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~JAT !OHAL ADVISOIl.Y CO~m I TTEE FOl1 AERO.,JAUTICS 

INcn~k SE OF T~TI SPECIFI C LOAD U~DEn TE~ SIO~ , COMPRESSIon, AND 

~UCKLI ~G OF WELD:D STEEL TU~ES I ~ AI RPLAliZ COilST~UCTIOV JY 

SUI~~nL~ TaE~T~TIrT OF STJUCTU~AL STEEL A~D BY PROPER DESIGIT* 

~y J. MUlle r 

AlthOUGh roce~tly tho li cht- no t a l stressod-skin con
struct ion has l a r Ge l y r op l n co d the wel ded - steel-tube fru2c 
work construction for n irplane structur es , it viII ~ever
thele sa not bo possible en tirely t o dispe~sc with the stoo l 
tubo as a te~sion n~d compres s i o~ clenent . In the l and in~ 

r enr, o_l.';Lle D0un ti ;:l(-; ane. also n.s surf::..co supportinG strut 
the sto\31 tu-)O , on ~'..CCQUl1t of t he sinplicity of the \'lcldec~ 

joints it pern it s and its outstand i n G stron~t~ character 
istic s fo r ~irp l nnos of ~ ll t~pcs , will c ont i nue as beforo 
to D~into.in its p l nce . 

I~ this report so~o conside r a tions nnd t es t r osults n ro 
p re se~to~ that pay l end to h i ~he r t ens i on , conprcssion , and 
buc~lin~ st ro sses t~~n is possib l e with tho wclecd - stcel-
tub e st r uts of the usua l fnoilin r const r uct i on . Tho new con 
str uc tio~ not~od i n~ic~ted , which nukes poss i b l e a consi1er
nbly betto r nn t e ri o l utiliza ti on ald honce a savinG in feight, 
h~s ~ec~ tested i n 0. nunbe r of Fockc-Wulf typos also i n ser
ies p ro ~uction and has fu lly justified itself. 

Ll OJ'-Y st ruct u r a l (lcs i f';~!. problem , th e l enG ths of th e 
struts ~~d tho lo nds to be tako2 by then are Bone rally ~ iv
on. ~n ni rpl ane frnncwork structur e Dust , on account of tho 
various flL~l~t .'1ncl 10.:lu in [:; conuitio::1S OnCOUi.ltorcd., often be 
able to take up a certain te ~si l e ant also a de finite pres
sure l ondinG. Oft en , too , only one t ype of l oad in g occurs. 

As is known , the properties of th o nate r ial that deter 
r.li~c tho cr oss -s ect i o:'l~l a r ne. D.na hGl1CO the wei .;ht of the 

*"Er h6~ung dar spdzifischen 3e l nstbar keit bo i ZUG, Druck und 
Knickun ~ von oinGcschwoissten Stahlrohr - Fac~workstreben in 
FluGzeuGb~u durch Mnssnnhnen werkstofftechnischer und kon 
strt-,:~tivcr ~rt . II Luftf !1.h rtforsc~lun{; , vel . 1 6 , no . 1, Jnn. 10, 
193 9 , PJ} . 14-17 . 
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tube welded a t each end n r e : i n t he c ase o f te ns il e load , 
t he s tr anc t h and t he e l as tic liDit of t ho ca t e rial i n the 
r ag io n a~nGal o d by the weld ; i n t he c ase of conp r essive 
1 02..(1. , as s u r. i:l b suf fic ie n tly h i Gh s l ende r ness r a tio of t he 
strut , the el nc ti city no~ulus co rr esp on d i ng t o t he buckling 
r e l at i on of Eul e r , th i s nodu l us bein G i ndependen t of the 
condition of t he mato ri al whe t he r welded o r unwelded ; i n 
t he c ase of l owe r slenderness r a ti o , the str etch i n g or 
buckli:lg lic i t of the welded tube . 

It Day be s een that wi t h the excep ti on o f the case 
whe r e on l y buck l i ng stress i n t he Eu ler r ee i on oc curs , the 
zono affec t ed by t he we l d i s a l ways of dec i ded s i gn ific an ce 
f o r the d i oens i o n s and wei g h t of t ho st r ut . The Danne r i n 
which t he s t ee l t ubes app li ed i n airp l a ne c onst ructi on are 
affected as r ega r ds ce t all o~rnphy and stren ~ th by the weld 
i s known (r eferences 1 and 2) . An essen ti a l p o int b r ough t 
out i s th a t the t ens il e and coopressive stre n g th of butt 
we l ded tubes c o rr esponds to t he stren ~ t h of th e unwel ded , 
annea l ed tube , so th a t it aeS UDes a Din i o u o vnlue wh i ch i s 
characteristic o f eac h type of steel . Co l d or ho t joining 
o f the st r u t t o be welded the r efore , a l so outside the Euler 
r ange , i s o f no si gn i ficance and the hea t tr ea t ment of a 
tub e cannot be utilized e ither for t e n s il e or co~press iv e 

stress unless the welde d fr anewo rk i s tr ea t ed as a who l e , 
wh i ch tr oa t Den t , however , on account of the size and defo r
~atio n fea r ed i n ha r den i n G i s gene r a ll y i mpossible . 

There was no dis advan t age in this as l ong as f o r a ir
plane c ons truct i on only unalloyed steel tube was employed 
whose strenc t h properties c annot be essen ti a lly i nc r eased 
over t hose of t he welded s tate . Th is was a l so t he r esult 
r eached by A. Rc chtlich i n his comprehens iv e i n vesti ga tions 
of 1 930 (reference 1, p . 4 10) , naoe l y : " that t he weld up 
to t ~e very sna Il s le ~de r ness r a ti os is with out e ff e ct a lso 
in the non - e l as tic r ange ." The bucklin g values o f welded 
un al loy ed t ub e s for s le nde r ness r a tio s g r ea t e r t h an 1 5 l ie 
as h i gh as f or those of the unwo l dod tubes . 

The ca i n r es ult s o f t he compre ss ion and b uckli ng te s ts 
of Rccht lich with t wo kinds of tube of vari ous carbon con 
t e nt ( 0 . 1 t o 0 . 1 5 percen t and 0 . 3 t o 0 . 5 perc en t) a r e s hown 
i n fi gur e 8 . 

Since the i nt r oduc ti on of chr one - Do l ybdenuD steel 
tubing i n t he Al bat r os works a t Derlin - J ohann i s t ha l, the 
object a t Al batros and l ater a t Foc ke -Wu lf was consistently 
f o ll owed of utilizin g th e heat tr eatnent possib iliti es o f 

_J 
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this steel as fa r as ~o ss i ble a l so fo r welded - tube st r u t s . 
TLe esse~tial r esult s of t ~o c o~p r ess i on and buck li n~ test s 
will be reported i n wha t fol l ows . Tho buck lin~ (~> 1 0 ) 
uas carrie~ ou t on a t es ti n ~ cach i nc botwoen knife cd~es , 

so t:l.J,t t __ c d.e,:;roe of end. f i x i n 3 vias p r actically equal to 
zoro . Each i ndivid.ual s tr~ t a ft e r t ~e d e forDat i ons , wh i ch 
for tho loa~ i ~~ i n the e l ns t i c rR~ge we r e 0bserve~ with 
GaEes conncct~d a t the s i de~ , was cen t e r ed by a displace 
nent nrra~ceDent coun t ed at the kn if e edges . The specioens 
for tilO cor.1pression t es t s ( ~< 1 0 ) ,'Je r e conpressed be 
tween two flat platos ~ i th a sphere segnent co~nected be 
tweo~ , i n order to o~ta i n as ovon p r ossur e distribu t io~ as 
possible . The t ubes we r e s tr ai~h t ened bef ore t~e buckli ng 
and t~e ends g r ound oven . 

Tho tes t spoci~ens wero of Ace ri can , S~edish , and Ger
ca~ ~ ri G i n . ( See t able I . ) I n nll cases , however , only 
c~r0~e -Dolytdenuo stoe l s we r e used wh ic h cor r espocd i n COD 
position to t he av i at i on ~ate r ia l 1452 . In t~e state i n 
w~ich t hey we r e s uppl i ed the t ubes wo r e ~ea t - treato~ as is 
custocary and a~pare~ tl y on l y afte r t~e l ast cold - d raw i n~ . 

The T_:ir:.iiJuo strer.. :'o t 'l of t 10 s t oo l 1 ,]'52 uS vd as a basis for 
tho conputat i on i s i n t ho n.nenl ed anf welded stR t e 60 
kg/nn 2 • In th 0 he a t - trea t ed s t a t e a va l ue of 120 kg/cn 2 

Day bo obtained . 

F i gure 1 shows the r esults f r oD th r ee buckling tes t s 
of tho year 19~O wi t ~ ch r one -~olybdenuD steel tubes ~hich 
were cut f r oD the c or r 0spond i n ~ r ods i n the delive r y state 
and were thus b l c k l ed u n c hanGed . C o rr espondin~ to t he i n 
cr8asc i n the yie l ~ po i nt u nde r conp r ess i on an~ t he tens i le 
st r eneth , there i s found an i op r ov ecen t i n t he buckling 
st r enGth as conpar ed wi th t he u nallo y e d s t eel tubes . ( Soe 
ta"ble 1. ) 

Fil:,t1 .. l'a 2 l-:; i ves t ~c r os ults of a se r ies of test s of 
1931 . They were s pec i ally carried ou t because the t wo pairs 
of bucklin G val ues of t ubes 35 x 1 and 10 x 1 were so d i f 
ferent, be i ng i n t~e r everse Dense to what was Bxpectei f r oD 
t~eir slenderness r a ti os , t ha t a no r e accur ate investigat i on 
of the tubes was jus ti fied . Tao velu es ob t ained arc g i ven 
i n table I I and t he g r ain s t ruc tur e sho w .. i n fi t,,;ures 3 and 4 . 

The g r ain s truc t u r e p ic tur es show i DDediate l y the dif 
ferent strel1t" t h p r ope rt ies . I n t he se c ond c a so , the ha r de r 
cor~o~ ~t ( i~on ca r b i de ) i s far ~ore un if o r Dly distr i buted 
t~an i n the 35 x 1 t u be . This l aQds t o the considerably 
~iGhor tensil e lini t s of t h i s tube a~d t~ese again to tho 
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hi~ho r buck li ~C strc~bth i n th o plast ic r eG io n . Tho Grain 
structure a~d p ro perti~s of t~o 40 x 1 tube nay be attai~ed 
with th o stcol 1452 by hent trcatncnt . 

I~ 1932 a serios of hucklin G rods of averaGe slender
ness r atio 35 to 60 were i2proved to a s tre n~th of about 
110 kG/nn2 . The bucklin c - s tron~ th curv e obtained rises 
alo~~ t ho ~uler c~r7e u p to a b out 50 kg/Dc a and in the 
Tetnaje r r o~ io~ still h i ehe r as shown i n fi Gure 5 (nuDc ri 
cnl v~lucs G ivc~ i n table 3) . As a result of Do re p ressi nG 
problo.~s , thi s ~ork was not o~ded until 1934 with tho fol 
lowin G two Inr Ge r ser ies of tests : 

First t ho re was detcrr i n~d the effect of on annenled 
wel( ~t tho a~d of the ho~t -trea ted buckli ng rod, si~ce it 
wus supposed th at s uch an effect o~ t ho bucklin g curve 
woul d 1:>e relatively snaIl . Di ~h tccn rots of tho slenderncss 
ratio under co~sidcr n tion were first icproved by hoat treat 
ne~t fr on 110 to 12 5 kG/~C2 . Then at both e~ds 10 rilli
neters d istant fro n tho latter ~ ~utt joint was Dade by 
weldi~G n saw cut th~t did not quite GO through . 

F i GU r 0 6 . and t , .bl c I V s h 0 H t h [l t · i nth e en t ire r e [: i on 
l yL.C bolo,,; t"lO Eul or cV.rv o , th:'.. t i[3 , u:p to L.c slcncler
neas rntio 55 n lJ i nir·1u::,~ 1:> ucklin g stross of 60 k f, / r.m 2 nay 
1.'7 i t 1 C crt [. i n t y h e 11 t t a i :1 0 C) • It i s t 0 ben 0 t e 0. t h. a t a Iso 
for this hi Gh slenderness r a tio buckli nG failure occurr ed 
a t t he e~ds whilo tho rod itself r ecn i ncd unchan Ged over 
its ent ire len ~ th . Conpression piocDs of the lcn~th of 
their diacetor which pieces wo re treated and welded iL the 
ce~tcr ~avc the sane conpressivQ stron ~ t hs (fi g . 6) . Those 
valuos for which failur e could not be attained with the 
test cach in as availn~le are ind ic a t ed with an arrow point 
in c; uj?ivarc1 . • 

C onsidera~ly hi 7 h er buckli n~ stresses below th e Euler 
curve Day be nttained if care is taken to see th a t the 
above-De~tioned bucklin~ failures are avo ide d , i . e .: if the 
st r uts before th e tr eatuent arc so des i gned that in the ro
g io~s which arc a~n i ~ annealed by weldin ; to the fr aDcwork 
the thickness of th o walls is cado correspo nd in gly great e r 
than in tho renainin h r eGion not affected by the heat of 
th e we ld* . The re enfo rci n~ of the ends is Dost econoeically 

*Thi s process is IC G~ lly protected by the fire of Focke 
vlulf Fluszeu;::; bn.u G. D. b . R. , 3re~.:cn, t~lro'.lbh Dap . Inventor : 
Dr . - In c; • i'1 iUI e r, J r e ;:;. en . 
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e ffecte d as se e n in fi ~ure 7 by th e welding of thicker 
tube ends with heat-treatable weldin G wire 1453. 

5 

Thirty-three specinens a ccordi ng to fi e ure 7 with a 
hent- tr eated (110 t o 120 k c /m n2 ) and an untreat ed weld at 
each end and with slenderness ratios of 20 to 55 were thus 
prepared and buckled between knife edges . The buckling 
stresses a ttain ed a r e shown in fi gure 8 and it may be seen 
by conparin g with th e other lioitin g curves that t he ga in 
is conside r ab le. 

This i s particularly the c a se for slenderness r at io s 
of 20 to 60 . It is only at slenderness ratios highe r than 
75 that the strain lin it of the annealed chrone - molybden un 
steel tube is sufficient to attain th e Euler curve with the 
bucklin~ s tress. Above this slenderness r at io, an incre ase 
in the buckl in G lo ad by heat treatne n t is entirely inpos
sible. The stronG st ruts t ha t pa rticllinrlyaffe ct the ove r
all weiGht of the a irp l a n e lie , however , within the r ange 
of Doderate slenderness ratios whe r e the fact is also to 
be taken into a ccount that t he effective slenderness ratio 
becones scalIe r thr OUGh connection in the fr amewo rk. 

In t he case wh e r e t he te n sile stren Gth is the factor 
of ioportance for t he d i oens ionin G o f ~ welded steel tube, 
it is possible b y t he des i g n method de scri bed to save weight 
in each case, i . e ., independent of th e len g th. In the nor
na l desiGn wi t h con s t an t cross section only th e anneal in g 
stren Gth of th e s teel CRn be considered , independent o f the 
stren~th befo re weldin G. If t he en ds , however, were reen
forced before weld i n ~ and the rod then tr ea te d, each sec
tion can be dimensioned to corr e spon d to its streng t h . The 
Gain in wei Gh t thus a tt ained approaches , with increasing 
len Gth of strut , t he rati o of annealin g strength to heat. 
treatin g st r enG t h of the steel, i . e ., for 1452 half t he 
we i ~ht of the st rut . 

Figure 9 s10ws a section of the l and in g gear of the 
Fw 200 "C ondo r" in which reenforced heat-treated struts 
were applied. 

Translation b y S. Reiss , 
National Adviso r y Co mm ittee 
for Aeronautics . 
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1 . Rc c h t1i c h, A.: Gru~a1a~o n fUr d ie konst r ukt ive Anwe ndung 
u nd Au n ffihrun g vo n S tah 1r ohrschweissun ~ en in F1uGzeug 
~au . J ah r b uch 1 93 1 de r De utsc h en Vc rsuchs an sta1t fUr 
1uf tf~a rt, pp . 379 - 438 . 

2 . i-Hllle r , J .: Unt e r such u :1G ' be r d :!. o Sc hw i nr;r .. n g sfestiGke it 
to r Schweissvcr bindun g von St ah lr oh r en vcrsc h i edcne r 
Zusan~en9ci zunG, ~ i c ffir Ko~st ruk tionszwecke , in sbc 
so~dc r G fUr Fa chwcrkb a u , i n ~etracht kO~Den . Di ss . 
1932 D0r J.i n . 
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• rp_ ~\L"' I (fl' 1) ~~ ~ .w b ' 

Duckl i ne nnd Resistance Co eff ici ents of 

~on -Heat-Trfrated Ch ron~ -~~lybde~un Ste o l Tubes 

I 
l 

(J:J Ori Gin " I (J Ie D x S CYO . 08 (Jo . ;:; 

I kg!Dn 2 Til 0 k g /nn 2 

'8 1. 5 30 . 5 I 50 . 9 42 . 4 

~ 
40 . 6 52 . 9 

A!'JC r iC i..~ n 40 . 6 '48 . 7 25 . 5 x 1.5 47 . 5 71 81 

25 . 2 61. 3 
24 . 9 53 . 2 

j. 81. 8 26 . 4 25 . 5 x 3 45 . 8 60 82 61. 4 38 . 4 

-

25 50 . 0 ') 
25 50 . 5 I 50 46 . 4 I 

Ge rr..l8.11 
40 49 . 6 ~ 30 1 

1
40

•
5 5tl- . 5 66 . 4 40 49 . 3 

j 
x 

80 31 , 7 
80 31. 8 
6 0 4 1.4 

... 

29 . 5 56 . 6 } S"led i sh 60 48 . 3 30 x 1 I 3 9 53 . 5 62 .7 
80 34 . 5 
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TA:LE II (fi f, . 2) • 

3ucklinC Co off i cients and Oth e r Prop e rti es of Ch r one -

Moly~(enun St eal Tubes i n Delive ry St ate 

\ 
-

ClK 
I Cl o • 2 (J .,., T· X S A jClo • 0 2 St r ucture '-' J.J 

[12 kG /onzi lr~/"'''12 .1-_ (? J •••• 

I 
35 x 1 30 45 . 6 33 . 5 50 62 Granular pearlit e i n 
35 x 1 30 45 . 7 37 51 64 fl' e e f err ite 

( fi g . 3) 

40 x 1 47 56 . 9 50 68 85 So r bite witho ut free 
40 X 1 47 59 . 7 - 72 83 f e rrite (f i g . 4 ) 

32 X 1 62 40 . 7 
32 x 1 62 43 . 6 
34 x 0 . 75 68 42 - -
34 x 0 . 75 68 42 
36 x 0 . 75 47 45 

T A3LE I I I (f i g . 5 ) 

~uckli ng and Te ns ile Stren g th of Heat - Tr eated 

Chrone-Moly~denu~ Stee l Tubes 

D x S (J 
:J A (J K 

::-10 Y:.f!,/nr,2 k g,/mm 2 

14 1 1 0 8 . 7 53 . 5 60 x 
0 54 . 5 

36 . 5 75 
43 . 5 70 . 5 

26 1 112 . 3 37 65 . 5 x 48 . 5 64 . 5 
55 56 . 5 
50 50 . 5 
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TA1J LE IV (fi g . 6 ) 

~u c ~li ng Tests on Hea t-Treate d anl Then Welded 

Ch roDe - MolybdenuD Steel Tubes 

- I I 
-

}) S (]I _ f.. CY K X 

DD kg/f1~2 I kG/ nL12 

i 

11 8 . 4 I 40 70 . 6 
119 . 1 40 69 . 3 

30 X 1 113 . 5 i 27 . 2 68 . 3 
1 14 .27 . 2 70 . 3 

124 . 5 50 - > 71. 2 
120 . 2 50 f a ilure not ob -
124 46 . 5 

I 
tained with g i ven 

35 x 1 125 . 8 I .46 . 5 testin g [lach i ne I 1 21 4 0 

I 1 26 . 5 29 . 1 

11 2 . 2 50 63 . 3 

40 
114 50 63 . 8 x O. 7E 127 46 I 68 . 3 I 

- ! 30 I 63 . 8 

III 50 > 6 5 . 5 

40 1 - 50 > 64 . 7 x 127 48 . 5 > 65 . 5 I 

119 I 48 . 5 > 63 . 5 
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TAJ1E V ( fiC . 8 ) 

_ucklin G Tes ts on He ~ t - Troated Chro~e -MolybdenuD 

St eo l Tub es with Roenforced Ends 

D x S 
" 

"-cr,) ~ (JK 
.... "1 r~ I k g / D0 2 k g / T1[12 ~ .: .l~ ! 

_ .-1-

I 
117 . 5 55 69 . 7 
117 50 . 3 77 . 4 
III 50 7 G. 8 
12 0 . 2 50 71.5 
117 50 70 . 5 
10 8 . 5 50 70 . 6 
11 '7 . 5 47 . 5 86 . 8 
11 8 . 9 47 . 5 85 . 7 

28 x 1 1 21 45 86 . 5 
109 . 3 44 . 8 86 . 5 
113 . 2 44 . 8 93 . 5 
1 21 . 5 40 . 3 91 
12 3 10 . 2 88 . 7 
121. 9 34 . 8 9:-5.1 
1 21 30.2 > 91 

I 
11 3 30 > 91. 5 

20 . 4 > 91 
20.3 > 91.5 

---f-
I 111 55 72 

10 9 . 5 55 6'1 . 8 I 
11 3 . 5 50 76 . 8 
104 49 . 8 78 
108 . 5 46 . 7 83 
125 .1 4:5 . 5 90 . 8 
11 G 45 > 9'1. 3 

3 " 0 x 0 . 75 111 . 4 '1-5 80 . 8 
1 1 4 . 5 4 0 92 . 2 
111 39 . 7 89 
11 S . 5 39 . 7 90 . 2 
11 ::1 . 4 29 . 9 > 9 6 . 5 
11 3 . 5 

! 
29 . 9 92 . 7 

11 3 . 4 19 . 6 > 9G . 3 
117.2 20 >1 00 .1 

I 
~-.-
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Higure 1.- Buckling teat. wit h 
unhaat-treated chrome-molybde
num steel tubes. 

Figure 4. - Grain structure of 4Ox1 stee 
free ferrite. Nagnlflcation 500 t imes. 
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Figure 2.- Buckling tests wi th 
chrome-molybdenum .teel tubes in 
the delivered atate. 
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figure 5.- Buckling t eata with 
heat-treated chrome-molybdenum 
S Y81 tubes . 
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Figure 6.- Buck11U6 teats 
and compression teats with 
neat-treAt~d and then butt
welded chrome-molybdenum 
steel tubes. 

____ He_At-treate Connection to 
• trut ~-L-----l framework we ld-

. Heat-treated w Id ed after heat 
treatment 

I I 

I I 1------
I I 

zone 

Figure 7.- Reenforced end of heat
treated framework Itrut to be welded 

o fO {K/ eo 

~1gure 9.- Section of landing gear 
of 1'w200 "Condor" with welded heat
traated fr~oework struts. 

Figure 8.- Bucklin& teats with 
heat-treated chrome-~olybdenum 
steel tube. with reenforced ends 
(the two lower limiting curves 
after Rechtllch). 
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