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"METHOD OF DETERKINING THE WEICHTS OF
THE 4OST IMPORTANT SIWPLE GIRDERS*
‘By J,VGaSSéns

Thié paper prese:dts a series of tables for the

81mple and more common types of glrdevs, similar to

the& tables given in handbooks under the’ aeadlrg "Strength
of iaterials," for determining the wmoments, deflections,
etc., of simple beams. Instead of the uniform cross sec—
tion there assumed, the formulas given here apply onlv to
girders of "uniform strength," i1.e., it ig assuned that

a girder is so dimensioned that a given load subjects it
50 a uniform stress throughout its wiole length. This
prinzciple is particularly gppllcﬂole to very strong struc-
tures. Girders of uniform strength are the 11Q3test
girders conceivable, because any girder, all of whose
meubers are stressed to the llM]b, can pot be surpassed
by a lighter girder, if "the two glrder nave the same
foru. The weight & of a member of length 1, Cross
section F and specific gravity -y is: °

=Fy . (1)
Instead of this it is also possible to write
o o Y - :
G = sp_.c.e (2)

if the member carries the load--8 and is dimengioned
according to the stress Ogeg. With a given statlo arrange—
ment and a given load, 8, 1 and vy can be very accu-—
rately determined for any membeér. Thne attainrable stress
Oe 1n tension members 1s easily determined. 1owever
wkeﬂ stdbility problens arise, e.g., UCAllﬂc, and tilt-
o phenomena (and tney cen be avoided in hardly any gt
ic axrrangements), it is often difficult to obtain a suf-
Ticiently aoouzate_value of o, for estlmaylﬂg the weisht.
In a siwple framework, for which the assumption of pin
joints is permissible, there are only tension and coie
prengsion meuibers. For the latter it is then necesnary
to. determine only the value of Og » Tnis is best accou~
plished by ascertaining the valaeu of the forces occurring

Sy

*beviohtsermittlunﬂ der WlCﬂblﬁStG" einfacaen TrHger .M
Zelsechrift fir FWthecn ik und uOtOleftSCQlffaﬂLt (o U~
lished by R. Oldenbourg, iunich and Berlin ), August 14,
1951, pp. 456-483. -



in the memwbers. In the table, theréforec, gerneral data
are given regarding the umagnitudes of the forces before
every weight. It would:be impracticablé to determine
the force and dimensions of every conpression wember and
therefrom to calculate the velue of §,. It fully suf-
fices to test a few samples of cach type of compression
menbers and from them find the wmean value of ¢, for each
type. Where such determinations must be made often, 1%
is very practical, for certain sections (e.g., tubes '
with a fixed wall-thickness ratio), to plot the attain—

able stress 'ge against l%?*. Such graphs will save
much work.

There is the same relation between the general
formula for the foxce in a member and the corresponding
weight formuls as vetween a differential and an iutegral.

e expression. for the force in. the member is imltiplied

by Y and 1 accarding to equation (2), which gives
the weight of any member in the framework. Instead of
the infinitely swall quantity dx, we work, in cases

1 to 8 with a finite quantity, namely the leagth of
the member, i.e., with- a for the chords, with d for
the diagonals, and with 1 for the vertical wneibers.
Hence we use no integral formulas, but derive the sumns
of series, In case 1, the series of the upper-chord
weignts reads:? o

P& N.g A+2+3+ .u... +n-1N
B o ® ( )

The sum of the series is {2.= 1)0, The series of the
lowrer-chord weights reads:

2. + 243+ L. tw)
P La(a 3 )

The sum of this series is “(35j 1), Thie yields
I Y ,n—-1+n+1 _ 1
Px T 3 PI'%; h

In cases 2 and 3 the summation is very similarly wmade
with respect to the details. 1In case 4 . (chord weight)
sumiations of the following series have to be made:

_%_..%.l.e.‘“.[lg—}. 2%+ 52'1" ceas + (1’1-1)?]
O'en' o )

* H. Wagner: Remarks on Alrplane Struts and Girders under
Compressive and Bending Stresses. Index Valves. Z.F.I1..,
June 14, 1928. T.iI. No., 500, ¥.A.C.A., 1939,




and

9 2 Y 2124 P P+ .+ £
2 h g n : :

The sumsof the series are:

(n — 1) n{3a - 1) and.n(n + 1) (8n,+ 1)
6 6 ,

The glvea weight formula is obtained by sllght changes.
It is not necessary to give the series for the web mem-—
bers. It needs only to be noted that their order is
always 1 1less than that of the chords. Case 5
yields the following series:

Q. .3’__&[13+ R+ 3B+ ...+ (n - 1)%]

C 3 h Og 12
and
9 2 B 1%+ P+ B 1
3 h g ne (L7 & é_”? L .n41

Their sums are: L
(n - 1) na.. n(n + 1),
[ end (R
In cage 8 the series for the upper-chord weights is

ol0®)op Jp X 5 (30- 1 + B~ 1+
e

n—d

4+ B~ 1. +B3 - 1 4+ ,,.. + B ~1)
_p 1 ¥ LB= 1
IDMlGea{B~l ﬂ

We now write: L :
- e . I ‘u’ ” . a
B - 1 = tenf . 4h 2
x ang Ry T

When it is remembered that-

= Zak::a.‘.

B 1

from

we 001

ct
&Y
]..:
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Hence
T - = - = -.-1-1
Bl =TT me b
(o] !
Consequently CORERERRPE A
0 hn ) _ DDO ......
B = E; and n Tos 5

These simplifications yield

0G)_ N
o )—Pﬁ%-T,(J:.—ni—)

The weight of "the  lower.chord is similarly obtained.

The weight of the diagonal members is constant,
ag in case 1. It can be easily demonstrated that the
length of the diagonal members jincreasgs in the same
ratio (from d, to dn) as their load deCreases. The
same 1is true of the vertical members.

The great advantage of integration over summation
of the series is illustrated by cases 9, 10 and 11.

For the upper-chord weight in case 9 we have
the expression?

no+ Ah~
ﬁivision of the integrand yields:
% ax - 1 x dx_ -
X h, 1 Ah x
h,+ AhT 0 T T—+ 1 N
_dx [yt 2
~ Ah Ah 1 ho

x -+

Ah



Then T

oo p 1y [, gx ~ dhot dx
¢ oy | T RRS T 1w,
N X i, AR n
=P e L (g 9 [ (1+ 2 e
PRE w2 )t Ah]}
. L _ R

The weight of the lower chord is similarly obtained.

If it were now desired to determine whether tais

formula with thé assumption that h = h_, i.e., with
untform depth of " girder, would ylelﬁ tn% same value as
the formula in case 1, we would arrive‘'at the inde-
terminate value o/o. L1kev1sc the last formula in case
9, for only a slight difference in depth, i.e., when
Ah  is swmall with respect %o h_, would vield a numerical
value which could not be accurately calculated with the
slide rule, This difficulty-is overcome by another
1nvesclgatlon orf the integrand, Wnlcn is developed in
an infinite series:

X dx -
! + AhE
o hot ADT .
_ <. 4%’ 7 —‘E +,,£\g~ ,AE\\3+ /7_35.\)4 g
( c \g, ~\5, "\5 % '“>

in which ¢ = l—A‘—%O

The 11tegratlon of the separate terws, in which X
occurs only in the numerator, offers no further diffi-
culty and, with slight modifications, leads to the sec~
ond for“ula of case 9. A test shows that this formula
for a uniform depth h, = h  agrees with the formula in
case 1.

It is unnecessary to carry the derivations of
cases 10 and 11 further, since they follow the same
course as those already given ~Moreover, all the best
mathematical textbooks used by qulneers give detalled
examples of such pfoolems. .
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To enable a bhetter understanding of cases 13

and 13, I am adding Figures 1 to 3 which refer particu-
larly to case 13. It onlyiremains to explain the over—
hanging end of the beam.:  (Case 4.)  Figure 2 represents
a Special case where the force with upper-chord O, does
not change its sign in the inner panel. If Oy inter-
sects the zero axis, it does so at two 901ntu, which
cen be calculated with the aid of x, and x;. (See

gecond column of tables. "The in tegraulop 11mits for
Gy and G,".) If, however, x, and x, yield iumaginary,
ﬁeg@tlve or otherw1se useless values s Ox retains its
sign between A and B. There are *qen only two inte-
gration limits: the lower, x=1(1 - ¢); the upper,
X = 1.

The lower-chord force Uyx can change its sign only
once, nauely-:at- Xy If this value is negatlve or great-—
er than 1, Uy retains the sign between A and B The
integ rution 11m1ts are then the same as for Ox-

For uhe*speclal case,where both the lower and the
upper chord weights retain their signs in the inner
panel the Whole chord weight, 1301Ud1ng the overhang
is given in the column "chartﬁ" for case 13. The
bracketed expression is plotied against ¢ in Figure 4.

The solid~line portions of the curves are strictly
correct. The portions to the left of the line C-C aponear
quite different because the lower—~chord force intersects
the gero axis. e portions to the right of the line
D-D are given quite a different course by the inter—
section of the lower—chord force. -

Case 13 may be considered as a special variation
of case 13, in which the depth of the strut foot under
A, namely a, becones infinity (a=o ). In practice this
means that, for h/a = 0.1 or less, the considerably more
troublesome computation work of case 13 can be saved and
the values of case 13 can be used instead. The brack-
eted chord values of case 13 are plotted in Figure 5
against e=1/1. .

For shearing-force weights, it does not watter
wnether case 18 or 13 is used. The coefficients are
plotted against ¢ =1 / lin Figure 8.

Lastly the OPdl“ usional or absolute coefficients
of the strut Welgnt G( ivh* De plotted similarly %o
Figures 4 to 6. It is omitted here, beceuse tae strut
is Ne:erally subjected to cohpres,lve forces and the
reader, in selecting the best supporting point B, must



consider the variability of og , which is often hardly
possible. It can only be remarked that the smallest
coefficient is 2 at a strut inclination of 459, when

€ = 1.

In determining the most favorable a, the fact
was disregarded, that, with increasing a, the attaina-
ble stress g in the compression chord might be greatly
diminished. If necessary, this point should be especial-
ly ianvestigated.

Translation by Dwight M. liiner,
National Advisory Committee
for Aeronautics.
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To be noted under Case 13
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