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Strength and Stiffness Tests on Multi-Web
Baxes in Steel and Titanium at Zlevated Temperatures.

SUMMARY

The report contains the rcsults of a theoretical and experimental study
of the pure bending strength and torsional stiffness of stainless steel
(D.T7.D.166 and Firth Vickers 520) and titanium alloy (I.C.I.317) box beaus,
This research forms a contimuation of the work already carried out cn
aluminjum boxcs ai ambicnt %emperaturcs repertcd in S & T lMamo 1/61.

The new work has formed an cxtension of the orizinul ilinistry of Supply
Contract No: 6/.iroraft/11020 CB,7(b).

Part I of the report covers, in full dotail, the results of experimental
work on a total of nine bax-beams, throe in each material. 3ach box was
subjected to torsional stiffress tests and then broken in purc bending, these
tests being carried out on identical boxes, in_cach material, at ambient
temperatures and at steady temperatures of 200°%C and 3009C, In order to reduce
costs the baxes were somewhat smaller than the aluminium alloy ones of the
original prograrme and contained only threc cells instcad of the original five,

Part II of the report compares the exporimental results with the same
theories used in Part II of the original report § : 2 l.aw 1/61. It is concluded
that there is reasonably good agrcauent betwoen the theory of pure bending -
failure of Refaorence 2 and the experimental results, Tho agreanent is not
80 good at clevatod tamperatures as that in the original report, but this
can be attributed to the greater scatter in experimental rosults which would
be expected when temperaturc effects are introduced in addition to the applied
loading, Good agreement is reported betwesn sirple torsion theory and the
torsional stiffness mecsurcments, the theoretical results being in the renge
+11% to -3% of the experimental results., It is noted, however, that the
titanium alloy specimens show effoctive moduli of rigidity of about 148 less
than would be expectod in relation to their aodull of elasticity, This
result was confirmed by material control tosts carriod out at the National
Physical Laboratory. Thus the particular titanium alloy (I£.I.317) used in
the test is a relatively inefficiont shect material when used in an application
where torsional stiffness is thi: dosign criterion,
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STHENGTH AND SUTFMESS TES:S OF HULTYL-A/EE BOXES
%‘m‘ﬁ% NTUL AT ELEVAGD -t iRk s,

l. ITRODUCTION

In continuance of the rescarch on Multi-i/eb Box construcilon the first
part of vhich - Aluminium Alloy Bo:es ~ has been covercd by § & T
Kemo 1/61. it was decided to extend the ninistry of Supply Controct
6/Atroraft/11020/CB,7(0) to i::clude tesis to determine the efiect of
temperature on the strength and stiffncess of boxes in steel and titanium.
This report contalins the results of these tosts,

2. TEST FROGRAGE

For the purpose of tle tests tvo repm escntative steel alloys were
selected - D,7,D.165 and Pirth.-Vickers P-V.520 - and 2 relatively high
strenzth titaniwa alloy I.C.IL,517. 4 torsional stiffness test followed
by a bendiny test to failure worc to be ceriicd out on each specimen and
three specimcins in cach material vere req.xi.;e.x so that tests at normal
embient temperature, at 200°C and 200°C coull be made,

5. DESCRIPTICH OF SEECDMENS

The speecimens were wonufactured to Drevini iio, 147169, and particulars
of the wsin dimensions, plate gauges and riveting are given in Figs. 1 and 2,
Each specimen consisted of a centre scetion and two ouler scctions which were
comon to all specimens,

The centre sectiens werc basically composed of Jour formed channel
scotion vebs riveted to flat top snd bottom sheets of equal thicknesscs,
Intercostal diaphrugms were located in pairs at the load application sccilons
and reinforeiny flange angles were adaed to the vebs outside of the test
length., A1l shoet ueterisl \ss to the fallowing specification:=-

Specimen Ne, Specifioation Dreving No.
l-3 D.?.D.166 14718
L -6 V. 520 U719
7-9 I.C.I.717 14717

Due to mamufacturin; difficultiecs experienced 'Aith the titaniun alloy
the webs of Specimens 7 = 9 ..cre uade with o 4 inside bend radius vhereas
thosc of Specimens 1 - 6 werc made vith an iuside bend radius of i as
specified,

The two outor sections uscd vith 2ll nine specluens wvere of slightly
heavier construction in D,?.D,166 material and werc joined to the contwe
section by means of butt straps on the skins and angles on the webs,

The mein test portion (24" long) on tic centre scotion es well avaey
fram the joints betieen the centro and outer sections.

[T G S




A auaber of Chromele-plumel thermocouples iere cleotrically

resistance-velded to the siins and outer webs of the speciuens both 4
b f1side and out so that adequete .casurcaent of the teuperature '
: distribution over the test len;:ths could be nde, ‘he positiomsof ‘
§ these thermocouples are siwwn in Pijures ) - 5, r
£

g 4. DESCRIPTION OF RIGS
h.l. Torsion Rig

The rig wes manufactured to Drawing iio. 14745 end is shown in
Mg, 6 a1d in Plate No, 1. “ie specimen ims clemped rigidly at one
end and pivoted on the oentre-linec ahoui its hLoriszontal axis ot the
other wliere a pure counle vas applied by moons of a lever system
loaded by a hydraulic jock and & spring balace,

The applied torque = Total load . 0 = 15 P 1lb.in,

oo o

P bein: the total anplied load,

Diel rauges we_c uttached in pairs to the top end botton akin
at several chordwise stations slong the length off the spceimen, as A
shown in Plgs., C = 11, to determine the enmlar deflections.
purin;; the clevoted temperature tests the zoure: iere niounted above
the lamp truys as shown in Plste No. 4. »

L}-2¢ Bendily’l Riﬁ

: “he rig was uenufactured to Drawing ITo. 14720 ani is shown &in
ig, ¥ and Plate MNoa. 2 and 3.

The sypecimens were supported at two points at 24% centres by
links ivoted at the mid~depth of the speciuen and the load vas
applied by meuns of a calibrated hydraulic Jeci: and pressure gauge
to two points at 156" ocentres :hrough lin':s siuilarly pivoted.
Thus the mid-length of 24" vwas subjccted tu n constont bending
moment and no shear,

Bending uoment = gu_t%__lgg_g_ x 66 = i P lb.ia.
vhere P = total applied loed,

Dial gauges snd Jour Vernier tapes were used in the positions
shown in Pigs. 12 - 14 to meosure the defleotions of the spaciuen.

During the elevated temperature tests the geuzes were uounted
above the lamp trays (Plate No. &4).

l#o,")o Hoatini_gystem

Heat was supplied to the cpccimens from three lamp troys suspended
above the top sh:in, snd three below the bottau skin, eech tray being
backed by o reflector. ‘he cenire trays contained eight quarts
InfreRed lamps, anl the outer trays each four similar laups. The
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ountput of each laup was 1,000 watts at « nominal 250 volis, power being drawm
ifrom the 440-volt [.phase wains and supplisd to the laups by vay of a triple-
gang p-phase voriac tronasformer, allowing Linfinite mamnl control of the hwat
radisted, fras zero to .aximum,

The arrangement of the lowp trays is shown in Pi;s, 6 end 7,

The lamps in the centre tray were in two staggered rows pitched at
2,75% in each ow and those in the outer tray ot 5.5", transverse to the
length of the specimen in all cases, The upper lamps were 4,25 above
and the lower ones 4.20" below the specinen,

For the tcrsion test the trays were adjacc.:t to each other but far the
bending test they had to be separated to clesr the rig (Plate No. 4). 1In
both cases the lemps extended only over the centre section and the reduced
nunber of lamps in the outer tray resulied in a ;raduation of temperuture
from the ends of the centre section to the test length,

5. IETHOD OF TEST
The procedure adopted was the saue Zor each set of specimens.

The tersional stiffuness test at normal tcmperature was first carried out,
followed by the bending test to fuilure on the soue specimen. This grogranmxe
was followed for the next speciuen at 200°C end then the third et 300°C.

Prior to coumencing the tcsts at elevated tewperature a comprehensive
series cf preliminary heoting tests wms carried out on the first steel speciuen
after it had failcd at normel temperature. The upper and lower surfaces were
painted a matt black to assist heat ebsorption., These preliminary tests were
wade to determine the uest arrvengenent of lamps t¢ ;ive us uniforn o distribution
of temperature as possible both in the siins and wews over the test lonzth.
It wos found to be impossible to obtain a unirorn tewmparature dowm the outer
webg even with the side roflectoars, aud to ieduce heeting losses to a uinimum
the outside webs were lof't unblacicened.

Becausc ol the cifference in conductivity betieen steel ond titanium,
similar preliminary cieck tests werc also wade on the first titaniws specimen,

As no more uriforu temperature distribution was obtaincd with the blackened
swrfaces subs:gucit specimens were left unpainted.

Tor the tests at clevated temperature the lomps were switched on and the
heating coatinued until the reguired stabilised conditions were obtained.
This took three to four hours.

4 small load (tarsion or bending as appropriate} wes applied to settle
the load systen and then removed. Dial gauges were gzeroed and loading coumenced
in increnents, dial geuge reedings being noted at each step, Temperature
checks were also made at the teruination of the stifficss tests,

For tie stiffness tests the loodings were continued until the defleotions
were no longer linear,
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6.1, Torsion tests

A mmber of tests vere carried out on cach bean dus to the
difficulty in obtaining consistent readinzs, and only that whioh
geve the most reasonable result has been included,

Bach test took approximately Z-hour from the start of loading.
The temperature distribution over the specimen was checked before and
after oach test and the observations together with the perocentage
variation are given in Table 4, The dial gouge readings end the
deflections are given in Tables B and C, and from these have been
plotted the torsional deflections of the stations over the contral
test length, Figs. 15 - 23, These curves have been extrapolated
linearly to a torque of 80,000 lb.in. and the equivalent deflections
at this torque used to calculate the angular twist at the four
stations, These twists have been plotted in Figs. 24 -~ 32 and used
to determine the torsional stiffness of the specimens over a 20"
length as shown in these figures and plotted in Fig.33 against
temperature,

The theoretical stiffncsses for the same tarque apd length of
specimen have been calculated by Datho thcory using the aoctual gauge
thicknesses of the specimens, These havo been taken es the meen
of tho thicknesscs of the appropriate tensilc and cowprescive control
specimens as given in Table J. The actual width of the skins and
depth of the Boxes as recarded in Table D have also been used.

The theoreticel and oxperimental stiffnesses are summsrised in
Table E. The value of 'E' in this table is the wezn o tho values
deternined £xr the control specimens from the top and botton skins
in tension a1d campression as given in Table J.

The predicted and effective moduli of rigidity used in determining
the theoretical and experimental stiffnesses respectively are alss
given in Tablc E and aro based on the formlae Gp = __E and

M,

Gg = g respectively, whare 4 = Polsson's Ratio, T = Torqme, ¢ =
J .
length over which €g, the experimental angle of twist, ves moasured,

and J = the tarsional constant,

Keasured moduli of rigidity, G;, wore obtoined ultrasonically frem
specially made up spcoimens as described in paragraph 8. The effective
moculi Gp obtained from these torsional tests are in reasonably close
egreement with the measured values Gy.

6.2, Dending tests

The loading to destruction tock approximately one hour in each
case, The temperature distribution over the specimen was measured
at the conmencement of the tost and is given in Teble F.

The dial gauge defleotion readings are given in Table G and the
mean deflections at tlw various sections are plotted in Figs. 34 = 5l.
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Some of the support deflections are erratio, but the errars are negligilble
and may be due to sticking in the dial gauges, The deflections of the
centres of the beams relative to the inner supports are plotted in Figs.
52 - 60, and the overall defleotions oi' the beams at 10,000 1lb. load
(330,000 1b.in, Bending Mament) in Figs, 61 = 69,

The maximum loads at failure, the bending maments and the failing
stresses based on the simple Engincer's theory are given in Table H,

Failure in each case was duc to buckling of the compression skin and
web flange and is shown in Plates 5 to 13

The skins of the D,T,D.166 specimens (Nos, 1 = 3) buckled outwards
and there was same tearing of the imb in way of one web/skin attachment
rivet, The F-V,520 specimens (Nos. 4 = 6) buckled inwerds vith no aign
of any web teering, vhilst the titanium spocimens (Nos, 7 = §) buckled
invards and the wob plstes split along the hecl of the flanges,

The offcot of temperature en the ultimate bending stress is shown ‘
in Figu 330

7.  CONTROL GPECIMM3

Standard tensile ocontrol spccimens and campression specimens 2,65"
x o625" with accurately squared ends iere cut from the sams sheets as the
skins and webs of tho Box Beams. The web specimens were used only for
thickness measurements but the skin specimons were tested in the Avery
test mechine under the appropriate temperature conditions.

For the elevated temperature tests an ovon ws fitted to the machine
and the specimens hoated at approximately tne same rates and for the same
times to give the sawp temperatures as the tost beams.

The stress-strein curves are given in Figs. 70 = 75 and the results
sumarised in Table J.

The variations of 'E' with tcmperature far the three materials are
shown in Pigs, 76 - 78,

8.

A8 a result of the inconsistencies betweoen the predicted and effective
modulus of rigidity for titanium I,C,.I.317 on test and shovm in Table B,
further amall specimens (see sheet 21) were cut from cach of the materials
used for ths skins and sent to the Basic Physics Division, N.P.L., Teddington,
for determination of the modulus of rigidity in three planes by an ultxra-senio
method. These results are given in Table K and show the material I,C.I.3L7
especially, to be anisotropic. These measurod modull ware obtained at
ambiont temperatures only and the values far tho p%ane w areothone given in
Table E, The values quoted in this tablc for 200°C. and 300 C. have been
obtained by deorcasing the ambient valuo in the ratio of the appropriate E,

JG/58
a&th Ndvember, 19&0
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Prefix ‘W' indicates \eb temperatures,
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2 WW9 - | was - W1l58 = W226 w| W162 = (W 226 =
3 190 =~ 299 - 206 + 255 - 19, = 256 -
4 192 - 282 = 209 + 275 = 197 = 289 -
5 180 - 282 - 178 - 256 = 177 - 262 -
6 19, - 296 = 19 = 288 = 179 - 266 -
7 191 - 287 =~ 208 + . 213 - 200 + 217 -
8 199 - 289 = 201 + 278 =~ 195 - 295 -
9 - 282 - - 217 - 187 - 291 -
10 20 + 290 = 19 - 288 = 183 =~ 273 -
1 w10 - W43 =~ W 159 - W226 = 192 = Al »
12 W1l59 = | W23 - Wl - W23 - 195 = 296 =
13 188 = 29, = 19 = - " - w239 =
L, a5 «+ 32 4 204 + 295 =| W = w2 -
15 210 + 300 + 207 + 29 - 180 - 2n -
16 209 + L o+ 201 + 306 + 19%6 - 293 -
17 - 2 + 188 = 28, = 8, - 270 =
18 199 - 304 + 214 + 277 - 200 + 29, -
19 21 «+ 297 - 215 + 29, = 200 + 289 -
20 1% = 302 + 27 + 291 - 179 =~ 28 -
pa 0L + 29, = 211 + 301 «+ 202 + | N6+
22 202 + - 209 + 2% = 191 = 291 ~
23 - - - - 2195 = n7 +
2 - - - - 197 - 309 +
vamm! 17%% 13% f19%% " 17% 12%5% 20%%
8ee Pigs, 3 - 5 for Thermocouple positions,
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Shaet 1

Part II - THICRETICAL ANALYSTS AND COMPARISON WITH EXPERIMENT

1.0 INTRODUCTIUN.

Tkis report dotails she * = 1lis of an investigation into the
pure bending strength and torsional stiffness of steel and titanium
multi-web beams at ampicnt and clsvaled tonperatures., This investigation
forms 41 continuation of the earlier rescarch on aluninium allcy multi-web
congtruction reported in keforence 1.

In this part of th: presant rsporv, the experimental rcsults from
Part I arae corpured with thusc obtzined oy tha various theoretical methods
outlincd in Reforence 1.

2.0, THEOR JTICAL THVE3ITGATIVS.

2.1, Tha Fradiction of Purs Bonding Failurce,

The m.thnrds of analvsis deseribed in devail in Refercnce 1 have
been again iavestigated in full devedl for all tne prosent specimens,
The methods used in Raforence 1 erc Zufarsnces 2«5 in paragraph 5.0 of
the presont roport,

The methods were applicd oxactly as duscribed in Acference 1 using
the actusl specimen dimensions nd plate trnicknesses and the material
propertiss at tho appropriale cl:vatzd terperature as determined from the
control tost spoeimens. Scveral of the methods used an emperical factor
for reduction in strongtr, caused by thz usc of a discontinuous attachment
sucii 8 rivats, of wo to skin, This rocducticn factor has been used, where
apprepriato, i the presant analysis oot nic account has been taken of
the rcduction in rivet strogth at clevated tuaporature, In the spocimens
concerned, nowevsr, this cffect is nagligible since tne attachment is
relatively strong and cazn be 2ppraciably reduced without a significant
effect on the strength of the bean <5 2 whole, If it is assumed that the
rivet tension strength varies in proportion to material proof strength
the maximun error in the thooretical beam failing moment obtained by
imorinz the fall in material strongtn withn rise in temporawure is
only 1%,

Thaoretical beam failin. moments obtaincd zg doscribed above are

presanted in Taole 1.

Preliminary comparison of e thuory with oxperiment showed that
the agrvement wag not so good as that reporled in Leference 1, It was,
ther:fore, decided to iavestigats b officet of variation in the assumed

TEB AR
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cffoctive modulus to see if this would account for the discropancy., This
inwstigation was restrictzd to th: me°bhod of Reference 2, as this had
previously given cxcellant agjrcument with sxperinent and in any case the
effect of variation in the assum:d sffective modulus would be similar
for all wthods., 1o cover the widest possiol: rang: votu tanzent and
gsacant modulus were investigatzd for bobh skin puckling and sxin edge
stresses, Tho results of this variation in choice of ¢ff:ctivi: modulus
ars shown in Table II.

2.2. "Thormal" Stress.@s,

It was not possivl: to ovtain an absolui:ly uniform temper:zturc
distribution through both tho sxins and weos ot the spacimens, Actual
temp:ratury distributions ar. given in Part I Table s, Irom thosas
temparatures the average skin and web btamperaturss given in T:ble 3 have
been calculutcd for cach spoeimen, Using thisu av:rag: tamperatures,
avaragc sxin com.ression stresscs amd wov t:nsion stross s have besn
evaluatad by simple theory, Thes: stressis ars also given in Table 3.
From th: tempocraturs ms:asurcmenis ovtainad it is clearly not possible
to ovtain a dctail-d strass disiribution iving say, ths induced thermal
str:ss at tho web to sxin junction, How:var, thy sir:ss:s, given in
T,ole 3 would not oe exp:ctd to hav. an ap.r-ciabl: cffect on tho
bending strength of the sp:cimen,

This conclusion is confirmed by R:f:.rcnce 7 whers the strongth of
the ocam in buinding was invistigated for 2 largs varicty of huating rates
and therefore thermal striesscs. uniwvtl: chang: in strenith was obtainsd
in the tests in spite of a cousiderable change in thermal stress. All
reduction in strength at clovated temperaturc was attrivuted to tho
rcduction in material propartics,

2.3, Iorsional Stiffncss.

Simple Bredt-B.itho clos.d cull torsicn thiory was the only theory
considerad, This th:ory is #ivun in full detail in Heferanes 6,

A r:viow of other torsion thsoriis was givan in Refcorence 1.

3.0, COtP. (ISun S iwisie £t 0RY ANY BXPSATIZINT,

3.1. Bending strongth.

The basic thcories descrioed in sw:forcnea 1 are cumparcd with
the experim:ntal results in Taole 1 and Figurs 1.
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Inspection of thasec results shows that the agreonient ot arbient
temperaturcs is very good for both Refercnce 2 methods and rcasonable
R for Reference 3, Reforonce 4 shows that, as in the cnse of the
aluninius alloy, wrinkline type failures were not predictod., Referonce
5 i3 the appraxinstc desism method and here z2gain the agreement between
theory and experiment is satisfactory for the purpose.

At clevated tarperctures the agrcament is not so rood, although
it is quitc satisfrctory for beth the Firth Vickers 520 and the I.C.I.
Titanium Alloy 317. In fact the only result which ay oo r=gard<.d as
ratasr wnsatisfactory is for the DiD,166 Stainloss 3teel at 200°C and
to a lesscr oxtent the rosult at 300°C This conclusion is highlighted
in Figurc 1 wherce the comparison bstween theory and experiicent 1s
pictorial, Figure 2 compares th: reduction in boma straagth at elevated
tamperature with the reduction in wterinl propurties. This shows that
the two uxpericental rosults in guestion sceuw to be rather high. The
further investi - lel’lS carriad out with voryin; cffective medulus for
siin buckling ~nd olpe stressos, detidiled in Tabls 2, failed to cast
any farther J.lpht on th 5: two rosults, Although it did show that the
sii~htly batter c.;r serent betweon theory ~ndl oxporinent is obtained if
the cffective riodilus, usced in Reference 2, for both skin puckling and
vdoe strosses ~re teken to be dven by th, secent modulus, Also, of
ccurs:, tnis is by far the oisiest modulus to obtain and it can be
determined withr. the grentest accurtcey.

Th: only explanntion seums to ode chint the skin to web jeint was
~ctncr poorcr ia the DID,166 specimen from the heot flow point of view,
his weuld result in 2 lower flanse temperature and consequently higher
strength, but to porature casurcrents shosr that this is 2 small effect
and could only ~ccount for »urt of the differcnce between theory and
axperiieent,  Inspection of Toble 2 shows thiat the modified theory of
Referonc. 2, =5 exploined in Reference 1, togcther with the use of secant
effective modulus fivis -~ seavter of +5% to =15% of thoory relative to
xperiaent,  dnds senttor is cons .V:';; reasontible whan two separate
cffeets (loadin wni tumworstur:) zre cuwbinud in one tust.

3.2, Torsionzi .tiffness

Thooriticsl oad experimental torsicnzl stiffnesses (GJ) are
comparei in Tanle 4, Thoory cospnres very well with experiment, the
seatter ownd coverins the ronge +117 to =3%. Thus the theory is, on the
average, soia: 4% hi‘hor thon axporiciont with an acecuracy on this basis

. of +7., Th. frect that the theory is hirher than oxperiiont is expectad
since the theory includus no cllownce for rivet slip., It should bg noted
that the theorcsticnl stiffrncss uscs 1 modulus of rigidity obtain by

; material couirol tosts given in Table K, sheet 21 of Part I (the L.B.

value is sppropri~te in this ensc¢), 3ince thesse values corrcespond to

5
e
%
¥
y
H

—



Shect 4,

room temperature conditions thc values for clevated tumperature conditions
have been obtained by reducing thesc valucs in proportion to the reduction
in modulus of clasticity roport in Table ¥, sheet 14k, of Part I,

It is interestin; to note that the ratio of modulus of rigidity
to materigl density is 33.% x 106 for the titenium alloy compared with
36.7 x 10° for doth the stainless stecls, i.s, the titaniun alloy is
some 8% less rigld than the stainlcss steel.  In addition, the tost
results on the bax beams show a further averarse reduction in stiffness
of the titanium alloy specimen of some 86 in rclation to the stainless
steel boxes, Thus, in an cpplication where torsional stiffness of a
bax is the design eriteriom the titaniwa 21loy box will be soue 16%
heavicr than the eorrcsponding stainless steel box,

4.0 CONCLUSIONS

The conclusion of Rwferonce 1, that there is good agreament between
bending theory, particularly that of Referciace €, and experiiient has been
verified for the stainless stecl and titeniwn lloy .aulti-web beam
investigated in this report. It should b. noted, however, that there is
considerably morce "scatter" of the theory rilative to experiment at
elevotad tompercture. This scatter is sli.htly rclduced, and more
Loportant the camputation work zssociated with the theory ccnsideradbly
reduced, if the offective rodulus foctor is taken to be the ratio of the
sceant 2nd Young's lodulus instead of ti: ror. camplex Stowell thecory
normally uscd,

The torsional stiffn.ss tusts show that the thcory,on average,
predicts torsional stiffnesscs soic A4S (r.ater than oxperiment, This
increasc is directly attributable to th. slip of the rivetted attachment
of thc skins to the weos., If, 2n allowance of 4% is rmade for this effoct
the theory mey be axpectad to bo wighin +7% of &xperdment,
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Specimen Average Average Compressive Tensile
No: Material Temp .of Temp.of Stress in Stress in
(Ref.Pt.1 skin webe skin 2 wb 2
Sheet 1) % ° (1b./1n.°) (1b+/1n.%)
2 DTD.166 20 150 3,6% 1k,57
3 " gV Y 2h hyV0 16,630
Firth
5 Vickers 520 200 160 2,00 9,500
6 " 280 220 3,,50 14,200
Titanium
8 Alloy ICI 17 200 150 1,295 5,150
9 . 2% 25 1,60 6,120
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,‘ Specimen Test Predicted G.J..i Experimental ?
| No: Temp. ; G.J. | Predicted
(Ref.Pt.1 Material . 2from Table E) ‘b:peri.meﬁ
Sheet 1) (1b.in/rad. /m)* 1b.in/red./in)
{ 6
1 DTD.166 Ambient | 234 x 10° 224 x 10 1.045
2 ! 200 193 x 106 198 x 10° 0.975
3 " 300 199 x 10° 192 x 10% 1.03%4
A Firth . 6 6
Vickers 520 Ambient | 233 x 10 233 x 10 1.000
5 n 200 210 x 10° 21 x 10° 0.990
é n 200 207 x 106 202 x 10° 1.025
7 Titanium 6 6
Kitoy 107.317| Ambient | 150 x 10 139 x 10 1.077
8 " 200 133 = 10° 126 x 108 1.056
9 . 0 125 x W0° 12 x 10° 1.115

4 The value of G used in the predicted stiffness is that given
in Table K, sheet 21, of Part I and corresponds to the LB value,

Since these are only roam temperature values they were reduced
at elevated temperature in proportion to the redwetion in

Young's Modulus of elasticity given in Table E, sheet 14, of

Part 1.




oo
]

\\\\§
§—-*. — —
. STAINLESS STEEL
50
\
(o.mo.166)
z . [
(o 2N of
0 Z
o g o] 100 200 300
w o
Irs
'—
| TS U o~
oz 100 = = Sy
w ﬂ —— — — emey e
U <
<L
’—
Z, !
IJ 'f_ STAINLESS STEEL
Z &0
- & (FiRTH vickers 820)
oy
<y '
w0
%
<
s o) 100 200 300
i
p N
or
Y «
o
\
3 )Y = -~
- w ——
< F = —==
' TITANIUM ALLOY
50
(e, 317)
]
0 100 200 300

TempPeraTuRE (°C)
KEY

——EXPERIMENTAL F.M
--~oRenicTED (FROM MODIFIED REF. 2.)

PICTORIAL COMPARISON OF EXPERIMENTAL AND
THEORETICAL FAILING MOMENTS




FIG. 2.

100 &
~-~~ “\L\__I
' ~--+-——’—

STAINLESS STEEL
50
(oT.0.166)
|

g o] 100 200 300
-~
<
>
W
o 100
g =
r !
« ‘ - -
o |
w | i 1
o :
2 STAINLESS STEEL
W sol 1 . o
r | (FIRTH VICKERS 520)
2
o i \
o !
© |
L |
o
" 0 100 200 300
T]
a
.—
z
(V)
(9
o 100
W
Q

TITANIUM ALLOY

(r.ea.3im)

1e)

o 100 200 3

KEY vemperaTure (°c)

EXPERIMENTAL FM OF BOX BEAM
— — - 2% PROOF STRESS OF MATERIAL
—.=— MODULUS OF ELASTICITY OF MATERIAL

PICTORIAL COMPARISON OF REDUCTION IN BEAM
STRENGTH WITH REDUCTION IN MATERIAL PROPERTIES




Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944

Fort Belvoir, VA 22060-6218

USA

AD#. AD280189
Date of Search: 13 August 2008

Record Summary: AVIA 10/536
Title: Strength and stiffness tests on multi-web boxes in steel and titanium at elevated
temperatures
Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years
Former reference (Department) 3/61
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



