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COMPARISON OF WEIGHTS OF l7ST AND STEEL TUBULAR STRUCTURAL 

MEMBERS USED IN AIRCRAFT CONS TRUCTION 

By E . C. Ha r t mann 

I - Introduct ion 

Although th e st r ong a l uminum alloys have proved themselves 
to be very effic ient in aircraf t c on s t ruction there is a growing 
competition from the h igh-strength s t ee ls for certain parts, es
pecially f or tubular s tructural member s. This tendency is b eing 
reflected in re search work carried on at the Bureau of Standards. 
In v iew of thes e facts it seems desi rable to study the rela t ive 
merits of th e se two materials strict ly from a strength-we i gh t 
ratio v i ewpoint t o p rovide a basis f or other comparisons . No at
tempt will be ma de i n this discuss i on to include t h e other f a c
tors, such as co st a n d res i stance t o corrosion, which als o h ave a 
bearing on the re lat iv e ec onomy. 

This study will be based l argely on data given i n Technical 
Note No. 307 of. th e National Advis or y Committee for Aeronau t ics , 
entitled "Streng th of Tubing under Combined Axial a n d Transv e r s e 
Loading." 

II - Ob j e c t 

~he object o f t hi s study i s to compa r e the we i ghts of l7ST 
tubes a n d steel tube s used f or s t ruc tural members under various 
types of loading co mmo n in airc r a ft construction. 

III - As sumptions 

Any aircraft st ructure of t u bUl ar construction can be 
broken up into ind i vidual t ubula r members, each of which is 
des i gned principal l y fo r a cer t a in type of loading. Ordinarily 
the length of these i ndivi dual memb er s and the total loads to 
which they a r e subj ected are independent of the material used, 
and therefore i n a study of r elative weights of a given memb er 
design ed in l7ST and s teel it ma y be assumed that the load and 
length are the s a me for both metals. In addition to the above r 
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it has been assumed in t his report that the yield strength of 
the material is more important for determining the maximum load 
for design purposes t h an th e ultimate tensile strength. It has 
b een assumed also that comwercial siz e s of tubes are so finely 
grad e d that almost any combination of wall thickness and diam
ete r a re available. The weights of end connections have been 
neglec t e d. 

IV - Tubular Tension Members 

F or direct tension members the followin g formula appli e s: 

whe re P = 
A = 
f = 
11 = 
L = 
w = 

p = Af = 

maximum tota load 

![f. 
Lw 

on membe"r, lb. , 
g ro s s cros s- sectional area , s g . in .. 
yield str engt~"1 of material, Ib./sq.in . 
ove r- al l we i gh t of member , lb. , 
length of mc:nber, in. , 
weight of ma t e r i al, lb./cu.in. 

This formu la can be r ewritten a s follows: 

W = 

As noted in Sec t ion III (p . 1), P and L ar e fixed by 
the conditions of th e problem a n d taking this in to account one 
arrives at th e following : 

IH .. 1.Z§'11_ 
W(Steel) 

= !LtlI§.~l_ 
w(Steel) 

x ft§'i~~1.1 
f(17ST) 

= Q..!..1.Q.1. 
0.284 

x ftSte e ll 
f(17ST) 

From th e above e xpression it can be shown that any stee l 
hav i ng a y ield s t rength less than 2. 82 t i mes the yi e ld strengt h 
of 17 ST will make a heavi e r tension memb e r when de s igned for t he 
same load and length . Thus if th e yield strength of 17ST is 
taken as 40,000 poun d s pe r square inch in accordance with Army 
and Navy Specification AN 9092, 1929 is sue, no st ee l having a 
yield strength less than 11 3 ,000 pounds per square inch can com
pete on a strict weight-strength basis. 
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v - Tu bul ar Beams 

In N.A. C. A. Te chnic a l Note No . 307, referred to in the 
intr oduction, bend i ng t ests on t u b ing of 17ST and chrome-molyb
denum s teel are de s c ribed. Th e se tes t s seem t o show that the 
modulus of r uptur e ( comput e d s t r es s a t failure) of l7ST tubular 
beams is l i mi t ed by t h e tensile strength of the material, where
a s t h e modulus of r u pture of steel tube s often exceeds the ten
s i le s t r ength of the material by as much as 25 per cent. In 
spite of thi s , h owever, it would seem logical in design to as
s u me that the yi eld strength of the mat erial would be the lim
iting c ondit io n f or computed stresses i n bending, provided. of 
c ourse. that ther e was no buckling act ion on the compression 
side. On th is basis the fo l lowing fo rmula may be set up : 

where f = 
M = 
S = 
d = 
k f:: 

f M 
s 

32M = - ------

yield strength of material, lb./sq.in . , 
maximum bending moment, in.-lb. 

• 3 sec t i on modulus, ~n •• 
outside diamet e r of tube, in., 

in~i~~~i~~~1~~ 
outs i d e diameter 

Assuming tha t t he value of M is fixed by the design con
ditions and that th e va lue of k is c onstant whether the tube 
be of steel or aluminum. it c an b e s h own that 

d(17 ST ) = [ [i.~1~llJ t X 
f ( l7ST) 

d(Steel). 

T e over-all we i gh t of a t u bu l a r beam may be expressed as 
follows : 

W = wLA 

wL 'IT. d:2 1 k 2) 
4 

in whi ch the term s ar as defin ed previ ' usly Assuming the v alue 
of L to be fixe d by des ign c o ditiono it f ollows that: 
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l'Llll§.:li_ 
W(Steel) 

= ~.lllm_ 

w(Steel) 
x 

2 

LtllST1_ 
d2 (Steel) 

2 

= 0 . 355 X [[t§'i~~11J3 
f(17ST) 

From the above it can be s hown tha~ for equal over - all weight 
and equal beam strength, s teel must have a yield strength 4 . 71 
times tha t of l7ST in order to compete on a s tri ct strength
weight basi s . Assuming a 40,000 pound per square inch yield 
strength for 17ST, the necessary yield strength for steel would 
be 188,000 p ounds per square inch. 

The above discussion of t ubul nr beams concern s itself only 
with strength, no mentio n be ing made of d ef lec ti on s. Whil e a 
study of equal defl ections is not hi ghly important yet it may 
be of some interest to include it her e . For equal defl ec tions, 
assuming a given span length and load , the foll owing condition 
must be satisfied: 

wher e 

E(17ST) X I( 17ST ) E(Steel) X I(Steel) 

E = modulus of elas ti city, l b . /sq.in., 
I = moment of iner tia, inches 4. 

As suming that the ratio of the mo duli of elasticity of 
steel and aluminum alloys is 3 to I regardless of small changes 
in composition and assuming th a k is the same for both metals, 
it can be shown that the condition jus t stated is only satisfied 
when , 

d(17ST) = [_3lJ4 X d(Steel) 

= 1.31 d(Steel). 

Knowing this diameter relation, the weight ratio Can be 
d e t e r mined as follows: 

!ill§.:li_ 
W(Steel) 

= Q..!.lQ.l 
0.284 

X = 0.615. 

From this it follows that if the yield strength is not exceeded, 
an aluminum tubular beam can always be made about 39 per cent 
lighter than a ste e l tubular beam for the same span, load, and 
deflecti on . 
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VI - Tubular Compression Members 

A study of the relation of steel and aluminum from a 
strength-weight standpoint for columns in general becomes 

5 

quite involved owing to the complicated relation between 
strength and slenderness ratio. In the Euler range where t h e 
same formula applies for steel and aluminum the problem is sim
ple enough. For columns which are too stiff to fall in this 
range the investigation must be conducted by plotting a series 
of separately determined points. 

The relations in- the Euler range will be studied first. 
In this range the strength of columns may be found from the 
following formula: 

= 

where P = maximum axially applied column load, lb. , 
r = least radius of gyration of column, in. , 
c = a constant depending on end conditions of th e 

column, 
A. E, & L = same as defined previously. 

Writing A and r in terms of d and k it is possible 
to rewrite the above formula in the following form: 

p = C TT 3 d ~i.l::.k 4 
) 

64L
2 

where d and k are the same as previously def i ned . Assuming 
that P and L are fixed by design conditions and that k is 
the same for 17ST and steel one arrives at the following rela
tion of diameters: 

= 

= 1.31. 

It will be recognized that this is the same relation of 
diameters as determined previously for tubular beams of equal 
deflection and hence it follows that the same weight relati on 
holds true, namely: 

O.615~ 

.. 
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In the Euler range of columns , th e n , an aluminum tube can 
a lways be designed for the s am e le ngth an~ axial load as a giv
en steel tube and still be about 39 per ce n t lighter. 

It has already been pointed out that outside the Euler 
range of columns the weight relation of steel and aluminum mem
bers becomes quite complicated. Ey means of trial and error 
methods, however, it is possible to determine this relation for 
a number of points in a range in which test data are available . 
This has been done using the results of tests reported in 
R.A.C.A. Technical Note No . 30 7 . The results of this study ara 
to be found plotted in Figure I for a considerable rang e of 
slenderness ratios . Three different steels were studied in 
preparing this figure . The first two, Steel A and Steel E, were 
heat-treated chrome-molybdenum ste els for wh i ch data were taken 
from t he N.A.C.A. bulletin previously re ferred to, while th e 
third, Steel C, represents an ordi nar y mild steel having a yield 
strength equal to that of 17ST . Stee l C was not used in the 
N .A.C.A. investigation but was included on this fi gure simp l y 
for comparative purposes. 

It will be noted that all value s were plotted against the 
Llr ratio for 17S T. The Llr ratios for the three steels are 
indicated below th e 1 7ST scale and will be found to d iffer con
siderably fro m it . This simply means, of course, that for a 
g iven length and load it is necessary to have a small e r Llr 
ratio for a l7ST column than it is for a corresponding steel 
column . It i s interesting to note that the scales for steel 
run irregularly compared to the scale for 17ST. 

At t h e right hand edge of t h e fi gure all t h ree curves be
come tangent to t he horizontal straight line at 61. 5 per cent, 
as would be expected from the study of the Euler range of col
umns given a b ove. The curve for Steel C dips below this line 
immediat ely, reaching a minimum value of about 37 per cent at 
Llr = O. The curves for the other two ste e ls lie above t he 
h orizontal straight line and the on e for Steel A actually goes 
above 100 per cent and shows a con side rable saving in weigh t 
over 17ST . All three curves have been carried up to Llr = 0 
e ven though actual test data were not available in t he case of 
Steels A and B for values of Llr less than 30. It was pos
s i ble to extrapolate from the test data wit h reasonab le accu
racy, however, and while the results may not be exac tly correct 
they at least indicate the trend of the relation. It may be 
afely concluded from Figure 1 that for a given l oad and length, 

17ST tubular columns may be designed lighter than steel columns 
for all values of Llr greater than 40 (60 for steel) regard
less of the strength of the steel. The above study i s ba s ed on 
the results of tests of columns having round ends an d it can be 
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assumed that the same relation woul u ' other end condi-
tions especially in th Eu_a r ~ nge where t. ~ r validity has 
already been demonst a ed . Te ~ e sults are n t available, 
however, fo~ other nd c on diti ons . 

VII - Tubular Memba"s Under Combined e n ~ *g a nd Compression 

Figure 2 shows he r atio of eights of tubular members of 
17ST and heat-treat e d chrome-molybdenum steel under combined 
bending and c ompres sion. The assump tions upon which this study 
was based are indicated at the bottom of the f i gure. The val
ues use d i n plot t i ng the curves were determined from data given 
in Figures 4 and 5 of N.A .. A Technical Note 1 0. 307. Since 
these data are based on a v erage results for the three steels 
tested, it may be a~sumed t hat the steel represented in Figure 
2 has a yield strengt h of abo t 116,000 pounds per square inch 
which puts it about midway between Steels A and B in Figure 1. 
The value of k ( ratio of inside to outside diameter) was as
sumed to be 0.96 for both 17ST and steel. It was not consid
ered wise in th is c a s e to extrapolate the data as was done in 
Figure 1 for col mns in compression only. since there was no 
background of tests to indicate the trend of the results. 

In order to s ow the effect of varying the ratio of trans
ver se load to axial load, P t to P, two values of m were 

selected as shown in Figure 2. 
itself is not the ra t io of P t 

I t should be understood that m 
a P but is defined as follows: 

m = 

where = transvers e load which would cause bending 
fai l ure when the axial load is zero. 

Since P T is different for a steel tube and 

it follows that m would a l so be different when 

constant. The m Va ues shown in Figure 2 were 
178T to give a reasonable relation of P t to P 

a 17ST 

P t is 

selected 
without 

tube 

kept 

for 
re-

gard for th e corresponding m va lues for the steel. The re
sulting ratio p/p t was a pproximatel y 8 for m = 20 per cent 

and approximately 3 for m = 40 per cent. 

Comparing Figure 2 with Figure 1, it is clear that the ad
dition of transverse or bending loads to a column does not 
greatly affect the weight ratio of 17ST to steel in the range 
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for which val u es are given. In fact it s eems reasonable fro m 
studyi ng the shap e of the curves in Figur e 2 that there is a 
tendency to approach t h e 61 per cen t line in the Eu ler range 
in the same ma nn er as was found in the case of F igur e 1 . 

VI I - The Effe.t of Lo cal Buckl ing 

It has be en as sumed throughout the d i scussion above that 
the strength of the tubular members was not affec ted by local 
f ailures, t ha t is . that the ratio of outside diameter of t ube to 
thickness of wall, d/t . was so chosen that l oca l fai lures 
coul d not occur. It often happens i n aircraft construct ion 
that in the effort to reduce we igh t t o a minimum, t he d/t 
ratio is ma de so large that if the members are tested to de 
struc tion th e y are found to fail lo cally by wall crumpling. 
The strength of s~ch members is always less than would be in
dicated by the formula s which app ly to me mbers of smalle r dft 
ratio . In general it may be said that the lighte st membe r for 
a given loading conditi on results from choo sing the dft 
ratio that is just on the bord er line of lo cal fa i lure. 

The r ela tions of th e variab l o s invo l ved in a study of 
local buckling are not v ery wel l understo od although consider
able work is being done by various investigators on this prob
lem. The re is some evidence that the limit of local bucklinG 
Occurs in aluminum tubes at a smaller dft ra t io than in st eel 
tubes. Naturally this fact would alter re su lts obtained in the 
foregOing discussion of weigh t ra tios since it could no longer 
be assumed that k (rati o of inside diame t er t o outside diam
eter) was t~e same for 17ST and stee l in al l case s . 

It shou ld be pointed out i n this connec t ion, howe er, t ha t 
the wall thickness of a t ube is often d ete rmined by the stiff
ness requ ired for handling the tube in t he sho p or f ield rather 
than by theoreti c al requirements . For this reason it is high l y 
probable that in many cases the advan tag e of th e greater resi s
tance of steel to local fai l u re unde r compressive forces could 
not b e fully re aliz~d . 

In order to study the eff e c t of d/ t ratio on t he rela
tive weight of 17ST and st eel t ubUl ar members it h as been as
sumed that the limiting d/ t ratios for 17ST a nd teel a re as 
follows: 

£(17ST) 
t 

~(Steel) 

= 

= 

50 

10 0 . 
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The se r a t io s of d/t may also be expr essed in terms of the k 
r a ti o' previousl y used in this report a s follows: 

k(17ST) = 0 .96 

k (Steel) = 0 .98. 

I t is believ ed t hat the above figures favor steel t o some extent, 
tha t i s, if the limiting d/t ratio for 17ST is 50 the corre
s po n d i ng d/t r atio for steel woul d n ot be as grea t as 100. 
The ab ove va lues will be satisfactory fo r the present investi
gat i on , howeve r , and will be used below to study t h e changes 
whi ch they c au s e on the ratio of neigh ts of l7ST and steel for 
th e v a rious loa d ing conditions. 

~~bu!~~_i~~~!£~_~~~~~~~.- A study of Section I V of this 
r ep or t wi ll s h ow that the value of k d o es not af f ect the rela
ti ve weights of direc t tensi on memb e r s in 17ST and steel. In 
other words, provided the strength of the material is constant, 
th e thickness of the wall of the tube has no effec t on the maxi
mum st ress whi ch the tube can carry i n direct tension and there
fo re t he conc lus ions drawn from S e cti on IV above apply just as 
well here. 

~~~ul~~_~~~~~.- A study of Secti on V above shows that the 
valu e of k a f f ects the study at sev eral points. Thus we find 
that the ratio of diamet e rs come s out as follows: 

tilZs T 1_ = [f.l9.i~~ll] t X [L::._k 4 i.§.i~ el l ] } 
d ( St e e l) f(17ST) 1 - k

4
(17ST) 

1 

= [ft~.i~~llJ '3 X 
( 

0.802. 
f 17ST) 

The ratio of weights of the tw o materials becomes 

tilz§.~L 
W( Steel) 

= !!.UZsTl_ 

w(S te el) 

= 0 . 4 53 X 

<: 
Li.1Z§.~L X 

<: 
d (S teel) 

.a 

[fi.St~e ll] 3 

f (17ST) 

X 
2 

l::.~~lZSTL 
2 

l-k (Steel) 

From the ab ove r e lation it follo ws that for equal weights 
the y i eld s t r eng th of steel must be 3.27 times that of 17ST. 
Assumi ng the y i e ld streng t h of 17ST t o be 40,000 pounds per 
squa re inch, the yield str e ngth of ste el would have to be at 
leas t 131,000 pounds per s quar e inch if the steel is to com-
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pete on a weight basis. It will be found that this comparison 
is much more favorable to steel than the one previously found 
in Section V as would be expect e d. 

For equal deflections in tubular beams it is found that 
the rati o of diameters is as follows: 

~.l!.I[!L 
d(Steel) 

= 
1 

[ 
!.l[.t~.~!.l] "4 
E(17ST) 

= 1.115. 

x 

From this it follows that the r a tio of we i ghts f o r equal de
flection s is 

0. 876 . 

Th ese figu r e s s h ow that, if the yield strength is not 
e xce e d e d, aluminum tubular beams can always be made 12 per 
cent l i gh t e r than steel tubular beams of the same span length 
and de fl e ction. A. co mparison of this statement wit h t he corre
spond i~g one ma de i n Se c t ion V will show that here agai n t he new 
k ra t i o s hav e be e n decide dly in favor of st e el but have n o t 
overc ome the wei gh t -sav in~ advnntage of aluminum. 

!~~~!.~~_~~~~~~i£~_~~~~~~~. - The ef f ect of t he new k 
valu e s on the ratio o f we i ghts of 17ST and steel tubu lar com
pressi on members wi ll no w b e s t udied . I n the Eul er range of 
column s i t Can be sh own t h at the fo l l owing relati on holds: 

~.l!.1[!1_ 
d(Steel) 

= 
1 

[~.l[i~~11]4 
E ( 1 7ST ) 

= 1 '.115. 

x 

Thi s expression i s identical wit~ the one giv e n above f or 
equal de f l e ctions of tubular beams and therefore i t follows that 
the r a ti o o f weights will also be identical: 

= 0.876. 

Fi gure 3 has been drawn in the same manner as Figure I ex
cept t ha t t h e new values of k for 17ST and s t eel were used. 
It will be n oted that the curves in this figure start at th e 
same po in t as in Figure 1 for L/r values of 0 but are high e r 
throughou t th e rest of t he ran ge of L/r values becoming tan-
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gent to the 87 pe r c ent l i ne 4n the Euler range. It is obvious 
that the new k val e s h a e be en very favorable to steel but 
have not resulte d in l7S T entir e l y losi g its weight advantage. 
It may be said fr m a study of Figure 3 that for Llr values 
of 60 or mor e 70 i n the c a se of s t e el), 17ST members can always 
be made lighter than s tee l . 

IX - The Ef f ect of eep ing Outsi de Diameters Equal 

So far i n t his repo rt the outsid e diameters of the tubes 
have been al l ow ed to var y as n ec e s sary in order to satisfy cer
tain c ondit io ns as t o the rati o of ins ide to outside diameters. 
I n general this has resu l t e d in 17ST being used very efficiently 
bec ause it h a s a llowe d the l7ST memb er to have a larger outside 
diameter than that of th e c or r esp on d t n g steel member of equal 
strength. It sh ould b e a p p r e c i at ed, however, that there are 
c as e s in which t he ou t s i de diamete r of the 17ST tube cannot be 
l ar g er than that of t h e c or r esp onding steel ube if the compari
s on of weights is to be ent ir ely fa i r. For example, exposed 
tubu lar aircraft members wil l offe r wind resistance in propor
tion to their diameter s a nd this fac t places a premium on small 
diamet ers espe c ially i n high speed p l anes. For this reason it 
seems wise to study briefly th e ef f ect of designing not only for 
equal load and length but also fo r equal outside diameters. 
This will be done in the fo llo wi ng paragraphs. 

~i~££1-1~~~i£~~~~Q~~~. - As pr e v iously oted under Section 
VI II t he relativ e dimensions of th e t ubes do not enter the prob
lem of comparing weigh ts of dir e ct t ension memb ers designed for 
e qual load and l ength and hence the c onclusions drawn in Section 
IV appl y equally wel l here. 

!~£~l~~_£~~ms.- I f a 17S T tubul a r beam and a steel tubular 
beam of equa l outside diameter are d esigned to carry the same 
load on the same span length, their inside diameters will vary 
according t o the ir yi e ld s t rengths . I f the yield strengths of 
the two ma te r ial s ar e e qual t h e in s i de diameters of the two 
tubes, of c ourse, wi ll b e equal. If the yield strength of the 
steel is greater than that of the l7S T the inside diameter of 
the steel tube will be som ewhat gr eat er than that of the l7ST 
tub e , bu t the diffe r ence will not be directly proportional to 
the differenc e i n y eld strength . 

These re lat ions can be s h own by the expression below which 
follows from the wo r k in Secti on V i f d(17ST) is assumed equal 
to d ( Steel ): 
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fi17e.!1_ 

f(Ste e l ) 
= 

It can also be shown fro m t h e work i n S ec ti on V t ha t for equal 
outs id e diamet e rs th e rat io o f we i gh t s is as f ol lows: 

!tl1~!1_ 
" (S t eel) 

= ~t11~!L 
w(Stecl) 

x 1-~~t11~!1_ . 
l - k 2 (Steel) 

Knowing these relati ons it has b een po ssibl e to prepar e 
Figure 4 whi ch s ho ws grap h ically th e we i gh t r e lati ons of l7 ST 
and t h r ee d i fferent st ee ls . Th e a s c i ssas for this figure h a ve 
been handled in mu ch t h e same mann er a s tho se for pr eced i ng 
figu r es, that is, the plo t t ing wa s d one on t h e bas is of t he val 
ues f or 1 7ST, an d t h e co rresp ond ing v a lue s f o r t h e s te els a re 
indi ca t ed b e low the ma in scale . It i s import a nt t o n ote tha t 
for Stee l s A an d B t h e k va l ues (rati o of ins ide to outside 
diamet er) do not s t a r t wi th zero a t t~e lef t s i de as d o t hos e 
for 1 7ST an d Stee l C. This mea ns t hat the re a r e s ome s i ze s of 
tube s wh ich i f ma de of a s t e el h avi n g h i gh e r pr op e r ti es than 
l 7 ST cannot be matche d in beam s t rength b y a n y 17ST tub e of 
equal outside diame te r r eg ar d le s s of wei ght . In o ther wor ds t he 
soli d rod becomes th e lim iting c on diti on bey ond which th e wal l 
th i ckne ss cann ot be i n c rea sed . S i nce c os t aircraf t t u bing fall s 
in t he rang e, k = 0 . 90 to 0 . 98, ho wev er, i t is unnec es s a ry t o 
cons ide r those impo s s ib l e c as e s. 

I t will be noted i n Figur e 4 t h at t h e curve fo r S teel A 
l i e s entirel y above th e equ al weight l ine whi ch sh ows tha t under 
t h e re striction of equal out si de diaDeters St ee l A wil l always 
mak e a lighter tubul a r be am tha n 1 7S T. I t can be sh own t ha t a n y 
ste el having a yield strength h i gh er t han 113, 000 p ound s per 
squa r e inch is simil a r to Steel A i n t hi s r espe ct . Compar i ng 
t h e a bove fi n ding s wi t h tho se o f Se ct i on V i t is ev i d e nt t h at 
plac ing a r e striction on t h e ou tsid e d i amete r of t he l 7S T tubu 
lar b eams has been favorable t o st e e l . 

Comparing tubular beams of e qual outs id e diameter designed 
for equal deflections u nde r a g iven lo a d on a g'ven s pan one 
finds t h at 17ST cannot co mp et e wit h ste el regar dle s s of strength . 
Th e c u rve r ep resenting t h e rati o of weights i n thi s case c oin 
c i des with t h e curve for S tee l D in Figur e 4 . 

!ub~lar £Qm~~~~~iQn_~~~~~~~.- In th e Eu ler range t h e weight 
r el a tion of 17 ST and s e el tubular c o l u mns of e q 0.1 outs i de d i a m
e t e r i s e xa c tl y the s ame as that f or bea ms o f e qua l def lecti on, 
and c a n be represented by t h e same curv e . Thi s mea ns that i f 
outsi d e diameters are held e qual , slender l7 ST t u bu l a r c o l u mns 
wil l always be heavi e r than s t eel column s o f e qu a l l eng th and 
strength regardless of the pr op erties of t h e steel us e d. 
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For tubular c olumns which are too short and stiff to fall 
in the Euler range the relati n of weights of 17ST and steel is 
complicated by the f act that bot~l s endel'ness rati o and k 
ratio are var iables wh i ch aff e ct the results. In order to plot 
the values shown in Figure 5 the prob lem was simplified by 
select ing an average value fo r the k ratio for st ee l, 
k(steel) = 0.94 . This ma d e it possible to show the trend of the 
weight relation for various slendern ess rat'os. If a higher k 
ratio had been selected for the steel the curves woul d all have 
been lowered slightly and vice ver sa In other words, the thin
ner the wall of a steel tube the bette r chance l7ST has to com
pete on a weight basis for a given out s ide diameter. 

I t will be noted in Figure 5 that the curves for Steels A 
and B b c ome tangent to and fo llow the 128 per cent line toward 
the ri ght side of the sheet. It can be shown that the curve for 
Steel C does the same if continued beyond the limits of the 
sheet . This 128 pe r cent line repres ents the weight relation in 
th e Euler range of co l umns and may be checked by studying the 
dotted curve in Figure 4. This curve has an ordinate of 1.28 at 
th e poin t whe re its k value is 0.94. 

Comparing igure 5 with F igure 1 it is clear that holding 
the outsi diame t er of a l7 ST tube the same as that used in the 
corresponding steel tube has again be en favorable to the steel. 
It h as resulte d in Steel A being lighter for all slenderness 
ratios and has almost put Steel B in the same class. 

x - umma y 

The pr ec ed i n g sections of thi~ report show the relation of 
weights of tubular structural members built of l7ST and various 
st eels for a number of types of loading . It has been demon
strated that l7ST mak es a c onsiderably lighter member than 
steel in ma ny cas e s but it is difficult to summarize the find
ings because of t h e many variabl es involved. Therefore it seems 
well to restric t the f oll owing d iscus si on to a comparison of 
l7ST with on e typical high str ength steel. The steel selected 
will be called Steel E and wi ll be one which will meet the U. S. 
Army Air Service Specif ication No. 10231-B (June 2 1, 1 926 for 
Alloy Steel Tubes.* Thes e s pecifica tions call for a minimum 
tens ile str ength of 9 5,000 p ounds per square inch but state no 
yield streng th. Assum i n g 97 per c ent for the rati of yield 
st rength to tensil e s trength* one arr ives at a yield strength 
of say 92 , 000 pounds per square inch for S teel E. The l7S T 
~~--------------------.----------------------------------

*N.A.C.A. Technical Not e No. 307. 
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t ub ing will be assumed t o hav e a 40,000 pound pe r square inch 
yield strength in co mp l iance with Army Navy Specifications 
A N 9092 (1929 issue). Ther e fore the assumed ratio of yield 
strengths will be as follo ws : 

ri~l£_~i~~~gih_~i~~l_~ 
Yield strength 17ST 

Tubular Tensi on Members, Equal Strength 

17~t i s abou t 18 per cent lighter than Steel E. 

Tubular Beams, Equa l Strength 

17ST is about 38 per c ent lighter than Steel E if the k 
ratio of the 17ST tube can b e equal to tha t fo the stee l tube. 
The outside diameter of the 17ST tube wi ll be 32 per cen t great
er t han that of the steel tube . 

l7ST is about 2 1 per cent lighte r than Steel E i f the k 
ratio of t he 17ST tube mu st be smal l er than that fo r steel in 
the ratio 0 .9 6 to 0.98. The outside diameter of th e 1 7ST tube 
will be ab out 6 per cent greater than that o f the steel tube. 

If th e outsid e diamet e r of the 17 ST tube can not be l arger 
than that of the s t e el tube, 17ST will b e lighte r than Steel E 
only when the k rati o of the steel is g reate r than about 0.90 . 
Even in the most fav orable c ircumstances (k for steel grea ter 
t han 0.98) 17 ST can be on l y about 20 per cent lighter. 

Tubular Beams, Equal Defle ct ion 

17S T is about 39 per cent lighter than Steel E if the k 
rat io of the 17ST tubOe can be equal to that fo r the steel tube . 
The outside diameter of the 17ST tube wi ll be 31 per cent g reat
er than that of the steel tube . 

l7ST is about 12 per cent lighter t ha n Steel E if the k 
ratio of the 17ST t ~be mus t be smaller than t hat for the s teel 
tube in the rati o of 0 . 9 6 to 0 .98 . The outside diameter of the 
17ST tube will be about 12 per cent greater t han that of the 
steel tube. 

If the out side di ameter of the l7ST tube cannot be larger 
than that for the steel tube the former will be heavi er by at 
least 6 pe r cent. 
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The stat ements above for beams of equal deflection are not 
res tri cted to a comparison of l7ST with Steel E but apply equal
ly well for any other steel having a modulus of el a sticity of 
about 30,000,000 pounds per square inch. 

Tubul a r Columns, Equal Strength, Euler Range 

The stat ements made in the first three paragraphs for beams 
of equal deflect ion can be made equal ly well. 

Tubular Column s , Equal St r eng t h , Outside Euler Range 

When short stif f columns ar e c on sidered, the relation of 
weights becomes complica t ed and ref e r ence should be made to 
Figures 1, 3, an d 5 . Th e curve f or Steel E in each case would 
lie j u st below that fo r S t e el B and would become tangent to the 
horizontal line at a bout th e same point. In general it may be 
sai d that if the ou tside diamet e r of the 17ST tube may be made 
larger than that of the s t e e l t ub e , 1 7ST is lighter than Steel E 
by a bout 5 to 39 pe r cent depending u pon the restrictions placed 
on t he k ratio . Even when the outside diameter of the 17ST 
tube cannot be larg e r tha n t ha t of the steel tube, 17ST 1s 
lighter than Stee l E i f t he st e el t u b e has an Llr ratio of 
40 or less. 

XI - Conclusions 

The followi ng conclusions are based on the studies pre 
sented in this rep or t: 

1. A st e e l tubular s tructu r al member designed for a ny 
ratio of dlt (outside diamet e r t o wall thickness) can be 
equa lled in streng th by a 17ST tubular member having the same 
d/t r atio at a subst a ntial saving in weight as indicated below . 

a) If the yiel d strength o f the steel is equal to 
that of l7ST, t he 17ST tub e will be from 38 to 64 per 
cent lighter. 

b) I f the y i eld strength of the st eel is about 
equal to 97 per cen t of th e minimum tensile s t rength 
for alloy ste e ls s tate d in t he U. S. Army Air Service 
Specifications No. l 0 23l-E, say 92,000 pounds per 
square inch , t h e 17ST tube wi ll be from 10 to 40 per 
c ent lighter . 
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c) If the yield strength f the ' steel is 
raised to about 115,000 pounds per square inch the 
l7ST tube begins to lose its weight- saving a d van tage 
for tension members and s h ort co u.mn s but r e tain s 
some advantage for beams and 1 ng c olumns. 

d) Regardle ss of t h e other p op ert i s of the 
steel o i f the modulus of elast i c ity r e ma n s ab out 
30 ,000 ,000 pounds per square i nch the 7 1 tub e wi ll 
always be 39 per cent lighter t han the ste e l tube 
fo r on g co l umns and fa~ beams de signe d for a given 
deflect i on 

20 Under the condition s stat ed f or the first co n c lusi on 
th e l7ST tube will have a larger outside diameter t han the st ee l 
tub e in the four cases & indicate d be low : 

a ) the yield strength of the st ee~ 8 equa l 
'co that f 17ST the diameter of the 1 7 t be vlill 
b e fr o ° to 31 per cent l a rg r t han that f th 
steel tub e. 

b) If the yie d strength of steel i s 92 000 
poun d s p e r square inch the diamete r of the l7ST tube 
will be f rom 31 to 58 per cen l arger . 

c ) I f t h e yi eld st r engt f s t ee ~ i s 115 ,000 
pou, d s pe s~uare i nch he d ame ter of the 17 ST tube 

i l l be fr m 31 to 72 pe r cen l arger a 

d F or l ong column s a.nd r b eams designed fo r 
a g i ve n e flec tion the diameter of the 17ST tube 
will b e 31 per c ent la~ ger 

3 . If it is sp ecif ied that the outside di ameter of the 
? ST t ube cannot be larger than t h at f t h e steel tube, 17ST 

3 muc of 6 weight-s a v g adv an tage for co l umns and 
be am s .n l ong column s and '.Ll. b e am designed fo r a given de 
lact i on , teel tlbes wi be light er regardless of the y ie l d 

a t e ngth 0 · he steel ~ I n s~or t column s and in beams de s"gne 
fo r st rength the 17ST tube will b e c ons iderably l ighter if the 
steel has a i eld strength about equa to that of 78 bu ' wi l l 
lose this a.dv a.nt age rapidly as the y ie ld s trength i s rais ed 
If the stee l has a yi eld strength o f mo r than 115 , 000 pound s 
per squ ar e i nc h the s teel tube will b e l i ghter than the l?ST 
tub e for alII ading conditions • 

.1.1:0 f t e a./t 
smalle tha n that fo 

ratio for a 17ST tube mus t be kep t 
a steel tube because of the likelihood 
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of local compression fa i lure , 17 ST loses some of its weight
saving a dvantage in short columns and in beams designed for 
strength but not as m'ch as indica t ed above for the condition 
of equal outside diameters. 

5. For most tubular s tructural members l7ST should be 
able to compete easily on a weight basis with any steel having 
a yield strength less than 90,000 pounds per square inch. In 
some cases it should be able to ~ompete with steels having 
yield strengths as high as 115,000 pounds per square inch. 

XII - Recommendation 

It is recommended that this investigation be c ontinued 
to study more thoroughly the effect of variations in ratio of 
inside to outside diameter. This can only be done when more 
complete data are available on the subject of local buckling 
of steel and aluminum tubular members in compression. 

Aluminum Res earch La"bora t orie s. 
Aluminum Company of America. 

New Kensingto n , Fa., March 27, 1931. 
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Assumpti ons 
p (l7ST) ~ P (Steel) 
L (l7ST) = L (St eel ) 
Pt (l7ST) ~ Pt (Steel) 
k (l7ST) = k (Steel) 
Pt = m x Load requi red to 
cause bending failure of 
l7ST tube when P = O. 
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