralumin with its constituents of copper, magnesium,

= e A
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manganese and silicon. The harder the metal, the less its duc-
tility and pliability. Table E gives three examples for the
above treatment, which produccs the most widely differing prop-
erties (e.g., Table C¢). (For further information on light met-
als, see "Schiffbau," 1919-20, p. 556.)

It should, however, be borne in mind that the more diffi-
cult the treatment, especially with thin strips, the greater
the tendency to irregularities and the greater care required.
Use is made of metal sheets 0.5 to 5 mm (0.02 to 0.2 in.)
thick, stamped pieces 1 to 5 mm (0.04 to 0.2 in«) thick, steel
tubing with walls 0.3 to 1.5 mm (0.012 to 0.059 in.) thick, dur-
alunin tubing with walls 0.5 to 2 mm (0.02 to 0.08 in.) thick
and steel wire up to 4 mm (0.157 in.) diameter. In strips 1 mm
(0.039 in.) thick and 4 m (13.13 ft.) long, there were found
variations of 3.5% in strength and of 13% in thickness.

Wood has two disadvantages. First, the light rings are
weak in comparison with the dark and split easily. Consequent-
ly, its tensile and compressive (Fig. 32, a-c) strength are
relatively small crosswigse.6f~the grain. It is stronger per-
pendicular to the middle section (Fig. 34, a,b) than to the
circumference. The reverse is true of the ghearing strength.
There are also irregularities of growth, crooked grain, accumu-
lations of resin and rotten spots. In the second place, wood
has a great capacity for absorbing and giving out water, caus-
ing it to swell and shrink (See "Hutte! 28, Bdition I, pps Tal-

731), so that, with irregular drying or wetting, it warps and



1

N.A.C.A: Technical Memorandum No. 313

buckles and, as a result of the stresses thus produced, it
splits, especially in the weak zones. Moreover, the water ab-
gsorption 1s synonymous with weight increase and strength de-
crease.

A1l these disadvantages are naturally aggravated by the
thinness cssential to light construction. They are remedied
by careful selection of the wood and by two special methods,
namely, bv making into plywood and by impregnating or "doping."
Plywood consists of layers of wood 0.5 to 2 mm (0.02 to 0.08 in.)
thick glued together with the grains of adjacent layers at right
angles (Fig. 33). These layers are cut circumferentially from
the surface of peeled logs, as it were, by unwinding the natur-
al layers or rings. Before the glue sets, the plywood can be
pressed into any desired shape, which is permanently retained
after the glue sets (Fig. 35). The crossing of the grains pre-
vents splitting and causcs a strong mutual sﬁpport between the
layers. The greater resistance, both to tension and compression,
is in the longitudinal direction of the grain. By employing
different woods, thicknesses, etc., different results are ob-
tained in longitudinal and transverse strength and in durabili-
ty. For example, some hard wood, like beech or ash, is used
for the outside layer of a girder. ‘

Doping retains the favorable properties of the ply%ood
and, in addition to the above-mentioned advantages, serves to

keep the gluc dry. It accordingly consists of two processes,




N.A.C.A. Technical Mcmorandum No. 313 6

impregnating with paraffin and smoking with formaldehyde. The
impregnation extends only to the surface pores and fibers.

It does not fill the pores, but renders them water-tight. The
successful results of this treatment are shown in Figs. 2-3.

A good varnish alone affords protection against atmospheric
moisture and prevents a welght increase of more than 4%. It

also increages the strength of the surface layer (like the roll-

ing of metals).

C. Workableness.~ Strong sheet-metals with sufficient ex-

tensibility (steel 8-13%, duralumin 15% with bending radii of
two to threc times the thickness of the sheet) are best adapted
from the strongth standpoint (Figs. 4 and 23). The bending of
the harder profile members and tubes requires a radius of at
least 20 cm (nearly 8 in.). A malleable metal is necessary for
making rivete, since the process of clinching increases their
hardness. Moreover, in the case of duralumin, the hardening
process is disturbed by such operations immediately after heat-
ing. Steel generally stands bending better than duralumin, as
demonstrated, e.g., by the experiments with tubes according to
Table F. Malleability data are obtained by bending tests (Fig.
31 c¢) and by depression tests (Fig. 31 b). The ratio of the
breaking elongation D to the strength, according to Tables A
and B, gives only one basis for judging.

In complex assenblies, parts made from a single piece of

metal, forged and cast picces, are employed for junction points,
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the first, however, being expensive and both of the others being
relatively heavy, even after finishing. Moreover, only soft and
medium steel, not less than C.7 mm (0.038 in.) thick, and soft,
but not sufficiently strong, aluminum are perfectly weldable

and malleable, while duralumin, "Hartalumin'" and German silver
are note.

Strong steel wire (Tables 4 and B) is bent, for fastening,
with a radius of two to three times its diameter, although with
30 to 50% loss in strength, which loss can be reduced, however,
about one-half by winding and soldering.

Only steel is suitable for hard soldering, on account of
its high tewpering temperature, but not the light metals.

Soft soldering is too unreliable, except ‘for filling in between
the windings in fastening wires.

Plywood camnot be changed much after the glue has set, ex-
cept that the cross—-section can be changed by gluing on pieces,

which process corresponds somewhat to soldering and is a con-

venient means of adaptation to any desired shape.

Preparation with cutting tools (drills, revolving cutters,
stamps) is the simplest and cheapest with plywood, the dearest
with steel (cutting tools with diamond insct) and comparatively
simple with the softer light wetals. The hardness is deter-
mined by the ball pressure test according to Fig. 3la. Steel
of 0, = 100 can be drilled economically and can therefore\ﬁe
employed for the booms of riveted girders. The question as to
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whether still better steel can be successfully employed for
soldering or welding is yet to be angwered.

Heretofore metal girders, to be riveted, were made of the
hardest metal that could be drilled or cut, while struts and
braces, to be pressed or bent, were made of more flexibie and
consequently softer metal. This circumstance is taken into

congideration in Tables A and B.

D. Strencth relations.- The adoption of suitable materi-

als is one of the chief problems in girder construction, since
special designs are required not by the tensile and shearing
strength (0y and T), bdbut by the resistance to buckling ok
which decreases with increasing slenderness t/i and proceeds
from the compressive strength 03 as the limit. This princi-
ple applies both to individual profiled pieces subjected to
bending stresses and to composite girders. In a girder assem-
blage, there is an increase in the buckling stress Ok1 of the
jointed member (measured between two supporting points) accord-
ing to the strength of its joints, but, on the cont}ary, for
determining the buckling stress Oy, of the whole girder,
there is a decrese, according to the slenderness, design, and

method of fastening, which, in a simple manner, express the

Tetmajer-Krohn relations, namely,

g ( 1
oko = jk] B @ = (a - D T r1> <1 - 2 Eg T, C.

in which ! represents the length; i, +the inertia radius of
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the individual flange; Ly and i,, the same for the girder;
a and b, building material constants; r, and r,, factors
which express the fastening method of the individual member
and girder as a length reduction. On ordinary .girders of about
5 m (16.4 ft.) length, r, varies between 0.75 and 0.90 and
the quantity B ¢ between 0.5 and 0.7. The equation applies
to two compressed flanges in bent girders. The minimum value
(in any possible buckling direofion) must always be uged for
S |

By way of illustration, Fig. 6 shows the relations of the
above equation for a girder made of angular sheet duralumin.
It also shows the effect of the flange height and thickness.
Fig. 7 gives the buckling curves of different materials and
shapes for singlc members, and Tables A, B, G, H give their
moduli of resistance. Flexibility is assumed for metal sheets
and capability of being cut or drilled i1s assumed for the steel
profiles of Table B for structural data.

While the modulus of resistance varies but little for any
given metal, it fluctuatcs greatly for one and the same kind
of wood due to the peculiarities of growth. Table G contains
data for good soft and hard wood. The compressive resistance
is greater than that usually given, as repeatedly shown in
Table H under Gy, and is manifested in bending tests as the
bending dtrength op. With plywood, however, contrary to the

case with ordinary wood, this strength is fully utilized, even
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in the case of pressure stresses, due to the mutual support of
he grains. This explains the fact that plywood, notwithstand-
ing the reduction in cross-section through cross-veneering, has
approximately the same compressive rcsistance as ordinary wood.
The values o0, in Table H have to be somewhat increased as 0g
for plywood; for example, with three equally strong aspen-wood
layers, to about. 3/3 oy = 23/3 (550 ~ 380) kg cm?; when Gy
becomes 2/3 (800 = 530). Fig. 8 shows the buckling loads of
ordinary and plywood spars of like length and weight. In air-
ghip construction, agpen wood ig preferred on account of its
homogenelity, small water absorption and relatively small gpecif-
ic gravity. The data for this wood arc comparable with those
for duralumin and steel in Table B and compare with sheet dur-
At dn the retio of 1 t Yb wp o 1 : 9.

The elasticity limit of plywood is indefinite and diffi-
cultly determinable. It may ve assumed to be above 0.7 O3, a
value exceeded by stcel and duralumin and corresponding to a
structural safety factor of about 1.5. Nevertheless, small
permament distortions remain in wood after unloading. Its
elongation is considerably greater than that of metals. For
example, according to Fig. 33 E, a girder 2.28 m (7.48 ft.)
long, on being subjected to four separate loads equal to 2/3
of the breaking load, underwent an elastic depression of 77 mm
(3.03 in.). The stretching and crushing limits do nof gener-
ally lie much beyond the limits of elasticity and are higher

o

for metals, in proportion to their hardness. For hard metals
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and plywood, they are hardly determinable, since they almost
coincide with the breaking limits. Girders of such material,
especially of plywood, collapse suddenly without previous warn-
}ng.

No noteworthy difference was observed between steel, dur-
alumin and plywood in the fatisue produced by stresses 10 to
15% below their limits of elasticity, or 0.6 of their breaking
strength. In the event of over-stressing rods of like static
strength, medium steel is superior to the other materials
(Table F). Dry wood does not behave so well as duralumin.
Endurance tests can be made under conditions nearest approaching
the actual, e.g., according to Figs. 29-30.

Strength rclations are made worsc by external mechanical

in the surface of rolled metals or in

[67]

influences, like flaw
the outer layer of plywood, and by the chemical action of air
and moisture. Steel oxidizes strongly and the corroded layer
is not permanent. German silver also oxidizes strongly, and

in a finely divided form, burns frcely in the presence of mois-
ture and in contact with an open fire. Aluminum and duralumin
oxidize slowly in the air, are not at all affected by pure
water and only slightly by sea water and the oxidized layer is
permanent. Hence stcel and German silver cshould be protected
by varnishing, painting or plating, while such treatment is
not absolutely nccessary for aluminum and Quraluminf Wood can

be protected from water by ilmpregnation and painting.
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E. Weight and quality.— Lightnees of construction can be

attained by adapting the materials to the required forces.

The materials are judged by their quality, which is determined
from the ratio of a load and weight unit. The quality of the
material is Gm=os: ¥ or Og ! Y = strength divided by spe-
cific gravity and indicates what strength is attainable with a
specific gravity of 1 (Tables D and J). The quality of a rod
is represented by Gg = O + Y = resistance to buckling divided
by specific gravity and takes into account the effect of the
length on the resistance to buckling. It is gspecially impor-
tant and is represented by curves in Fig. 9 for a number of
different materials. The insufficiency of G, =0q ¢ Y is
demonstrated by the different.courses of these curves. Thus

it appears, according to Gp, that steel and duralumin have
the same value and that plywood has hardly half the value,
while, according to Gg, the quality of steel and plywood im-
proves with increasing length, as indicated by the small in-
clination of their curves. For example, the quality Gg of a
plywood spar of crogs-section f = 1.7 cm® is just as good as
that of a sheet duralumin spar of likc weight and of more fav-
orable form of cross-section f = 0.34 cm?, as soon as the
common length of 34 cm (9.4 in.) is reached. Beyond this
length, the plywood cross-section is superior. A medium steel
tube 30/1 of o, = 65, with a length of 1 = 73 cm (38.7 Lt
has the same value as a similar steel tube of 0, = 100, length

1= 26 cm (10.24 in.), and ag a like tube of duralumin. Never-
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theless, for thec steel tube, the buckling load is in proportion
to fhe gpecific gravity, i.e., about 2.8 times greater than for
duralumin, according to which its thickness can be reduced to
/848 = 038 mm (0,014 inv), 4 and 0 remaining approximate-
ly equal, since i varies as 1/3 of the diameter. Such thin-
walled tubes can be made (Table C). A similar reduction for the
above plywood and duralumin sgpar brings us to the insufficient
thickness of only about 0.3 mm (0.013 in.). This demonstrates
the superiority of plywood for small stresses, since any neces-
sary increase in the reduced thickness is synonymous with an
increase in the stresse.

N

8 are better for long

QO
)

The curves show further that tub
members, but that open profiles can be usgsed for short menbers.
The .effect of the cross—-sectional shape is seen by comparing
duralumin profiles and tubular cross-sections of like area,
La¥4 omP (27 saein.) (Fig. 9)w»

Two rods of different lengthe 1, and 1;, but of the same
quality Gg, may be brought to the length 1, by a similar
increase of the shorter one (whereby 1/i, o, and Gg remain
ooﬂstant) by multiplying its cross-section Lq (or buckling
Temal o (1,717 »

This calculation shows how great its buckling load (or
force to be withstood) of a shorter rod becomes, which is given
the greator length of another rod used for comparison, with the

retention of constant quality. If the buckling load sz is

given and if the rod under consideration has a cross-section
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fy & length & and a buckling load Pkl, we can then make

3’

4

this equal to Py , with retention of constant quality, by
2

changing ite cross-section and length in
N Y. e SR SR et g

X 1 X X P
Pk‘l / kl

By means of these expressions, the curve values can be compared
in different directions.

The quality only enables us to reach a satisfactory con-
clusion, when we know the type of girder, of which the given
rod is a member. The type of girder depends largely, however,
on the kind and quality of the material. Hence, construction
qualities are established, namely, Gy = breaking strength di-
vided by the weight per unit length, ®.g., of a running meter
(eventually also = breaking moment divided by weight). We
must also find the most favorable dimensions of the strut di-
visions t and of the flange and strut cross-sections for
given lengths and heights, kind and magnitude of loading, i.e.,
the smallest possible volume of building material for the pur-
pose. This was, e.g., done in Fig. 10, for tubular girders,
in which certain cross-sectional dimensions are not exceeded.
Here the best division number is 13 (for 5 m length, thus mak-
ing the length of a single divielon 38.5 cm (15+16 in.). This
process is repeated for different heights. We thus attain our
coal more easily than by employing cquations which can show no

continmuity. The qualities of girders are given in Tables K, L,
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M and N, which will be discussed later. In comparing the qual-
ities of two different girders, it is assumed that their cross-
sections remain the same for the same length, L, bveing the

greater and 1, the lesser Jength. The new quality of the short-

™

aned girder becomes, e«g., Gy =G, By ¢ By, in which B is
taken from the buckling formula in the preceding chapter and
Lx = L,. We write approximately b ¢! a =1 ! 100 for duralu-

min and 1 ! 300 for plywood and 1, = 1. For girders with
two compressed flanges subjected to bending stresses, we have
approximately Gy = G, (Bx/B,) (L,/L,) and for those with one
compressed flange we have Gy = G, (L,/L,).

Any comparison according to quality is naturally of value,
only when the differences are not too great.in the meter weights
or buckling loads of the girders constructed for comparing one
of these quantities. When the differences are too great, the
girder appears too favorable with the greater weight or greater
buckling load, because not only the cross-section but also the

0) increases with increasing weight and, moreover, the ratio

‘of the weight of the flange to the weight of the struts under-

goes a change. Thus, e.g., two girdcrs, whose weights per

o

meter and whose buckling loads are each in the ratio of 1 : 3,
are not directly comparable in the above sense, but are, how-
ever, when the values of the one kind differ from one another
only by 10 to 30% and the values of the other kind are option-
al. It should be remarked that the given degrees of excellence

present no exceptional values.



NM.A.C.A. Technical Memorandum No. 313

16

Table A. Strength and Elongation of Metals.
(0 in kg/mm?)
. Stec)
Sheet | Profile Tubing | Wire
Breaking strength Oy < 90 @ < 130 <160 <230
Yield point Gk | 280 =120 <12 <160
Crushing strength  og Sl o1 < 130 < 160 s
Elongation D 0=10 | . 20-5 . | 18 & 2-8
Shearing strength T | Y2180 ?
Blasticlty limit Og ; 0.4-0.803 !
Yodulug of elasticity E ~ 33000 }
: Duralumin

Sheet Profile Tubing
Breaking strength Oz 30-45 52-50 52~55
Yield point Cgtyr | 2433 24-3"7 o4-43
Crushing strength o . 50-42 30-43 33-50
Elongation D g Ly 18-8 16-2
Shearing strength 3 24-37
Elagticlty limit Oe | 24-36
Modulus of elasticity E ~ %000 + YHOD

Aluminam .

Germsn silver

4 Cast Hard Profile
Weight
Breaking strength Oy 234 <45 >30
Yield point Ogtr v o ~19
Crushing strength 0q o <33 <35
Elongation D - B > 9 > 8
Shearing strength T o o -
Elasticity limit Og - - -
liodulus of elagticity E ~ 5750 - ~ 4500
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* Differs but little from og.

Table B. Structural Data.
Steel Duralumin
Sheet | Profile | Tubing| Wire | Sheet | Profile |Tubing
Oy 80 100 100 160 40 43 45
Ogtr 50 5 B 140 33 33 34
a3 T 100 100 -~ 33 38 40
D 15 10 10 3 15 10 8
T Rivets ; 50 24
Table C. Illustrations.
I. Steel. _ }
Breaking | Yield point | Elongation
stren§th
A %t D
Air-hardened tubing 40/Oa mm 160 oy 3
Not hardened L n Ahers) satl 18
n " 1" I i 64_ s 4
Steel band, thickness 0.3~ . |
3 Gab - 130 120 5
U-profile | 80 50 13
"Structural steel! | 85 73 15
| 120 90 10
| 105 80 13
II. Duralumin.
1
GZ i Od D
" Tubing 30/1 mm 46 38 13
L 30/1,25 . mm 46 43 5
U-profile 47 35 28
L " 40 38 12
|
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Table D. Specific Gravity and Quality.
Gy (in omg)

I Quality of material
| Svecific according to maximum
: sravity values of Table A.
! G’1: a; Y C.z:;:gd 0
Steel, sheet ~iid 1%50 10C0
" profile and tubing ~7.85 1600/2000° 1600/2000
. wire —— 2800 e
Duralumin, sheet o 1600 . 4500
’ profile ~ 238 1800 . - 2800
” tubing 2000 1800
Aluminum, cast 2.65 400 400
Hard aluminum, profile Bad 1700 13C0
German silver 1.8 1600 1900
Plywood (aspen) 0.6 P o
Supporting cross—section
about 70% 0.5 ; - -

G = quallty.
. 1,2 i . o /
Oy = breaking strength in kg/cm?

0d = compressive strength.

¥ = gpecific gravity.
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Table D. Specific Gravity and Quality (Continued).
Gy (in em.)
| Quality of material
Specific According to
gravity Tables B and H.
Gl': M Go= @ ¥
Steel, ghect N 1000 200
i profile and tubing ~"7.85 1300 1300
" wire 3000 —
Duralumin, sheet b 1400 1200
B peotile ~ D 1500 1300
’ tubing — 1800 14C0
Aluminum, cast 3« 65 ~— -
Hard aluminum, profile , 3.7 - -
German silver . 1.8 Fais S
Plywood (aspen) 0.6 870 800
Supporting cross—section
about 70% 0.5 1080 700
G = quality.
0, = breaking strength in kg/cm?=.
dg = compressive strength.
Y = gpecific gravity.
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Table E. Examples of Tumproveinent

Gl

Metals.

Duralumin sheet-rolled aud tempered:

1. Sample heated to 3 OOC, cooled in

water at 100° and imnediately
tested,

3. Sample heated to 500°, otherwise
as above,

3. Sample heated to 500°, cooled in
water at 20° and tested after
& days,

4. Sample hbdt@d to 460°, cooled in
water at 20° and to sted after
4 d.o.ys .

Ditto - cooled in air.

Duralumin shect heated to 400°:
1. Bample rolled cold,

2. Sample tempered at 500°,
ested after 4 days,

then rolled cold,
then heated to 400°;

same as before, only instead
of heating, thb metal was re-
tompered at 500°

Chrome-nickel-stcel sheet:
1. kg delivered;
3. After heat tempering;

3. After reheating to 350°

Q
N
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Table F. Bending Tests with Strips 2 cm Wide Cut f

21

rom Tubes.

angle| Fig. 3lc| No. of | Remarks
bends
O
1. Steel tubing 30 27 03 = €60 "
30/1 mm 457 | 22 o = s} D= &t
30 1 12
450 ‘.II 10
2. Duralumin tubing | 30° Pel g st i od = 44) ;. o4
30/1.35 mm 45g b 1.5 Oz = 51 it
g 30 Lo i
Variety A 450 }.II ] A
3. Duralumin tubing | 30° 1 . - Qg = 381 i Wi
30/1 .5 45° Bt | 3.5 | 0p = 49 g %
v : 30 305
ariety B 450 }.II t 5

Table G. Strength Coefficient in kg/cm® for Good Wood.

For the softer woods (pine, aspen), the smaller numbers ap-

ply. For the harder woods (ash, beech, locust), the larger num-

bers apply.

Parallel to the grain,

Crosswise of grain,

A Q Q
N e
it | 1

Q
=
f

-1,
|

360 - 750 kg/cm®

= 1.2 - 1.5 03

1/8 - 1/6 94
1/10 « 154 O

A= 003 E Oc5 Gd
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Table H. Mean Strengths in kg/om?® with
15-230% Moisture Content (15% = air-dried).
i

Kind of ; To the G b # s
strength | srain Oak | Beech Ash Elm Tallow
!
Tensile Og,. | = 1000 1300 1300 1000 1100
Compressive ow*i = 360 300 500 400 830
Shearing i T 80 80 60 60 100
Bending Gb**'i = 800 870 850 | 850 1000
Kind of To the | S P B :
strength grain | Larch Pine | Spruce z Flr. Aspen
e o | - | 1o | ceo0 | veo | 800 300
Garlng T = Lo ‘..; | 20 i X 5
Bending Opkx| = 800 420 | 480 | 58O 550

= means parallel to the grain.
%
Gw = cube strength < J3.

**0y, = compressive strength with support of the grain, which
is essential for plywood.
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Table I. -Specific Gravity of Wood and Quality of Material Guy.
(The bracketed numbers apply to plywood.)

Specific Gravity*

Quality

Air-dried | kiln-dried Gm in cm Gy in cm
10% | - &t 1107 =" G M, = 0g /Ny
moisture | mean value 10% 10%
mean value! moisture moisture
' Y5 ? Y .| Vy=Ys
Maple 0. 67 0.63 e - -
Birch O.64 Q.61 - - -
Oak 0.86 Q=66 0480 1160 430
Alder 0.53 0.43 - - -
Ash Q.75 |  O«63! 0«13 1740 670 (7256
Spruce 0.47 0.44| 0.03 1600 {1080 o0 (800
Pine 0.82 Qb Qall 1540 (1000 560 5530
Larch 0.63 0=46] 0.16 T80 L 1LB0 725 (630
Linden 0.46 0.4 - e -
POpl&I‘ Oc 4’5 Oo 37 b Smve T
Aspen 0.48 0.40| 0.08 1670 (1100) 25 (735)
Pitch pine 0.70 e o il i
Beech Ce74 QaBY - - -
Elm 0.69 OsBa ]  LOeai¥ 1450 580
Hornbeam 0«72 - - 1800 420
¥iy, silver 0.48 - - 1870 621

¥ The specific gravity and compressive strength are greater for
p i o )

plywood than for ordinary wood.
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PART II - METAL CONSTRUCTION.

A. Girders.— The following experiments were made with dural-

umin girders, but the results hold good, in principle, for gird-

ers made of steel or other metals.

1. Plain girders (Fig. 37).—- For considerations of weight,

thege can be employed only in relatively small lengths. For
greater lengths, the consumption of material would be much too
great. We have the following kinds (Fig. 37):

1. Open and rolled (row I);

2. The same hot-pressed in the case when the cross-section
changes with the length of the girder (evg,, transition from @
t6 e in vow I);

Z. Open and hot-drawn profiles (rows I and II);

4. Olosed and hot-drawn profiles (row III);

5. Shaped cold out of sheet metal (rows I and %) 1

8. Cold-rolled from sheet metal (row I);

7. Cold-pressed from sheet metal (row I);
8. Open profiles cold-drawn from sheet metal (rows I and
Y ‘

Girders made by the hot process have to be reheated and hard-
ened. Girders made from tempered and rolled sheet metal are still
further hardened by the shaping process and are therefore to be
preferred. Small sheet-metal parts are shaped DY simply bending
and pressing (Fig. 23). Closed profiles may be made from sheet

metal, by riveting, welding or soldering. Hot or cold rolling
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and pressing cannot bc employed for tubes and open profiles with
converging edges (row II). These must be drawn.

Hence row I contains open profiles, which can be either
drawn, ‘bent, or pressed; row II, open profiles which can be cold-
drawn or bent; row III, only closed profiles, which rust be
drawn; row IV, profiles which can be made by riveting other pro-
files together. 1In addition to the examples shown, a nunber of
intermediatc steps arc possible. The converging edges of the
profiles in row II are proof against buckling, only when braced
at certain intervals with respect to each other.

For greater cfoss-sectional dimensions, the plain girders
would have to be made of quite thick metal, in order to be secure
against buckling, especially for open profiles. In any case, it
would be possible to use thin-walled tubes of large diameter
(e.ge 30 cm (7.87 in.) with transverse bracing partitions or
bulkheads, an arrangement employed by nature in bamboo. Even in
this case, however, it is advisable to strengthen the cross-sec-
tion by riveted bands or by corrugating and to provide the walls
of the tubes with crimped perforations.

On the other hand, the accumulation of the material about a
few suitable axes uses the material to much better advantage, if
the individual members are well stiffened. This can be accom-
plished: first, by the union of perforated metal sheets; second-
ly, by the union of the girders with sheet-metal bands; thirdly,

by the union of the individual members by means of struts. The

‘structural parts thus obtaincd are considered in the following

section.,
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2. Open-work girders.made froim stampcd sheet metal.—~ These

can be made either by stamping the plain profiles of Fig, 57, or
by stamping shcet metal with subsequent shaping and mutual brac-
ings The latter is the more common method. The basic form of &
girder wall is shown in Fig. 38. The stamping of the walls of-
fers the very great advantage, that the stamped holes can be
similtanecously provided with a crimped flange c¢. This means
the choice of a flanged angle as thc flange a and of a U-sec-
tion as the web b, two shapeg which muitually support each oth-
er. On account of their greater hardness, the stamped, high-
grade tubes cannot be flanged. Thus are obtained the following
cross-sections of Fig. 43, namely, the stamped unflanged oval or
rectangular cross-scctions 1-3. The strength is relatively
small, on account of the lack of crimping and the faulty support

of the longitudinal members. The perforated oval tube has ad-

vantages when stressed in its longitudinal axis, but a rectangular

2 C
.

[45]
©
]

cross-section better withistands bending sires
The remaining figures (4-15) show parts stamped out of gheel
metal. TNo. 4 is not very rigid and is important only when riv-
eted together in the double form of No. 5 (T-section). Nos. 7
and 8 are bent out of one piece and riveted together by overlap-
ping (on the plan of Fig. 41a). Nos. € and 9 are made of two
pieces; Nos. 10-11, of four pieces; No. 12, of a U-section riv-
eted to a connecting strip (16). The box-shapes 6-7 and 9-18

must be made of relatively thick metal in the larger sizes, in

order to prevent the cross-sections from becoming oblique-angled,
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a disadvantage to which No. 8 is not subject. This tendency may

'r-\

be overcome by adopting the arrangement of Fig. 13, in which the
angular flanges completely overlap. The strength of the combined
flanges is then large, but that of the webs is small. The crimp-
ing occasions less difficulty and the right ratio of the flange
and web strengths can bec approximated. More riveting is required,
but this is not important, except when done by hand. #Another
method of stiffening is shown by No. 15, through the introduction
of diagonal partitions, which considerably increasc the weight.
No. 6 is a two-part cross~section with holecs in only two plancs.
It is composed of two No. 4 sections, is wider than high and
therefore regquires a narrower support in the vertical than in

the horizontal position. 411 these girders with triangular and
rectangular cross—scctionsﬂare suitable for comprecssion struts.
Their webs can be small, on account of the small shearing stress-
gs. When subjected to tending stresses, they undergo considcra-
ble distortion and require stronger webs, in order to withstand
the greater moments and shearing stressce.

Such a girder is thercfore very yielding and suffers great
elastic deflections, even under small bending loads, a behavior
which is very desirable under certain conditions. When this is
not the case and the shearing stresses are too great, the sheets

ust be stamped in the form of crossed webs with crimped edges
(Fig. 40). This type offers more resistance to buckling., All

girders made of stamped sneets have the disadvantage of wasting

more materigl.
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3. Open-web zirders made from longitudiagl and transverse

ok

members.— This type avoids the zreat material waste of the ore-

ceding type (Figs. 39 and 44). It also has the advantage that
the longitudinal members can be made of hard-rclled or drawn
metal, while the trangvorse memblrs can be wade of pliable shcet
metal of less thicknecss and rigidity. The transversc members
are formed out of sheet metal, as rigid frames, transverse walls,
or simple connecting strips. The rigid frame congists either

of a U-ghaped relatively wide sheet riveted together at one
place (Fig. 44, Nos. 1-&, and Fig. 42g) or of an angular sheet
(Fig. 44, No. 3), of which one arm is interrupted at the corners
and riveited to the other by overlapping after bending. The
transverse walls in Fig. 44, No. 4, are made like Fig. 43, No. 4,
or, better, like No. 5. The separation of tae cross bracing in-
to the indéividual connecting strips is showvm in Fig. 44, Nos. 5-
8. The frames in No. 1 (Fig. 11) are very light and efficacious
in producing a greater longitudinal and lateral rigidity, as 1l-
1usprated by Fig. 43. The distortion of the xirder is consider-
able, however, especially for greater lengths and greater trans-
verse stresses. With sufficient width, the open-work and crimp-
ing of the free frame walls produce a dimimution in weight and
an increase in the rigidity. The frame like Eig. 44, No. 3, is
much more efficacious with a U-ghaped than with an angular cross-
section. Tho croess wall like No. 4 is especially suitable for

3

points where therc arec grcat shcaring stresses (cege, @b jointe)

<
Ko

and rcquircs more weight.

v
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If the bracing consists of simple strips of sheet metal,
like Fig. 44, Nos. 5-8, and Fig. 12, then, for obtaining suffiecl-
ent lateral rigidity, the longitudinal members must themselves
be rigid and the flanges of the lattice strips must extend to
the flanges of the longitudinal strips. Fig. 41 b represents
such a perforated and crimped lattice strip. For small sizes,
the perforating does not pay (Fig. 44, Nos. 7-8). If the longi-
tudinal members are tubes, then Nos. 9-10 are employed as modi-
fications of Nos. 1-3. The modifications of No. 3 are Nos. 1ll-
12, in which the corners arec stiffened by special brackets or
flanges. The modifications of No. 4 are Nos. 14-15 and the modi-
fication of Nos. 5-6 is No. 1ld.

curve tables, after the manner of Fig. 6, are employed in
designing the girders considered in this and the preceding
chapter. On the right-hand side there is a set of curves for
the center-of-gravity stresses of the girder oy, plotted
against the ratio Lg : iy and the stresses o0y, of the simple
longitudinal girder member. The Oy, strecses are obtained
from the left-hand set of curves, under consideration of the

most favorable values for H : d and 1! d, as given by the
enveloping curve. For a given Oy, we can choose Ly ¢ i, and
find, over Oy,, the wost favorable H : d and 1: d, natur-
ally under considération of the formation previously mentioned.
For square girders (with two-way rigidity), under consideration

¢f Plgs. 38-39, the section + 1s about 1,1-1.5 H. For Tec-

tangular girders (one-way rigidity), it increases to 3.5 H
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(e.gs Fig. 44, Nos. 7-8)

The weight of the transverse mewbers is, according to the
lateral stress, 25 to 40% of the total weight. In compression
struts (Fig. 4), the thickness cf the metel of the transverse
members is about one-third that of the longitudinal members.

A1l of the above-mentioned girders, with eide walls formed
by rectangular framcs, are poorly adapted for the transmisgion

great lateral stiresses and for greater lengths than 3-5 me-

o
h

ters (9.84-16.4 feet). Tius, ¢.g., the sheet curalumin girder

of Fig. 11 has, according to Table K 2 and 2a, for a length of
1.8 m (3.94 £%.), 2 beight of 7 om (2.75 in.), and a thickness
of the longitudinal wemders of 1«5 mm (0,08 in.), & buckling

Lp}

load of 4000 kg (8818 1b.), corresponding to Oyo = © and a
relatively high efficiency Gy = Py ~ weight of 1 linear meter =
4000 = 0.77 = 5300. On increasing the linear dimensions 3.5-
fold, we obtain a length of 4.835 m (13.94 £t.) and a height of
25 em (9.84 in.), as ray normally occur in airship construction.
Under Tetention of the same favorable ratios Lg ¢ ig, 1: Qy

g : d (Fig. 8), Oy remains about the same and the buckling
load imcreases to 4000 X 3.55 X 3.55 = 53000 kg (114640 1b.),
whercby the efficiency remains 5300 (Table K2, 2a), while, €«g,
we can obtain, with the strut girder 7, about the same efficien-
¢y with the much smaller breaking load of 9000 kg (198423 1v.)
and with the same length. For such small buckling loads, a lat-
ticed sheet-metal girder would therefore have more unfavorable

setioe 1t 4 and H: 4, or a grester weight of The transverse
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members, since the latter would have to be placed at very short

intervalse

4. lattice girders.- The longer girders are almost exclu-

sively of this type, consisting of from two to four longltucdinzl
members connected by transverse or ciagonal latticce bars or
struts (For cross-sections, sec . Figs. 46-47). Thus we have an
intermediate type between that considered in the preceding chap-
ter and the theoretical triangular braced girder. The struts
are accoxdingly subjected to moments in the transverse and espec-
jally in the longitudinal dircction in addition to the axial
stresses. The eccentric connection has only an insignificant
and not detrimental effect on the strength of the flanges (lon-

gitudinal mewbers). Girders with two and more flanges will be

considered.

a) Two flange girders.— These are employed when, in the

plane of their least resistance, there ig the possibility of firm
supports at frequent intervals (Figs. 45a and 45b) by bracing
with the junction points of other girders. On account of the
narrowness of the girders, the torsional rigidity must be prig~
cipally supplied by the struts. This could only be accomplished
by making the latter very heavy or by frequent lateral bracing,
which, in practice, is seldom poseible. Hence such glrders,

with intervale between the braces of, c.g., four to ten times

the girder height, are not especially suitable. The cross-sec-
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tiong shown in Figps. 37, 43 and 44, are employed, with few excep-
2 plioyeda, %

245 P

a

tions (Fig. 46) as flange and strut sections. The struts are

-

o 44, Nos. 7-B, and Fig. 1g, b~d,

b

™

best made according to Fi

by
(18

whereby the end vortion of each strut, due to the unfavorable
location of the buckling line, must te equal to or smailer than
half the middle portion and must be stiffened by a connecting
gusset on the flange (46 b). The incomplete composite profiles
14 and 16 in Fig. 43, serve as flanges of smaller dimensions,
as likewise do Nos. 7-8 of Fig. 44 (corresponding to a and b
of Fig. 46). For larger dimensions, the whole composite cross-
sections serve as flanges, according to Fig. 43, Nos. 7, 9-13
and 15, and Fig. 44, Nos. 1, 5 and 6 (corresponding to 46 d) as
also the plain-girder cross-sections, Fig. 37, p-r and u-y.
Of the latter, the oval or rectangular tubes, corresponding 1o

Fig. 46, c and e, are the best. Since the distribution of the

bracing is generally greater than that of the struts, the flangs
cross-sections must be shaped on a large and on a small axis,
whereby the former comes to lie in the direction of the lateral
bracing. The same principle obtains as regards the gtrute, Loz
reasons of lateral rigidity.

By way of comparison, the qualities of the 1.2 m (3.94 iy P
girder (Fig. 46, c and ) with struts of like kind and weight
and flanges of like weight and distribution are considered. The

rectangular gipder (Fig. 11) weighs 770 g/m (with cross-bracings)

<

and has a Opo = 24, B = 4000, F = 1,68 om?. The oval dural-
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N
(&)

umin tube, which, likewise, weighs about 770 g/m and.is mace
from a tube 60 X 1.5 mm (2.36 % 0.06 in.), has a Oyo = 37

at the breaking point, an F = 3.75 om® and breaking load

Py = 7400 kg (16314 1b.). If we assume the weight of the struts

per running meter to be 0.33 of the weight of the flanges, i.e.,.

0633 (2 X 0.77) kg = 0.51 kg/m (about), then the quality of the

ul b Gy = nh000 = 1950 and 7400 = 3620, h
girders Gy TEL 0.5 1950 and 154 1 0.1 3630. The

guality of the girdere is therefore about 1.85. This ratio de~
creases for smaller flange cross-gections. The ratio of the

.

§B S

}_,
H
o
)
=
’_J
m
l,._l

strut weight to the total weight of the

1 ¢ 3, 'according to the transverse force and manner of bracing.
Such girders require a lot of rivet and stamp work. Instead

of riveted struts, simple stamped pieces (Fig. 43, No. 4) or per-

forated tubes (Fig. 43, Nos. 1-3 and Fig. 46, ) can be used.

The stamped pieces are too sofi, but the perforated tubes can be

successfully used only in the case of very great shearing forces

and abnormelly long struts.

b) Three and four flange girders.— Three-flange girders

have, because of their nearly triangular cross-section, great

transverse rigidity and, for approximately equal cross-sectional
i) 2 . . . . . r:

angles (60" ), very great torsional rigidity. Fig. 47, a to 8,

and Figs. 13-16, are cross—sectional forms showing the position

o

of the struts. Fig. 48, a to e, shows diagrammatically the
various strut arrangements whereby the side wallg rust be imag-

ined as turned down into the plane of the drawing, so that the
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flange axis avpears twice. Arrangement a is the transitional
form to the girders with connecting plates or lattices of sheet-
metal and can be used only when the shearing forces are small in
the wall where these plates are (Fig. 4, ®). Arrangement b of
Fig. 48 has, in addition to the strute s, also the @osts P
for producing the triangular transverse frames 4, 5, €, 4, for
the purpose of greater transverse rigidity, as required, €egs,
where there are bending stresses in two directions. Arrange-
ment ¢ (Fig. 48) does not have the closed triangle. Hence,
the rigidity of the cross-section 7, 8, 10, 7, 1is dependent on
the rigidity of flange II at 9 and is, in general, probabdly suf-
ficient to prevent buckling, but not bending. Instead of the
posts and struts in the ome wall in arrangement b, we can pro-
vide strut crosces according to arrangement d (Fig. 48) with
the same or a smaller weight in the same plane vetween flanges
il and 111, wnercby closed transverse triangles are also formed,
namely, 11, 12, 13, 11. (For strut-crosses see Fig. 4a.) Ar-
rangement e has such crosses throughout, by which the free
length of each strut and flange is halved and their resistance

to buckling increased. This result is very desirable in open
profile flanges and greatly increases he utility of girders S
ploying them. For tubular struts (Fig. 4b) and flanges, the ad-

vantage of the crosses is not so pronounced.

€
rube, Figs 3%g, p, 9, ¢ (simple styute

t
Fig. 44, Nos. 6, 7, 8 (composite struts). The couble U-strats
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are especially suitable for use with tubular flanges (Fig. 49)
and afford great rigidity in consequence of being connected in
two planes.

The stamped sheet-metal struts (Fig. 37 g) are very easily
made, are the best kind for use with open-profile flanges, and
can also be used with tubular flanges. The corrugated cross-
section in the middle of the strut (Fig. 4c) changes gradually
toward the ends into a flanged surface, whereby the resistance
to buckling and the strength of the joint are both increased.

These struts can be very easily crossed and riveted togethexr
(Fig. 4a). One strut is riveted to the inside and the other to
the outeide of an open profile flange, with the advantage of
better conserving the straight line of the axis of gravity and
using the same strut for both arms of the cross, neither of
which would be possible with o one-sided connection (Fig. 18
This method is preferred (e.g.) by the Zeppelin Company. The
broad flat form of the strut arm affords a greater resistance
to buckling and bending in the longitudinal directionm of the
girder and a smaller resistance in the transverse direction, that
is, it is adapted to the reception of greater additional moments
in the planes of the side walls and accordingly increases the lon-
gitudinal rigidity of the girder. The chief advantage of cross-
ing two flat struts is their mutual support in the transverse
direction, in which their rigidity is small.

Tubular struts are best suited for use with tubular flanges,
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since both, because of their great inherent rigidity, enable
greater free lengths and require less bracing. Tubular girders
axe preferred by the schutte-Lanz Company. The connections of
the tubular siruts are enabled by flattening their ends after
they have been reheated. In short struts, the weakening produced
e Ghie flattening'is offset with the aid of short tubes inserted
in the ends of the struts before flattening. Tubular strut-.
crosses can be made by interrupting one strut and fitting the
ends to the sides of the other strut or by the use of cross-
ghaved clamps (Fig. 4b) or cross-shaped inserted pieces. The uge '
of tubular crosses is advantageous only in case of large shearing
stresses (Fig. 15). It is best for the flattened ends of the
struts to fit the flanges closely, in order to prevent any tufna
ing of the strut about the junction line of the two fastening ’
rivets. For this purpose, however; the strut rust have gsuffici~
ent transverse rigidity.

_Sometimes it is desiravle for the struts not to pfojeot be-~
yond the plane of the outer walls of the flanges. This can be
easily accomplished acdording to Fig. 14b and Fig. 47c,e and ne-
cegsitates & shifting of the strutes or strut-crosses in the lon-
gitudinal direction, as shown in Fig. 43. Any shifting, howev-
er, should be made in such manner as to weaken the flanges the
least possible by riveting. In such an arrangement, the three
struts in the same transverse section of the girder can beé unit-
ed into a single body, thus simplifying the construction and

considerably strengthening the girder.
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The triangular girders are made rigid enough in the trans-
verse direction by their shape, have three supporting planes and
are therefore the best to resist buckling stresses. On the con-
trary, the shearing forces, acting at right angles to a plane
of symmetry of the girder, must be transmitted in a single gside
wall and the eccentric junction of the struts in this wall (due
to the distance from the flange axis) produces unpleasant ef-
fects when subjected to great shearing forces. Four-—flange gird-
ers are better in such a case. It is sometimes better also for
structural reasons. Such a girder requires a special system of
transverse bracing which, most suitably for the production of a
continuous triangular assemblage, lies in the transverse plancs
formed by the side-wall struts. Figs. 50a and 50b show the side-
wall struts with and without crossing. The line 1-4-1, formed
by the struts, lies in an oblique transverse plane, which is
shown in Fig. 52a, and 53b. The struts, which fall in these
planes, form a continuous bracing system. For many purposes, it
is only necessary to place the struts at right angles to the
longitudinal axis, whereby the strut crosses are best made of
tubes, on account of the different locatiom of the junction
plane. Figs. 51 and 53¢ show the case where the side and trans-
verse struts combine to form oblique transverse partitions.

The lines 1, 2, 3, 4, 1, indicate the outline of such a parti-
tion. When the shearing force parallel to the walls I-II and

III-IV is small, the arrangement 5la suffices, but when the
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shearing force is great, struts or strut-crosses must be intro-
duced into these walls according to Fig. 5lb. A transverse par-
tition or box can naturally be substituted for a transverse strut,
the former being preferable where the stresses are great.

As already mentioned, the strength of the flanges is more or
less dependent on the nature of the bracing. Both are mutually
related, as also expressed in their weights. The closer the
struts, the more they weigh and, within certain limits, the
lighter the flanges can be. Great rigidity of the struts and
their connectiohs has the same effect on the flanges.

The following table gives the percentage weights of the
struts, as compared with the weights of the complete girders.

Simple struts Strut crosses

Three-flange gir&er: Compression 19-25% 28-35%
Bending 19-30% 28-44%
Four-flange girder: Compression 22-30% 32-40%
Bending 22-35% 32-49%

The quality of the girders may be learned from Tables K and
L. As was to be expected from the foregoing, the tubular girders
occupy the first place. The best gifder dimensions, for a given
load, length and height, can be approximately determined from
Fig. 10, which holds good for tubular girders (See above). For
closed profiles, the spacing varies between 1.5 and 2 times the
height. For open profiles, the divisions would be about half as

large, For determining the dimensions, curve diagrams are used,
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which plot the buckling loads against the various division
lengths for cvery kind and size of profile.

From Table K, we learn that the qualities of the girders
B 0 and 6, are in the proportions of 1 : 1.86 & 1.YY or a8
§al ¢ 1.00 2 1+41. The open profllec girdér No. 5, is therefose
better (on account of peculiarities of form and materialj than
girder No. 4, which consists of closed shéef-matal'profilesiand
tubular struts, but not so good as the tubular girder No. ©.
For the comparison of girders Los. 7 and 8, the quality of the

latter, at an increased length of 433 cm (13.88 ft.), is

|-

&

L ISR N L E ,
Gx = 6800 (1 =21 22) 1 (1- 15

Girder No. 8 is therefore better than No. 7. (See Part I, Sec-

tion E.)
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Table XK. Quality of duralumin girders.
Compression girders (ball bearings).
Total Girder
flange | height h

g 3 g cross— and

No. Designation Fig. pinspriod iy R T

Fo
: cme cm
1. | Strut with gusset 12 ¢ 42
End section = 0.5 middle ¢ 0.44
section (about)" 43.8 18
3. | 4-flange girder with box frame i 1.68 z
2a. Ditto iy 21.00 25
25
3. | 3~flange girder with brace wires  46a,b 0.88 o
B

4. | 3-flange girder with closed sheet- 47 4 2.70 33
metal flanges and tubular struts 28

5. | 3-flange girder with U-flanges and 147 a 5 e b

flat strut-crosses +13. . 27,0

8. | 3~flange girders with tubular 47 b 3,73 32+5

flanges and struts 14 : 23.0

: i : % 4,44 o
7 Ditto 14 | 58
. $4% AT D) 4,44 33

8 Ditto 14

35
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Table K. Quality of duralumin girders (Cont.).
Compression girders (ball bearings).
Girder Division Buckling | Wt. per | Quality
_ . length lengths | Lo load running Gy
i FaR 1 t ig Px meter ;
cm @ cnm kg kg/n kg/kg/m
i 12¢c 9 a i A
Be L A O 10 40 4000 0.77 5200
3a. at "425 35 40 52000% 10.00 5200
S 48a,b | 2340=3%X80 i 23 1400 0.32 2700
& | 47 da | ze0 58 23 3000 0.97 3100
5. 1%; a 256 27 21 4500 1.18 3900
!
g {1 | ese 48 | By - BEO0 b mads . SR
s %Z b 433 58 38 9000 g s | 5300
. § 3 i
Be | 527 | 258 58 21| 12000 | 1.76 6800

* Buckling load calculated from other experiments.
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Table L.

42

Quality of duralumin girders

for resisting bending stresses.*®
(knife bearings.) (Single load Py, in center of girders.)

- | Cross-section
No- Designation Fig. of compression
flange F
; cm?
; " d T e ,T ".'y
9. | 8-flange girder with/brace wives .| ~ 46 b | 0.88
16. |'4=flange girder with box frame’ i% 1 : 0«84
11. | 3flgnge girder with tubular - e i %.00
flanges and struts } 14
Girder | Girder Breaking | Wt. per Qua%&ty
” length | height hi Lo Lo running "k
No. Fig. S . Al T meter
width © 1 kg kg/m | ke/kg/m
o. | 6p!| 280 " 10.4| 470 0.66 700
p o b5 & 10 &0 Gy :
10. .1 100 5 10 600 0.80 To0
B | &' ) 43 22 18.5| 1300 1.80 7230
14 i 35 ; :

¥ The strength of the struts was determined by bending tests,
but the strength of the flanges was first deternmined by compres—
sion tests, because this method was simpler.
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Be Assemblies.

l. Assembling methods.- Of the possible assembling methods,

such as soldering, welding, screwing and riveting, welding is
now employed oniy for small parts (Fig: 5); soldering, for fas-
tening wires; and screwing only exceptionally, e.g., for fasten-
ing welded pieces. Riveting is the principal method of fasten-
ing. This is done cold, for strength and simplicity, and there-
fore results in a close-fitting of the rivet to the bore of the
hole and does not require the friction between the united sur-
faces or a given shape of head, like hot riveting. The inter-
val between the rivets is 2.5-3 times the diameter of the riv-
ets and the distance from the edge of the sheet at least 0.5
(vetter 2/5) of the diameter of the rivet. The rivets are either
hammered or preséed, either singly or in groups. Hammefing pro—
duces, as compared with pressing, smaller counterpressures, but
sometimes disagreeable concussions. Both hollow and solid riv-
ets are employed. The fbrmer are used in sheet metal almost
exclusively as eyeiets for the application of great stresses
(e.g., with wires). The process of riveting open profiles and
sheet metal is generally known and needs no explanation. The
riveting of closed profiles, however, needs to be briefly ex-

plained. The following five methods are employed,

1. Introduction of rivet through end of tube and clinching
on the outside; mechanical and pneumatic introduction of rivets

through the end of the tube., In Fig. 55, 1 is the tube for the
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introduction of compressed air with the utilization of centrifu-
gal force; 2 serves to complete the introduction and to hold the
rivet firmly by means of the spring 3; the shoulder 4 for sup-
porting the rivet head after turning the cylinder 5 (See cross
section b); transmission of the clinching force, through intro-
duced cylinders, to the opposite wall of the tube and thence to

an outer head-cup or dolly; no weakening of the tubes.

2. Introduction of rivet (Fig. 56a) through an auxiliary
hole (larger than the rivet head) opposite the rivet hole; weak-
ening of tube up to lO%; introduction of "dolly" through oppo-

gite auxiliary hole.

In methods 1 and 2 the introduction of the rivet is trouble-
some, the outer head-forming is controllable, but oblique posi-

tion of rivet is possible.

%3, Introduction of rivet through rivet hole and clinching
on inside by means of a dolly introduced through a large oppo-

site hole (similar to 56a).

4. Introduction and clinching as above, the latter by
means of.a device working through the end like a wedge which,
under simultaneous prsssing or hammering from without, Tenders
it possible to increase the distance between the rivet shank and
the opposite wall, corresponding to the length of the portion to
be clinched (Fig. 57). There is no weakening of the tube. This

method is employed by the Junkers Airplane Factory at Dessaua
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S5« Introduction of the rivet as before, introduction of
dolly through a small opposite hole 2.5-3.5 mm (0.1-0.14 in.)
wide, transmission of the force of the dolly through a cylinder
to the rivet, 2-3% weakening of tube (Fig. 56b).

A plgin eylindrical form suffices for the 2ivet tail.
Methods 2, 3, and 5 have the advantage of rendering it possible
to observe the inner rivet heads by means of interior illumina-
tion. In the other methods this is accomplished by the intro-
duction of a mirror through the end of the tube. Methods 4 and
5 have proved very simple and, with the use of machines, have

attained the quality and rapidity of open riveting.

2. Girder riveting.- With the exception of unimportant

girders, every strut end must be fastened with at least two riv-
ets. Care must be taken to have the mass of the dolly lie in
the direction of the rivet shank. In mechanical riveting, it is
better to have the machine stationary and the girder movable.
The girder is then mounted on a beam with disks which hold the
flanges in place (Figs. 54a and b). On the beam 1, which, e.g.,
for triangular girders, may have a triangular cross section,

the struts 2, are distributed (according to their number and ec-
centricity) in individual movable forms 3 and flexibly pressed
against the flanges 4, which are then drilled to correspond to
the rivet holes already stamped in the struts. After one end
of the strut has served as a patterm, it must be held fast by

pins and then drilled through the other end. Several holes can
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be drilled simultaneously. The rivets are first held by clamps
or inserted just before the riveting process, before the girder
is shifted to the riveting place. Complete elimingtion of hand
work is not advisable, because this would necessitate a uniform
division or a uniformly recurring set of divisions, which does
not generally occur in airship construction. Otherwise, the
shifting of the girder for drilling and riveting can also be ef-
fected mechanically. The cost of riveting airship girders is,
moreover, relatively unimportant. For girders with inside struts,
the process is simplified according to Fig. 53a, especially for
tubular flanges. After finishing the riveting of strut 2 (Fig.
.53a) the dolly 1 does not need to be removed, as in Fig. 53b.
Bent tubes are riveted according to methods 3 and 4, in
which the introduced tool is adapted to the bend by a jointed or

fisemblie. shafte

2, Joint connections.-— The transmission of stresses between

the connected parts should take place without moment, i.e., ev-
‘ery cross—sectional part must, in so far as possible, 1in propor-
tion to its size, be united by connecting members. For opéen
$roilles, one or twoAgussets of like profile are used and for ev-
ery profile shank one or two special gussets, as customary. FoT
tubular profiles, corresponding inner or outer tubes are employed.
If long tubular girders are to be joined, the ends of the girders
and the coupling sleeve all have large introduction holes for the

purpose of riveting (Fig. 17 E). A full-stmngth joint can, how-
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ever, be obtained by a suitable arrangement of the rivets, in
spite of the weakening from the holes. On account of its length,
it has the disadvantage that the cnd struts must, in order to
avoid too great eccentricity, be riveted to the coupling sleeve.
This necessitates a large introduction hole on its other end

(to be previously reinforced by a perforated plate), through
which hole, in riveting the strut, two rivets can be clinched

as shown by Fig. 56a. This requires very accurate work. The
difficulty of the strut connection and the riveting through in-
troduction holes can be avoided; according to Fig. 17, A-D, by
means of radially or tangentially flanged sleeves (C), form
pieces (D), or tubular pieces (AB) and, as in ordinary joint
coverings, by connecting each two sleeves by means of gussets or
plates of sheet metal. In this way the connection is shortened
and the weight reduced. The riveting is donc the same as for
open or half-open profiles and the girder can be fully riveted
in advance, due to the shortness of the joint.

In employing strut crosses, we can, moreover, rivet two of
the four arms at the time of ﬁaking the girder and the other two
simultaneously with the joint, without incurring the danger of
break%ng them off to such a degree as in the case of simple struts,
on account of the great leverage ratio of their length to the
distance between a pair of rivets.

At junction and assembly points, it sometimes happens that

a profile is joined to a plate of sheet metal, where there must
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naturally be the least possible moment. Fig. 58 shows such

doiate for both open and closed profiles, ¢

being an egcentrio

connection and therefore suited for only subordinate purposes.

Either the shect metal plote must be cut away (a) and hence

made corregpondingly riglid, or the profile

must be slotted (Db),

or both mcthods employed. The tube can also bc provided with o

flange (e) +to which anything can be easily riveted. Open pro-—

files con likewise be reinforced by lining.

demoten the profile to be joined; 2, the

58e 1is cimployed for connecting the tubular

tice or truss girder employed as the frame

In the figuresa, &

shect metal part; 9,

the flonged sleeve (see Fig. 18). The arrongement shown in Fig.

members of the lat-

of an airship car

(Fig. 19), with the aid of forged and welded parts.

4, Junctions.—~ The junction of girders with one another is
JUNCL 3

effectcd chiefly by means of gusscts, wall

plates, 'straight and

bent brackets and variously shaped’sheet~metal parts, extensive

use being made of flanging and corrugating

for stiffening. (For

junction parts, see Fig. 22.) The forms of the junctions are so

many and varied, that only a relatively small number of them can

be mentioned as examples. Four cases of junctions can be distin-

guished, namely:
ls For girdere whose axeg are all in
8. For girders whose axes lie in two

5« Por gizders whose axes lie in two

the same plane;
parallel planes;

planes inclined toward

each other and parallel to their line of intersection;
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4, For girders or force-transmitting connections, which,
besides conforming to the above specifications in No. 3, also
extend in another third plane forming an angle with the line of
intersection of the other two planes.

If the axes of girders of the same height intersect, only

one girder can be continuous and the others must be joined to 1t.

No. 1, as illustrated by Fig. 59.- Plates 1 serve as conneg-

tions for the brace-wires 2 (in the directions of the arToOWs ).
As compression members, they are flanged, where the supports are
not frequent enough, and the longitudinal members, where not in
immediate contact with the plates, are attached to the latter by
gussets, so that the‘shearing forces are transmitted by the gus-
sets from one wall to the other. In the case of great shearing
stresses at the intersection point, transverse partitions must

be introduced into the continuous girder for the continuance of

the interrupted girder.

Case 1, ss illustrated by Fig. 60, a and b.- One girder

passes through the other, so that no butt-straps are required,
but only the gusset-plates 1 for attaching the diagonal brace-
wires 2. The gusset-plates are riveted to one girder and con-
nected with the other by means of angle-plates. 3. If the forces
to be transmitted by the latter are large, U-profiles 4 are

used. The girders abut inside or outside the junction point.
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Case 1, as illustrated by Fig. 61 (Crossing of two triangu-

lar girders in a similar way to Fig. 60).~ There are five fasten-

ing points, the upper point being connected with the four lower
points by strutgs 6 forming a pyramid. The gusset plates 1

and 2 can be fastened to girder 3 only by means of angle-
plates 4 and 5, Dbecause the girder flanges are U-shaped, though
this would not be absolutely necessary for tubular flanges. Gus-

5

set-plate 2 is not Bhown in plan b (Fig. 61). The flanges
are connected with one another (somewhat like Figs. ¢ and d) by
various fittings for preventing torsion and for transmitting the
shearing forces from one flange to another, when rendered neces-
sary by the interruption of the gusset-plates, as happens in

case 1l.

Case . 2, as illustrated by Fig. 63.- The girder axes aTre

shifted so as to allow the same girder height without interrup-

tion. Otherwise the arrangement is like Fig. S0.

Case 3, as illustrated by Fig. 62.-~ The arrangement is sim-

ilar to Fig. 61. Both the buckling points of each flange, actu-
ally represented by arcs of 30 to 30 cm (7.87-11.81 in.) radius,
are at the points of crossing the flanges of the other girder,

so that the force components, resulting from the change in direc-
tion, can be communicated to the struts. There is a gusset-plate
for the diagonal wires only on the under side and therefore a
strut is introduced into the base plane of the strut pyramid.

Under certain conditions, the bent flanges are strengthened Bt
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by being made thicker) in comparison with the flaonges of the con-
necting girder, since it is not a question of the theoretical in-
tersection of forces in a point., The abutting ends of the girder
flanges outside the junction points generally allow this thicker
construction which, moreover, is very desirable for bent girders
with grect bearing moment. In practice, the junction pieces are
best made by themselves and the girders fitted to them in assem-
bling the airship, Fig. 64 shows another form with only one

bend of the flanges, There are here two side walls for the re-
ception of the bending components and there is an upper framework
of struts. If cast or forged parts are employed instead of the
bent corner pieces, we have Fig. 64 without the bends. Instead
of the walls, the pyramid struts and two lateral struts for stiff-

ening the bends can be used, as shown in Fig. 85.

Case 4, as illustrated by Fig. 66a-d.- b 1is a cross-section;
d 1is a plan; a and ¢ are side views. .The side walls 5 trans-'
mit the stresses of girder 3 (or of the bracing) of the third
plane to the flanges of the girder 1 provided with a bend, and
form, at the same time, the continuation of the strut system of
girders 1 and 3. The flanges of girder 1 are held against the
bend by the stamped pieces 4 and 12, of which the top 4
serves simultaneously to fasten the girder 3. To four other
stamped pieces 6, riveted to the lower flange of girder 1,
there are applied the forces of the diagonal wires 13. These

forces are received and transmitted to the lower flange of girder




N.A.C.A. Technical Memorandum No. 313 o3

8 by the girder braces 7, the struts 14 and the auxiliary
members 8-9. The three flange stiffeners 7 prevent any twist-
ing of the lower flange of girder 1 through eccentric stresses
on the gussets and stamped pieces. The upper flanges of girder
2 are attached to the downward bent flanges of the side walls

5 by means of the U-shaped sheet-metal pieces 10. They serve
to stiffen the side walls with reference to one another and en-
able the use of one and the same U-piece for various inclination
angles of girder 2 toward the perpendicular plane of symmetry
of girder 1. Girder 3 is mounted by means of a rider, which is
produced as a form piece or from riveted sheet metal and makes a
pointed connection. Fig. 86c shows a rigid connection. Brace-
wires are fastened, either instead of or along With girder o
(Fig. 66a), by means of similar riders.

When two planes intersect each other at an acute angle, be-
sides the above arrangement, that of Fig. 67 can also be used,
in which, on account of their great length, the use of curved
pieces was abandoned for acute angles. In (or practically in)
their plane, there lie the upper flanges of girder 17, abutting
the junction point. 13 are two cross-—shaped, forged, stamped
or cast form-pieces, which transmit the stresses of the fianges
to the side—wall sheet 12 and also contain eyelets for the
brace-wires, unless the additional moments, thus caused, neces-
sitate the shifting of the corresponding eyelet directly to
wall 128. The connection of the lower flange of girder 17 is

made by the gusset 18, which also has eyelets for wires. Their
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horizontal stresses arc transmitted through right-angles by means
of wall 12 to the flanges of glrder 18, and their vertical
components, in so far as they are not offset by the flanges of
girder 17 and the brace-wires 20, are transmitted by means
of the angles 23 +to the transverse wall 15. For this purpose,
the angles 23 penetrate the walls 12. The brace-wires are
designated by the numbers 19-30 and the connections of\girder
17 by the numbers 21-22, which run somewhat according to Fig.
58. All the gussets arc well supplied with lightening holes
and flanged edges. The axes of all the girders and pairs of
brace-wires intersect at one point. The stresses in the third
plane are exerted on eyelet 24, but can act, however, in the
opposite direction on form-piece 13 or on a rider set on the
side walls 12 near form-piece 13. Instead of form-piece 13,
there can be advantageously employed, in the plane of Fig. &7a
or parallel thereto, a rider-shaped gusset attached to the side
walls 12 Dby means of angle-nlates. In addition to the flanges
Bt giraer 12, still other'girder members or braces can be at-
tached in the plane of said gusset. Fig. 20 shows another form
of junction, which differs principally in the fact that the gird-
ers 17 have been turned 180° and that, instead of form-pieces,
penetrating gussets of greater thickness are employed, after the
manner of two folded hands.

In Fig. 66, the bent girder was so placed that its plane
symmetry coincided with the plane of the third girder (No. 3).

Consequently, in any desired position of this plane, the flanges
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of the girders 1 and 2 could not generally come into immediate
contact, the height of girder No. 2, when it is to remain con-
stant at various angles of incidence, being dependent on the
height of girder No. 1, according to its greatest angle of in-
cidence.

On the other hand, Fig. 21 shows an arrangement for tubular
gtruts, where the piane of the lower wall of the bent girder is
parallel to the axis of the straight girder inside the junction
piece. With varying incidences the construction of the junction
piece can remain the same, excepting that the bent members must
be turned parallel to the third plane and that both the lower
bent members must be shifted a 1little toward the upper bent mem-
ber in the direction of the straight girder (as accurately compu-
table), in order that the cross section of the bent girder may
remain unchanged in the immediate vicinity of the bend, in spite
of the turning. The turning of the tubes has no effect on the
form of the connecting pieces, at least within broad limits.

Such is not the case, however, in all other cross—sectional forms
of the flanges. Moreover, the connecting parts for tubes (Fig.
22) are simpler than for open profiles, though the riveting 1is
somewhat more difficult, since special devices are necessary.

The stresses of the third plane are transmitted to the side
walls by wires with the aid of an intervening distance or spacing
tube. The brace wires are here attached to a junction gusset,
which, by reason of’its bend, is supported by the flange stiffen-

ings. Under certain conditions, the gusset-plate is given, in-




NeAsC.A. Technical Memorandum No. 313 55

stead of the curvature, one or two edges (Fig. 68) and is riveted
to the bent tube with the aid of lugs of various heights.

Here the point-—shaped contraction of a girder should be con-
sidered, as required (e.g.) for the connection of girder 3 1in
Fig. 66, for the formation of a joint and for the simpllcity of
the connection.

Fig. 69, a and b, illustrates the principle of such a con-
traction., The bends in the flanges are supported by plates 1.
The union of the three flanges and their extension to the open-
ing 5 1is accomplished by gussets 2, forming a pyramid (Fig.
89, a—~d). In Fig. 694, the flanges are connected directly to the
pyramid, while in b and ¢ they are connected to the pyramid by
means of the sleeves 3. The transverse walls 4 have the eye-
lets 5 at the bottom. In b, these necessitate the slitting
of one of the flanges. In ¢, the flanges are attached to the
outside of the pyramid. In Fig. 69, e and f, two plates perpen-
dicular to each other are employed instead of the pyramid, where-
by one side wall of the girder is not bent, as in a, but the
bend is replaced by a gusset (f). The eyelet lies in the axis
of the girder. All the gussets are made of two thicknesses of
sheet metal and are flanged.

As shown by the illustrations, the connecting of the girders
with one another makes'great demands on the shapability of the
sheet-metal parts. Attention is further called to Fig. 33, in
which 1 is a gusset plate; 2, a sleeve for connecting two

tubes; 3, 4, and 5, pieces for connecting tubes to plates. It
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should also bc noted that only small stresses, directed perpen-

dicularly to one arm of a bracket, can be transmitted through the

bend to the other arm without increasing or decreasing the anglea

For great stresses, strong sharp-edged brackets or, still better,

_ P
forged pieces must be used, through whose edges a greater moment™

is transmitted. ot ] ' he

I

For attaching brace~wires, strips or ropes, only plain sheet- {

metal is reqﬁired, which must be provided with steel eyelets, if

wires are used. Fig. 73 shows various kinds of attachments, a

being by means of high-grade steel wire, the end being twisted as
&) J g i) g

close to the plate as possible, in order to prevent slipping.

b ‘is a similar attachment, in which the spaces in the spiral are
fiiled with ‘solder. ¢ represents the attachment of a steel ca-
ble to a tube between two plates by mcans of a metal thimblé and
Aéplioing. Ordinary wire cables cannot be used in airship Tigging
.on écooﬂnt of their excéssive elongability. The only inghtly
eiéngable Bowden cables can, nowever, be used for great stresses
(with a strong pitch of the individual wires). Difficulties.are
involved ih making wire attachments, since the wireé, in oxdex
to obtain an, initial tension, must be stretched, bent and fas-
tenéd similtaneously. A similar process musy be employed for
cables and also for metal bands up to the bending. The stretch-
ing is done by means of a hoisting tackle or lever. The initial
‘tension is necessary on account of the crookedness of the wire,
the distortion of the bend, and the yielding of the structuie,

in order to prevent slackness and, for static reasons, to obtain

|

|
|

{
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a system under initial tension.

The steel bands are widened at their point of attachment
for supplementing the cross section diminished by the attaching
rivets or bolts and are attached to the gusset by means of two
butt-straeps for the aveidance of moments. The joining of wires
by means of turnbuckles, as sometimes done on airplanes, finds
no application on airships, on acoount of the great differences
in the lengths. Where such differences do not exist, as in
edually large side walls of the cabins or even of the rudders,

ver
turnbuckles can be/agizntageously employed, especially for short
lengths and great strengths, in order to facilitate variations

in the tension, a task which must otherwise be accomplidhed by

wrenches.
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} k PART III - PLYWOOD CONSTRUCTION.* ‘

| l. Cross—sections.- The ¢ross—sectiong of the structural ‘

\ : ﬁarts were principally formed out of basic elements similar-to
those employed in metal oonctruct;on as shown in Fig. 35. Row
I shows two'strips (Nos. 1-3), a gutter (No. 3), an angle (No. ¢ ‘
a V-shaped spar (No. 5) and two U—shdpe& spars (Nos. 6-7). Row

II shows cross-sections of plain-wood elements used for str engtl- r

ening or connecting plywood parts. Combinations of the elements: [
}  in rows I and II give the structural parts whose cross—sections ’
are shown in rows III-IX (Nos. 14-35). Thereby the plain-wood- }
elements Nos. 8 and 1Q are employed in the crossfseétions ol (
‘ rows III-V, which they stiffen against buckling. Element No. 9 [
‘ ' gerves as the basis for row VII. Hlements 8, 13 and 13 serve for |
r the construction of Nos. 33-34 (row IX). |
Row III contains T-sections made up‘of strips and ang les,
} ' row IV, gutfer sections made from gutter No. 3 and strips Ay B
\ and 10; row V, U—sections.in combination with strips; row VI, U%hi ‘
‘ sections composed of profiles © and 7 and perforatéd strips No. &;
TOW VII,vbox—sections composed of plywood and plain-wood strips; |
Tow VIIi, closed plywood -sections; row IX, cross-sections of con- (
| necting parts (partitions or struts), which serve to comnect
spars after the manner of rows IIL-VIII. These cross—sections

are employed both as independent supporting parts and in the con-

struction of open-work girders.

¥ Compare "Zeitschrifst flr rlugteonnlk und Motorluftschiffahrt,’ |
¥pal; o 8. |
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2. Girder construction.- The structural parts, especially

the girders, are built with the ajid of the above elementary
forms, thus rendering it possible to obtain sufficient strength .
i< g Ehe various purposes, with the minimum weight. A distinction
is made betwéeen main and subordinate‘girders._ The former are on
ly open-work girders of large dimensionsg, while the latter are'
of smaller dimensions, either open-work or plain, and serve for
smaller stresses (rows III, VI, VII). Thus, e.g., the girders
et row VI serve as supports for plywood walks (as likewise thev
metal girders of Fig. 16b); the ones in row VII, as wall posts;
and No. 32 of row IX, as light ribs (Compare Fig. 1 in No.. 8 of
"Zeitschrift flUr Flugtechnik und Motorluftschiffahrt,” 1921).
Main girders are generally const;ucted of parallel boomsmor
flanges with connecting struts, the same as metal girders, and.
are given various forms, according to whether they are to.be Sub-
jected to bending stresses in one or two directions, to buckling
stresses, or simultaneousgly to voth buckling and bending stresses,
or whether their free length is subjected to a one~sided support
or bracing in one directign, while'being‘unsupporta%quthe other
_direction. ' '
Fig. 36, A-K, shows the cross-sectional forms of main gird-

.EIS. The upper diagramyrepresents, in each instance,'a'section
‘at right angles to the flanges, while the “lower diagrams are £ec—
tions perpendicular to the struts. The numbering of the elements
is the same as in Fig. 35. Fig. 36 gives end views of girders |

A-K. The arrows indicate the direction of least strength.
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A 1is a double-T girder with box strut 34.

B "o 1" 1 " ¥ Y-strut 3%5.

C Ry 4 U 4 " perforated side walls.
D o p U L t I-strut 33.

E B # . tibe # W Thed ateak 84,

and transverse members 33.

F i ? " girder with perforated sides 37,
G ‘H " 1l I i 1 " Stru't g 53 i
H W triangular # i ¥ sides. 37,

and transverse members 32 glued to their webs.

I 1is a four-T girder with oblique perforated strut walls
32 and perforated side walls 37.

K 1is a four-tube girder with strut walls 33 and side walls
37 strengthened by transverse strips 8.

Girders A-G are intended for small loads in the direction
of the arrows, but for great loads in the plane of the struts,
this being more especially true for girders A-B than for gird-
ers C-G. The strength in the direction of the arrows can be in-
creased by bracing (as in the case of metal girders) till it
equals that in the main direction. This is done, e.g., in the
cases of the longitudinal girders I, the intermediate trans-
verse frames or rings Z (Fig. 34), and the walkway posts (Com-
e "L, " 1981, Bos 8, Plgs Sl

The strength of the girders E to G, when they are made
wide enough, is nearly equal to that of the girders H to K. The
latter were used for the main rings H of the airship in Figs.

24 and 38 and for the longitudinal members O and L of the
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walkway. They have a condensed form and are especially suited to
withstand buckling and bending stresses in two directions perpen-
dicular to each other. Regarding the difference between strut
and box formation of the girder walls and the advantages and dis-
advantages of triangular and quadrangular girders, the same prin-
ciples apply as already mentioned for metal girders. In contrast
therewith and due to the weakness of the plywood angles, trans-
verse walls or bulkheads must be introduced at relatively short
VinterVals, these being glued to the webs of the perforated side
walls, In the practical production of girders, the above-men-
tioned parts are sometimes extended or supplemented by small con-
necting parts. For example, in girders D, the arms of a TU-
profile are held together at certain short intervals by gluing
on web-plates s (Fig. 23, D2). The struts receive, at certain
points, an extended connecting surface, corresponding to the
stresses to be undergone and the strength of the glue. The same
holds true for the girder flanges as, e.g., in Fig. 83, for
girders A and B and in Fig. 35 for the plain-wood strips 9.
In Dl special bracing strips are employed for connecting the
struts and flanges. Much depends on having connecting surfaces
sufficiently large and rightly dimensioned, which can be thus
obtained, chiefly because the glued connections must also trans=
mit moments which act in and transversely to the surfaces.

The characteristics of plywood girders, including the dimen-
sions, breaking loads, and qualities of differently built girders,

are given in Tables M and N. These tables show that, for buck-
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ling stresses, the T-girders 1 stand last, but that the rec-
tangular girders 4 stand first. For bending stresses,'the
@ouble U-glrders 6 and 7 ocoupy firet place, the double T=
girders 1 last place, and the four T-girders' 8 the next to
the last place. It should also be noted that the U-girders are
relatively rigid and very wide, so that the flange under com-
pression is especially well protected against buckling by the
flange under tension., This does not hold good, to the same ex-
tent, for the double-T girders. The four T-girders have great
rigidity, but are not braced for great transverse stresses (com-
pression girders). In other respects, the same principles apply

as for metal girders.
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Table M.

313

Quality of plywood girders.

compression girders (ball bearings).

63

Total
flange
No. Designation Fig. cross-
seotion
Fo
cm=?
i, 3—-flange girders with T- flnngec }56 A 13
and 2 1atorc1 braces on each flange| 123 A
B a-flange girders with U- f‘ nges 136 D 11.90
and 1 lateral brace on h flange | 735 D
3. 5-flange girders. 36 H 16.56
23 H
4. 4-flange girdecrs with T-flanges e 9550
83 J
Girder | Girder Buckling| . .per Quality
length | height h load Tuﬂqlng
No. Fige and ‘ meter
Lo |width D Bk 8L
om om kg kg/m kg/kg/m
g, | (96 & 259 = 24 2400 % 2330
123 4 |3 x 86 W o i
2 | Ji9B D 26 34 4500 18 b | 4025
| 23 D " 10 4§ N P
% 36 H 259 20 3460 1.34 ' 2580
{23 H 23
4. | J36 4d 411 33 6630 1.95 3400
125 J 23 r
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Table N.

Quality of plywood girders

for resisting bending stresses (knife bearings).

64

(Single load P in center, cxcept for girder 6.)
Cross—
section of
No. Designation Fig. compression
| girder ¥
o
5. | 8-flange girder with T-flanges i 56 A 7.5
and 2 lateral braces on each flange 23 A
¢, | 3-flange girders with U-flanges, 36 D e
* | 1oad vniformly distributed 123 D .
c '|r56 D g
Te Ditto 123 D 745
g, | 4-flange girders with T-flanges (no 188 11.75
* | struts to resist bending) 133 J .
B—flange girders with tubular f56 E \
Girder Girder Breaking| Wt. per | Quality
length | height h load running Gie
No. Fig. L and. Lo P meter
0 width b h kg/m kg/kg/m
cm cm l kg
ot Bk 34 :
Oe 2% A 250 6.5 10.4 510 YaD8 540
7 D
P gl see s 15.2 | 720 1.52 473
36 D 5 a4 ;
Vs 0% D 250 10 10.4 | 1100 l 1400 723
36 J . - ; L
B 23 7 250 a7 10.9 746 2403 368
BRI GRE  Ba | 180 423
1
|
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Be Oennections

Glue serves as the connecting medium between wood and wood,
especially the water-tight varieties. Other varieties, however,
can be made water-tight for a long time. A glued surface, ac-
cording to the quality of the glue, will stand a shearing stress
of 30 to 40 kg/cm®, but only 3 to 7 kg/cm? tension at right an-
gles to the surface. The parts to be glued must be clamped firm-
ly together, in order to avoid hollow spaces and for good pene-
tration of the glue. The joint connections are made like those
of open metal profiles and do not require consideration. It need
only be remarked that all connecting strips and brackets can be
easily tapered in thickness, thus giving an advantage, in re-
spect to weight and strength, not so readily attainable with
metals. In girder breaks the damaged portion can be easily cut
away and another substituted by oblique gluing (Fig. 73) with-
out loss of strength, chiefly because, in the case of wood, due
to its great flexibility, the excesslve stress ls mostly re-
stricted to a single weak point. Girders can also be very eas-
ily reinforced, even outside the workshop, by gluing on strips
ér gussets of either plain or plywood.

Junctions are also made similarly to metal, but there are

two conditions to observe.

1. Profile members of wood (Fig. 35) can be made with an

original curve, but cannot be bent at will in the construction
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shop, after the manner of the sheet-metal parts in Fig. 23.
Hence we are restricted to the use of straight or only slightly
bent parts. Good junctions can, however, be made with wood,
though with a somewhat less open appearance than those made with
metale o

2. Great stresses, like those of the brace-wires, e.g.,
cannot be applied directly to plywood, even with the use of an
eyelet, but they must first be received by sheet metal and then
trgnsmittcd to the plywood as shearing stresses by means of hol-
low rivets, since otherwise the stress would be too great for the
wood and the eonnecting surface too small. The distance between
the hollow rivets (or eyelets) must be three times their outside
diameter of 7-20 mm (0.276 - 0.79 in.) and the distance between
such a rivet and the edge of the wood must be at least twice 1ts
diameter. The best materials are duralumin sheet-metal parts
with steel eyelets, since the application of a great stress at a
single point and a large distribution surface with a relatively
small weight are thus rendered possible. Such a metal sheet is,
undesirable when in contact with wodd on both its sides; since
the wood structure is thus interrupted.

The already-mentioned general case in metal construction,
of the location of the axes in three planes, with the girder
flanges over one another and girders of equal height, requires,
e.g., an arrangement like Fig. 70, in which a four-flange and a

double-U girder are crossed and a strut (or girder) js applied
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at a certain angle to the line of intersection of the two-girder
planes. The girder 1 has its walls 3 inside the joint and
the double metal sheet 7, provided with flanges and an eyelet,
is attached to both walls. DBoth these walls 3 are attached to
the walls 4 ef the girder 2 by means of angles, led through
the lower strip 6 and glued to the lower flange of 1. The
strip 6 1lies on girder 2, is connected with the lower flange
of girder 1 Dby the angle 8 and has four sheet-metal plates 9
for attaching brace-wires. The walls 3 and 4 transmit simul-
taneously the stresses of the struts in the side walls in which
they lie. Strip 5 is designed to receive and transmit in its
plane the stress components from the sheet-metal gusset T - Tiae
gugset transmits these forces by means of the flanges BE Ol
through the medium ¢f angle-pieces. In a similar manner, the
crossing ef non-abutting girders ¢f other types is accomplished
and adapted to very great stresses.

Simpler and easier and hence preferable is the abutting of
two girders of like height (Fig. 35, a and b). Two four-flange
and two douwle-U girders are generally comnected to two parallel
plates, whose projecting double laps serve for gluing two T-
flanges of the four-flange girder and their simple broader laps
for fastening the U-profiles of the other girder. The latter
has a straight axis and the former has a bent axis, which follows
from the curve of the plates. The girder flanges, after intro-

duction and gluing between the two plates, are also connected,

by means of angle-pieces, with the plates or with the four-flange
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profile inside the joint and the shearing stresses of the struts
are likewise transmitted through angle-pieces to the side walls,
visible at b, which are themselves connected together by a
sheet-metal piece for the further transmission of the shearing
stresses. Thig sheet-metal part serves for joining the stresscs
of the third plane and has, for this purpose, an eyelet through
the upper plate, which eyelet here lies in the middle plane of
the four-flange girder and can transmit stresses, in the direc-
tion of the girder, through lateral sheet-metal angles to0 the

plate. The gussets for the brace-wires (eyelets vigible) lie on

the outer side of the junction plates. In "Z.F.M.," 1921, No. 8,

Figs. 11 and 29-35, there is shown the junction of four girders.
Fig. 13 in the same article shows a similar junction of five
girders, of which the fifth (a walkway post) forgs a butt—~joint.
In Fig. 3€ of the present article, the fAaur-flange profile i
replaced by a double-T profile, and the two junction-point walls

by a single transverse wall, on which is set the giedes | P L OF

the third plane. Its connecting plates are slotted for admitting

-
= ihe

the connecting vlates of the other two double-T girders and tike

gusset resting on them is left open, so that the shearing stress-

of both girders can be corbined by means of wooden angle-pieces.

Such a joint is much stronger than one made by riveting on sheet-

metal angles. The open-work gusset serves for attaching brace-

wires in a plane, formed by the girder L, running straight
through, and the girder P, 1lying in the third plane. Fig. 2%

shows the junction of five girders, lying in the three planes,
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I, II and III. Brace-wircs arec attached in a fourth plane.

Fig. 28 shows an older and different type of construction.
The girders cross each other in contact with an intervening
junction plate. The eyeclet for thc wires of the third plane is
in a gussct projecting from the bending point of girder H, this
gussct being connected to two transverse walls by means of a
sheet-metal plate lying in the central plane of theAgirder. The
transverse walls transmit their stresses to the sidc walls of the
girder by means of downward-bent flanges and hollow rivets (Fig.
28). The intervening metal platé is extended, where necessary,
into the lower girder, in order to relieve the latter of any
great bearing stress. Ordinarily it suffices to glue the lower
girder to the junction strips and stiffen it with the usual
transverse wooden walls. Sometimes the gluing 1is reinforced by
duralumin bolts. Individual forces, which must be transmitted
from metal to wood or from wood to wood (e.g., from girder to
girder in the case of Fig. 28) not as shearing but as tensile
forces, likewise necessitate the use of volts, 1lke Fig. &7,
whereby Plate 1 is made rigid and attached to the stress-receiv-
ing transverse wall 3 Dby means of a sufficiently large glued
area 2 and wood linings 5, without causing the angles 5 10
spread.

In wood construction, especially at junction points, inac-
curacies of fabrication and subsequent alterations do not cause
so much trouble as in metal construction, since, as already men-

tioned, the desired shape can always be obtained, with only a
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slight increase in weight, by gluing on the appropriate wooden
rieces.

Likewise, after the completion of a wooden junction, recesses
can be cut. In metal girders, on the contrayy, éuch a oburse

would be attended with difficulties.
PART IV - CONCLUSION.

In conclusion, it may e femarked that the photographs, el
when not made before the war, are of cxﬁerimental par%s,Qgihoe,
according to the stipulations of the Treaty of Versailles, all
struotuial parts actually used or intended for use had to be
destroyed.

In the foregoing, the building materials and the metal and
plywood construction methods employed in rigid airships nave
been treated from the viewpoint of adapting the materiéls to the.
forces to be withstood. As has bcen seen, these matérials (ply-
wood, duralumin and stecl) form an ascending series (correspond-
ing to the size and stresses‘of the airships), as do likcwise }
the structures of open and closed profiles. A far more difficult
problem than the adaptation of the materials is the determination
of the axial stresses of the whole system. This forms a field
of its own, extending beyond the limits of this article, and can
be only briefly referred to here. The calculation of the air-
ship frame as a single braced girder, on account of its great

-

static indeterminateness, requires more time and labor than is
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available in practice. Hence the system is preferably divided
into units, such as the main or outer frame, the stiffening
transverse frames (main rings), walkway and tail unit. The
stresses and distortions of the main frame are first established
on the basis of simple and verifiable assumptions regarding the
rigidity relations. Then the stresses of the individual members
are computed with the aid of the data thus obtained. The results
can be employed for correcting the original assumptions and the
computations then repeated. This is not necessary in most néses,
since the results are generally accurate enough. The amount of-.
computation work is still considerable, since the individual ob-
jects are still many-fold (e.g., 20-fold) statically indetermi-
nate and then the most different static and dynamic load condi-
tiong of the airship have to be considered. Moreover, as Hen-
tioned at the beginning, the bending stresses undergcné by the
different girder members must be determined. The publigation

of these very interesting experiments must be reserved for &

later date.

Translation by Dwight M. Miner,
National Advisory Inumiitee
for Aeronautics.
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