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SUMMARY 

A comparison Is ir.ade of the structural efficiencies 
of truss webs of 2'j.S-T aluminum alloy with previously 
published values of the structural efficiencies of 
diagonal-tension webs of 2I4.S-T aluminum alloy on the 
basis of identicel allowable stresses.  It is concluded 
that the diagonal-tension becm (web and flanges) can 
usually be built to be a more efficient beam than the 
truss beam, even thourh over a sirall range the web of a 
Tarren truss beem is slightly more efficient than the web 
of a diagonal—tension beam. 

INTRODUCTION 

The structural efficiencies of trus3 webs and 
diagonal-tension webs have often been compared.  In many 
of the comparisons made, the diagonal-tension web has been 
shown to have a low structural efficiency because conserva- 
tive design formulas and conservative allowable strength 
values were used In the design.  On th9 other hand, the 
efficiency of the truss web in some cases has been lowered 
by arbitrprily fixing the slope of the diagonal truss 
members at a value that gives a low structural efficiency. 

The structural efficiencies of diagonal-tension webs 
of 2i|S-T aluminum alloy were examined in reference 1 by 
use of a coordinated set of formulas that were based on a 
series of strain surveys and checked against the results 
of more than 120 strength tests.  Because these formulas 
are bEsed on a lerge number of tests, the formulas and, 
consequently, the structurel-efficiency values obtained 
should be reasonably accurate. 
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In the present paper, the structural efficiencies of 
Pratt end Warren truss webs that arc designed on assump- 
tions similar to those used in reference 1 are investi- 
gated and compared with the structural efficiencies 
obtained in reference 1 for diagonal-tension webs. 

SYMBOLS 

S transverse shear force in web, kips 

V volume of web material per inch run, inches squared 

h effective depth of beam, inches 

d spacing of uprights, inches 

t   thickness of diagonal-tension web uprights or truss- 
web members, inches 

b   width of outstanding leg of diagonal-tension web 
uprights or square-tube truss-web members, inches 

BASIC DESIGN DATA 

In order to obtain a fair comparison of the structural 
efficiencies of truss webs and diagonal-tension webs, the 
basic design data for the truss wobs were made similar to 
the data used in reference 1 for the diaconsl-tensicn webs. 
Briefly, the basic design data for the diagonal-tension 
webs, as given in reference 1, were as follows: 

The web and upright materiel wes 2J4.S-T aluminum 
alloy.  The allowable strength values and the column 
curve for this material were taken from reference 2. 
The web uprights were assumed to be simple angles 
with a width-thickness ratio of the outstanding leg 

of —  = 12  to eliminate the possibility of local 
instability of the free edge.  The effect of rivet 
holes on the web strength was taken into eccount by 
using a rivet factor of 0.80 in the calculations. 
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The basic design date for the truss webs were as 
follows: 

The material was 2qi5-T aluminum alloy.  The allowable 
strength values end the column curve for this material 
were taken from reference 2 and were therefore identi- 
cal to the values in reference 1 for the diagonal- 
tension web.  The truss members were assumed to be 
square tubes with a width-thickness ratio of the flat- 
plate elements of — = 2\\.    to eliminate local insta- 
bility.  Truss members acting in compression were 
assumed to have pinned ends.  An average effect of 
rivets and gussets on the structural efficiency of 
the truss webs was determined by designing riveted 
joints for several truss webs and calculating the 
resulting increase in the truss-web weight. 

RESULTS OP EFFICIITOCY STUDIES 

On the basis of the dessen date outline^, several 
Pr.',-tt and "„Varren truss v/ebs were designed such that the 
ten?ion and the compression members would fail simultaneously„ 
Pocauss the efficiency of a truss web is a function of 
tho slope of the diagonal truss members, this  slope 
was varied until tho most efficient truss web for a given 
depth and loading we.s found.  The calculations showed that, 
ovor tho range investigated, the slope  of the diagonal 
members for the most efficient Pratt truss web varied from 
en angle of 57.2° to 62.3° with the verticel and, for the 
Warren truss web, from en angle of I4.O.50 to 1+5.8° with 
the vertical. 

Curves of the structural efficiencies of Pratt and 
Warren truss webs are shewn in figure 1.  The measure of 
the structural efficiency is the retio of the transverse 
shear force in the truss web S to the volume of material 
per inch run V.  The ratio S/V is plotted against the 
structural index \&/h,  where h  is the effective depth 
of the truss beam.  Tho solid lines in this figure are 
for ideal truss webs in which the effect of rivets and 
gussets on the truss efficiency is neglected. The dashed 
lines show the structural efficiencies that are realized 
when the effect of gussets and rivets is included in the 
calculations, 
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Structural-efficiency curves for diagonal-tension 
webs with single and double uprights es given in refer- 
ence 1 are shown in figure 2.  These curves are plotted 
for three values of d/h,     where d is the upright 
spacing and h is the effective depth of the beam.  The 
structural-efficiency curves for Pratt and Warren truss 
webs, corrected for rivet and gusset effects, are replotted 
in figure 2 for ease of comparison. 

DISCUSSION 

A general comparison can be made of the structural 
efficiencies of Pratt and "'srren truss webs  and diagonal- 
tension webs by use of figure 2.  It should be pointed out 
that slightly higher efficiencies may be obtained both for 
the diagonal- tens ion webs and for the twe truss webs by 
Increasing the width-thickness ratios of the web uprights 
or truss members.  The Increase in efficiency, however, 
should be about the seme for both types of construction 
and therefore should not effect the comparison. 

Inspection of the structural-efficiency curves for 
diagonal-tension wobs (fig. 2) shows that, over the range 
of veluos of  d/h Investi gat.._df o  vcb with -• = 0.25 

h 
generally is the most efficient.  Because the efficiency 
curves for truss webs shown In this figure are for the 
most efflciont Pratt and Vfsrr^n truss webs, the most effi- 

a - ••«) cient diagonal-tension web I — = 0.25J will be used in the 

comparison.  On this basis, the diagonal-tension web Is a 
more efficient structure than the Pratt truss web and Is 
more efficient than the Werren truss web except for values 
of the structural index V^S/h between approximately if. and 
7«  In this range, the Werren truss web shows a slightly 
higher efficiency than the diagonal-tension web. 

Severel practical considerations affect the compari- 
son.  If a truss web were used In the construction of a 
wing spar, the slope of the diagonal truss members In most 
cases would be determined by the spacing of the wing ribs. 
The efficiency shown for the two truss systems, therefore, 
would not always be realized, because the curves in 
figure 2 are based on calculations using the ideal slope 
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for the diagonal truss members. . Any material change from 
this ideal slope results in an appreciable drop in the 
truss efficiency. "Oh the other hand, it is usually possi- 
ble to use a small upright spacing in a diagonal-tension . 
web regardless of the wing rib spacing (using intermediate 
uprights if necessary) and consequently to obtain a high 
efficiency for this web. For conventional wing ribs 
(vertical ribs), the efficiency of the Warren truss web 
is further lowered by the necessity of introducing second- 
ary vertical members to carry the rib loads into the truss 
structure. 

A small point in favor of the diagonal-tension web is 
that it is fully effective under negative loads whereas 
the Prett and ,,Tarren truss webs are not. This ineffective- 
ness is unlikely to be criticsl in wing-spar construction 
since the negative design loads are not so large as the 
positive design loads. 

In the fint'l design, it is necessary to consider not 
only the efficiency of the web system but also the effi- 
ciency of the entire bean including the flanges.  The 
allowable stresses of the flanges in diagonal-tension 
beams aro lowered by secondary bending, but this effect 
can be made very snail by reducing the spacing of the 
uprights.  Small sptcings of the uorights will also give 
a hl£h efficiency for the web system, although not always 
the highest oossible.  The requirements for simultaneously 
obtaining hijjh efficiency of the flanges and of the web 
in diagonal-tension beams are therefore not in conflict. 
In a teem with e Warren truss web, on the other hand, the 
hi(?h efficiency of the web is obtained in beams having 
unsupported lengths of the flanges larger than the depth 
of the beam. These large unsupported lengths may result 
in rather low allowable stresses for tho flanges and 
therefore a lowered over-all efficiency for the beam. 
Any attempt to increcse the efficiency of the flanges by 
changing the slope of the diagonals will result in a 
lowered efficiency of the web system.  In the truss beam, 
then, the requirements for simultaneously obtaining high 
efficiency of the flanges and of the web system are in 
conflict.  It is questionable, therefore, whether the over- 
all efficiency of the VTarren truss beam can be made higher 
than that of the diagonal-tension beam even though the 
efficiency of the "ffarren truss web alone may be higher 
than that of the diagonal-tension web. 



6 NACA RB No. L5P25 

One factor, however, may favor the use of the truss 
web in spar construction,  ''/hen a number of cut-outs must 
be mede in the web for fuel lines, control cables, ducts, 
and other items, the structural efficiency of the diagonal- 
tension web is materially lowered.  In this case the 
vVarren and possibly the Pratt truss may be a more efficient 
design than the diagonal-tension web. 

CONCLUSIONS 

A comparison was made of the structural efficiencies 
of 2^.S-T aluminum-alloy Pratt and V/orren truss webs and 
diagonal-tension webs designed on the basis of identical 
allowable stresses.  It was concluded that the diagonal- 
tension web is mere efficient than a truss web except for 
a small range in which a V/trren truss web is more effi- 
cient.  For complete beams (web end flanges), however, 
the diagonal-tension beam probably always will be more 
efficient than the VTcrren truss beam because of the low 
efficiency of the flanges in the Warren truss beam. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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