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COMP ARISON OF STRUCTORAL FFFICIENCIES OF
DI AGON AL -TTNSTON WEBS AND TRUSS
WEBS OF 248-7 ALUMINUM ALLOY
By Devlid W. Ochilltree

SUMMARY

A comperlson 1s mede of the structursl efflclencles
of truss webs of 2)S-T sluminum slloy with previously
published values of the structurel efflelencles of
disgonal-tension webs of 24S-T eluminum alloy or the
besis of 1denticel elloweble stresses. It 1s concluded
that the diagonel-tension beem (web and flanges) can
usually be built to be a more efflcient beam than the
truss beam, even thonch over a small rsnge the web of a
arren truss beem 1s slightly more efficlent than the web
of a2 dlezonel--tenslor. beam.

INTRCDUCTICN

The structural efficlencles of truss webs end
dlegonel-tenslion wehs have often been compared. In many
of the comparlisons mede, the dlagonel-tension web has been
shown to have a low structural efflclency because conserva-
tive deslgn formilas snd conservative gllowable strength
velues were uced 1n the deslign, On ths other hand, the
efficlency of the truss web in some cases has been lowered
by arbltrerily fixing the slone of the dlagonsl truss
members at & velue thet gives a low structural efficlency.

The structurel efficlencles of diasgonsl-tension webs
of 2LiS-T eluminum elloy were examined in reference 1 by
use of & coordinsted set of formulas thet were baesed on =&
sorles of streln surveys and checked agelnst the results
of more than 120 strength tssts. DBecause these formules
ere besed on 8 lsrge number of tssts, the formulas end,
consequently, the structurel-effilclency velues obtaeilned
should be rasasonasbly accurete.
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In the present paver, the structural efficiencles of

Pratt snd Warren truss webs that arc deslgned on assump-
tlons similer to those used in reference 1 are investi-
gated and compered with the structural efficlencies
obtalned 1n reference 1 for dlagonal-tension webs.

o a F o O

SYMBOL.S

transverse shear force In web, klos

volume of web meterlal per inch run, inches squared
effective depth of besm, lnches

snacling of uonrights, 1inches

thickness of dlegonal-tenslon web uprights or truss-
vweb members, lnches

width of outstending leg of dlsgonal-tension web
uprights or square-tube truss-wsb members, 1lnches

BASIC DWSIGN DATA

In order to obteln a fslr commerlson of the structural

efllciencles of truss webs and dlagnnsl-tension webs, the
basic deslign data for the truss webs were made simller to
the deta used 1n reference 1 for the diaronsl-tensicn webs.
Brlefly, the bsaslc deslgn dsta for the dlaponsl-tension
webs, &8s given 1n reference 1, vere &s follows:

The web and unright meterlsl wes 2,S-T aluminum
elloy. The allowable strength values and the column
curve for thls msaterlal were taken from reference 2.
The web uprlghts were assumed to be simple angles
with a width-thlckness ratio of the outstandlng leg
of % = 12 to elliminate the possiblllty of locsl
instabllity of the free edge. The effect of rivet
holes on the web strength was tseken 1into esccount by
using a rivet factor of 0.80 in the calculations.
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The bssic deslgn daie for the truss webs were as
follows: .

The material was 24S-T alumimm alloy. The allowable
strength values snd the column curve for thls material
were taken from reference 2 and were therefore ldenti-
cal to the values 1n reference 1 for the dlagonal-
tension web., The truss members were assumed to be
square tubes with a width-thickness reatio of the flat-

plate elements of % = 2 to eliminate local insta-

pllity. Truss members acting in compression were
assumed to have pinned ends. An average effect of
rivets and gussets on the structursal efficlency of
the truss webs was determined by designing riveted
Joints for seversl truss webs and colculating the
resul ting Increase in the truss-web weight.

RESULTS CF EFFICIFTNCY STUDIES

On the besls of the desirn deta outlined, several
Pr:=tt and Narren truss wecbs were deslgned such that the
tenrion and the comnression members would fall similtaneously.
Pacausa the efflclency of a trunss web is a function of
thoe slone cof the dlsgonal truss members, thls slope
was varled untll the most efficlant truss web for a glven
denth and loading wes fcund. The csalculatlions showed that,
ovar the renge Investl~ated, the slope of the dlagonal
mewbers for the most efficlent Pratt truss web varled from
en angle of 57.2° to 62.3° with the verticel snd, for the
Warren truss web, from en anzle of j0.5° to h3.86 with
the vertical.

Curves of the ctructursal efflclencles of Pratt and
Warren truss webs are shcown in flgure 1. The measure of
the structural efflclency 1s the retio of the transverse
shear force in the truss web S to the volume cf materlal
per 1lnch run V. The ratio S/V 1s plotted agalnst the
structural index 18/h, where h 1s the effective depth
of the truss besm. The solld llnes 1In thls flgure are
for 1deel truss webs 1n which the effect of rivets and
gusesets on the truss efflclency 1s neglected. The dashed
llnes show the structursl efflciencles that are realized
when the effect of gussets and rivets 1s included 1in the
calculatlicens,
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Structural-efflciency curves for dlagonal-tension
webs with slngle and double uprights ss given 1n refer-
ence 1 are shown 1n flgure 2. These curves are plotted
for three values of d/h, where d 1s the upright
spaclng and h 1s the effectlive dopth of the beam. The
structural-efflclency curves for Pratt and Wesrren truss
wobs, corrected for rivet and gusset effects, are replotted
In figure 2 for ease of comparilson.

DISCUSSION

A general compserlison can be muade of the structural
efficlencics of Prstt end Werren truss webs and dlsgonal-
tenslon webs by use of figure 2. It shculd be polnted out
thaet slightly higher efflclencles may be obtalned both for
the dleponal-tension webs end for ths twc truss webs by
inereasing the width-thlckness rcestios of the web uprights
or truss memhers. The lncrcase in efficiency, however,
should be about the ssme for both typres of construction
and therefore should not effcct the comparison.

Inspection of the structural-efflclency curves for
disgonel-tensicn webs (flg. 2) shows thet, over the range

of velu.s of &/h 1investiagst.d, o veb with % = 0.25

generally 1s the most efflclient. 3ecsuse thc efflclency
curves for truss webs shown 1n thls fimure sre for the
most efflelont Prett end Ferrsn truss webs, the most effi-

clent dAisgonal-tension web (ﬁ- = 0.25) will be used 1n the

comparliscn. On thls basis, the dlsgonsal-tenslon web 1ls a
more efficlent structure than the Prett truss web and 1s
more efflclent than the Werren truss web except for vslues
of the structurel index +S/h between epproximetely l. and
7. In this renge, the Werren truss web shows a slightly
higher efficiency then the dlesgonsl-tensicn web.

Severel precticel conslderetlions affect the comparil-
son. If a truss wob were used 1n the construction of a
wing spar, the slope of the diegonal truss members in most
cases would be determined by the spacing of the wing ribs.
The efficiancy shown for the two truss systems, therefore,
would not slways be reallzed, because the curves 1n
figure 2 are besed on celculsestions using the 1desal slope




NACA RB No. L5F25 5

for the diegonal truss members. . Any materlal change from
this ldeal slope results in an appreciable drop in the
truss efficlency. On the other hand, i1t is usually possi-
ble to use a smeall upright spacling in a dlasgonal-tension .
web regardless of the wing rilb spacing (using intermedilate
unrights 1f necessary) and consequently to obtain a high
efficlency for this web. For conventlonal wing ribs
(vertical ribs), the efficiency of the Warren truss web

i1s further lowered by the nscessity of introducing second-
ary vertical members to carry the rib loads into the truss
structure.

A small point in favor of the dlagonal-tension web is
that it 1s fully effectlve under negative loads whereas
the Prett and ™srren truss webs are not. Thils 1lneffective-
ness 1s unlikely to be criticsl 1n wing-spar construction
since the negative design loads are not so large as the
positive design lo=ads.

In the finel deslign, 1t 1s nec=2ssary to consider not
only the efficiency of the web system but also the effi-
ciznecy of the entirc beam lneludint the flanges. The
allowable strecses of the flenges in dlegcnal-tension
beams ars lowered by secondary bending, but thls effect
can be made vary smell by reduclng the spacing of the
uprights. 3Small s>zcings of the uorights will slso glve
8 high efficlsncy for the web system, slthough not always
the highest vosslible. The requirements for simultaneously
obtelning high efficiency of the flanges end of the web
in diegonsl-tension beams sre therefore not in conflict.
In 8 team with & ¥arren truss web, on the cther hand, the
high efficlency of the web 1s obtasined in beams having
unsupported lengths of the flanges larger than the depth
of the beam. These lerge unsupported lengths mey result
in rsther low ellowsble stresses for tho flenges and
therefore e lowered over-all efficlency for the bean.

Any attempt tc increese the efficiency of the flanges by
changlng the slope of the dlagonals wlll result 1n a
lowered efficiesncy of the web system. 1In the truss beam,
then, the requirements for simul taneously obtalning high
efficlency of the flanges and of the web systen are in
confliect., It is questlonsable, therefore, whether the over-
all efficlency of the Wearren truss beam can be made higher
than that of the dlagonal-tension beam even though the
efficlency of the Warren truss web alone may be higher

than that of the diagonal-tension web.
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One fsctor, however, mey favor the use of the truss
web In spar construction. %When a number of cut-outs must
be mede 1n the web fcr fuel lines, control cavles, ducts,
eand other items, the structural efflciency of the dlagonal-
tenslon web 1s materislly lowered. In this case the
Warren und nossibly the Pratt truss mey be a more efflcilent
design than the diagonal-tenslicn web.

CONCLUSIONS

A conparlson wes made of the structurel efficlenciles
of 2liS-T aluminum-elloy Prett snd Yerren truss webs and
dlagcnel-tension webs designed on the bsesis of ldentical
allowable strecses. It was concluded that the dlagonal-
tension web 1s mcre efflcient than a truss wed except for
g smell renge 1n which a Werren truss wecb 1s more effl-
clent. For complete beams (web end flesnges), however,
the dleagcnel-tenslion besm probsbly =2lways wlll be more
effliclent then the Tsrren truss beam because of the low
efficlency of the flenges in the Warren truss beam.

Langley Memorial Acrcnautlical Laborctory
Nationel Advisory Committee for Aeronsutics
Langley Fleld, Ve,
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Figure 2.— Structural efficiencies of diogonal—tension webs and truss webs

of 24 5-T aluminum alloy. (The values of d/h apply only to the
diagonal-tension webs.)
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