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SUMMARY

This report traces the development of theoretical solutions to the
problem of determinang the strength of tubes subjected to uniform external
pressure, and describes an extensive series of tests to check the accuracy
of the Sturm solution to this problem and the effects of maierial properties
on collepse presswure, A total of 530 tests were made covering ranges of
length:céiameter from 14,0 to 0,51 and nominal thickness:diameter from 0,0098
0 0005 .

The mean collgpse presswre of the itesis designed to check the accuracy
of the Sturm solution corrected for eccentricity effects excesded the meen
theoreticsl collapse pressure by 2,2%, the stenderd deviation was 7.0%, and
the distribution approximately Gaussian., It is concluded that this thecory
may confidently be used to predict the strengih of ftubss under uniform
external pressure applied to the sides only.
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1 Introdugtion

The earliest recorded experimental work on the problem of the collapse
of tubes under external pressure was undertaken in 1858 by Fairbairn', who
derived an empirical formula to fit the results of 32 tests on wrought iron
tubes. Thirty yveasrs later ]E':ryan‘2 made a theoretical study of the long tube
free from any form of end constraint and derived the fundamental form of the

collepse law:-
3
t
= EKE| =
(3 0

A’ctemptsj 15 were made to relate this theory with experimental results,
but the measured collapse pressures were roughlg 30% below the theoretical
values, For thaicker tubes Carman™ and Stewsrt’ suggested the empirical

formula;-
%
= Al=]+ B 2
3 (D) (2)

which Wmden'burgss?svs continues to reoommend for wnfired tubes.

The short tube problem was first solved by Southwell9 in 1913, His
solution contains an unknown term which depends on the type of end constraint;
in 1925 Cookl0 determined the constraint constant for the c ase where the ends
are simply constreaned to remein circular. In a ser:. s gf papers published
shortly after Southwell's original work, Southwe11! together with
Cook!# and Cermanl’ attempted to correlate the long and short tube solutions
by deriving approxamate methods for estimating collapse pressure over both
ranges.

In 14 von 1\)1:1.5{-3;6 derived a solution to the short tube problem with
simple end constraints and subjected to lateral pressure only, which contained
no unknown terms, In & later peperl7 published in 1929, this solution wss
extended to cover the case where lateral and end pressure is applied to the
tube. Tokugawa.18 obtained a similar solution %o this latier problem at
sbout the same time,

The solutions of Southwell, von Mises and Tokugawa ere all, however,
extremely laborious to apply, and in 1934, Windenburg end Trilling?? derived
a simplified formula, based on von Mises' work, which was subsequently
adopted by the Americsn authorities for the design of unfired vessels
subjected to external pressure.

In 1941, Sturm?® extonded the rigorous theoretical solutions by solving
the problem for the alternative form of end constraint in which the ends of
the tube are constrained to remain both circular and cylindrical, for both
forms of pressure loading. His work, which is thus the Tirst complete
theoretical treatment of the problem, is presented in the simplified form
of equation (1), the values of 'K' being presented graphically for a wide
range of length, dismeter, end thickness for all cembinations of pressure
loading and end constraint.,



In 1947 Sturm and 0'1311‘161121 sugrested that the theory may be extended to
the very short tube renge, where failure moves towards the plastic mode, by
substituting for Young's Modulus, the tangeant modulus of the material at the
direct compressive siress induced at collapse. The ¢ollapse formulsa therefare

taktes the finsl forms-
4 3

The experimertal works of Cerman’t and Stewart? which were confined to
long tubes menufactured by techniques which are now obselete, gave poor asgree-
ment with theory. A short series of tests by Cornell?? indicated however that
collapse pressures almost equel to the theoretically predicted values mgy be
attained with long specimens of modern dresn tubes, For the short tube range,
published test results gave poor agrecment with theory, and 1n no case were
data available from which tangent moduli could be determined,

This report describes a comprehensive sxperimentsl investigation which
wos undertsken 4o chack the validity of Sturm's solution for ftne simple end
constraint and lateral pressure case, and the eifects of relevant mechanical
properties on collapse pressurs.

2 Beoope of bthe Investigation

2,1 Belecticn of Tubes for the Tesi Programme

The validity of Sturm's theory was checked by a series of tests on tubes
menufactured to British Standard Specification T.4LH, The range of nominal
D/t covered by the tests extended from Y/t = 02 (2i" dia, x 24 S.¥.G,) down
to Dfy = 17,85 (1" dra, x 17 8,W.G.) &s detsiled in the following tables-

‘ Tube Bize No%}nal

% %
22" dra. x 24 B,W.C. 102
13" dia. x 22 S.W.Ge 6245
1" dia. x 24 S.W.G. | k545
1" dia, x 22 8,V.G. 3547
1" dia, x 20 8,W.G, 27.8
1" dia, x 17 8,W.G, 17.85

The mechanical properties, the effects of which were anvestigated in the
second part of the investigation, were Young's Meduius, and the ratio of the
0.1% proof to ultimate strengths; earlier workads 2k, 25 on cylinders subjected
to axisl compression andicated that the latier might be a factor influencing
collepse., Two series of tests on light alloy tubes to Specification
D,T.D, 460 and commcrcisl brass gave, with the tests on steel tubes, an
overall modulus rabtio of sbout 3:1, The effects of the proof:ultimate
strength ratio was investigated by five seraes of tests which, with the T.45
results, covered the following nominal range of this pursmeter:-



Nominal Strength

Tube £y

Specification f’l fy —
£

t

T55 1h 35 Oulk

T26 10,8 20 0,54
D,T.D. 305 18 30 | 0.6
T58 37 50 0.74
D.T.D. 1024 28 35 0,8

Tif-5 h.O i ’4—5 ' 0-89

A sumeary of the alloy specifications of all steel tubes used in the
investigation 1s given in Teble I.

2,2 Selection of the Renge of 1/D

For the T45 test programme, the rangs of L/D extended from the
"infinitely" long down to the very shori fube. ~The works of Cook10,14
end Carman'® suggested a length of 1k dismeters as the mirnymum to meet the
first condition; practical considerations determned the second.,  Specimens
with a length of 0,23 dismeters were tested on the 21" x 2k 8,W.G, tube size;
in other cases, the length at which satisfactory results could be obieined
increased as the P/t ratio decreased, The followang is a %ypical range of
L/ covered in each series of testsy—

1!4-, 12’ 10, 9, 8, 6, 1|-, 2, 1.5’ 1125’ 1l0, 0075’ 005

For the investigation of mechanicel properties, the test programme was
concentrated on the short and very short range; 1t was considered that
veriation of the proof:ultimate strength ratio would exert i1ts greatest
influence in the transition from the_elastic to the plastic mede of fairlure.
The following is a typacal range of I"/D covered in each series of tesis

1, by 3, 2, 145, 1425, 140, 0,8, 0.6, 0,5,

2.3 Preparation and Inspection of Specimens

All specimens were cut from lengths of tube of the sppropriate size and
specification, as purchased from the manufacturers, TLarger dismeter specimens
were cut by hand, the 1" dimmeter specimens were cut by machine, due pre-
cautlions being teken in both cases to prevent distortion and domage to
specimens during preparation.

Each specamen was carefully examined for variation of wall thickness and
ovality at intervals of two diameters along ats length, or at the mid-section
for tubes shortwer than two dismeters in length. Readings of wall thickness
were taken at six equi-distant points around the periphery, and ovality was
measured by direct readings across the three mutuslly inclined diamsters.
Full details of the resdings recorded are contained in Appendix I,
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2.4 Material Control Tests

Specimens of each original length of fube were subjected to both longi-
tudinal and transverse tensile tests, Longitudinal specamens were machined
from a section of the tube as cut, the tube curvature being unaffected.
Trensverse specimens were mechined from a section of tube which had been opened
out, and which had possibly therefore been subjected to work hardening,

Details of the main strength characteristics for each control specimen are given
in Appendix I, together with the identification of pressure test specimens
appliceble thereto,

Although the failure of the tubes takes place under compressive loading,
it was declded that results would be related initislly to the tensile proper-
ties of the material, These are unlikely to differ to a marked degree from
the characteristics exhibited under compressive loading and are more readily
available.

2,5 Design of Test Equipment

The test equipment was designed sc that the ends of the specimens were
simply constrained to remain circular, For the 24" dia, and 13® dia, tube
sizes, the ends of the specimens were supported on knife edged plugs as shown
in Fig.1. For all other tests, the specimens were supported on parallel
plugs as shown in Fig,2, The degree of end constraint thus applied may vary
from specamen to specimen due to variations of tube size within permitied
manuf acturang tolerances, The high standards achieved in the manufacture of
modern drewn tubing reduce thess effects to a minimum and little variation of
fit was noted during assembly,

The end plugs were carried on a heavy central shaf%, one end of which
was drilled to vent the insade of the specimen to atmosphere, Relative
movement between the specimen and the end plugs was thus reasdily asbsorbed.

The inside of the specimen was sealed by a lgyer of cellotape over the
Joints between the spscamen and the end plugs, and at higher pressures, this
was reinforced by a section of cycle immer tube, Seepage of fluid along
the thread between the sheft and end plug was eliminated by fitting a counter-
sunk nut and tightly fitting sesl washer as shown in Fig.2.

When ready for test, the entire assembly was placed inside a hydraulic
cylinder and suitebly wvented to atmosphere, A number of these cylinders
were availsble, and in each case the smallest cylinder was used into which
the specimen would fit, The volume of o0il under pressure and hence the
stored energy were thereby reduced to a minimum, and the region of failure
localised.

Pressure was applied either by a normal sircrsft type hand pump, or by
a compressed alr operated hydramlic ram, JAn initial series of tests, the
results of which are shown in Fig,3, indicated that the rates of spplication
of pressure obtainable with this equipment did not influence collapse sitrength.
FPhotographs of the test installation are shown in Figs.} and 5 respectively,

2.6 MTest Observations

Collapse pressures were read directly from large diameter Bourden gauges
which hod been specially calibrated, In general, collapse was readily
indicated both audibly, and by a sudden feall in pressure, For the longer
specimens of 2%" dia, tube however, it could only be detected by raising the
pressure very slowly by hand pump, and noting the change in 'feel' which

-8 -
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occurred at the moment of collapse, Some difficulty was also encountered
in detecting the collapse of very short tubes, where the pressure drop
ceaused by the small volumetric change did not alwgys register clearly on

the pressure gauge. In some cases the formation of successive lobes around
thie periphery of the specimen could be detected audibly; the collapse could
thus be localised and related to minor variations of wall thackness in the
tube,

Fig.6 shows a representative series of collepsed tubes.
3 Results

3.1 Caleculation of Theoretical Collapse Pressures

Theoretical collapse pressures were calculated by the method suggested
by Sturm and O'Brien<!, Tangent moduli were determined mathematically from
the 'five-point' formula for numerical differentaation derived by Bickley2
as outlined i1n Appendix II. For gresater accuracy of analysm the value of
the collapse coefficient 'K' was re-computed for a series of velues of D/%
within the range coversd by the experimental programme, The values of
collapse coefficient thus obtained are presented in tebular form in Teble II
and greaphically in Fig.7.

A master chart for estimating collapse pressure is in Table III;
colvz:ms 1-6 of this chart are umiversally applicable to tubes of the range
of /D covered by thas mvestlgatlon. The values of Eg¢ are determined
for the sppropriate value of /Et chtained from the load-extension readings
taken during each control specimen test, The collapse pressure is deter-
mined as the product of the figures in columns 3, 5 and 7, and is spplicable
to those pressure specamens related +to that particuler control test, Table
III wcludes the values of E¢ and ccllapse pressure for control specimen Bi
of the D.T.D. 460 light alloy tests,

3,2 Correlation of Theoretical Collapse Pressures with Experamental Results

Collapse pressur'es were calculated, at appropriate steps over the
complete range of /D, for the tangent modulus varration obtained from each
control test specimen, The resulis _were then presented graphicelly as a
function of “/D for given values of “/D; a typicel series of curves are
shown in Fig.8. Expermmental results related to each control specimen
were then plotted, the aritihmetic mean of the measured well thicknesses of
the specimen being plotied on the sbscissa scale, Discrepancies between
the theoretical and experimental results were then read directly from these
curves, The results of each series of tests are shown in Teble IV to XVI
inclusive, the difference between the theoretical snd experamontal results
being expressed as a percentage of the former,

L Discussion of Results

ho1 Facters Influencing Collapse Pressure

The theory as postulated by Sturm predicts the collspse pressure of
tubes vhich are geometrically perfect; practical tubes will vary from

this perfect shape within permitted manufacturinge telerances, Such variations

msy be resolved into:-
(a) Eccentricity of the bore relative to the external surface,

(b) Variations from the true circular shape,

- 0



Some account must a2lsc be taken of wvaraation along the length of the tube
of those mechmnical properties which may affect collapse pressure. The
influence of these three factors is discussed in the following peragreaphs,

4.2 Becentricity of Bore

The stress distribution in an eccentrically bored tube subjected to both
internal and external pressure was determined by Jeffery2(,28, Correction
factors for measured eccentraicities were applied to the experimental resulis
by the methods outlined in Appendax III, Since in many cases, tube wall
thickness had been measured only to the nearest 0,001", varxations of this
order and less were ignored from an eccentracity view point.

Bccentricity of bore exerts its greatest effects on thicker and shorter
tubes, where collapse occurs at stresses beyond the elastic limit; under these
conditions comparetively small increases in siress may produce sn appreciable
reduction of tangent modulus,

The collapse pattern could in almost every case be related to minor
variations of wall thickness of the specimen, thus indicating the predominent
effect of this varisble.

Le3 Ovality of the Specimen

Theoretical work by szoshenk029 is confined to the case in whach the
initial distortion and the final collapse pattern sgree. Measurements
recorded in Appendix I indicate however the very complex nature of the initial
deviations of any tube; 1in most cases the axis of the major dimension changes
appreciebly along its lengih. The problem is further complicated by the lack
of any clearly defined datum with which to compare the strength of otherwise
geometrically similar tubes,

The agreement cbtained between the experimental results and the Sturm
theory suggested that the theoretically predicted collapse pressure could be
used as the datum, The ovality of the 23" dia. and 13" dla. tubes was there-
fore plotted as a function of the percentage variation of the measured colleapse
pressure from the theoretical values, ovality being defined as:-

Ovality = -2&X. “min
Dnom:‘mal

The results plotted in Fag,10 indicate that within the measured limits,
ovality exeris no systematic influence on collapse pressure, A further
enalysis on all the longest twbes (Y/p = 14), the results of which are plotted
in Fig.11, gave a similar result,

Lohi Variation of Maierial Proparties

Tangent Modulus, the only material property used in the Sturm theory, is
notably inconsistent, not only between samplss of material manufactured to the
same specification, but also between different specimens cut from a single
largs sample, To obtain a measure of 1lts variation, a subsidiary series of
tests were undertaken on tensile specimens cut from long lengths of tube tsken
at random from store. Details of the test observations are in Appendax I,
snd the results are shown graphically in Fig,12. Since T/E, is a pareameter
determined solely by the collspse coefficient and the tube geometry, the
percentage variation of tangent modulus is & direct measure of the variation
of collapse yressure,

- 10 -



4.5 Analysis of Results

A statisticel snalysis of the results of the tests on Th5 tube presented
in Table XVII indicated that thelr mean value exceeded the mean value of the
theoreticel results by 0,2% with a standard deviation of 7.24.

0f the three lactors which influence collapse pressure, no systematic
variation could be found for ovality and variation of itangent modulus, The
results corrected for measured eccentricity of bore by the method outlined
in Appendix IIT are shown in Table XTX, These correctad results for Thib
gave 2 mean collapse pressure which exceeded the theoretical mean by 2.2% withe
standard deviation of 7.0%. In only one case, the 23" dia. x 24 S.VW.G.
series of tests, does the collapse pressure daffer from the theoretical mean
by more than 3 standard deviations; 1n thas case it was 3.5, Thig dis-
crepancy is considered to be due to the difficulty, which was noted earlier
in the report, in obtaining relisble results with this particular size tube.
The T45 distribution curve was lepto-kurtic, the following table showing
the ma:n characterzstacs:~

Renge Ngljmal' Gausfsion . 'I::Ll,ﬁ .
igtribution Distribution
to 1% 23.4%
1,9 ¢ 5% 3405%
+3.09 ¢ 0,2% 1%

The resulis of smoller numbers of tests on T55, T26, D.T.D. 1024 and
D,T.D, 460 showed that their mean collapse pressures differ from the
theoretical mean by less than 3% with stenderd deviations from 5% to 12%.
The results of tests on 758 gave a mean value 7% higher than the theoretical
mean with a standard deviation of 10%; although the difference in the mean
is higher than for the other materisals mentioned sbove, 1t is less than three
standard deviations of the mesn and is therefore statistically acceptable,
Two other materiels D,T.D. 305 and commercial brass have mean velues which
differ from the theorstical mean by 18% and 20% respectively and in these
cases the theory definitely deoes not held. These discrepancies may be due
either to gress experimental error or to wide variation of mechanical
properties from those recorded during the control tests., It is not thought
that these discrepancies invalidate the Sturm theory which gives acceptably
close prediction in all other cases,

An exanination of Faig.12 shows that a large variation in mechanlcal
properties may be expected along mmy given length of tube and this could
well be sufficient to account for the whole of the scatter in the results
obtained except for the ceses of D,T,D, 305 and camercaal brass.

5 Conclusions

The results of the first part of the expermmental programme which was
undertaken on TLH tubes indicates that the mathematical theory developed by
R.G, Sturm at the University of Illinois, predicts the collapse pressure of
modern drawn steel fubes fto a bagh degree of accuracy for the condition where
presswre is gpplied to the sades of the itube, and the tube ends are simply
constrained fo remsan circulasr, The theory is spplicsble o tubes of 211
lengths, for both the eclastic and plastic modes of failure, collapse pressure
being devermined from the formular-—

-] -



P = KE G‘;-)j (3)

where K is a coefficient determined by the dimensions of the specimen,

Et is the value of the longitudinal tensile tangent modulus at the direct
compressive stress induced at ccllapse,

The result of the second part of the experimental progremme’ indicates
that, in general, variations of the ratio of proof to ultimate strength are
insignificant, asnd confirm that the tangent modulus is the only mechanical
property which exerts any influence on collapse pressure, Accurate informa-
tion on the varietion of this parsmeter under longitudinal tensile loading
permits equation (3} to be spplied with complete confidence. For practical
gpplications however, the use of a composite "least value" curve as suggested
by Sturm and 0'Br10n21 is probably desirable,

Eccentricity of the bore relstive to the exterior surface of the tube is
the predominant manufacturing veriable affecting collaspse strength, but for
eccentricities within the limits imposed by current specifiications, its effects
are small, and for practical purposes, may be neglected.

Variations in the circularity of the tube exert no measursble systematic
influence on collspse strength, and provided such variations are within the
limits imposed by current tube specifications, this may alsoc be neglected.
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APPENDIX I

Detaile of Specimens and Test (Observations

This Appendix contains full detsils of each pressuwre test specimen as
recorded during the pre-test inspection; of the mechanical properties of
the control test specimens applicsble thereto, and of the actual test
results obtained, It is divided into a number of sub-eppendices, each
contaaning the details relating to a complete series of tests on ons tube
size and specification.

2 Details of Pre~test Inspection

The pre~test inspoction provided dotailed information of the physical
dimensions of each pressure test specimen, Messurements of wall thickness
were made at six equi-distent points, A4, B, C, .cvesees. F, sroumd the
periphery at intervals of two diemeters (Stations 1, 2, ....... 7) along
the length of each tube, or at the mid point of tubes shorter than two
dimeters in length, The ovality was measured by direct readings across
the diameters AD, BE and CF, deviations from the truly circular form being
rececorded in thousandth of an inch varistion from the measured mean,

3 Mechanaicel Properties of Material Contrel Test Specimens

Control test specimens were cut from each length of tube from which
the pressure test specimens were subsequently prepared., Details of the
salient mechanical properties are ineluded together with the correlation
between mechanical test results and indavidual pressure test specimens,

Full details of 21l load-extension readings, from which the variation
of tangent modulus was obtained arc included as o sepearate sub-zppendix.

L Dotails of Test Results

The details of the test results include the collapsc pressure corrceted
for gange error, offcctive length and II/D. The number of lobes actuelly
formed in the collapsed btube, and the mumber of lobes which would have formed
had the whole periphery of the ftube collapsed are also recordsd for each
pressure test specimen,

The position of the crest and trough of each lobe 1s indicated in the
wall thiclkness records, the crest being indicated as a shaded line, and
the trough by o rectangle respectively.

The test results =are presented grsphically as a function of I‘/D for
each series of tests.
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Variations in Wall Thickness for 2.25" 0/D x 24 8.W.G. x TL5

Steel Tube Shcm.nr;r Relation Between Thickness and

Collopse pPatiern - Set 1

Tube

o |Station | A B o D E 7 Meen
1 0.026 | 0,027 | 0.027 | 0.027 | 0,027 | 0.025 | 0.0265
2 0,026 | 0,027 | 0.027 | 0.027 || 0.027!| 0,026 | 0,0266
3 0.026 | 0,027 | 0.027 | 0,027 [l 0.026| | 0.c25 | 0.0263
i1 L 0.025 | 0,026 | 0,027 | 0,027 || 0.026]| 0.025 ! 0,026
5 0.026 | 0,026 | 0,027 | 0.027 {{0.026{| 0.025 | 0.0261
6 0.026 | 0.026 | 0,027 | 0.026 |l 0.026]| 0,025 | 0.026
7 0,026 | 0.026 | 0.028 | 0.027 | 0.026 | 0.025 | 0.0263
8 0,026 | 0.026 | c.028 | 0.027 | 0,026 | 0.025 | 0.0263
4 0.029 | 0,029 | 0,029 { 0.028 | 0.027 { 0.027 | 0.0281
i el
2 0.029 | 0,030 | 0.029 | 0,028 | 0.027 | 0,028 | 0.0285
3 0.029 | 0,030 | 0,029 | 0.028 | 0,027 | 0,028 | 0.0285
1.2 » | 0.029 | 0.029 | 0,028 | 0.028 o.ézs o.c%za 0.0283
5 0,029 | 0,029 | 0,028 | 0,027 | 0.027 | 0,028 | 0.028
6 0.029 | 0,029 | 0,028 | 0,027 | 0,027 | 0.029 | 0,028t
7 0,029 | 0.029 | 0,029 | 0,028 | 0,627 | 0,029 | 0.0285
1 0.030 | 0,030 | 0,028 | 0.027 | 0,027 | 0.029 | 0.0285
2 0.030 { 0.029 | 0,028 | 0.027 il 0,028 | 0,028
3 0.029 | 0.029 | 0.028 | 0.027 0.028 | 0.028
1.3 L 0.029 | 0,029 | 0,028 | 0,027 0.028 | 0.028
5 0,029 | 0,029 | 0.029 | 0.027 0.028 | 0,0283
6 0,029 | 0,029 | 0,028 | 0,027 | 0.027 | 0.028 | 0.028
7 0.029 | 0,030 | 0.028 | 0.027 | 0.028 | 0.028 | 0.0283
1 0.027 | 0,028 | 0,029 | 0,029 | 0.028 | 0.028 | 0.0281
2 0.026 | 0.027 | 0.029 | 0.029 | 0.028 | 0.027 | 0.0277
- 3 0. %)26 o.f'527 0.029 | 0,029 | 0.028 | 0,027 | 0.0277
b 0.026 | 0.027 | 0,029 | 0,029 | 0.028 | 0.027 | 0.0277
5 0.027 | o 028 0.029 | 0,029 | 0,028 | 0.027 | 0.028
6 0.G57 1 0.028 | 0.029 | 0.029 | 0.028 0.027 | 0,028
1 0,025 | 0,024 | 0,025 | 0,026 { 0,027 | 0.026 | 0,0255
2 0,025 | 0.025 || 0,025}] 0.026 | 0.026 |f0.026 || 0.0255
1.5 3 0.025 | 0,024 [}o0.025]| 0.026 | 0,026 |{0.026 || 0.0253
L 0.025 | 0.025 |}0.026|| 0.026 | 0,026 |]0.026 || 0.0257
5 0,025 | 0,025 | 0,026 | 0.026 | 0.026 | 0.026 | 0.0257
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APPENDIX IA (Contd)

fo Station | 4 B ¢ D E P Mean
1 0,025 | 0,025 | 0,025 | 0,026 | 0.027 | 0.026 | 0.0257
2 0.026 20.025 io.ozs 0,026/ 0.027 | 0.025 | 0,0258
1.6 3 0.026 tgo.ozs {0,026 0.0252 0.026 | 0,026 | 0.0258
b 0,026 ¥0.026 {j0.026f| 0,026/ 0,026 | 0.026 | 0.026
5 0,026 | 0.026 | 0.025 | 0,026 | 0.026 | 0.026 | 0,0258
1 0,028 | 0,027 | 0,028 | 0.029 | 0,029 | 0.028 | 0{0281
.7 2 0.028 | 0.028 |0.028 | 0.02% | 0.029 | 0,029 | 0.,0285
' 3 0,028 | 0,027 |0.027 | 0.028 | 0.02% | 0.029 | 0.028
| S S
b 0.028 | 0,027 | 0.027 | 0.029 | 0.029 | 0,029 | 0.0281
I 0.025 | 0,026 {0,026 | 0.027 | 0.026 0.025 | 0,0258
1.8 2 0.026 | 0,027 |0.027 { 0,026 | 0,025 | 0,025 | 0,026
3 0.025 | 0.026 | 0.026 | 0.026 | 0,025 | 0.025 | 0.0255
19 1 0,026 | 0.027 [0.026 | 0,026 | 0.026 | 0,025 | 0,026
' 2 0.026 | 0.026 | ©.025 | 0,025 | 0,026 | 0.026 | 0,0257
| (I 1
1,10 1 0.025 | 0.026 | 0,026 | 0,026 | 0,026 | 0.026 | 0,0258
L — i
141 1 | o.028 [lo.0z7] [[e.027]] 0.028 | 0.029 | 0.029 | o0.028
-_— t i (I
1.12 1 0,025 | 0.026 | 0.026 | 0,025 | 0.025 | 0.025 | 0.0253
—tmd L [ [ .
e T [ 1 -
1.13 1 0.027 | 0,027 { 0,028 | 0.029 { 0,029 | 0.028 | 0,028
—d* | \ | |,
T ST
1ol 1 0.026 | 0,026 { 0.025 | 0,025 | 0,025 | 0,026 | 0,0255
L || )
1,95 1 0.026 | 0.025 |[0.025]|[0.025!|{0,025 | 0.026 | 0,0253
- ¥ |
1.16 1 0.026 | 0.026 | 0.027 | c.028 | o.029 | 0.028 | 0.0273
I} | D R | | .
147 1 1 0.027 | 0,027 | 0.027 |{0.028}| 0.028 | 0,028 | 0.0275
! | 0. 08
CTTTTTTT Y T
1.18 1 0.028 | 0,028 | 0.028 | 0,028 | 0.027 | 0.027 | 0.0277
| [ I N IO S |
e —
1.19 1 0.027 | 0.027 | 0.027 | 0.027 | 0.028 | 0,028 | 0.0273
S } R S |
: —t—
1,20 4 0.028 || 0.028][l0.028)| 0.028 | 0.028 | 0.027 | 0.0278
s - 1 L
1,20 1 |[o.027] | 0.028] || 0.02€] | 0.027 | 0.027 ||0.027 || 0.0273




Varlations

APPENDI X

S o

-

IA (Contd)

of Wall Thickness for 2.25" 0/D x 2k S.W.G. x TL5

Steal

Tubes Showing Relation DBetween Wall Thiokness

and Collapse Pattern = Set II

?E:? Station A B C D E ¥ Mean
1 0,027 | 0,028 | 0,028 | 0.027 | 0.026 | 0,026 | 0.027
2 0,026 | 0.028 | 0,028 | 0.027 | 0.026 | 0.026 | 0.0268
1 1
3 0.026 | 0.027 | 0,028 | 0,027 | 0,026 | 0,025 | 0.0265
” 1 b 0,025 | 0,027 | 0,028 | 0.028 | 0.C27 | 0,025 | 0.0266
. 5 0,025 o.o%y 0.028 | 0.028 | 0,026 | 0.025 | 0,0265
6 0.027 | 0.025 | 0.028 | 0,027 | 0,025 | 0,025 | 0.026!
7 0.038 | 0,028 | 0,029 | 0,028 | 0.026 | 0,025 | 0.027
8 0.025 | 0,028 | 0,029 | 0,028 | 0,027 | 0.025 | 0.027
1 0.025 | 0,025 | 0,025 { 0,024 | 0.024 | 0,025 | 0.0247
2 0,025 | 0,025 | 0,024 | 0,024 | 0.02% | 0.025 | 0.0245
3 0.025 | b.025 | 0.025 |[0.02% g: 0.024 | 0.025 | 0,0247
2,2 4 0,025 | 0,024 | 0,024 1]0.023(% 0,02k | 0.025 | 0,024
5 0,025 | 0.025 | 0,024 | 0,024 | 0,025 | 0.025 | 0.0247
6 0.025 | 0.025 | 0.024 | 0.024 | 0,025 | 0.025 | 0.0247
7 0.025 | 0.025 | 0,025 | 0,024 | 0.025 | 0.025 | 0.0248
1 0.027 | 0.028 | 0.028 | 0.028 | 0.027 | 0.026 | 0.0273
2 0,027 | 0,028 | 0,029 | 0,028 | 0.027 | 0,026 | 0.0275
3 | 0.026 | 0,028 | 0.028 | 0.028 | 0,027 [/0.026 | 0,027
2,3 L 0,026 | 0,028 | 0,028 | 0,028 | 0,027 [f0.026 | 0,0271
5 | 0.027 | 0.028 | 0,029 | 0.028 | 0,027 (0,026 [ 0.0275
6 0.027 | 0.028 | 0.028 | 0.028 | 0.027 | 0,026 | 0.0273
7 0.027 | 0,028 | 0.029 { 0.027 | 0.027 | 0.026 | 0,0273
1 0.025 | 0.025 | 0,027 | 0.024 | 0.024 | ©.024 | 0,028
2 0.025 | 0,025 | 0,027 | 0.027 | 0,025 | 0,025 | 0.0257
- 3 0.025/| 0.026 |{0.026]| 0.026 | 0,024 o.ozu.g 0,0251
L 0.025{] 0,026 || 0.025}{] 0.025 | 0.02% 0.021,.,/; 0,0248
5 0,024 | 0.024 | 0,025 | 0,025 | 0.024 | 0.024 | 0.0243
6 0,026 | 0.028 | 0,027 | 0.025 | 0.027 | 0.026 | 0.0265
1 0.030 | 0.029 | 0,026 | 0.027 | 0.029 | 0,029 | 0.0283
2 0,029 | 0.028 | 0.027 | 0.027 | 0,028 | 0.029 | 0.028
2.5 3 0.029 |[0.027 || 0.027 0.026? lo.c27|! 0.029 | 0.0275
" 0,030 | 0.028 | 0,028 | 0,027 | 0.028 | 0,028 | 0,028
5 0.028 | 0,029 | 0.029 | 0,029 | 0.029 | 0.029 | 0.0289




APPENDIX IA (Contad)

Type

No, | Station A B C D B F Msan
1 0,026 | 0,027 | 0,027 | 0,028 | 0.029 | 0,029 | 0.0277
2 0,028 | 0,028 | 0.027 | 0,027 | 0.029 | 0.029 | 0.028
2 € 3 o.oz7| 0,027 | 0.026 | 0,027 | 0.028 | 0,028 | 0,027
n 0.028 | 0,027 | 0,026 | 0.027 | 0.028 | 0.029 | 0.0275
5 0.028 | 0,027 | 0.026 | 0.027 | 0.029 | 0.029 | 0,0277
1 0,028 | 0.027 [0.027}| 0,027 | 0.028 | 0.028 | 0.0275
2.7 2 0,028 | 0,028 |l0.027|| 0,028 | 0.028 | 0.028 | 0.0278
' 3 0,028 | 0.028 | 0.028 | 0,028 | 0.028 | 0.028 | 0.028
I 0,028 | 0,027 | 0.027 | 0,028 | 0,028 | 0,028 | 0.0277
1 0.025 | 0,025 | 0,025 | 0.025 | 0.025 | 0.025 | 0.025
4 {
2.8 2 |o.024|§,o.oz4 0.025 | 0.026 | 0.025 | 0,024 j| 0,0247
3 0,025 | 0.025 | 0,025 | 0.025 | 0,025 | 0,024 | 0.02.8
R e
o 1 0,029 (10,028 0,028 o.?zs 0.027 | 0,028 | 0,0277
. H |
2 0.029 [10,028 | 0,027 0,027 | 0.028 | 0.029 | 0,028
f e i
fo'027 | 0.007 |
2,0 | 1 0,028 | 0,028 10,027 o.ozﬂg 0.027 | 0,028 | 0,0275
. G |_.._=._..l_,"f
244| 4 | o025 | 0.026 | 0,025)7|0.ce5| ffo.025 | 0,025 | 0.0251
A /i
2,12 1 ]0.025[ 0.025 | 0.025 | 0,025 0.025%, 0.025§ 0,025
{
o )
2,13 1 10,025 | 0,025 | 0.025 | 0.025 | 0,025 Iftc.025| | 0,025
A  —
4 | 4 4 i ?
2,0 | 1 0,025/ | 0.024] »r[o.ozul ﬁ’0.025, 70,025 | 0,025 | 0.0247
{? 4
2.45| 1 | olozn | 0.025 | 0.025 | 0,025 | 0.025 o.:oz'z, 0.0247
—_a ! o Lo v I i
b [ I s B 1 ¢ = i
2,46 | 4 0.024 | 0,025 | 0,025 | 0.025 | 0,025 | 0.025 | 0.,0248
S IR T N i i [ oo j [T
1 r f | S I |
2,17 1 (0,025 | 0,02k | 0.024 | 0.025 | 0,025 | 0,025 | 0.0247
i [} 1 J | S—
' [ t 1
2.18 1 0.024 | 0,024 | 0,02k | 0,025 | 0.025 | 0,025 | 0.0245
] — } } b
2,19 1 |o.024 o.oza| 0.84 | 0.025 | 0.025 | 0,025 | 0.0245
— —
2,20 | 1 0,024 | 0.024 | 0.025 | 0.025 | 0,024 | 0.024 | 0.0243
— —
— Tt
2,21 1 0.02 | 0,024 | 0,025 ||0,025 jo.ozu |0.024H 0.0243
] | | !
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APPENDIX IA (Conta)

Variations from Truly Circular Fom of 2,25" Dia, x 24 S, W.GC.

x T45 Steel Tube - Set 1

Tube

No. Station Masxcimuum Position Minirmum Position
1 +0.017 F-C ~0.017 E -3
2 +0.013 A~D ~0.013% E - B
3 +0, 011 A-D -0, 011 E-B
1.4 L +0,003 F-C -0, 003 E ~-B
5 +0,008 A-D -(,008 E-B
6 +0, 007 A-D ~0.007 E~.B
7 +0,002 F~C «(Q, 002 E-B
8 +0,018 -0 -0,018 A-D
1 +0.013 B-E ~0.013 A~ D
2 +0, 007 BP=~-C -0, 007 B ~-E
3 +0.010 F=C -0.010 B -E
1.2 L +0,002 F-C -0, 002 B-E
5 +0.004 F-C -0, 0ChL B~E
5 +0, 002 F~0 -0, 002 A-D
7 +0,030 B-F -0,030 A-D
1 +0,012 B~E ~0,012 A=-D
2 +0,005 F-C =Q0,005 4-D
3 +0,005 F-C -0. 005 A-D
3,3 L +0,003 F - w0, 003 E - B
5 +0,002 ¥F-C -0, 002 E-B
6 +0,003 P~C =0.003 A =D
7 +0,012 P-C -0,012 A-D
1 +(.,006 B-E -0.006 A-D
2 +0,015 P~C =0.015 4 D
3 +0, 007 F~-C ~0, 007 A~D
1ok L +0.001 A-D -0, 001 F-0C
5 +0,005 A=-D 0,005 F-C
6 +0,021 A-D ~0, 021 E-B
1 +0.016 B~E ~0.016 F-¢C
2 +0,020 B-E -0,020 F-C
1,5 3 +0.014 B-~-R -0, 014 P-C
L +0.006 F=-C -0, 006 E-B
5 +0,030 F-C ~0,030 E-B
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APPENDIX IA (Conta)

T}}?" Station | Meximum | Position | Minimm | Position

1 +0,009 F -0 ~0.009 A=D

2 +0.008 E B "'00008 A bt D

1.6 3 +0°007 E - B -00007 A - D
b +0,006 E -B 0,006 A=D

5 +0,014 F -0 -0, 014 A=D

3 +0,00L P-c -0, 00k E - B

. 2 +0,003 A-D ~0.003 E-B
' 3 +0.003 A-D -0, 003 E -8B
I +0,007 F -0 ~0,007 E-B

1 +0.003 F -G -0.003 A-D

1.8 2 +0.005 A~D ~0. 005 E-B
3 +0,010 A-D 0,010 E-B

‘s 1 +0.005 F -0 ~0.005 E-B
‘- 2 +0.003 A=-D -0, 003 P ~C
1.10 1 +0,025 A-D -0,025 P-C
1,14 3 +0.020 E-B «0.020 F-C
1.42 1 +0, 004 E-B -0. 004 A=D
1.13 4 +0.,00L, A =D ~0. 00 E-B
1.4 1 +0.014 A-D ~0. 014 F -0
1.15 1 +0, 004 F-C ~0. 00k E - B
1.16 1 +0.009 B - E ~0.009 F-C
1.17 1 0,001 B -E =0, 001 F -
1.18 1 +0.003 F - ¢ -0, 003 A-D
1.19 4 +0.005 E - B -0, 005 F-0C
1.20 1 +0,005 F -0 =0, 005 B-E
1,21 1 +0.00L A=D ~0. 004 P -

- 22 -




Variations fram T

APPENDIX IA (Conta)

ircular Form of 2,25" Dia, x 24 S.W.G.

s

% Teel TuLe - oo L
T;f Station Mascimum Position Minimum Pogition
1 +0,012 E~B ~G.012 A-~-D
2 +0,007 E~3B -0, 007 A-D
3 +0, 007 E-~-B -0, 007 A-D
2.1 b +0, 004 E-3B ~0. 004 ¥a-C
5 +0.00% E~B ~0,003 F-C
6 +0, 004, E~-B -0, Q0L A -D
7 +0, 003 E~B -0.008 A D
8 +0,019 A~D -0.019 F o
1 +0,011 E.B -0.011 F=-C
2 +0, 002 E~B -0, 002 A-D
3 +0,005 A=-D -0.005 E-B
2.2 & +0,010 A~D ~0,010 E~-B
5 +0,008 A-=D -0,008 F~C
6 +0,010 A-D -0.010 F-C
7 +0.016 E-~B -0.016 F-C
1 +0,018 F-¢C -0,018 E~3
2 +0, 004 E-3B -0, 004 A-~D
3 +0. 005 E-~-B «0,005 F-C
2.3 L +0.016 E-B ~0,016 F-~C
5 +0,016 E~3B -0.016 A-D
6 +0,007 E-B =0,007 A-D
7 +0,026 A-D -0, 026 E~-B
1 +0,023 A-D ~-0.023 F-C
2 +0,005 F-C -0.005 A-D
2.1, 3 +0,007 ¥-~C ~0,007 A-D
b +0,010 P-cC -0,010 A-D
5 +0,002 P~C -0, 002 A-D
6 +0, Ol A-D ~0. 0Lt F-C
1 +0,005 A-D -0, 005 E-B
2 +0, 009 A-D ~0, 009 E-~B
2.5 3 +0,009 A-D ~0.009 E-3B
k +0,008 A-D ~0,008 E-B
5 +0,018 A~D -0.018 E-~B

1
"
(e

1




APPENDIX IA (Conta)

T
%° | station | Meximm | Position | Minimm | Position
4 +0.014 B - X ~0.01L A=D
2 +0,014 T -0 ~0.014 A-D
2.6 3 +0,007 F-C -0,007 A=D
L +0,003 F-cC -0, 003 A=D
5 +0,017 B -~ E -0.017 A=D
1 +0,022 B ~ B ~0.022 P-C
2.7 2 +0,004 B -~ E -0, 004 F-C
' 3 +0.,003 A-~-D 0. 003 F-C
ll' +O|O18 B"'E "0.018 F "G
1 +0.005 FeC -0, 005 A=D
2.8 2 +0,002 P - -0,002 A=D
3 +0.006 B - -0, 006 A-D
2.5 1 +0,008 P o-C ~0.008 B - E
' 2 +0.010 F -~ -0,010 B -
2,10 1 +0,008 A-D -0, 008 F - C
2,11 1 +04 009 Fa-C | =0.009 A~D
2,12 4 +0, 00, B = E -0, 00k A=D
2,13 1 +0,008 B - E -0, 008 F-C
2,14 1 +0.00k4 B~ E -0, 004 F-C
2,15 4 +0,002 F-C -0, 002 A-D
2.16 1 +OQOO5 A - D -0.00E’ E - B
2,17 1 +0,005 B - E -0,005 A=D
2.18 9 +0,002 F~0 0. 002 A=~D
2.19 1 +0,003 B~ £ ~0,003 F - C
2,20 4 +0,002 F g 0. 002 B ~E
2.21 1 +O|ml§' F - C‘ "OIOOLF A - D
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APPENDIX IA (Contd)

Meohanical Properties of 23" Dia. x 24 S,W,G. x T45

Steasl Tubes

Specimen Direg;ion E x 10-6 1. p 0.1% | 0.2%§ C.5%6 | Max, E%g}gsa-
No. Grain P.8. | P.S. | 2.8, [atress % on 1"
1L2 L 29.1 29.81 41,6 1.8 42.0 | 443 10.0
1T T 28.6 27.31 401 | k2,1 45.6 | b5.9 k.0
2L L 30.7 29,51 40,6 0.8 1.0 | 41.7 10.0
271 T 31.05 | 26,0 | 62,3 L1 45,3 | 4E.9 L.0
3L L 29.2 20,9 [ 4.7 | 1.8 L2.1 42,8 8.0
32 T 3.9 25,6 | 16,0 | 4LB.5) B0.7 | B2.7 3.0
411 L 28,6 26,5406 | 1,01 1.5 | 43.5 8.0
LT T 30.2 27.6 | 46,6 | 48.9| BO.1 | Bh. L L.0O
BL2 L 28.4 29,0 | 43.7 | 4ho 6| 45.2 | k6.4 6.0
501 T 29.9 27.5 | k7 4 | 9.7 5104 | 52,3 3.0
6L L 29.2 26,6 12,8 | 43.3| L3.8 | 6.6 6.0
711 L 30,1 20,7 [ 44,3 | 5.2 | 46,4 | 48,9 6.0
772 T 28.7 290 | 574 | 8227 1 51,5 | B3.3 4.0
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APFENDIX TA (Contd)

Relaticn Between Material Test and
Presgure Tesgt Specimens

Material Specimen Ho. Relative Pressure Test Specimena
1 1.1, &1, 1.1,
2 3.4, 2.1, 7.1, 13.1.
3 5.1, 6.1, 8.1, 9.1, 10.1, 12,1,

4.1, 15.1.

b 18.1, 6.1, 17.4, 19.1, 20.1, 21.1,
1.2, 5.2,

5 52, 11.2, 8.2,

6 3.2, 6.2, 7.2, 9.2, 10.2.

7 12.2, 13,2, 14.2, 15.2, 16,2, 17.2,

18,2, 19.2, 20.2, 21,2, 2.2.
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APPENDLX IA (Contd)

Results of Tests on 2,25" Dia, x 24 S,W,G, x TL5

Steel Tubes under Unifomu Bxtermal Pressurs

on the Sides Only

Eastimated
Tube Corrected | Effective L No. Lobes No. Lobes in
Nds Collapse Length D Actually Camplete
Pregsure Formed Circumference

1.1 110 _ 2 2
2.4 115 14 2 2
1,2 125 2 2
2.2 87 - 15 D 2
1.3 127 - 2 2
2,3 115 12 2 2
1.4 125 - 2 2
2.4 93 10 2 2
1.5 102 ~ 9 2 2
2,5 127 2 2
1.6 115 - 3 2 2
2.6 133 2 2
1.7 192 ~ P 2 2
2,7 178 2 2
2.8 250 2 2
1.9 560 1 3
1.10 725 2 L
2:10 780 3k 1.51 1 Y
1.1 1250 2 L
2.4 995 235 1,045 2 L
1,12 1220 3 5
2,12 1160 2.05 0.51 2 5
1,13 1610 3 5
2.13 1250 1,88 Q.835 5 5
1,14 1440 2 5
210 1810 1,62 0.72 L 5
1.15 1690 1.5 0.667 3 3
2,15 1760 1.4 0,622 5 6
1.16 2100 1,28 0,57 2 6
2,16 1990 1.15 0.51 5 6
1.17 2260 0.93 0413 2 6
2,17 2240 0.86 0.382 L 6
1.18 2500 2 I3
518 25,0 0.85 0.378 3 ¢
1,19 2525 2 6
1.20 2880 2 6
2.20 2500 0.62 0.276 1 6
1.21 3360 5 7
o 260 0. 52 0.23 2 7
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AFPPENDIX IB

Variation of Tube Thickness for 1.75" o/d x 22 S.W.g
x T45 Steel Tubes Showirg Relation between Thickness
snd Collapse Pattern - Sct A

125
=

Tube No. | Statior A B C D lean

0,031 |0.030 | 0.029 |0.029 10,030 | 0.031 |0,03C
0.031 (0,030 | 0,029 {0,029 | 0,030 | G,031 (0,030
0.031 | 0.030 | 0,028 |0.028 | 0,029 { 0.030 (0. 0293
0.031 {0,030 | 0,028 {0,028 | 0,029 | 0,031 10,0295
0.031 [ 0.030 ] 0.028 {0,028 | 0,029 | 0,030 10,0293
0.031 {0,029 | 0.028 [0.029 | 0,030 | 0,031 [0.C297
0,031 10.030 | 0,028 |0,029 | 0.030 | 0.031 }0.03
0.031 |0.030 | 0.028 {0,029 { 0.030 | 0.031 {0.03

A1

o=~J v F i\ N =

0.028 {0,029 | 0,030 [0.031 | 0.030 | 0,029 {0,0293
0.028 {0,029 | 0.030 {0.03% { 0.030 | 0.029 |0,0293
0,028 0.028' 0.029 {0,030 {0.030 | 0,029 0,029
0.028 ||0.028}| 0,029 {0.030 | 0,030 | 0.029 |0, 029
0.028 [i0,028[]| 0,029 [0.030 | 0.030 | 0.029 [0.029

0,028 |0.028 | 0,029 0,030 | 0,030 | C.029 [0.029
0,028 | 0,028 {0,030 |0.031 {0,031} 0,029 [0.0293

%
~ T FEAN N

0.029 }0,029 | 0.031 |0.031 | 0.030 | 0.0%0 |C.03
0.029 10,030 { 0,031 |0.031 | 0,031 | 0.029 |0.0301
0,029710.030 | 0,031 0,032 | 0.031 | 0,029 |0.0303
0.028! f0.029 | 0,031 |0.032 {0,031 { 0,030 |0,0301
0,029 10.029 | 0.031 0,031 | 0,031 | 0,030 | 0,0301
0,030 |0.030 | 0,031 0,031 | 0,031 | 0,030 | 0.0305

A3

oo

0.029 |0.030 | 0.030 {0.031 | 0,030 | 0.029 | 0.0298
0,030 [0.031 |0,030 0.0%0 | 0.029 | 0,029 |0,0298
0.0% 10,030 | 0.031 }0.031[10.030 | 0.029 |0, 0301
0,030 {0.034 | 0.031 }0.030]{|[0.029 | 0.029 |0,030
0.030 |0.03% | 0,031 {0.030 [0.029 | 0,023 |0.030

E
N L=y O =

0,028 {0.029 {0.030 [0.031 | 0.031 { 0,030 | 0.0298
0.029% 0,029 {j0.030 [0.031 | 0,031 | 0,030 | 0.03
0.029% 0,030 1/0.030 ;|0.031 | 0.031 | 0.030 {0, 0301
0.029 |0,02970.030 |0.031 | 0.031 { 0,030 | 0,03

RS

£ VT e

0.030 | 0,030 {0,031 {0.031 | 0,030 | 0.030 | 0. 0303
0.029 [0.030] | 0.031%|0.032 | 0,031 { 0,030 | 0,0305
0.029 | 0,025 | 0.031/]0,032 | 0,031 | 0,030 | 0.0303

[ -

A6

\N

A7 1 0.031 {0,031 [ 0.030 [0.029(]}0. 029 0. 030

A8 1 ]0.0295[10.0292[10.030, 0.031 | 0,031%| 0.030(] 0,030

A9 1 P.0Z94fio. 029%| 0,031 |0.031 | 0.030 0,029%] 0.0298
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APPENDIX TB (Contad)

Variations in Circularity of J.75" din. x 22 S.w.2. X T.45

Steel Tubes -~ Set G

Dimensions Show ifaximim and Minimum Veriations from Truly
Ciroular Fork in Thousandths of sn Inch

Tube No. Max, Pos. 1dn. Pos.
G 1 +0, 005 C/F -0, 016 AB/DE
2 +0, 002 B/E -0, 005 CD/FA
3 +0,003 A/D -0, 008 RC/¥E
L +0,003 B-E -0, 005 CD/FA
5 +0,007 C-F -0, 011 DE/AB
6 +0. 006 BC/FF -0.008 CD/FA
7 +0,003 B~-F ~0. 006 CD/FA
8 +0.003 B-E -0, 005 Cc-F
9 +0,002 FL/CD ~0, 00 B~E
10 +0, 001 P-1, ~0. 004 B-E
11 +0,002 A=D ~0,005 BC/ER
12 +0,003 C-F -0, 005 DE/AB
13 +0,002 LB/DE -0, 006 BC/EF
1 +0,0C2 B-E -0,005 A~D
15 +0,002 BC/EF -0, 005 A-D
16 +0., 004 A=D -0, 008 C-F
17 +0. 002 CD/FA | =0.004 B~E
18 +0,002 D~A ~0.006 B~E
19 +0,003 B~E ~0,005 D-A
20 +0, 003 CD/PA | ~0.007 AB/DE
29 +0. 00y, B-E ~0, 006 CD/FA
22 +0,002 B-E -0, 00 C-F
23 +0,003 B=E -0, 007 O-F
2l +0,002 A-D =-0,003 C-F
25 +0,010 B-E ~0,008 | D/FA
26 +0.,003 | ¢p/PA | ~0.,003 | DE/AB
27 +0,003 B~E ~0,003 Co-F
28 +0.006 | AB/ED =0, 005 c-F
29 404005 CD/FA | —~0,006 B~E
30 +0, 004 A-D -0,005 | AB/EF

Details of Damage (Observed to 1.75%" Dia, x 22 s.Weg. x T.45 Tubes

Tube No, Details
Al Slight bruise between stations 3-4 at position C-D
Al Small cut between stations 6-7 at position F-A
A3 Brulse between stations 5-6 at position 3-C
B2 Bruise between stations 3-4 at position E-A
a6 Brulse at end at position C
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APPENDIX IB (Contd)

Variation of Tube Thiockness for 1.75" o/d x 22 s5.W.g.

x Th5 Steel Tubes Showing Relation between THiCKNess

and Collapse Pattern -~ Set C

Tube No.

Station

A

B

D

E

Mean

c1

o= I F AR -

0.027
0.028
0.029
0.029
0.030
0. 029
0.029
0.028

0.027
0.028
0.029
0.029
0.030
0.030
0.030
0.030

0,028
0.028
0.028
0,029
0.029
0.029
0.029
0.031

0.029
0.029
0.029
0.028
0.028
0,028
0.028
0.031

0.030
0.030
0.029
0.028
0,028
0.027
0.027
0.028

0.023
0.030
0,030
0.029
0.029
0.028
0.027
0.027

0.0283
0,0288
0.029
0.0287
0,029
C.0285
0.0283
0.029

Ccz

~ WFAN N =

0.028
0. 028
0.029
0.02%
0. 030
0.029
0.029

0.027

0.027
0.028

0.029
0.030
0.029
0.030

0.028
0.027
0.027
0.028
0.029
0.029
0,030

0,029
0.028
0.027
C.027
C.027
0.028
0.028

0.030
0.030
0.029
0.028
0.028
0.028
0.028

0.030
0.030
0.030
0.029
0,029
0.028
0.028

0.0287
0.0283
0.0283
0.0285
0.0268
0.0285
0.029

C5

WA F W -

0,030
0.029
C. 027
0.027
0.025
0.026

0.031
0,030
0.029
0.028
0.028
0,028

0,029
0.030
0.030
0.030
0.031
0.030

0.027
0.028
0.029
0. 030
0.030
0.030

0.026

O. 026
'0.027
:0.02
‘0,027

0.028

0.027
0,026
0.0267
0.027¢
0. 0254
0.026

0.0283
0.0281
0,028
0.0283
0.0277
0.028

L R N B

0.031
0.029
0,230
0.028
0.028

C.030
10,028
‘0,028
20,027

0.027

0.028
0.028

0.028
0,027

0. 02

0.026
0.028,
0.027;
0,028}
0.028

0,027
C. 027
0.027
0.029
0.029

0. 029
0,028
0.029
0,029
0.029

0.0285
0,028
0,028t
0.028
0.028

C5

Foi o

0.030
0.031
0. 030
0.029

0.030
0.030
0.030
0.030

0.029
0.029
0.02%
0,030

0,028
70,027
10,028

0.029

0.028
0.027
0. 027
0.027

0.029,
0.029;
0.028:
0,028

0.029

0,0288
0.0287
0.0288

cé

A

0.027,
0, 028:
0,029

0.027

0.027

0.¢c27(]]

0,028
0. 028}
0.027

0.029
0.029
0.028

0.029
0.030
0.030

0.029
0,030
0.031

0,0281
0, 0287
0.0287

C7

0,031

0.030

0,028

—

]0.028

0,030

0.0295

c8

0.031

0.031

0.030

0. 029 Jjo. 029

40,029

0.0298

c9

[j0. 029

0. 030

0.031

0. 031

0.030

0.028[

0.0298




APPENDIX

Variation of Tube Thiclness for 1.
x Th5 Steel Tubes Showing Relation between Thiclkness

IB (Contd)

Y o/d X 22 8.VF.

and Collapse Patioin ~ Set F

Tube No. A B c D E F sean
F 0.033 ,{ ©.032 | 0.028%f0,027]}:0.028 | 0.031 | 0,0298
F2 [0.0261%| 0,028 | 0,031 | 0.033 | 0.032 | 0.029"| 0.029¢
F3 0.027 (70,027 |[0s0%0] | 0,032 | _0.032 | 0,029 | 0.0295
Fl 0.032 | 0.032 | 0,030 |[10.0277 1 0.026 | 0,029 | 0.0293
F5 0.030 | 0.033 | 0.032 | G,028 | 0.026 [} 0.027 | 0.0293
F6 0.032 0.028 0. 026 | ' 0.027]} 0.030 | 0.033 | 0.0293
F7 0.032 | i0,029] 10.026 027 To':c‘agl‘i 0.033 | 0.0295
F8 jJo.c27 [Jlo.030 | 0,033 | 0.052 | (0.029{1..027(] 0.0297
F9 [10.026150.030 | 0,033 | 0,032 | 0,030[] .26 | 0.0295
F10 0.029 0.032 0.032 | 0,030 | 0,027 | 0.026 | 0.0293
P11 0.033 0.030 | 0,027 | 0,026 | 0,028 { 0.03%1 | 0.0291
™2 0.029 0.032 0.032 | 0.030 | 0.026 | ©.026 | 0,0291
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APPENDIY IB (Contd)

Variation of Tube Thickness for 1.75" o/d x 22 s,Wegs
x Th5 Steer Tubes Showing Relation between Thickness
and Collapse Pattern - Set G

Tube No, A B C D E oy Mean

Po.o028 |[0.0311 | c.03 | 0,03 | 0,031{ 0,028 []0.031
0.032 | 0,029 [{10.028(]J0.030 | 0.033] 0.03% |0.031
0.030 0,034 | 0.03% | 0,031} [0.029] {0.031
T10.028[1730.028 | 0.032 | 0.03: | 0.034| [0.030)°|0.031

T 0.028 T16.0%0] | 0.073 | 0.0% | 0.031 | [0.029] |0.0308
[0.029) | 10.028 0,030 | 0.033 | 0,033} 0,031 10.0307
0,030 (1] 0,033 0.03% | 0.0%2 | 0,029 10,028} }0.031

0.028 116,030 | 0.032 | ©.034 | 0.033| 0©.030]0.031
0,0281 | (0.029] | 0.032 | 0,034 | 0,033 0.030 |0.031
0028} | 0,030 1} 0.033 | 0.034% | 0.,031] [0.029] {0.0308
0.028] | 0.031 0,03, { 0,033 | 0,031 {0.028} 10,031
0.032 0.034 0.033 | 0.031[0J0.02801] 0.029 |0.0308
110.029 | 0,030 | 0,033 | 0.03% | 0,031110.029[ 0,031
]:0.03:__0;', 0,032 | 0.033 | 0.033(}]0.030!| 10,0281 |0.031
0.03 [0.030] |[0.028]| 0.028 | 0.031| 0,033 |0.0305
(C.029] | 0.032 | 0.034 | 0.032 | 0,030 [0,029] [0.031
0.031 | 0,029 {[0.029]|[0.030}] 0.032{ 0.0 g 0.0305
[0,028]

:

0.029 0,031 0,033 | 0,032 { 0,031 0.0307
0.029] | 0,029 | 0.031 | 0.033 { 0.,032| 0.030 }0.0307
0. 031 0.033 0.032 | 0.030[110.029170.029 _|0.0307
450,030 | 0.032 | 0.033 | 0.032 | 0.02911730.028] ]0.03%07
0.033 { 0.031["170.0297110.029 | 0.030| 0.032 [0.0307
0,02 0.029] | 0.0% | 0,032 | 0,032| 0.031 |0.0307
0,02 0.029 | 0.032[]10.033 0.029 |0,0305

P&Mmm_a-&_h..&—-\-_\—&—&—a.—h
N~ OO~ F NN 2O E~IomE e

25 [10.032 £1710,0320170.029 | 0,029 | 0,030({ 70,032 0.0308
2 170.029[~170.029 | 0.030 | 0.033 | 0,033 | 0.030 ]0.0307
27 110,031 0.033 | 0.033 {[0,03011i0.028}{ [0,028] [ 0.0305
28 0.032 | 0.030 | 0,028 | 0029 | 0.032| 0.033 10.0307
29 0.029 | 0,028 | 0.0%0 | 0.031 | 0,033 | 0,031 {0.0303
30 0.031 | 0,028 | 0.029 | 0.031 | 0.032| 0.032 |0.0305
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ATDENLTY TB (Conta)

Variations in Circularity of 1.75" dia x 22 3.W.g.

x Tyh S.0¢l T we (Sct A)

(411 dimensions arc in thousandths of an inch mcasured

from the truc circular form)

No.| Stn. 60°-21,0° | 120°~300°| Max. | Fos.| in, | Poa.
1 +2 1% 5% 55 | 2601 -6 | 1240
2 =1 -27 +6 +67 | 113°| -5 15°
3 -5, -2 +6 7, 111° -5 252
Al & ~3% -3 +5 #5% | 11500 <by | k30
1 g ...%.5 —-g +2 +g? 1 100 =L 110-0
- - + +b3 112 -7 171
A A A A
+ +1z =2z g 3 ~3z 3
1 -2 + - +4t 5,°| -3% | 1622
2 +2$ -ty +2 +5 1443 ~l, 76,
Al 3 27 L% 1% +6 | W7l A4 | 58
” L +2 ~ly 17 #5 | W3 Ak 750
5 +3 b, +iz 5z | W9l bz 82
6 +2 1 ~h ! +e +2 { 1%’?0 —151 12%0
7 ~Lz +52 -1 +07 o7
1 +1 2% ~5% wi | 2P -5 | 1230
2 -1 -2 -2 -1 159] -2 117°
A 3 -2 -3 +1 +1 138 | -3, 2302
3 L 0 -3?‘« 0 +2 WLl =33 58,
2 —-;] -?? +2% it u\‘*}%-o "'-? ?320
-z +1z -5 +3 3 - 3
1 ~1 +3% -6 +y 50°| -6z | 131°
2 -2 '3; 0 0 80| -3 70
Mlos 2} -1 + #1% | 850 ik | 2262
R R T
5 -2 +27 -y +23 51 - 132
1 -l +2 0 +5 82°| 3% | 180°
A 2 +7 -5 -4 +8 167°| -6 82°
E 4
AR AL
- + + +y 0
A 1 0 -z -] +.;_ 1650 ~0 272“0
6| ¢ H ~h -1 b |16 -9 | &2
3 - -2 -1 +1 148 4 229
*; 1 ~3% e 2% +5 75°| ~5% | 180°
s | ~3% +2 R T I (o S
5 | 1 0 -3 +2 +3 0 |130°] -3 1 s0°
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APPENDIX IB (Comtd)

Variation in Circularity of 1.75"dia x 22 s.wW.2.
x T4H Steel Tubes - Set B

(A1l dimensions are in thousendths of an inch from
the true circular form)

No. | Stn. | 0°%-180° | 60%24,0° |420°-300°| liax. | Pos.| Min. | Pos.
1 0 +1 +2 w27 | 040) — 1750
2 +3% +3 -1% i | 2P| -2F | 1450
3 +3 -1 +2 +3z | 163%] -2 70°
L +3 0 +1 +3 0% -1 80°
T2 +2 +2 ~2 +3 | 2079 = | 1132
6 +2 ~1 +2% +2-%'; 134° -1z 76
7 +2% - +1 +22 | 15401 -1 62°
8 i +2 =2 57 | 28°| ~2% |114°
1 1% 1% +23 +27 113391 ~1% | 2257
2 +5 +2 +2 +2% | 106°] % 215
g | 3 +3% +1 ~1 vy 19°) =1 1119
2 | ¥ +5, +3 - 55 | el -3 | 712
5 +3z +1 0 +3 1850 -1 130
6 +2 0 +1 +15 |1 620 0 65°
7 by ~1% vz e | AT° 1 | 69°
1 52 +5 +5 #6 | 100°] w1% 9640
2 +7 +31? +2—12— +7 20° +1“Q‘ 820
B 3 +8 g +1 #8F 1 101 4 | 102
3 L +5—’g +75 0 +8 50 ol *Z 135 o
5 +63 +5 +3 +3 30 3, 1207
6 +42 +2 0 +12 9| =23 96
1 mﬂg e +7% +8 14,09 -1 2289
2 +7z +1 +5 +85 1632 +5 738
B 3 +10 +1 +3 +10 0o -1, 862
L L +11 +1§ +2% +11 180° -1z 800
5 +10% 0 +2% 0 [18.°] o 61
1 -3 0 +y + 1029 =3 192°
B 2 — — +1% +2 1229 -4 190°
5 3 0 - +1 +1 139° | =1 25,0
L -2 0 +2 +3 1020 -2 196°
B 1 -1 +2 0 +2 88°| -3 1612
A 2 -1 -1 +3 +y 1158 -39{;— 210°
3 +2 +33 -z +5 38 =y 1125
g 1 -1 # 423 +3 [ 100°} -1 | 10°
g 1 -5 +5 +2 +2% 90°1 -1 10°




Veristions in Circulerity of 1.75" dia x 22 s.w.g.

APPENDIX IB (Contd)

x T45 Steel Tube - Set C

(All dimensions are in thouscmdths of an inch from

the true circular form)

No. | Stn. | 0°-180° | 60°9-240° |[120°-300°{ Max. | Pos.| Min, | Fos.
1 23 +1 +5% +6% | 981 -33 | 197°
2 +2 0 + + ol -2 400
3 + -1 +2% +5 173° -—1% 67°
c b +27 +2 +2 +2f | 1530} +17 5,90
1 5 +25 +5 +2 +3% 1760 +5 51;.3
€ +3 -1 i3 by 162 -1 60
7 +3 +2% 0 +3% 90°) % 127°
8 +y +2 0 +y 0% -4 102°
1 0 +g +5 +5% t17e] - 166°
2 5 o +h +z+2 120°f © 60‘;
o 3 +y 0 +1% & | 15°) =% &
o L + 5 +1 + 203 -1% 33
5 +1’¢ +1% +2% +2% 12571 +1 1609
6 1z -1 +l 7 12:,,3 -1 230
7 +5z ~-13 +9 +10 151 -1 | 243
1 -l -2 0 +1% g70| 4% | 180°
2 it -1 -1% o 90| 2% 1499
c 3 2 -5 -3 0 85°| -3 14,0
31 & +7% -9 ~2 +1% 0%l -2 | 85°
5 +57 =6 -5 +53 ol -9, 975
6 -1l 0 +8 +11 99°1 ~14% | 195
1 -2 -7 ik + 120°| -8% | 230°
2 -1 Rh : +3 4501 =6 138°
Sl 3 -1 42 -6 A IS I S I E
L ~% -1% -} +3 26°| =43 | 110°
5 -2 -12 +8% +9 138°] -13 | 232°
1 +1 15 +2 +3 100° % 30°
C| 2 125 o w2 | 425 w03 L | 57
5 3 -1 +1 +37 + 100} -1 193¢
L 0 +2 +2 2% 108 0 0
1 -8 -3 +5 +5 0P| -93 20°
¢l 2 +1 -3, 0 |2 | 30 3L | 830
3 - 43 L% ¥2z | 150°] -7 45°
9‘, 1 1 +2% RS +3 50°] 41 0
g 1 +3 -2 +3 +3% 90°| -y 5,0°
S -3 b +h +35 | 60°| -3 0
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APPENDIX IB (Contd)

T

45

Steel Tubes - Set F

M

Variations

nggg;gg Eggg ;g Thous. gggxhs of an Inch

Tube NO- m. POB- ]Iin- POS.
Fy #0,002 | BD/FA | -0.007] B/E
2 +0, 001 A/D ~-0,006 | BC/EF
3 +0, 005 B/E -0,0071 C/F
4 +0.005 B/E -0.014 | C/F
5 +0,003 | BC/EF | -0.005| D/A
6 +0.003 | CD/FA | -0.007| B/E
7 +0.001 | CD/FA, | ~0.006| B/E
8 +0.,00, | B/E | -0.013}| CD/FA
9 0 C/F | -0.005| D/A
10 +0. 001 AD | -0.0t0} BC/EF
11 0 B/E -0.006] D/A
12 +0.002 | B/E -0.007| D/A

- 36 w
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APPENDIX TB (Contad)

Variations in Circularity of J.75" din. x 22 S.w.2. X T.45

Steel Tubes -~ Set G

Dimensions Show ifaximim and Minimum Veriations from Truly
Ciroular Fork in Thousandths of sn Inch

Tube No. Max, Pos. 1dn. Pos.
G 1 +0, 005 C/F -0, 016 AB/DE
2 +0, 002 B/E -0, 005 CD/FA
3 +0,003 A/D -0, 008 RC/¥E
L +0,003 B-E -0, 005 CD/FA
5 +0,007 C-F -0, 011 DE/AB
6 +0. 006 BC/FF -0.008 CD/FA
7 +0,003 B~-F ~0. 006 CD/FA
8 +0.003 B-E -0, 005 Cc-F
9 +0,002 FL/CD ~0, 00 B~E
10 +0, 001 P-1, ~0. 004 B-E
11 +0,002 A=D ~0,005 BC/ER
12 +0,003 C-F -0, 005 DE/AB
13 +0,002 LB/DE -0, 006 BC/EF
1 +0,0C2 B-E -0,005 A~D
15 +0,002 BC/EF -0, 005 A-D
16 +0., 004 A=D -0, 008 C-F
17 +0. 002 CD/FA | =0.004 B~E
18 +0,002 D~A ~0.006 B~E
19 +0,003 B~E ~0,005 D-A
20 +0, 003 CD/PA | ~0.007 AB/DE
29 +0. 00y, B-E ~0, 006 CD/FA
22 +0,002 B-E -0, 00 C-F
23 +0,003 B=E -0, 007 O-F
2l +0,002 A-D =-0,003 C-F
25 +0,010 B-E ~0,008 | D/FA
26 +0.,003 | ¢p/PA | ~0.,003 | DE/AB
27 +0,003 B~E ~0,003 Co-F
28 +0.006 | AB/ED =0, 005 c-F
29 404005 CD/FA | —~0,006 B~E
30 +0, 004 A-D -0,005 | AB/EF

Details of Damage (Observed to 1.75%" Dia, x 22 s.Weg. x T.45 Tubes

Tube No, Details
Al Slight bruise between stations 3-4 at position C-D
Al Small cut between stations 6-7 at position F-A
A3 Brulse between stations 5-6 at position 3-C
B2 Bruise between stations 3-4 at position E-A
a6 Brulse at end at position C
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APPENDIX IB (Contd)

Meohsnical Properties of 13" dla. x 22 s.W.g X T45 Steel Tubes

L indicates Longitudinal test result

T indioates Transverse test result

Specimen | Direction| E ¢l 1.p 0.1%{ 0.2%| 0.5%| Yax., |Elongation
No. of Grain | x 10~ e I PS | P3 |Stress| % on 1"
iB1 L 2848 | 2741} 434 | 43.81 4he3 | 452 8.0

T 29,0 [ 17e5] 451 487 | 527 | 5he7 3.0
1E2 L 29,0 | 29.5| 46.7| 47.2 | L7.7| L7.8 2.0
281 L 30.3 §20,6] k2.4 43.2| 149 51.2 11,0
T 29,1 | 22,4} 42,6 45.1| 47.7} 53.0 7.0
oM L 29,0 | 3043 43.3) 3.8 | bhet ) 50.9 11.0
T 29.4 | 15.5{ 42,0} 45.2 | 48,2} 52.3 7.0
3B1 L 29,3 | 27.9| 42,71 43.1 | 43.3 | 46.7 13.0
T 31.6 | 27.7| 43.8} 46.6| 50.0{ 53.8 6.0
LE1 L 29.9 | 31.5| L0.2{ 40.4 { 0.7 - 12,0
T 32,3 18,3 41.7 | dhob [ 47.5 1 5142 7.0
T 32,4 | 23.0] 42,0| 45.4 | 48.0| 50.2 7.0
LE2 L 29.3 | 30.9] 38.8]| 39.2 | 39.8 | 42.8 13.0
T 30.2 | 25,71 42,6 43.9]45.8| L9.0 6.0
5E1 L 32,2 123,31 50.7| 52.0 152,71 53.3 6.0
iy 31,1 123.61 45.8| 48.5151.7| 54.3 L.C
6E1 L 28,6 129,51 42.9| 43.7 {4he3 | Lhbolk 12,0
T 31.6 125,51 kA2 | 6.5 [ 49.2 | 53.0 8.0
7E1 L 30,2 | 2644 44,9 45.4 | 46.0 ] 50.7 11.0
881 L 30,6 | 31,31 47.8| 48.4 |48.8 | 52.7 11.0
T 28.? 21.6 14-1’3 4309 Zi-7-1 51{-.1 7.0
Suffix E1 Denotes Specimen from One End of Original Tube
1t E2 ;] 11 n O-thez‘ nn 1] [}]
L] M " L] n lﬁddle n n L1}

Location of Specimens Relative to Sets of Test Specimen

Set No.

63 Y= O o pe

Specimen Set Number
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Results of Tests on 1%“ X 22 BeWeZe X T4H

LPPENDIX IB (Contd)

Steel Tube under Uniform External Pressurc on Sides Only
Estimated
Correcected . No. Lobes "
Tube No. | Collapse | P1i¢e®ve| L | yopus1y | No. Lobes in
Pressure Length D Formod complete
circumforence
A1 - - -
Bi 33, - 14 2 2
c1 339 2 2
A2 340 - 2 2
B2 32 - 12 2 2
c2 340 - 2 2
A3 367 2 2
B3 387 - 10 2 2
G3 300 - 2 2
Al 390 - 2 2
B4 396 - 8 2 2
N 320 - 2 2
A5 L25 - 2 2
B5 120 - 6 2 2
C5 L33 - 2 2
A6 850 - - -
B6 715 - % 1 3
ch 712 - - -
A7 1512 - 2 3
B7 1360 - 2 2 3
cT 1505 - 2 3
A8 3210 1,56 3 6
B8 3100 1,56 0,89 3 6
c8 2450 1.56 1 L
49 4350 0.68 1 -
B9 3,50 0,68 | 0,39 3 5
o9 3840 0.68 1 -
™ 350 0. 90 1 N
o) 3240 0.90 0.515 1 L
) 3200 0. 90 1 L
3 3080 1.30 3 5
FL 3015 1430 0. 743 2 b
F6 3090 1430 2 5
F7 3800 0,62 L 6
F8 3750 0.62 | 0,354 4 7
79 3620 0,62 3 6




IPPENDIX IB (Contad)

Estimated
Corrected . No. Lobes
Tube No. | Collapse Egzg:;ve %— Actually Noéog?,iiein
Prossurc Formed circumferenoe
G1 2320 2,00" 2 I8
G2 20,50 2,00" 1. 143 2 L
G3 2520 2,00" 2 5
Ch 2890 1.75 2 5
G5 21,20 1.75 1 2 L
Gé 2580 Te 75 2 L
G7 3180 1.48 2 5
8 2900 1.48 0.845 2 5
G9 3080 fei8 2 5
@10 3140 1.32 2 6
G11 3120 1.32 C. 755 2 6
Gi2 3010 1.32 2 6
G113 3280 1.20 2 6
Gk 3320 1,20 0.685 3 5-6
G15 3420 1420 2 56
G16 3320 1.0 2 4
G17 3280 1.0 0.572 3 &
G18 3390 1.0 2 6
¢19 3220 0.838 1 6
G20 3330 0.88 0.5 2 6
G214 3290 C. 88 2 5eb
G22 3560 0.75 2 7
23 3520 0.75 0.428 2 6
G2k 3540 0.75 - -
Ltteched: Drg, SME,74715/R
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APPENDIX IC

Veriation in Tube Thickness for 1" dia, x 24 S.W.G. x T4
Steal Tubes Showing Relation Betwsen Wall Thipkness
and Collapse Pattern - Set 1

Tube No,i Station A B c D E F Mean
1 1 0.025| 0,025 | 0.0z | 0,023 | 0,023 | 0.024 | 0,024
2 1 1" 1] 1] 1t 1] 0-024
5 it n " n 0'02}_'_ 0'025 0'021'_3
4 " i ft 0,024 " 0.024 | 0,0242
2 4 0.025] 0.025| 0.024)0.023 | 0,023 | o.02|0.024
2 0.025| 0.025 | 0.024 {0.023 0,02k | 0,024 | 0,0242
3 0.025| 0.025 | 0.025 0,024 |0.02% | 0.02 | 0.0245
3 1 0.0231 0.023| 0.02% | 0.025 | 0.025 | 0.024 | 0.024
2 0.02%| 0.023| 0.02 | 0.025 | 0,025 | 0,024 | 0.024
3 0.024| 0.023| 0.024 |0.025 | 0,025 | 0.025 |0,0243
4 1 0,021 0,024 | 0.023 | 0,023 |0.024 | 0,024 | 0.0237
5 ’ 0.024] 0.02% | 0.023 | 0.023 | 0,024 | 0,024 | 0.0237
— 1 3 1 ™
6 4 oobl T o.bat | o.00'| 0.083 |0.023 | 0.0% | 0.0237
JEII I B |f 1 L]
oty f 1 ¥ -~y | |
7 9 O'O% 0,024 | 0.023 | 0.02% 0.021] | 0.024 |0.0257
8 i 2028 Bz Eo.don To.0238 0 a] (F ook | 0.0238
Jzzi .%Io. 4 .0231 .024] | 0,024 | 0.023
— 1 t F 1 - — T
9 1 0.02% 20,02 0,02,%{(0,024] {0,023 | 0,02 |0.0238
3 I r——
10 1 0,023 ]o.oz;]%o.@a[ 0.025 0,024 | 0.024 |0.0238
I }.:E ““"—“"‘—u} 1
11 4 o0.024! 0.02, | 0.024 oio@ o.ozti 0.02, |0.024
B I R
42 1 iio.o.% 0.02% | 0202k} o.o[%_q_ o.o’zﬁi 0.024) [ 0.022
i




Variations in Tube Thickness for 1" dim., x 24 S,W.G, x Tib

Steel Tube Showing Relation Between Wall Thickness

and Collapse Pattern = Set 2

Tube No. | Station | 4 c D E F Mean

1 1 0,023 | 0,020,024 | 0,025| 0.025 | 0,024 | 0,0242

2 1] 1 1 1 ] ] 0.0&2

3 0,024 0,025 " " " | 0,0245

‘|+ 0.023 H] ] tt n 0.021_'.3

2 1 0.02% | 0.025] 0,025 | 0.026| 0,025 0,023 | 0,0247

2 0,024 | 0,025 0.026 | 0,025 0,02, | 0,024 | 0,0247

3 0.024 | 0,025 0,026 | C.026| 0,025 | 0,024 | 0,025

3 1 0,023 | 0.02;] 0,02 | 0,025| 0.025| 0,024 | 0,0242

2 0,023 | 0,02 | 0,025 | 0,025 C.025 | 0,02} | 0,023

3 0.023 | 0.024]0,025 | 0,025| 0,025 | 0,02k | 0,0243

4 1 0.024 | 0.024| 0.02% | 0,024 | 0,025 | 0,025 | 0.0243

5 1 0,023 | 0,024 0,025 | 0.025| 0.024 | 0.023 | 0,024

— 1 £ ¥

6 1| 0.0z lo.025f:0.025 | 0,024 | [C.024 }o.q'—zr 0.0243
3} .%— -L n% —

7 1 0.024 2| '0.024 30,024 | 0.024|]0.024]120,024 | 0.024
| 4 _i ——t [ § 4 "'———"l [——
1 S S .l I —

8 1 _g.o}z!r_ 0,02k |[0.62k] | 0,02%[ 0,925 | 0.025 f 0.0243
. } }: -t-F }j 1 J%} j—- —

9 1 0,025 |2 0.025] 0.023 | 0,024 ;io. 2, | 0:02L | 0.0245
Q ; ndl
I — Frt— | ———

10 1 0,025 | 0.025 }o.oz;] 0.023 | ©.023 |[0,024!| 0.02k
| S S 3 e
: F o —t— 3 i

11 1 0.024] | £ 0,025 | 0,025 {£0.025( 0.02 {{0.023 | 0.0243
¥ Il 03 T

12 1 0.02% | 0.024| 0,023 | 0.02 | 0,024 0,025 | 0.024
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APPENDIX IC (Contad)

Variations of Tube Thickness for 1" dia, x 24 S.W.G. x TW5
Steel Tubes Showing Relation Between Wall Thickmess
and Collapse Pattern -~ Set 3

Tube No. | Station| A B c D E F Mean
1 1 0,023 | 0.024 | 0.024| 0,024} 0,023 | 0,023 | 0.0235
2 n " 0.025 | 0,025 | 0,024 | 0,024 | 0.0242
3 " " w02 " |0.024 | 0.024
L " " " Jo.,02k] " 0,023 | 0.0238
2 1 0.022 | 0,023 | 0.025| 0,025 0,024 | 0.023 | 0,0237
2 0,022 | 0,023 | 0,025 0,025 | 0.024 | 0,023 | 0.0237
3 0,023 | 0.024 | 0,025 | 0.025| 0.02% | 0.023 | 0.024
3 1 0,022 | 0,022 | 0.023|0.025| 0,025 | 0.023 | 0.0233
2 0.022 | 0.022 | 0,023 |0,025| 0,025 | 0.02% | 0.0235
3 0.023 | 0.022 | 0.024 | 0,025 0,025 | 0.024 | 0.0238
L 1 0,022 | 0,022 | 0,024 | 0,025 0.025 | 0,02, | 0.0237
5 1 0,022 | 0,023 | 0.025 0,025 | 0.024 | 0,023 | 0.0237
— —
6 1 Pazqzé_ 0.0253| 0.d25 | 0,087 | 0.023§ 0.025 | 0,024
' _LI_______..J % \ J%I 1 =] [ —
— Fr1—1 I gO —— ¥
7 1 0.025 o.oz%z 102210023 | 0,02, 39-025 | 0.0238
— 3 { i Oior-—
8 1 0,024 | [0.023]{£0.022 | 0,023 | 0,024} 0,025 | 0,0235
' T = ¥ F O
F—4— 3 —— 3 3
9 1 0.925 | 0.0245 0,023 | 0.0225[0.023 e.ogg 0.0235
ES E 3
10 1 §¥%25 0.02} ]o.oz;[%ﬁ.ogz 0.02%||0.02,] [ 0.0235
¥ Ty Psl 3
11 1 0.025 | 0.02 |£0.023 | 0,022 0.023 E0.024 | 0.0235
?i ! i lil ) 3‘;
12 1| 0,025 | 0,024 [0.023 g?.ozj 0,02k | 0,025 | 0.024
i
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Variations of Wall Thickness for 1" dia, x 24 8.W.G. x T45

APPRNDIX IC {Contd)

Steel Tubes Showing Relation Between Wall Thickness

and Collapse Pattern - Set 4

; Tube No. | Station A B C D E E i F Mean
1
i T
1 1 0.024 | 0,024 | 0.02y o.ozz»;o.ozw 0.02% | 0.0238
2 0,025 | 0.024 | 0,024 | 0,023 0.024| 0,025 | 0,0242
3 0,02 | 0,02k | 0,02 ! 0,023 | 0,024 | 0.02) | 0.0238
L 0,025 | 0.025 | 0,025| 0,023 | 0,024 | 0,024 | 0.0243
5 0.025 | 0,025 | 0,024 0,024} 0.024 | 0,025 | 0.0245
6 0,025 | 04025 | 0,024 0,024 | 0,02 | 0,024 | 0.0243
7 0,025 | 0.025 | 0,021 0,02 | 0,024 | 0,024 | 0,0243
8 0.025| 0,025 { 0,02 | 0.02310.024 0,024 | 0.0242
i
3 %5 |
2 1 0.025| 0,02 | 0,024 | 0,023 0,024; 0,025 | 0.0242
2 0,025 | 0.024 | 0,024 | 0.023 | 0,02k} 0,025 | 0.0242
3 | 0.G2h| 0,05 | 0,024 | 0,023 ! 0,02k 1 0,025 | 0,02k
b | 0.02| 0.024 | 0,02k 0,023 0.024 | 0,02k | 0,0238
5 | 0.085| 0,024 | 0,024 0.024{0.0% | 0,025 | 0.0243
i 6 0.0 0.02k | 0,024 | 0,024} 0,024 | 0,025 | 0,0242
7 o.og 0.025 [ 0.02 0,02 | 0,025770.025 | 0.0245
|
3 1 |do.023| o0.024 | 0.025] 0,085 | 0,024 | 0,023 | 0.02%
| 2 (30,024 | 0.025; 0,024 ' 0. 054 0,024 1 0,02, | 0,0242
! 3 0,023 | 0,025 | 0,025! 0,024 !o 024 | 0,024 | 0,0242
L 0,024 | 0,02 | O, 025 Cu oé5 I o, 021 1 0,024 | 0,023
5 |_0.023| 0,025 | o, 025 { 0. 025 | 0. oza 0. om 0.0243
| 6 |;0.02 | 0.02 | O, 0251 0,024 | 0. 024 0. o:z;F 0.0242
| 7 |70.023 ) 0,02k} 0,025 ' 0.025 | O. 024 0,023 | 0.024
i “Z+ ’ .3' L] { !
b 1 0.024 | 0,025 ! 0.02% « 0,024 | O, 023 } 0,02 | 0,024
2 _0.02% | 0,024 | 0,025 0,024 | O. o2k ! o, 02 | 0,0242
3 | 0.026 0,025 | 0,024 | 0,024 | 0,083 ! 0.024 | 0.0243
4 0,025 | 0.025 | 0,025 | 0,02k | 0.0R4 | 0,024 | 0,025
5 | 0.025 | 0.0 {]0.025 0,024 {0,024 {0,024 | 0,023
6 {0.025| 0.025 { 0.025] 0,02 | 0,02k | 0,024 | 0,0245
£ %
5 1} 0.025{ 0,025 | 0.035 | 0,024 | 0,023 o.o%u 0.0243
2 0.024 | 0,028 | 0,025 | 0,02k | 0,02k | 0,02 | 0,0242
3 0.02k | 0,025 | 0,025 0.025 0.02'4 0.02 | 0.0245
1 4 4
i 0.025 | 0,035 | 0,025 | 0,024 | 0,024 0,025 | 0,027
] | { § T
5 0.025 | 0,025 ; 0,025 C,0241 0,024 | 0,024 | 0.0245
| R - T | -1 3
6 | 0.025T0.0625 | 0,02 o.oza?"o‘.‘ozzF 0,08 | 0.0243
! T ! 3
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APTENDIX IC (Contad)

Tube No. | Station A B c D E F Mean
6 1 o§023 0.0 o.o.;.ila 0.024| ©.024| 0.024 | 0.0238
2 0.023 0.025| |0,024]| 0,024 | 0.02

3 0,023 0.025| {0,025|| 0.024 | 0.02%4

4 0,02 0,024 | [0,024| 0.024 | 0,024

5 | 0.0 0.024| 0,02 | 0,024 | 0,02k

£
¥ i

7 1] 0.02 0.023| 0.024| 0,02k | 0,023%
2 0,024 0,024 | 0,02 | 0,024 | 0,02

3 0.02% 0.024| 0,024 | 0,02 | 0,02k

L 0,025 0.054| 0,02 | 0,024 | 0.0242

U - < * 1
5 0.021;; o.o%A 0.024| o.024 | 0,024
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AFPPENDLX IC (Contad)

Variation of Wall Thickness for 1" dia, x 24 S5.W.G. x T45

Stesl Tubes Showing Relation Between Wall Thickness

and Collapse Pattern = Set 5

Tuhe No,.| Station A B C D E P Moan
1 1 0,024 | 0.024 | 0,024 {0,024 | 0,024 0.024 | 0,024
2 0.024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,02

3 0,024 | 0,024 | 0.025 | 0,025 | 0,024 | 0,024 | 0,0243

L 0.024 | 0,024 | 0,025 {0,024 | 0,024} 0,024 | 0,0242

5 0,02 | 0,025 | 0.024 | 0,024 | 0,024 | 0,024 | 010242

6 0.024 | 0,025 | 0.025 | 0,024 | 0,024} 0,02, | 0.,0243

7 0,024 | 0.024 | 0.025 | 0.025 | 0.024| 0,024 | 0,0243

8 0.024 | 0.025 | 0,024 | 0.024 | 0,024 | 0,024 | 0,0242

2 1 0.02% | 0.024% | 0,024 | 0,024 | 0,024 0.024 | 0.024
2 0,024 | 0,024 | 0,024 | 0.024 | 0.023| 0,024 | 0,0238

3 0.024 | 0.024 | 0,024 | 0,024 | 0.024| 0.024 | 0.02k

4 0,024 | 0,024 | 0,024 | 0.024 | 0.023] 0.024 | 0,0238

5 0,924 | 0,025 | 0.025 | 0.024 | 0,024 | 0,024 | 0.0243

6 0.024 | 0,024 | 0,025 | 0.024 | 0.024] 0,024 | 0.0242

7 0,024 | 0,024 | 0,024 | 0,024 | 0,024 0.024 | 0,024

3 1 0.02 | 0.024 | 0,023 0,023 0.02%| 0.025 | 0.0238
2 0,024 | 0,023 | 0,023 0.024| 0.025| 0.025 | 0.024

3 0,025 | 0.024 | 04024 | 0,024 | 0,024 [0.024] | 0.0242

I 0.025 | 0,02: | [0.023| 0.022 | 0.023| [0.025] | 0.0237

5 0.02, | 0,023 | {0.023|| 0,024 | 0,025| [c.025] | 0,024

6 0.025 | 0.02%4 | |0.024]| 0,024 | 0.025] 0.025 | 0.0245

7 0.024 | 0.024 | 0,024 | 0.024 | 0.025]| 0.025 | 0.0243

L 1 0.023 | 0.023 | 0.02.H 0.025| 0.025! 0.02, F 0.0z
2 | 0,023 | 0,024 | 0,024 0.025 o.ozal 0,024 3 0,024

3 0.023 | 0,023 | o.0243 0,024 |o.024) 0,024 F 0,0237

4 0,023 | 0,024 | 0.0253 0,025 | |o.024if 0.023 '} 0.024

5 0,023 | 0.023 | 0.024%0.025 | [0.025] 0.024 ¥ 0,024

6 0.024 | 0.024 o.ozzq‘ 0.025 | 0,024 o.ozu% 0.0242

3 Y

5 1 0.023 0,024 | 0,025 | 0,025 | 0,024 | 0.023 | 0,02
2 0.5z 0.025 | 0,025 | 0,035 [0.023] ©.023 | 00242

3 | 0,02 | 0,025 | 0,025 | 0,034 |l0,023| 0,023 | 0.02

4 0.02% | 0,025 0.025 0.024 |{0.0231 0,023 | 0.024

5 0,02 | 0,0257| 0,025 | 0.024 10,023} 0.023 | 0,024

6 o.c}m 0,025 | 0,025 | 0,024 | 0.023[ 0.023 | 0,024

31

6 1 0.023 | 0,023 | 0,02 | 0.025 [0.025| 0,023 | 0.0238
2 0.022 | 0,023 | 0,024| 0.025 f°'°25 0.02)] | 0.0238

3 0.022 | 0.023 | 0.024{| 0,025 [{0.024) {0.024{ | 0,0237

i 0.022 | 0,023 | o.024) 0.025 F0.025) [0.025] | 0.02%

5 0,023 | 0.023 | 0,024 0,025 {0,025} (0,024 | 0,024

6 o.oaé 0.033 170,02 | 0.025 io.oz_s 0.02, | 0,024

7 1 oio22 | [0.023]| o.02k| 0.026 | [0.025] 0.u2s | 0,024
2 01023 | |0.022]| 0.023| 0,025 { [0.026 0,024 | 0.0238

3 01023 | [0.022|| ©0.024 | 0,025 | 0.0250 0.024 | 0.0238

I 01023 | [0.023 o.ozz?L 0,025 | 0,025} 0.024 | 0,024

5 o:¥023 0.023 o.ozz% 0,025 { 0,025{ 0,024 | 0,024
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APPENDIX IC (Contd)

Variations of Wall Thickness for 1" dia. x 24 S.W.G., x T4H
Steel Tubes Showing Relation Between Wall Thickness
and Collapse Pattern -~ Set 6

Tube No. | Station A B C D B P Mean
E 3
1 1 0,024 | 0,025 | 0,024 | 0,02 | 0,023 | 0,024 0,024
2 0.024 | [0.024) | 0.024 | 0.024 | 0,024 o.ozz} 0,02k
3 0.025 | 0.025] | 0.025 | 0,024 | j0.024[| 0,025 | 0.0247
IA 0.025 | 0.025 | 0,025 0.024 | 0.024 o.o:z% 0.0245
_1 =
3 ¥
2 1 0.023 | 0.023 o.oa? 0.024 | 0,024 | 0,02k | 0,024
2 0,023 | [0.023]| 0.023 | 0.024 | [0.025]| 0.024 | 0,02
3 0,023 | |0.024|{ 0.025 | 0,025 | [0.02% o.ozi,; 0,0247
A 0.024 | 0.024 | 0.025{ 0.025] 0.025 | 0.025 | 0.0245
3 E
] ' - 1
3 1 [ 0.02k | 0,023 10.023 £0,023 | {0,024 0,025 | 0,0237
2 0.025 { 0.02, | [0.023 Io.ozq 0.025{( 0.025 { 0.0243
. L—““"""—Jf i
——1 Fr-T—1# —t—— 3 —
b 1 0.024 | 0,023 | 0.023] 0.024 | 0.0253] 0,025 | 0,024
|} e D S g3 P
¥ ?'_'F:::I_Tr'-"——"‘l e f L3 r -—
5 1 [£0.025 | 0.024 | 0.023] 0,023} 0,023 | 0.0 0.0237
0 e ¥ e — g

Variations of Wall Thicknecss for 1" dia. x 24 S,W,G, x T45
Steel Tubes Showing Relation Between Wall Thickness
and Collapse Pattern = Set 7

Tube No, | Station A B C D E ¥ Mean
1 1+ |o.024 | o0.024 | 0.025|0.023] 0,02 | 0.02% | 0.0237
2 |o.024 | 0,02]| 0,023 | 0,023} [0.024]| 0,024 | 0,0237
3 | o.d2n | 0.02]| 0,02 | 0,024 | P.024) 0,024 | 0,024
b | 0,025 | 0,025 | 0,02 | 0,02, | 0.02% | 0.025 | 0,0245
e &
2 1 | 0.02% | 0.2 | 0,024 0.02% 0.02% | 0,024 | 0,02k
2 {0.02]| 0.023 {0,024 o.ozaf 0.024 | 0.0%, | 0,0238
3 | o.024l| 0,024 |[0.02 | 0,024]| 0,024 | 0,024 [ 0,024
L 0,024 | 0.924 | 0,024 | 0,02k 0,024 | 0,02 | 0.024
i E:

— 3 ] 3
3 1 |o.02s | 0.025%| 0.025] 0,024 0.033[ 0,633 3| 0.024
2 0,024 0.025i 0,025 | o.ogu; 0.023| 0,023 | 0,024

 E 3 e i —
L 1 10,023 10,023 0,023 | 0.0241]0,025)20,02 | 0,0237

S T G == — F
5 1 [0.085] [0.024], 0,024 ] 0.025| 0,024 0.023 | 0.0238

'
E¥
]




APFENDIX IC (Contd)

Variations of Wall Thickness for 1" dia, x 24 S.W.G., x TiH
Steel Tubes Showing TF:lation Between Wall Thickness
and Collapse Pattern - Set 8

Tube No. | Station A B C D E F Mean
i 1 } = 1$ i
1 1 o.'oza 0.92% 0. i23 0.021{ 0.025 o.ozi 0,024
|
2 0,025 | 0.025 | 0,025} 0.,025] 0.026 | 0,025 § 0,025
5 IE i li
I 3 i
2 0.Q2k |10,024|| 0,023([0.023 o._cg% 0.024| | 0.0237
2 0.025 ||o.024|] 0Jo24|l0.023] 0,024 {0,025 | 0.0242
i I
— il :t . 1!“ 1 -
3 1 .025 || 0,024 1f: 0,023] 0.0231 0.023 0,024 | 0.02%
s 4 3 P
'.{t ] i . — i —T' ¥ |
I 1 0,023 | 0.023.] 0.023| 0,023 |0,025(| 0,024 | 0.0237
T 1 e i . i
i r 1 i l}
5 1 0.02, 0.02:2} 0,021 | 0.024% jo.024 |} 2,024
. L | L ! -i‘
i i
i . { |-¥
6 1 [0.023 0.024] 0.025] 0,0254 0,024 | 0,024
Eht y o z
; Bl
x| 3 !
7 1 |]0.025] 0.023|| 0,023 0.024)E0.02% | 0.0238
|I If -~
; i F ——
8 1 |0.0231 0,02 0.0214 0,02 | 0,023 | 0.0235




APFENDIX IC (Contd)

Maximum and Mimdmum Variation from the True Circular Form
of 1" dja, % 24 S, W.G, x TLS Steel Tubes ~ Set 1

Tube No. Station Max, Position Min. Position
1 1 +0,002 B-E «(,002 A~D
2 +0,002 C-F -0, 002 B-E
3 +0.002 Cap =-0,002 B-E
4 +0,002 B-E -G,002 C-F
2 1 Nil - Nil -
2 +0,001 E~-B ~0,001 A~D
3 +0,002 E-B ~0,002 A~D
3 1 Nil ~
2 +0,.001 A-D =0 .001 B-E
3 +0,001 P-C -0,001 B~E
L 1 Nil - Nil -
5 1 +0,001 E-B =0, 001 A~D
6 1 +04001 A-D =04 001 o-F
7 i +0,001 B-E =0,001 C-F
8 1 +0,002 A-D 0,002 C-F
9 1 +0,002 A-D ~0.002 B-E
10 1 Nil - Nil -
14 9 +0,009 B-E -0,009 A=D
12 1 +0,007 0 -0, 007 A~D
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APPENDIX IC (Contd)

Maximum and Minimum Variations from Truly Circular Form
of 1" dia, x 24 S.W.G. x T45 Steel Tubes - Set 2

Tube No. | Station Max, Position Min, Poaition
1 1 +0,003 A=D -0,003 C=F
2 +0,002 " -0, 002 B-E
3 +0,001 " =0,001 B=-E
ll- +0 . m3 " -0 - 003 B"E
2 1 Nil - Nil -
2 +0,001 F-C -0,001 B-E
3 +0,001 - =0, 001 B-E
3 1 +0,001 =G =0,001 E-B
2 +0,002 PG 0,002 EB
3 +0.,001 F=C -0,001 B-B
4 1 +0,002 B-E =0,002 =
5 4 +0|00} A=D "'0. 003 P={
6 1 +0,001 P-C =0,001 A=D
7 1 +0.003 F=C ~-0,003 B-E
8 1 +0,001 E-B -0, 001 A=D
9 1 +0,001 B-E -0,.001 P-C
10 1 +0,002 B-B -0,002 D-A
11 1 Nil - Nil -
12 1 +0.001 A"‘D "’01001 F—C
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APPENDIX IC (Contd)

Maximum and Minimum Variations from Truly Circular Form

of 1" dia, x 24 S.W,G., x T45 Steel Tubes - Set 3

Tube No., Station Max, Position Min, Position
1 1 +0.001 F"'C -0.001 B""E
2 +0,001 B~E =, 001 A=D)
3 Nil - Nil -
L +0,001 A=D =0,004 B-E
2 1 +0,002 P ~0,002 A~D
2 +0,001 Bl -0,001 A~D
3 +0,002 B-% -0,002 0
3 1 +0.002 A=D -0,002 B-E
2 +0,003 A=D -0, 003 B-E
3 +0,003 A=D =0,003 B~E
Z{. 1 +O-002 A""D "O-mz F—C
5 1 +0,001 P =0, 0 25
6 1 +0,001 A-D -0, 001 B-E
7 1 +0,001 B-E =0,001 A-D
8 1 +0, 001 A~D -0,001 B-E
9 1 +0,001 F~C -0,001 A=D
10 1 +0,001 A=D =0, 001 B=-B
11 1 +0,002 B-E =-(,002 F=C
12 1 Nil - Nil -




APPENDIX IC (Contd)

Maximum and Minimum Variation from Truly Circular Form

of 1" dia, x 24 S.W.G., x T45 Steel Tubes - Set 4§

Tube No, Station Max, Position Min. Position
1 1 +0.001 ER =0, 001 P=C
2 Wil - Nil -
3 +0,001 AD -0,001 P=C
}+ 1® " 1 "
5 1 H L 1t
6 't E_B it n
7 " A=D n f
8 +0,003 f -0,.003 E-B
2 1 Nil - Nil -
2 Nil - Nil -
3 +On 001 F-C "'0.001 E""B
4 il T3 1] A=D
) " A=D n =C
6 +0,003 " =0,003 F=C
7 +0.002 " =(0,002 E-B
3 1 +0,001 FaC =0, 001 E-B
2 tt it [H] E.,B
3 " 1t ] A=D
L n " fi A=D
5 " A=D " E=B
6 +0,005 A=D =0,005 P=C
7 +0.002 F=C -0, 002 E=-B
L 1 +0,001 A-D =0, 001 E-B
2 +0.002 P=C 0,002 "
3 n A=D 1] n
4 H 1t 1t t
5 1t " it 1]
6 " it 1t it
5 1 +O. 003 F""C -O . 003 E"B
2 +0,003 A=D -0,003 "
3 +0,002 PG -0,002 "
)4- +O. 001 A."'D "'0. 001 "
5 +0,002 =0 =0.002 A=D
6 " n -0,002 E-B
6 1 Nil - Nil -
2 +0.002 A-D =0,002 E-B
3 Nil - Nil -
4 +0,002 F=( ~0,002 A-D
5 1 # " E-B
7 1 +0,001 A-D «(0,001 F=C
2 +0,001 A-D -0,001 E-B
3 Nil - Nil ~
h_ " - - -
5 1t - - -
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APPENDIX IC (Contd)

Maximum and Minimum Variation from Truly Circular Fom of

1" dia, x 24 S.W.G, x Ti5 Steel Tubes = Set 5

Tube No, Station Max, Position Min. Position

1 g Wil - Nil -
2 Nil - Nil -
L " B-E =0.,001 L
5 " F( -(,001 "
6 Nil - Nil -
7 +0,001 F-C -0,001 A-D
8 +0,. 00 " -0,001 B-E

2 1 Nil - Nil -
2 +0. 001 P=C =-0,001 A-D
3 +O . 002 B"E "'0 - 002 "
]+ 1] " i L)
5 " F-C " E-B
6 1" " ft L]

3 1 +0,002 A~D ~0,002 F-C
2 1 " " B-E
3 " n ft P-C
4 +0,.004 " -0.004 P=C
5 +O.m2 " ""O- 002 F"‘C
6 +(, 004 n ~0,004 T
7 +0,001 n =-(.001 "

& 1 +0.001 B=-5K =0, 001 F-C
2 +0.002 A=D -~3,002 B-E
3 " =~C -0,002 B~-E
4 +0.,003 B-E «0,003 C
5 " ] " P~C
6 +0.001 " "'0. m‘l A"’D

5 1 +0.001 P-C -0, 001 A=D
2 n 1] _0. 001 ]
3 Nil - il -
L ] - ] -
5 " - n -
6 +0.002 =C ~0,002 A-~D
2 +0,001 " ~0,001 "
3 +0,002 n ~0,002 "
4 +0,002 E~B ~0,002 A-D
5 +0.001 ¥-C ~0.001 A-D
6 +0,002 " ~0,002 E-B
2 +0,002 F-~C ~-0,002 "
3 " E-B =0,002 F=C
L +0,001 " ~0,001 A~D
5 " " "y . 001 "




APPENDIX IC (Conta)

Maximum and Minimum Varaation frem True Circular Form of

1" dia. x 24 S.W.G. x Th5 Steel Tube - Set 6

Tube No. Station Max. Position Min, Position

1 1 +0,011 P -0,011 A=D
3 +0.001 B~E -0, 001 F-C
1 +0,001 F=-C -0,001 A-D

2 1 +0,C02 A~D -N,002 G
2 +0,001 f -0,001 BuE
3 it " 1 LH]
N " Pl " 1

3 1 +0.002 F=C =0, 002 B-E
2 +0, 001 B.H -0, 001 A=D

N 1 +0,001 A=D -0 ,001 B3

A 1 +0,002 B-E =0,002 =0

Maximum ond Minimum Varistions from True Circular Form of

1% dia, x 24 S5,W,G. x T45 Steei Tubes = Set 7

Tube No, Station Max, Position Min. Poaltion
1 1 +0,001 B~E =~0,001 P=C
2 Nil -~ Nil -
3 Nil - b -
4 +(0, 001 A~D =0, 001 PC
2 1 +0.,001 B-E -0,001 F-C
2 Nil . Nil -
3 " - ] -
L " - 1 -
3 1 +0,002 B=1 =-J,002 A=D
2 +0,002 B-E -0,002 F-C
" 1 +0,001 A-D -0, 001 P=C
5 1 +0,002 | A-D ~0,002 | FaC
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APPENDIX IC (Contd)

Maximum and Minimum Variations from True Circular Forming

A" aia, x 24 8.W.G, x T45 Steel Tubes = Set 8

Tube No, | Station Max, Position Min. Position

1 1 +0,002 A-D -0,002 F~C

2 +0.001 E-B ~0,001 PC

2 1 +0,001 B-E =0, 001 »C

+0,005 B-E8 =0.005 A-D

3 1 +0.001 »=-C -0, 001 E-B
L 1 Nil - Nil -

5 1 +0,001 F-C -0, 001 A-D
6 1 Nil - Nil -

7 1 +0,001 A-D -0,001 E-B

a 1 +0,001 P=C =001 A-D

- 55 »




APPENDIX IC (Conta)

Mechsnical Properties of 1" dia, x 24 S.W.G.

x TH Bteel Tubes

Specimen|Direction| E Max. |Elong.
No. |of Grain |x 1076| I¥ O.1% PS|0.2% FS) 0. PS S8tress|% on 1"
1 L 29.3 |29.2| u6.2 47.0 47.9 9.1 9
T 27.3 [17.2] 45.9 49.0 5044 53.2 3
2 L 28,7 |32.4] 46.2 47,0 K77 43.6 9
T 28.5 |22.2] 44.3 48.0 49.2 50.1 2
T 29,0 {21.7| 46.1 49,0 51.0 53.5 4

Relation Between Mechanical and Actual Test Specimens

Mechanical Test

Speoimen No.

1
2
3

Relative Test
Specimen Set

1
2
3

As the mechanical properties of the three test specimens

were 80 uniform, sets 4 to 8 of the actual test specimens

were cut at random from the remaining lengths of tube,
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APPENDLX IC (Conta)

Results of Tests on 1" dia. x 24 S.W.G. x T4H5 Steel Tubes
Undsr Uniform Pressare Applied to the Sides Only

Collapse |No. Lobes | Estimated No,
Tube No. L/D | pressure | Formed in Periphery

4.2 13.05 960 2 2
5.2 965 2 2
4.3 12.05 965 2 2
5.3 950

L.L 11.05 950 2 2
5.4 975

L.5 10.05 1020 2 2
5.5 1015

L,6 9.05 1000 2 2
5.6 1025

L.7 8.05 1040 2 2
5.7 1033

6.1 6.8 1080 2 2
7.1 1085

6,2 5.8 1170 2 2
7.2 1180

2.1 5.05 1300 2 2
3.1 1315

1.2 4.1 1630 2 o
2.2 1660

3,2 1675

8.1 3.2 2580 2 3
8.2 2670 3 3
1.3 3.05 2650 3 3
2,3 2670 3 3
3.3 2460 3 3
6,3 2.3 3080 3 >
7.3 3080 3 3
6.4 1.7 3760 3 >
7.4 3750 L L
1.0 1.55 12,00 I A
2.4 4135 4 1
6.5 1. 4230 L 4
7.5 4280 L 4
8.3 1.3 4650 4 i
8.4 5240 L 4
8.5 1.2 5650 4 L
8.6 1,850 L L
8.7 1.1 5100 4 L
8.8 4750 I 4
1.5 1.0 5300 4 L
2.5 5500 4 L
3.5 4950 b b
1.6 0.95 SL00 L L
2.6 5600 4 L
3.6 5100 4 4
1.7 0.85 5540 4 4
2.7 5875 4 b
3.7 2275 b L

- 57 -



APFENDIX 1C (Conta)

Tube No,

Collapse { No. Lobes
Pressure Formed

Estimated No,
in Periphery

0.75

5730
6000
5540

-
\ONDND £ 00 C0 Co

0.65

5875
6225

5680

0.55

6000
6150
5965

0.45

6200
6325
6425

e N Fa o P e

DI WY DR
MMON= = 2000

AW NN =S OGIRN 2W 2N

0.35

6700
6900

= I FHlowrphwwuwhweE sl

~J
1
0

Attached:

Drg. SM.E. 74799/R
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APPENDIX ID

Variation of Wall Thickness far 1" 0/D x 22 S.W,G. x Tib Steel Tubes

showing relation between Wall Thiciness snd Collopse Pattern - Set 1

ggfe Station A B ¢ D B F | Mean
% %
1 0.032 | 0,030 | 0.031 | 0.032 | 0.034 | 0.034] 0,0321
% I %
2 0,032 | 0,030 0.351 0,053 | 0,03 | 0.03% 0.0323
2 J %
3 0.032] | 0.0 {0.03t | 0,032 | 0,033 | 0,034 | 0.0321
7 | i %,
1 4 0,032} | 0.031 | 0,031 | 0.032 | 0.033 | 0.033| 0,032
% | | Z
5 0.032] | 0.030 }0.031 | 0,032 | 0.033 | 0.033( 0.0318
% ! | 7z
6 0,032 | 0.0%1 } 0,03 | 0.032 | 0,033 | 0.033| 0,032
% ! | %
7 0.032] | 0.034 | 0,03 | 0.032 | 0.033 | 0.033{ 0,032
4, e Z
8 0,032 | 0,034 | 0,031 | 0,032 { 0.033 | 0.033{ 0,032
7 2
0.032 | 0.032 | 0,031 | 0,030 | 0,030 | 0.031| 0,031
"’?/ N A % 1
2 0,052 | 0,032 | 0,051 | 0.030 | 0.030 | 0.031| 0,031
% l | Z i I
3 0,032 | 0.032 | 0,030 { 0,030 | 0.030 | 0.031| 0,0308
4 ] | %, | |
2 Y 0.032 | 0.052 | 0,031 | 0,030 | 0,030 | 0.031 | 0,031
% | | 7 ! !
5 0.032 | 0,032 | 0,031 | 0.030 | 0.030 | 0.031| 0.031
% | \ % l [
6 0,032 | 0,032 | 0,031 | 0.0%0 } 0,030 | 0,031 0,031
42 [ S | % i
7 0.032 | 0,032 | 0,032 | 0,031 | 0,030 | 0.031| 0,0313
—t— Z e, 2
1 0,030 | 0,03¢ | 0,032 | 0,032 | 0,032 | 0.031]| 0.0313
[ | % l | Z
2 0.0%0 | 0.031 | 0,03t | 0,032 | 0,034 } 0,031} 0,031
| | % | | 7
3 3 0,050 | 0.030 | 0,032} 0,032 | 0,032 | 0.030] 0.031
I l % l | 7,
A 0,030 o.?so 02231 0,032 o.?sz 0,030 0.0308
[ | 7z,
5 0.030 | 0,030 | 0,031 { 0,032 | 0.032 | 0,030| 0,0308
I [ Z I %
6 0,030 | 0.030 | 0,031 | 0,032 | 0,032 | 0,031 | 0.031
o 1
f } “® —— A
1 0,032 | 0,032 | 0,031 | 0.031 | 0.03% | 0,034 | 0,033
l l 7 | | z,
2 0.032 | o0.03t | 0.031 | 0.031 | 0,031 | 0.032] 0.0313
| | % i | %
L 3 0,032 | 0,031 | 0.031 | 0.030 | 0.030 | 0,034} 0,0308
] [ #, | { %
I8 0.032 | 0,032 | 0.,0% | 0.030 | 0,030 | 0,031} 0.0308
032 0,031 | 0.050 | 0,030 | 0,031 | 0,031 0.,0308




APPENDIX ID (Contd)

No Station A B o} D 7 F Mean
— Z | — % —=
4 0,031 0,030 |0,030 | 0,034 |0.031 |0.,032 }0,0308
i % ' i 2 |
2 0.031 0,030 {0,030 | 0,034 o./032 o.?sz 0,03
l z } 4
5 3 0.031 | 0.030 0‘.030 0,030 {0,032 |0,032 |0,0308
| 4 | | Z I
L 0,032 | 0,03 |0,030 | 0.030 |0,031 [0.,032}|0,03
i “ | % |
5 0,032 {0,030 o’.oso 0,031 | 0,032 |o0.032 |0.0311
e I
%, i 1,17
1 0,030 | 0,030 | 0,030 j; 0,031 0.0308
V4
% i | Y
2 0,030 | 0,030 | 0.030 |5 0,031 0.0307
6 Z i | /-
3 0,030 | 0,030 | 0,030 [70.032 0,0308
Z | |y
L 0,030 [ 0,030 | 0,031 |;G,034 0.0308
% e —4 |7
1 0.030 10,031 |lo,032}| 0,032 0,031
7 2 0,030 %0.031 {l0.032|| 0,051 ¥ 0,0307
3 0.030 %o0.031 |lo.032}| 0,032 % 0.031
ip e m— | ;r
¥ T
N S T é —
8 1 % 0,030 | 0,031 7| 0,032 | 0,032 7} 0,031 |0.031 |0,0314
[ e e M el L
- 7 ‘E ™ ?“ | ’2‘ —
9 1 0,030 %{]0.031} }0.032 | 0,031 Z{{0,031] [F0.031 | 0.03
— :I;«, O S /; 7
/ 4 /4
” i 4 g— A
- r LFA 1 ’ [ ""'V/,i
10 1 0.032 4} 0,031 | 0,031 || 0.031 %{ 0,031 |0.032 |0.0313
l; L jz 1 2 t l"l
‘I/’A 1 %, f % ——
11 1 0.030 {l0.034] £0,034§ | 0,032 1{l0.034]%| 0,034 |0.034
— i j — P ;,; Ml
12 4 0,031 0:030 | 0,030 { 0.031 |0,032 | 0,031 |0.0308
% W
13 1 0,030 | 0,030 | 0,030 | 0,031 | 0,031 | 0,031 |0,0305
14 1 0,030 | 0,030 | 0,034 | 0,031 |[0,030 | 0,030 {0,0303
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APPENDIX ID (Contd)
Variation of Wall Thickness for 1" 0@ % 22 S.N.G, % TL5 Steel Tubes
Showing Relation betwesn Collapse Pattern and Well Thickness ~ Set 2

ube | station | 4 B v D E F | Mean
1 o.g}o 0,033 | 0,033 | 0,033 |0,032 | 0,030 !0.0318
2 0,031 0,034 { 0,03L (';0.032 0,031 | 0.030 | 0.032
Vi —
3 0,031 0.033| | 0,033 éo.osz 0.?31 0.030' 0.0316
7
1 L 0,030 0.031' 0,033 20.054 0.033 | 0,030 | 0,018
5 o.:fso 0.032t 0.033 é0.0JA 0,033 | 0,031 | 0.0321
6 0,031 0,032 | 0,033 {,0.035 0,033 | 0,031 | 0,0324
7 o.;§31 0.031 {0,032 }/ 0,033 |0.034 | 0.C32|0,0324
8 0,031 0.032 | 0,033 | 0,035 |0,033 | 0,031 | 0.0321
I % %
| ! %, %
2 0,032 0,033 | 0,033 | 0,032 |l0.031] | 0,030 |0.0318
| | % %
3 0,034 0,032 | 0.033 | 0.033 {10,031| | 0,030 0,036
I | % %
2 L 0,030 0,031 | 0,032 | 0,033 (/0,032] | 0,030 | 0,033
| | % %
5 0.034 0.033 | 0,033 | 0.032 |/0,031] | 0.030{ 0.0346
i | 4 4
6 0,032 0,033 | 0.032 | 0,031 l0.030] | 0.031 | 0.0343
! | % %
7 0.031 0,033 | 0,033 { 0,032 10,031| | 0,030 | 0,0316
e e
—_— % —t %,
| 0,031 0,033 | 0,033 ] 0,032 {0,032 | 0,031 | 0,032
| 2 | | %
2 0,030 0,032 | 0,033 | 0.034 | 0,032 | 0,031 | 0,032
| % | J %
3 0,031 0,033 | 0033 | 0,032 |0,03% | 0.031 | 0,0318
3 Lo % | | %
4 0,031 0,033 | 0,032 | 0.03% [0.030 | 0,030 | 0,031
f 2 | ! 4
5 0,030 0,032 | 0.033 | 0,033 0,032 | 0,030 | 0,0316
t % [ | 4
6 0.030 0,032 | 07033 | 0,033 | 0,032 | 0,030 | 0.0316
4 /4
% . 4
1 o.o;yo 0.032 | 10.034 o.o;sg 0.031 | {0.030]} 0.0316
% 7
2 0,030 0,032 { 10,033 0.035% 0,032 | |0,030]| 0.0316
‘v
b 3 0,03¢ 0.032 | 0.033 0.053;‘} 0,032 | {0,030} 0,0316
% 7
L 0,030 0.032 | [0,033]| 0.033 4 0,032 | 0,030 0.0315%
%, /
5 0.03} 0,032 | l0,033|| 0,032 :}’ 0,031 |10.030{} 0,033
Z — ;
1
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;2]36 Stacion A B G D E F Mean
7 4 ? [—
1 0.031 0.030 |0.031 |0,032 ;,z,:o.o;u 0.033 ]0.0318
i 'Iﬁ 4 1
2 0.031 0.930 0,031 | 0,032 |70,034 o.?sz 0.0316
i 7 !
5 3 0,030 | 0,030 |0.03 |0,033 fo.oss 0,032 |0.0515
I e 14 i
4 0,030 0.032 |0,033 | 0,033 ;0.033 0,031 {0,032
| % /A |
5 0.030 0.650 0,031 | 0,033 fo.o;s 0.032 |0.,0343
— 7 L
’ ——
1 0,033 0,032 0.531 0.030 | 0,032 50.035 0.0318
? i |
2 0,033 0,033 |0,033 0.632 0,032 §0.031 0.0323
6 % | L
3 {0,032 0,033 0.933 0,032 | 0,030 |/ 0,030 |0,0316
%, t |
4 20.033_ 0,033 04033 | 0,035 | 0,031 ?0.030 0,0318
# T - ;
- 4
4 0.031! | 0.033 f 0,034 {0,032 o.ozoé 0.030 |0.0316
ff’ 4
7 2 10,031 0.033 f,f 0.033 ||0.031 0.030,4,, 0,030 |0,0313
| 1 /
3 50.031[ 0,033 ; 0,034 |i0,033 o.oznj 0,030 {0,032
{ -
- ff [ ] = f /? —
8 1 0,031 %] 0.033 ]0,033 7] 0,032 | 0,030/| 0,030 || 0,0315
| f/; b I gj [ W ? ol
i e 4| 1 4 — -
9 1 0.033 4| 10,032 70,030 0.31 i 0.632*{ 0.055] 0.0348
PO | { } | S R i b :: [
— U ——L— I f [t
4 1:, r 1 :, A
10 1 (0.030] éo.cm 0,032 2'0.033; £0.033 | 0,031 / 0.0316
— 4
11 1 [0,030) /2).030 0,032 | 0,033 | 0,033 | 0.031 |0.,0315
e
12 1 05930 0.030 70,032 |0,033 | 0,033 | 0,032 |0,0316
Z — 7
13 1 0,033 0,032 0,030 10,030 |0.032 | 0,033 {0.0316
14 1 0.030 0,030 (0,033 |[0,034 | 0,033 | 0,031 0.,0318
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Varistions in Well Thickness for 1" Dia, x 22 3,W,G, x T45 Steel Tube

Showing Relation between Wall Thickness snd Collapse Pattern - Set 3

f,f:e Station A B c D E F Moen
P 4
q 0,032 0,031 | 0,030 | 0,030 {0,031 | 0.032 |0,034
) 1 4 —————
2 0,032 0,034 | 0,031 | 0.031 |0.031 | 0.032 |0.03+3
| | 4% i i
3 0,032 | 0,031 | 0,031 | 0,031 |0.031 | 0.032 [0,0313
% | i 4% f |
; 4 0,032 0,031 0.331 01?30 0,030 | 0.031 [0,0308
4 f ] ! I
5 0,032 0,032 | 0,031 | 0,030 |0,030 | 0.031 | 0,034
4 i | % i I
6 0.032 0,03 | 0,031 | 0,030 |0.030 | 0,031 |0,0308
% | I % l 0
v 0,032 0,031 | 0,031 | 0,030 | 0,031 | 0.032 | 0,0311
4, b bt % | I ]
8 0,032 0.032 | 0,034 | 0,051 | 0,031 | 0,032 {0,035
Z
% 4
3 0,031 0,031 | 0.032 | 0.032 10,032 | 0,030 {0.0313
r 1 ” —
2 0,030 0.051 | 0,032 | 0,032 |0.d3¢ | 0.030 |0.031
| t Y l | %
3 0,030 0,031 | 0,032 | 0,032 0,031 | 0,030 |0.031
1 ] % | i
2 L 0.034 0.034 ozééz 0,032 | 0,034 01230 0.0511
1 f % { | Z,
5 0,031 0.031 | 0,032 | 0,032 | 0,031 0.031 | 0.0313
! | % * * %
6 0.031 0.031 | 0,032 | 0,032 [0,031 | 0,031 |0.0313
L. I /”g 1 .1 /f';
7 0,032 0.05 | 0,032 | 0,032 | 0,031 | 0,031 {0.0315
4 4
1 0,032 0,032 [[0,031] | 0,030 % 0,031 |[0.031]|0.0311
/ A
2 0,032 f 0,032 1]0.032] | 0,030 ? 0,030 ||0.031|]0.0311
7 7
5 3 0,032 4 0,032 |]0,031} | 0.031 j 0,031 |l0,031{]0,0313
y) 7
L 0,032 g 0,032 |]0.031} | 0,030 7 0,031 {|0,052]]0,0313
/i f
5 0,032 f 0,032 {/0.,031] | 0,031 ; 0,031 0.0321 | 0,0318
6 0,032 ; 0,032 ||0.032] | 0,031 ; 0,031 |(0.031]|0,0315
7 - /1
/ J;
% — 4 1T
1 0,032 0,033 | 0,031 | 0,030 {0,030 | 0,031 |C,0311
4 I ] % | ]
2 0,032 0.032 | 0,031 | 0,031 {0.030 | 0.031 {0,0341
% | | % | i
L 3 0,032 0,032 | 0.032 {0,031 | 0,030 0.031 |0,0313
% | | % | |
b 0,032 0,032 10,032 0.02} 0,031 | 0,031 |0.0315
% | | 7 | |
5 0,032 0,032 |0.,032 |0.051 |0.031 | 0,03 [0.0315
4’, N S | [T S|
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E;‘be Station A B c D E P Meen
# R S &% f )
1 0,030 0,034 |0.032 | 0.032 | 0,032 | 0,031 |0.0313
% | | % * !
2 0.930 0,030 0,032 | 0.033 | 0,032 0.(|)31 0,0313
’ | | 4% |
5 3 0.630 0.031 |0.032 0.533 0,032 | 0,031 |[0,0315
4 ' ‘ % ! !
L 0,030 0.031 {04032 | 0,033 | 0.032 | 0,031 {0.0315
/ | ! 4 | [
5 0,031 0,031 {0,032 | 0.033 | 0,032 | 0,031 |0.0316
| RO I [ |
— ) 2 —
1 0,032 0,032 50.032 0.03{ | 0,030 7! 0,031 |0,0313
r A 2
) 2 0,032 | 0,032 /[0,032 | 10,031| | 0,031 7| 0,031 |0,0315
| / A
3 0,032 | 0,033 7/0.032 | 0,031 | 0,034 7| 0,031 }0,0316
| A AR
" 0,032 | 0,033 /| 0,032 | |0,034| | 0,030 | 0,031 {0.0315
¥l [ e / —
A 4
7 ;
4 0,030 0,031 0.05,’,; ; 0,0343
/ /
7 2 0,030 0,032 0.0355_ /10,0315
// »
3 0,031  |}0.032} |0.033/ 710,0318
T 7 4
8 1 10.031] % 0.032 i 0.0}:3 0.0315
—_ 4 ——1 —
9 1 0.031 3’ 0,030 |0.,0307% 2 |0.031
1 A [P R i A ——
e e 4T 7
10 1 l0,0301 | 0.031 [0.033 % 0,0313
T h breemegd 4
—_— 7 %,
14 1 fo,030! 7} 0,031 0,033 | 0,033 | 0,031 {0,030 [0,03%3
Vd
r——t—%, z
12 4 0,030 0.030 [0.031 | 0,033 | 0,033 | 0,031 20,0343
L_..._.____..___.J’t ,”
13 4 0,030 0,030 10,030 | 0,032 { 0,033 {0,032 |0.03%1
14 1 0,031 0,033 10,033 | 0,031 | 0.030 {0,030 |0,0313
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Maximue and Minimum Variation from True Circular Form of
Tube No. Station Maximum Position Minimum Poaition
1 +0.003 B«E +0.002 C=F
2 +0.,003 AB~ED +0,002 ChD=FA
3 +0.003 B-E +0,002 BC=-FA
4 b +0.003 B~F +G,002 BC~FE
5 +0e 003 A«D +0.002 FE=CB
6 +(,003 P=C +0.002 AB=DE
7 +0.003 A=D 0. 001 A=D
8 +0.002 B=T 0 A=D
1 +0.002 B=E +0.002 C=F
3 +0.002 B-E +0,.001 PA-CD
2 N 0] - 0 -
5 +0.,003 BwE +0, 001 F=C
6 +0,002 BE 0 A=D
7 +0.008 C=F =0, 001 AB=-DE
1 +0,002 B~F +0.001 FA=CD
2 +0.002 FuC +0.001 BeE
3 3 +0.,002 F=C +0.001 B=E
5 +0,002 F=C +0.001 Be=E
6 +0. 002 F=C +0, 01 A=D
1 +0,002 B=E +0. 001 Ful
2 +0. 002 T +0. 0 A=D
N +0.002 F=C +0, 001 B=E
5 +0.003 P =0.007 AB=DE
2 Q - 0 -
5 3 +0.002 B-E +0.001 F=C
A +04002 B-E +0.001 A=D
5 0 - 0 -
1 0 - 0 -
3 +0.002 A=D +0. 001 EF«=B=0
4 0 - 0 -
7 2 +0. 001 BE 0 FC
3 +0.001 B-E 0 F=C
8 1 +0.001 B-E 0 F=C
9 1 0 - o -
10 1 +0.002 B~E 0 A=D
11 1 +0.002 F=C 0 A-D
12 1 +0.001 A=D 0 BC-EF
13 1 +0.002 B=E 0 F=C
14 1 +0,002 B=F, 0 FwC
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Maximun end Minimum Variation from True Circular Form of

1" Dia. X 22 S.W.G. X ™5 Steel Tubes ~ Set 2

Tube HNo. Station Maxdmum Position Minimum Poaition
1 +0, 002 B-E +0. 001 Tl
2 +0,002 D=iy +0. 004 =
3 +0. 002 F"'C +0¢ (X)1 .A"D
L +0,002 F=C +0.001 BX
1 5 +0.002 B-E +0.001 A=D
6 0 - 0
7 0 - o
8 Q - 0
2 +0.002 B~-E +0.001 F-0
3 0 - ¢ -
2 L +0.002 F=C +0, 001 B~E
5 +0,002 F=C +0. 001 A=-RE
7 +0,002 A=B +0.001 =0
1 +0.002 B-E 0 E=C
2 0 - 0 -
3 +0,002 B-E +0. 001 =G
3 L +0.002 F-C" +0. 001 4-D
5 +0.002 A=D +0.001 T
6 0 - 0 -
1 0 - 0 -
b 3 +0.002 F-C +0, 001 B-%
4 +0,002 B=1 +0.00 F-=0
5 +0.002 Leh +0. 0 F=C
1 +0. (:02 B"‘E +On 001 F-C
2 +0.002 EB=E +0, 001 (]
5 3 +0.002 h=D +0, 001 F=C
4 0 - Q -
5 +0.002 Fu( +0. 0N B~-E
1 0 - 0 -
6 2 +0, 002 L +0. 001 A=D
3 +0. 01 A=D 0 B=E
4 +0.002 A=D +0.001 B=E
1 +0,002 , D=BE 0 A=D
3 0 0 0 -
9 1 +0.002 A=D +0. 001 F=C
10 1 0 - 0 -
11 9 +0, 001 a=D o FP=0
12 1 +0. 001 F=0 0 -
13 1 0 - 0 -
10, 1 0 - 0 ‘e
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Maxj_._m__ n and Minimum Variation from True Circular Form of
] Diae X 22 S.W.G. X Th5 Steel Tul “Tubes = Set 3
Tube Noe Station Mexinum Position Minimum Position
1 +0.002 A=D 0 B=E
2 +0e 001 P 0 BeE
3 +0.002 A=D 0 F=C
1 L +0. 001 F=C 0 B=E
5 40001 A=D =0s 001 B=E
6 +0. 001 A=D 0 Fal
7 +0.001 A=D 0 F=C
8 +0.002 A=D 0 BC<EF
1 +O-001 A=D O B-E
2 +0.,002 F=C 0 A=D
3 +0, 001 PG 0 B=E
2 & +0, 00 F=C 0 A=D
5 +0. 001 PC ¢ AsD
é +0.002 F=C ~0. 001 BuE
7 +0.006 PG =0, 009 AB«DE
1 +Q. 001 A=D 0 F=0
2 +0. 001 B-E 0 A=D
3 3 +0, 001 Be=E 0 A=D
& +0. 001 B=E 0 F=0
5 +0.004 B=R (o] A=D
6 +0. 001 BuE 0 A=D
1 +0.001 A=D 0 B=E
2 +0.002 A=D 0 P=C
L 3 +0.002 A=D 0 Ful
& +0. 001 BeE 0 F=C
5 +0.002 B=E 0 FaC
1 +0,002 A~D =0, 01 B-E
2 +0.0CH A=D 0 B~E
5 3 +0.002 A=D 0 B=E
& +0.001 B=E 0 A=D
5 +0.002 AD 0 jome
1 +0.001 A«D 1) Fe=C
g 2 +0.,002 F=C 0 A=D
3 400001 B-E o) A=D
4 +0.002 B-E -00001 AmD
1 +0.002 A«~D =0.001 B=E
1 2 0 - o) -
3 +0,002 Am=D o] BC~-EF
8 1 +0.002 A=D =0 0N B.E
1 0 - 0 -
10 1 +0. 0014 A~D o} O=F
ik 1 +0, 002 F=( =0, 001 B-F
12 1 40,001 A=D o] BO=-RP
13 1 +0, 003 AB=DRE =0.001 BC=FEP
1 1 0 - 0 -
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Mechanical Properties of 1" X 22 S.W.G. X T45 Tubes

. Direction ;
Specinen of 2 | L.p | 6-1%|0.2%| 0.5% | Max. Elongation
No. Grain P.3, | P.5. | Py3. | 3tress
1 L 29,0 | 3642} 47.8 {48.1 | 48.2 | 18.8 10.0
T M| 22,31 50,01 51.7 152.6 | 53.0 2.0
2 L 29,0 41.2] 49.8 ] 50.3 1 50.4 | 50.6 2.0
T 29.61 27.7| 52:0 | 53.9 | 55.4 | 554 4.0
3 L 28.3 | 3848 47+2 | 4840 L8e3 | 4847 8.0
T 2948 2041 | 50l | 5267 { Ble3 | Sh4e3 40

Location of Mechanical Test Specimens Relative to Pressure Test

Mechanical Test Specimen No,

1
2

3

Specimens
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Relative Pressure Test Set

1
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Resultis of Tests on 1" Dia. X 22 S.W.G. X T4H Stesl Tubes wunder

Upiform External Pressure applied to the Sides Only

Correated Effective No. Lobes Estimated No.
Tube No. | Collapse Toneth I/D | Actually | Lobes in Complete
Pressure ngt Formed Pheriphery
1.1 2210 14 2 2
2.1 2280 2 2
341 2090 2 2
1.2 2110 12 2 2
2.2 2310 2 2
3ed 2070 2 2
1.3 2090 10 2 2
2,3 2300 2 2
343 2120 2 2
1ol 2090 9 2 2
2.4 2290 2 2
Bedp 2100 2 2
1.5 2120 8 2 2
2.5 2330 2 2
3.5 2150 2 2
1.6 22,0 5.98 5.98 2 2
2.6 24,50 2 2
3.6 2270 2 2
1.7 2865 40 40 2 2
2.7 3200 2 2
3.7 2860 2 2
1.8 6225 2.0 2.0 3 3
2.8 6125 3 3
3.8 54.25 3 3
1.9 6675 148 1.48 I L
2.9 €575 b A
349 6600 L I
1.10 7730 1.0 1.0 " b
2.10 7200 i 4
3.0 7280 4 4
1411 7960 0.7k 0.7 N L
2.11 TL80 1 4
311 7570 1 4
1.12 8580 0.5 0.5 1 5
2.12 8080 1 5
3,12 8160 1 5
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COLLAPSE PRESSURE - POUNDS PER SQ IN

100,000

10,000
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#

RESULTS OF TESTS ON | DIA. X 22 SW.G. X T45 STEEL TUBES
UNDER UNIFORM EXTERNAL PRESSURE APPLIED TO THE SIDES ONLY.






APPENDIX IE

Variation in Wall Thickpess for 1" Dia. X 20 S.W.G. % T45 Steel Tubes

Showing Relation Bstween Wall Thickness and Collapse Pattern. Set {'

[ Tubs

No Station A B G D E F Mean
Z ety : —
1.1 1 0.0405 ]0.040 [0.0395 | 0,04075{0.0415 0,042 [ 0.0407
2 0.041 " "] | 0.0405 L 0.04225 0.0408
5 n ; fn 0-039 ll‘f: ] 1H 0.0hD?
L "oy . 0.0395 | 0.04075 " " 0,0408
5 L1 " "1 0.0 " 0.042 |1 0.0408
6 0.04125( * 0.03975 "; |0.0h225] °© 0,044
7 0.041% T "2 04042 |0.04225) 0.041
8 "o " " "7 10.0425 |0.0425 | 04041
1,2 1 0.041 |0,03975[0.0395 | 0.041 [0.04175 0.0408
2 no% 10,040 " "L 10,042 0.0408
3 " n 0.03975{ "7 |0.04175 0.0408
L " i 10.0395 {0.03525(0.0405 |0.0415 5! 0.0406
5 0.0412510.040 0,040 |0.041 [0.042 |0.04225|0.0411
6 0.04075[ " T loW0K125; 0.042 | 0,041
7 0.041%25| " 0.0395 | 0.04075 " 0.0405
1.3 1 0.041 | 10,04025| 0,042 ||0.042] |0.041 §0.0 04041
2 0.0405| {0,041 " " 0.04125¢ 0.0411
3 0.0w 0.0‘I_‘_Oi L] n 4] ”: 1] O.OLF-I
4 " wos o i 0,041 [0.04025| 0.041
5 " "ol 10.04a75) " " 10,040 | 0.0409
s 1 " g 0.0415 n 1 ”’0'041 0,041
7 " " 7|0.042 |[0.042; " /0.040 | 0,0k
1o 1 0.039 {0.04025| 0.0} 0.043 | 0.0415 [i0.040] | 0.044
2 n j " \ 0.0 "y 1 n n
3 ", 040 "| Mo 10.042 " "
L {0.03925/0.0395 [0.0415 | 7 " [[0.,03975] 0.0408
5 0.039 |0.040 |0.042 ng L 0,040} | 0,041
6 " 0.0ig”fﬁ L 0.0435 [ 0.04275) 0.0412
7 0.03925/0.0 "I 04043 | 0,04225[ 0,041 | | 0.0412
1.5 1 0.040 50,0425 | 0,043 | 04042 {04040 [0L040] {0,0412
2 " 70.04225/0,0425 | "7 10.04025] " | ]0.0412
3 0.039754 0,04125 "7 | 0.0405 | 0,03925 0.0409
L 0.040 /] Oa 1{-2 n Y u 1" 0.041
5 1" : n‘— #t n? 004D 0io 0.0431
I3 ] H 1t 1] n; 0.04025 L | 0.0411
2 " 0,041 | 05039 || 0.03925| 0.0410
3 0.0405 0,0405 t" " 10,0407
4 0. 041 0,04075] 0,03925! 0.0395 | 0.0409
5 00405  0,04125 0303925 " %] 0.0409
1.7 1 |ojoi2 04040 [0.040 [0.040 |0.0412
2 | 0Lout5 040k "1 o "
3 " f " 0,.0395 | 0.041
4 0l 0L 0.04225 "1 0,0395 | 0203925 0.0409
5 oloytos| v 0.042 | 0.,04025 "] |030395 | 0.0408
1.8 1 0,040 710,053 | OJ0LOT | 0,04157 0.04225 o‘l:o.'+2‘ 0.0408
2 0.0405°| 0403925 0,041 7| 0,04275| OLOL2TH 040409
3 0,040 7| " 04039 | | 0.0405/| 0,042 0}049 0.0405
I 1" ’ " _"_4_' 0041 ’; 0.0425 | O .._9_1;._23 G .O-ﬁﬂé
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T | station| 4 B 0 D E Mean
1.9 1 | 0.03925]0,03925] 0.0435 |0.04257 0,042 0.04,08
2 | 0.0395 |0.03925|0.04425|0.042 7 0.04225 "
3 0.0395 [0.0395 |0.04075|0.0425 ] 0.0425 04041
R " y " 1
4 | 0.P392510.03925) 00405 y
1.40 1 | 0.04025{0,0405 | 0.04075|0.04075| 0.0405 040406
2 n " 10,001 |0.081 | 0.,04075 0.0407
3 " 0,040 |0,040250,0405 | 0,0405 0,040k
1.11 1 | 0.04275]0.04275, 0[0LA75 0.03975] 0.03925 00411
2 0.0425 |0.0425 {0}0415 | 0.0395 § 0.0395 25| 0.0410
3 | 0.04225|0.04225| 0,041 25| 0,03925 0,03925 25|0,0408
1.2 | 1 |0.0395 |0.0555 [0,0815 |o.043 7 0.063 [G.041 [0.0443
2 |o.0 0.040 |o.04075( " 10.04275 "
3 | 0403925 "|  |0.0405 | " 70,043 0.0411
1.43 1 | 0.0405 40,041 | 0,0405 7| 0,03975( 0,040 4 0,040k
2 0,041 7]0.042 | 0,041 (10.0395 | 0.039 | 0o 040%.
144 | 1 [ 0.043 [0.04475|0.039 |0.03925 0,041 00411
145 [ 1 |o.000 ]0.0595 |0.00025 0,065 |o0.043 0.0413
1416 | 1 | 0.04075[0.0395 |0.03975|0.0415 | 0.04275 0.0425 |0,041
1417 1 0,042 £0.0425 | 0,0425% 0,041  0.03925 5]0.0411
1,48 | 1 | 0.04025{0.039 7| 0,040 % 00425 | 0,043 % 0,012
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Varijation in Wall Thickness for 1" Dia, x 20 S.W.G., x T4H Steel Tubes

Showing Relation Between Wall Thickness and Collapse Pattern, Jet 2

00 Istataon | 4 B c p | B B | Mean
2.3 1 0. 0L0 0. 0405 1 0,0405:0.0k2 10,0844 751 0. 04075 0. 0403
2 ' 0,0405 (|l0.040 [0.0405; ™ L0L2 110,04 |O.0
3 1 0,04,025 10.03975] 0,0405710.0415 [0, 0415 " 0. 0408
L AN R 0.040 |0.0405.1 ™ " 0.04075|0.0407
5 oo 0.03925| 0. 040 /10,011 « 04125 0. 040751 0, 040k,
6  lo.on025/ |1 v S 204151 0.0405 |0, 040k
7 /0, 040 L03975] Mt 7l om 0, 041751 0.0405 [0.0405
2.4 1 0.03975 | 0.0405 [0.0,15 [0.0517510.0405 [0.040 |0.0407
2 1 0.04075 ", 1 n n "
3 1 0, 0405 1 2 1 " n;‘ "
L. 0.0395 | 0.0405 "io 0.0KM5 10.04025( M7 0.0L05
5 0,03975 | 0,040 | 0. 04 n 0. 0405 L "
6 0.0395 | 0.0405 |0.0415 10,0405 " 0403475} 0. OLOL,
2.5 1 0,042 0.044 [0.0395 [0.03925(0.040 [0.041 [0.0405
2 0.01;.‘15 [l ms 0.0395 " n/; 0. 01‘_0;4_
3 0. 04175 t 1t ‘,:,, t 1 " 0e 04,05
b 0.0415 " ®g 104039 " )0.044250. 040k
5 0.0415 |[0.04075] ", 10,0395 " 0.0L1 "
G 0,042 0. 041 A " 0.03975|0.04075] "
2.6 1 0. 040 0,032 |0.040 041 10,0422510.0415 {0, 0406
) k{1 " 9.0395 V 1] 1 1 0-011-05
5 11 E.O385J 0.03925‘ Ll 1t 1 0.0l‘.o.li.
4 " C.0387510.039751 ' |0.0k25 | 0. 0406
5 . 0,039 _[0.03575% " 10,042 " 0. 0405
2.7 1 0,050 10,0395 10,039 0.0 ¢]0,0L2 0,042 10,0406
2 0.04025/( 0.03925 f g 0.04175|0.04175 |0, 04,06
3 0.0405 71 " L 0,0405 710,001 5 " 0. 0405
I 0.0L0 7| t "oh0.082 0,045 (0.0405
5 " 1 0.0397510.039 10, 040250, 052251 0,04175]0. 0405
2.8 1 0.03975 [ 0.03275}0.0L025]0,0i45 |0.04475k0.0405 [0.0LD6
2 0.03975 | 0.0395 i " Q0415 ¢ " 0.0405
3 ¢.0LO 0.0,0 § " " 0,0175; 0.04L07
LI- 0.05975 1" ¥ 1 n 0.0&2 0.0&.0?5 n
2.9 1 0.0i05 7] 0.0i475|C.042 [0.0407540.03925]0.0395 0,040
2 0,04025%| 0,042 |0,0425 [0,0k1 £ " 0.03925(0. 0407
3 0. 04025 /{ 0, 04175/0, 04225 |0, 0407510, 039 {0.03% |0.0405
it 0.0405 0,042 |0,04225 " 10,0392510.0395 10,0407
2.10 1 0.0405 0.044 J0.0i4 [0.0405 {0,040 40,040 ]0.0405
2 0.040 0,0405 10,0405 |0,0L075( " ;o 0, 0403
3 0, 04025 | 0.04075] 0,060 0,040 " " 0, 0L02
2,11 1 0.03975 0.04025|0.04225[0,042 40,04075]0.0395 [0,0L07
2 0.038754 0.042 {0.04175]0.041 " 0.0405
3 0.039 4 " 0.042 90,0405 10.03975(0. 0406
2.12 1 0,015 40,040 10,040 [0.040°% [0.041 10,042 10.0407
2 0.044257 0.04025(0, 03975 |0.,03975 {0, 04075 0. 041 75 | 0. 0406
3 . 4 0.04L0 "od 0,00 [0.04175]0. 0407
2.13 1 0,040 0.041 [0.0505 [0.040 [0.040 [0.04075 (0. 0nCly
2 t 0,040 0,040 n 0.04025{0, 0,05 [0.0L04
2.1k 1 0.0415 [0.C'75(0.0405 [0.03925{0.0395 [0.040 {04040k
2.15 1 0.03875 [ 0.04025(0.044  [0.04225]0.0445 10.3925 [0.0405
2.14 1 0.0405 [0.,039 [0.039 |0,0405 [0.0417510,042 10.04L05
2.17 1 0.03975 | 0.0395 {0.0397510.04125{0,042 0,041  {0.04L05
2,18 1 0,040 0,04025|0.041 |0,0k1 [0.04025]0.0395 [0.0403
2.19 1 0.03975 | 0.03975(0.040 |[0.04075(0,0415 10.041 ]0.0405
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APPENDIX IE (Contd)

Varsatzon in Wall Thickness for 1" Die., x 20 S.W.G. x Tih Steel Tubes

Showangz Relation Bebtween Wall Thickness and Collapse Pattern. Set 3

Tﬁ‘_’ Station| A B o D E F | Mean
3.4 1 0.04175] 0,042 #0,04075 0.040 0.0397550 04075|0.0408
2 0.04225( 0,0415 7| 0.04025 0.03975/0.0395 7 5 "410
3 0.042 " 0.041 "o.om—] O 03975,: 0.0405 0,0
L |_ " 0.04175} 0.04075%10.03975 fo.ow'{s "
5 ‘ " " slo.0n0 |[0.03925) M 7]0.0445 |0.0409
6 " 1 0,042 ; 1" }0.0395 " ‘{ ” 0°0m8
7 ‘0.04223 0.04175/0.04025(1 " llo.040 fo.,o4 |
8 " 0. 0415’ 0.040 |1 ® 0.0395 ¢ " 0.0407
3.2 1 0L040 o.o}ozs 0.0415 | 0.04175]0.0405 l0.040 |0.0407
2 | 0l03975/0.040 |0,OLT7H L0815 10.04025 o.o§p75 0.0405
3 " 10404125 0.04475] % 0.0395 | 0,040k
L r0595 0.04025 0. olns 0.0415 0,060 |0.0395 {0,040k
5 ng 0.05075 " | {0.04025| Y| 10.0402
6 | w 10,0045 | " | ]0.0005 |0.03925|0.0405
7 10,0395 0. oLo 0.025 " o.0ko5 | | |0.0403
3.3 1 0.04225| 0, oin 5 104040 | 0,040 0.03975|0,04125] 00411
2 04042 0,04025 0,03925|" " " 0.0407
3 1] u/ .01-}-0 1 ; n f 0-015-06
N 0.0415 .om 0.0395 " 7o ,E.om 1 0.0403
5 0.04175|0.0415 [0.040 " ;o D.041 25| 0,0406
& 0.042 1r! u;_*‘ f ,on b.O#‘i , f
7 0.,04125|0.04125[0,03975 " 0.040 |0.0395 | 0.0407
3| 1 |0.0407500.042 [0.04225 o035 )1 0,0405 0,040 |0.0L12
2 0.04125f " g 0.04125]0,04075), " 0.0413
3 0-0#1 1t ; ] 1t 0‘0‘!"025; tt 0-0]_}.11
Z‘_ n 0.01{15 I,; [l Lfl } 1" : " 0_0;_1_10
5 0.040750 " 04042 Ol |0.0395 [0.03925]0.0L07
6 " 0.04125[0.04225 0.0412510.040 [10,0395 {0.0408
7 0.041 10,042 To.ozf:z i " 0,040 f " 0.0410
3,50 1 [0.0415 [0.06225]10,0415 | 0404025 F.o595 0,040 {0,0408
2 :; u 1] 1 0'022 ] " f
3 |l0.04t25) ™ 0.04175| 0.05025{l0,03925} " "
Lo " 0,042 0404125 0,040 " " 0.0406
5 0.0415 [{0404225(0,04475 0,03975] 0,0408
6  po.optasi_ 0.0415 0,040 | 0.0407
561 1 00525 Jl0.0k2  fo.0u125 0404075] 0,04
2 0.,0,47501 0.044 " 00408
3 0,042 " " " 0.0409
A 0,04225| 0,04225 " " 0,0440
5 0.0415 i 0,042  [C,04075 / 0.04125 ™
37| 1 [l.ow0 ‘o.ogos 04081 25 004175040041 25[ 0,0405 | 0.0409
2 n Il; It " III It n
3 0.03975 "2 ‘ 1"t ‘ 0-042 .011‘_15 " 1t
L D.OLO  |j0.0L075 |0.04075! 0404175 0.04125] 0.0L08
5 " "7 0.0 25 004225 0.01;15 " 10,0410




APPENDIX IE (Conta)

T}L;ie Station A B c D B B Mean
3.87 1 .04:225| 004075} 0,040 «04025] 0,04025 0,04 {0,040
2 j " " 10,0397510,040 § " | 0.041250,0407
3 20425 [ 0,041 40,040 " 0,041 " 0.0410
4 0404225 0.04075¢ 0403975 [ L " 0.042 [0.0410
‘ ., (d
39 1 |o.ouo75(p.0s0 110.0397510.061 Jo.0u2 | 0,085 [0.0408
2 " 110.03975(0,0395 4 " | 0.0425 | 0,04175] 0,0407
3 Q.04 t 1 Aj fl 1" 1t 0 .0409
L |0.040 |{0.040 0.03975{’10.040 0404225| 0.0415 | 0.0404
3.400 1 0,040 |0.0407540.04025]0.,04025| 0,060 4| 0,040 | 0.0403
2 " " 40,0405 [0.04075] * 7] 0.03975)0.0403
3 1t ] 1000’4-075 04,0405 1] -f} 0.040 ]
/
349 1 {[0.01250.040 §0.0395 [0,040 |0.04125 0,065 | 040404
o n " 1 0.03925]0,03975 "E n "
3 061751 " 4 M| 10,040 {0.0415|0.042 |0.0407
e | 4 R {,‘
3.4 1 OfOLO5] | 04042 | 0.04225/0.0405 | 0403925 0.03925] 0.0406
2 “ " ti  10.04075{0.0395 [0.039 | 040407
3 " 0.04225[ 0404225 (0,041 | 0.03925/0,03925/ 040409
7 e — ;
313 0403954| 040405 [ 040407504041 | 0.04025( 0,03975 0.0408
z " ;;0.01.025 " " 0,040 { 0L0395 | 0.0403
344 1 | 0,04025{0.03975{0,040 |04041 {0.04175) 0,045 ) 0,040
3.49 1 0.04075] 040395 o.omz5;;o.0415 0,075/ 0,041 | 0,0408
A /4
34 1 | 0.0405/ 0,04025( 0,03975{0.01 40.04175 0.04175| 0,040
37 1 | 0.00475 0.0405 10,0395 £0.0395 (0,044 7 0,042 |0.0407
¥ z 4 4
348 1 | 0.0405 £0.03575( 0403975] 04041 250,041 75 0.0415 | 0.0407
3 s Y r
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APPENDIX IE (Contd)

Vardation from Trus Circular Form of 1" Dia., X 20 S.W.G. X T45
Steel Tubes. Set 1

Iube Neo, Degree of Ovality

1 Maximm 0,0925 over whole length
2] n 0 .00 225 n " n
3 ] Q.00 75 1] 1 n
l'l' " O .00225 " n n
5 1] 0,002 " ] ]
é n 0,001 5 u n ]
7 ] 0.001 75 1" " 10
8 n 0] . a0 225 i 1" (14
9 t 4] '0015 it Li4 1

10 " 0.00200 ] "

14 n 0,001 75 " 1 1]

Variation from True Circular Form of 1" Dia. x 20 5.W.G. x T45
Steel Tubes., Set 2

Tuve No. Degree of Ovality
3 Under 0,002 over full length
L " 0.002 9 " n
5 1 0,0025 " "
6 " 0.0095 f "
7 Mexieam 0,002 " " "
8 Under ©0.0015 " % ¥
9 " 0,001 5 " n n
10 "o 0,002 " om ¢
11 " 0,002 " " "
412 n 0,0015 " " 1
13 Maxinmm 0.004 " " "
4 J+ n 0.002 n n "
4 5 " 0,002 " L] "
16 ] 0.0015 " n "
47 t 0.0015 * n "
18 " 0,002 " " n
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APPENDIX TE (Contd)

Yariation from True CGircular Form of 1" Dia. x 20 S.W.G. x T45
Steel Tubes, Set 3

Tube No. Degree of Ovality
1 Maxipum 0,0025 over whole length
) n 0.001 " [} "
3 n O .0025 14 n (1]
)_'_ 1 0 .0022 it it #
5 H 0.002 n ] g
6 1t O . 001 5 n " ]
7 14 0.005 1] n 1t
B " 0,001 5 ft it 1"
9 Undsr 0.002 " n "
10 " 0.002 " " y
11 1t 0.0015 ¥ ] t
1 2 n O .002 n tt L]
13 it 0,002 1" ] "
1 l;. ] 0,002 1 n ft
15 "0 0015 " v "
1 6 " 0,001 5 1t L] 1
1 7 n O. m-l ] 1 1t
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APPENDIX IE (Contd)

Mechanioal Properties of 1" Tde. x 20 S,W.G. % T45 Steel Tubes

Tube | Direction of -5 O0e1%| 0s2%| 0.5% | Max. | Elong.
No. |  Grain Bx10 "1 L. [p g | p.5. | B.S. |Stress gmnf"
1 L 284 | 22,6 44T | 5.6 | 4642 4747 11.0

T 30.7 ToT3 | 443 | 4B3| 51.2 | 51.8 4.0

2 L 29,6 | 23.4 |48.6| kB.B| 49.21 50.4 | 11.0

T 28.6 15-1 2&905 5109 5507 53'7 3'0

3 L 28,7 | 2149 [ U448 4543 | 45.7 | 47.7 10.0

T 294 | 12,3 | 43.7| 46.4) 48.4 | 50.8 4.0

Relation between Mechaniocal Test and Actusl Test Specimens
for 1" Dia., X 20 S.W.G, X T4b Steel Tubes

Mechanical Test Specimen Aotual Test Specimen Sets
; B loss tubea 1.13, 3.13, 1.10, 3.10
2 2 and tubes 1‘10, 3.10, 1.13’ 3!15
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APPENDIX IE ~(Contd)

Results of Tests on 1" Dia. x 20 S.W.G. ¥ T45 Steel Tubes under

Uniform External Pressure Applied to ths Sides Only

Tube | Corrected Collapse L D Lctual No, No. Lobes in
No. Pressure Lobes Formed {Complete Periphery

1o 1575 14 2 2
2.1 - - - -
3.1 L4575 14 2 2
1.2 4425 13 2 2
2.2 - -

3.2 4500 13 2z 2
1.3 4575 12 2 2
2.3 4525 12 2 2
3.3 4525 12 2 2
1o 4565 11 2 2
2.4 4565 11 2 2
3k 4675 11 2 2
1.5 1675 10 2 2
245 4475 10 2 2
2.5 4625 10 2 2
1.6 4655 9 2 2
2.6 4565 9 2 2
3.6 4715 9 2 2
1.7 L675 8 2 2
2.7 4565 8 2 2
3.7 4500 8 2 2
1.8 4725 7 2 2
2.8 4675 7 2 2
3.8 L775 7 2 2
149 4925 6 2 2
2.9 4325 6 2 2
3.9 4825 6 2 2
1.10 4875 5 2 2
2410 4950 5 2 2
3.10 4925 5 2 2
1,11 | 5905 L 2 2
2.11 5700 4L 2 2
311 6100 L 2 2
1.12 7400 3 2 2
2.12 6600 3 2 2
312 7500 3 2 2
1.13 7300 2.5 3 3
2.13 7000 2.5 3 3
313 7400 25 2 2
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APPENDIX IE (Contd)

Tube | Corrected Collapse| Actual No. No. of Lobes in
No. Pressure /D Lobes Forxmed | Complete Periphsry |

1.4 9450 2 3 L

2¢14 9200 2

3414 8400 2 3 3

1415 9800 1.8 I L

215 9500 1.8 3 3

3.5 8550 1.8 4 4L

1.16 10300 1.5 4 L4

2,16 9600 145 4 &

3.16 9100 1.5 L L

1.17 10300 1.25 4 L

217 9800 1.25 2 L

317 8950 1.25 L L

1.18 10600 1.00 L 4

2.18 10500 1.00 L L

3.18 9400 1.00 L L

2.19 9750 0.8 2 5
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APPENDIX IF

Variation in wall thickness for 1" dia, x 17 S.W.G. x T45 Steel Tubes

showing relation between wall thickness and collspse pattern, Set I

Tubec
No.

b

B

C

D

E

F

Mean

11

1.2

1.3

1.5

~NEAWMEF BN AW o

VAo =

(G GV LN

0.05875
"
"

0,0585
0.058
0.05825
0.05875

0.05975
0,06025

0.060
"

0.05575
0.060

0.055
0.05525
0.0555
0.05575
0.05625
0.057

0.06075
0.060

0.05925

0.05475
0.0545

0.0595
L

0.053
"

0.0595
0.05925

0.0575
0.058
0.058
0,05825
0.0585
0.059
0.05925

0.09525
4]

-

$
3
;l

0.06425
0.06325
0.063

"t

0,0585
0.05825

0.059

H
0.05925
0.059
0.0295

0.05975

0,056

0.05575

0.056

0.0565

0.057

0.0575
"

0.05825
0.0585
0.05825
0,0585
0.0295

0.05975

0.0575
0.057

0.0275

L

0.059
"

"

0.05875
0,0585
0.058

0,06025
0.06125
0.06125
0.06125

0,0625
0.06275

0,0625

0.06225
0.062

0.06125
0.06175

0.0565
0.05625
0.05675
0.0575
0.05725

0,063

0.06325

0.05775
0.05825
0,05775
0,0585

0.05825

0.06025
0.060
"

0.0595
0.059

0.05875
0,062

0.02&5

0.0547
0.055

0.05925

0.058 4

0.05775]
0.05825
0.058 {§
0.057751
0.0575 4

0.06125
0.0615
0.06125
0.06075
0.060

B

0.05975

0.05825
0.059
0.05875
0.059
0.057
0.058

¥ 0,056
$0.0555

/

0.05575

0.05525
0.02475

0.0585

0.0587

0.0585

000586
0.0587
0.059

0.0587

0.0587
0.0586
0.,0588
0.0588

0,0587
0.0588
0.0588

0.0587

0.0588
0.0584;
0.,0586
0.0587

0.0588

0.0588

0.05%
0.05925 "

0.058

0.0587
0,05825 "

Fu =

¢ 0,051,
§ o.0545

0.0635
t

0.0625 “
0.0542510.0575
0,054 50.05725
0.0565

0.057

0.061
0.05675

’

0.0587
0.0588
0.0587

1.6 0.055

0,062
0.0255 "

0.060
"

LS N\ M IR

0.06225

f L]

0.0635
0,06375

0.05850
0,0587
0.0587

0.0605
0.0605
0.0605

0.06175
0.0615

0,0555
0.055754 °

0.0555 |0,0605
o.§535
0.05475

0.0555 !0.0%A

NN =

0.062 0.0588
0.06h

0.063

1.8 0.0635 0.0575

—

0.05L,
0.0575
0.05375

’
’

=y

0.060 0.06225 {0,0587

0,064

1.9 1 0,055

1,10 1 0.05925 0.0577510.0588
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APFENDIX IF {Conta)

Variation in wall thickness for 1" dia. x 17 S.W.G, x T45 Steel Tubes

showing relation between wall thickness and collapse pattern. Set II

Tube
No.

Station

4

B

c

D

E

Mean

2.1

2.2

2.4

2-5

2.6

2.7

2,8
2.9
2.10

2,11

SO W N = @l 2

MWW= S T EF NN - (RN N N R

AN -

-

0.05875
0.,05825
0.05875
00059
0,05925
0.0595
0,05975
0,060

0,05625
0,0555
0.05525
0.0555
0.05525
0.05575
0.0555

0.0565
0.05675
0.057
0.05725
0.05775
0.0575
0.05725
0.0575

0.05775
0.057

0.,06025
0.060

"

0.0?1
"

0.0&2
0.06175
0.05725
0.0555
0.0615
0.061%

0.05725

0.0575
0.05725
0.058
0-02775

0.05825

0.05675
0.0565
0,05575
0.0255

0.05575
0.05525

0.054
0.054:25
0.054.25
C.05475
0.055
0.05475

0.,06125
0.0615
0,06125
0.062
0.061
0,0625
0.06275
0.0565
0.057
0.0565
0.059
0.0585
0,061
0.05825
0.05975

0.0605

0,057
0.05725
0.057
0.0565
0,057
0,0565
0,05675
0.05625

4
0.05875
0,059

" ’;
0.05854%
0.05825

0.0577?

0.056
n

e ey N

vl
0.056254

0.05575:
0.05575;

0.06275
0.063

0.06275
0.0625

0,060
0.06125
0.0615

0.05475
0.,05425
0,054

0.0555

0.05525
0.05475

%

0.06175
0,06125
0.05675
0,05825

0.05825
0.05875
0.058
0,0575
0,05725
0,0575
0.05725
0.057

0.06025
0.0605
0.06075
0.06025
0.061

0.0605

0.060
0.06025

0.060
0.05975

0.0595
0.060
1t

0.05925

0.057 ;
0.027259

)

[A
0.0575 ff ™

0.05675
0.056
0.05625
0.05525
0.05475
0.0595
0.06125

4
0,0555
¥

0.056 g

0.060
0.0?95
0.05875
0,0595
0.05925
0.059
0.05975
0,05975
0.05025
0.060
0.0605
0.061
0.06125

0.063

0.06275
L1

0,0625

0.0605
0.06075
0.0605
0.05825
0,058
0.05575
0.05875
0.0575

0,0565

0.0605
0.061
0.06125

0.02&25
0.0245
0,05425
0.,0565
0,05625
0.056
0.063
0.0625
0.0615
0.06175
0.0615
0.05475
0,05625
0.06025

0.05925

0,0585
0.0586
0,058,
0.,0583
0.0583%
0.05850
0.05850
0.0584

0.0582
0.0581
0.0580
0.0578
0.0581
00058}4"
0.0581

0.0583
0.0585
0.0586
0.0587
0,0588
0,0586

0,058L,.
0,0586
0.,0586
0.0585
0,0582

0,0585
0.0586
0.0587
0.0587
0.0587
0.0587
0.0584
0.0586
0.0586
0,0582
0,0583
0.0585
0,0585

0.0586
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APPENDIX IF (Contd)

Variation in wall thickness for 1" dia, x 17 S.W.G. X T45 Steel Tubes

Showing relation between wall thickness and collapse pattern, Set ITI

Tube
No.

Station

A

B

C

D

E

F

Mean

. 3.1

3.2

3.3

3.4

3.5

3.6

3.9

3.8
3.9

3410

VAN NN = NN £ W N = ~ AN N ~] NN E LN

WS ;PN

AN N =

-

00585

0.05875
0.0585
0,060

0.0585

L ST, SEL AN A

0.059
/

4
0,0615
0.061
0,0605
0.06075)
0.0605
0.060

0.0560
0.0555

0.05525| 0.0615

0.0255

0.061
0.061
0,062
0.06075
0.06125
0.0625

0.062

0.0295
0.060
0.05925

oy,
lo.05h§

0.05675

0.057

0.0575
0.05725
0.0275

0.0585

0,058
0.0585
0.05625
0.059
0.05925
0.060
0.0595

0.06075f
0.060
0.060254
0.060 1
0.06025;
0.060 1

0.063
0.062

0.062

0.055
0.055
0.0557%
0.05525
0.055752‘1

0,064
0.06375

AR L L L

0.05479;
0.055

0.06325

0.056

0.0565
0,05675
0.057
0.05675
0.0%75

0.0585

0.0585
0.05875
0,0585
0.059
0.0295

0,058

§0.05775

0.05825
0.0585

0.064
0.06425

0.064
0,064

0.0235
0.053
0.05325

0.06025
0.061
0.06025
0,05,
0.05375
0.06325

0,0605

o.ose?éﬂb.05a7§

0.0585
0.05825
0.0585

"
o

0.05875

0.059
0.05875
0.059
0.0585
0.059

0o056
0.05625

0.0565
0.05675
0.06125
0.061
0.0615
0.061
0,057
0.0565
0.05625
0,05675
0.0555 £

0.056
0.0552

eoln

i
0.058

0,059
0.0635
0.06075

0,060
"

0.05875
0.0585
0.059
0.058
0.0585
0.,05825
0.05775

0,05675
0,05725
00057

0.05725

0.0570

0.0545
0.0255

0.0565
0.056
0.05625

0.0615
0.06175
0.0615
0.06175
0.06025

0.0535
0.05375

0.054251

0.0625
0.063
0.0%425
)
0.06225

0,061

0.06025

0,060
0.05975
0.0595
0.05975
0.05925

0.0585

0.05%
0.058
0.0585
0,058
0.0585

0.0295

0.05925
0.0595
0.05925
0.0585

0.053
0.,0525
0.05275
0.05525
0.053
0.05325

0,064

0.06425
0,06k

0.0565
0.057

0,06325
0.0635
0.06325
%
0@&?5
b
0.,05725
¥y

0,059

0.0586

0.0586

0.0584
0.0588

0.0588

0,0585
0.,0586
0.0587
0.0585
0.0589
0.0590
0.0588

0.0588
0.0586
0,0586
0.0587

0.0586

0.0586
0.05850
0,058
0.0588
0,0586
0.0587

0.0587
0.0587
0.0588
0.0585
0.0585

0.0587

0.05%0
0.0586

0.0587
0,0587

0.0589
0.0589

0.0588
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APPENDIX IF (Contd)

Ovality of 1" Dia, x 17 8.%.G. x TL5 Steel Tubes, Set I

Tube No. Ovality

Approximately 0.0015 over whole length
" 0.m15 1t tt n

H 0.0015 L ]

" 0.m1 " n

L 0.0015 " 4]

0.001 " " "

" 0.001 " n n

n 0.001 " #" "

L] 0.001 f " ]

n 0.001 1] ! "

OwWw-~JdovVI NN -

-—

Ovality of 1" Dia, x 17 S.W.G. x T45 Steel Tubes. Set II

Tube No, Cvality

Under 00,0015 over whole length

Approximately 0,001 " " "
1t 0. 001 5 [ " ]
" O . Oo-’ u t [ 1]
ft 0 . 005 1 ] "
4] 0 . 002 1] " L]
# O .001 5 1] ] "
n o. 001 " 1t "
L] 0. 001 5 " " 1]
O . m 1 t L H] "

] 0. 00 n ] "

= OO~y =

- ol

Gvality of 1" Dia, x 17 S.7.G. x T45 Steel Tubes. Set ITI

Tube No. Ovallty

1 Approximately 0.0015 over whole length
2 Under 0.002 n " "
3 " 0.002 " " "
L H 0.001 5 n " n
5 " 0 . 001 5 L] H 11
6 " 0 . 001 5 n " "
7 H 0 . 001 " n "
8 n 0.001 n /] "
9 Approximately 0,001 " " "

10 " 0.0065 © " "

~83 -



APPENDIX IF (Conta)

Mechanieal Properties of 1" Dia, x 17 S.W.G. x Th5 Steel Tubes

. R Elonga-
Tube |Direction y ‘ Max, b
No. | of Grain IP |0.1% PS|0.2% PS|0.5% PS Stress %tion . E x10
on 1
1 L 26.8 | 4.7 45.2 46,1 51.3 1 14.0 31.6
T 8.9 { 40.1 42.4 3.7 53 3.0 27.7
2 L 18.5 | 39.7 4.2 41,1 k.3 | 17.0 30.6
T 11.5 | 47.1 49.9 52.3 52.7 5.0 28.3

Relation between Material Test and Pressure Test Specimens

Mechanical Test Specimen Pressure Test Specimen Sets

1 1 also tubes

3-1&,3-5,3-6,3 -7’5 0833-9

2 2 also tubes
3.1, 3.2, 3.3, 3.10

- B4 =



APPENLIX IF (Contad)

Results of Tests on 1" Dia, x 17 S.W.G. x T45 Steel Tubes under
Uniform External Pressure Applied to the Sides only

Tube | Collapse
No. Pressure

No. Ivbes [ Bstimated No. Lobes in
formed Complete Periphery

o

11300 2
11200 " " "
fn
"

—
=
n

L] L ] L

11600
12000
11200
11500
12300
115,00
11750
12800
11800
12600
12500
11700
12100
13400
11800
12400
13250
11950
12200
13900
12600
12750
13650
13000
12900
13500
13000
11,000
13200

. [ L] ’ LI -

OV AN £ WG D [ M ab wa

[
X

LI » -
-
E
=

MA\HNA\NM—&WM—L\NI\)—LU‘MA\NN—*\NN—I
L]
iy -
ER 2 3w R IR 20y 00N 22 =N o2

(Najacie e EREIENNsY

AN py AN

-l wk m ¥
SVWNMNW 2N 3 =2 32 3 2 =

» - L]
Naowwm
=2
-a-\o\om-r-'#-

RIAH Py =2

200 O

O DO =

N WM 2N 2 3 2
~n

Attached: Irg., S.M,E, 75082/R
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Veriations of Tube Thickness for 1" dia x

APPENDIX IG

24 S.W.G. x D,T,D,305

steel tubes showing relation between Well thickness and CoL 2pse

pattern - set 1

Tu;g Station A B c D E F Mean
1 1 0.02102 0.0245 | 0,0250 | 0,026 ; 0,026 1{0,0230 {0,0236
2 0.0215%10.022 10,025 10,027 0,026 10,023 10,0244

3 0.0245%} 0,0215 ] 0,024 | 0,026% {0,0255 {0,023 |0,0236

L 0.021 %0.024 [0.025 |0.025%(0.026 [0.0235 |0.0234

5 0,0215¢#] 0.021 | 0.0235 {0,026 4}0.026 10,0235 |0.,0236

é 0,022 ; 0.0215 { 0.0235 | 0,026 %}0,0255 |0,023 }0,0236

7 0,022 5 0,022 |0,02, |0,026 / 0,026 |0.,02355 10.0239

8 0.022 $#/0.0245 | 0,023 |{0.0255%| 0,026 |0,0235 {0,0236

2 1 0,022 40,022 0,023 |0,0255 0,026 |0,0245 |0.0238
2 0,022 %0.0215 | 0.023 [0.025 |0.026 |0,0240 [0.0236

3 0,022 40,0245 | 0.023 | 0,025 |o0.026 |0.0245 {0,0237

3 1 0.0235 { 0.022 #0,0225 | 0,0245 | 0,026 |0,0260 |0,024
2 0,0235 { 0,022 £0.022 |[0.024% |0.,026 [0,0260 |0.0239

4 1 0.0235 0.025 0.022 {0.024 |0.026 |0.026 }0.0239
2 0.0235 o.ozjs 0.022 10,024 |0,026 10.0255 |0.0238

5 1 0.025 0,026 |0,0245|0.022 | 0,021 £|0.0225 |0.0235
2 0,025 {0,026 {0,025 {0,022 }0.,021 ${0.0225 [0.0236

6 1 0,024 |0.0265{ 0,026 |0,023 0.0215 0.0215 50.0238
7 1 40,0215 [0,0240 | 0,026 | 0,026 [0,0235 §0,0240 |0.0237
8 14 0.025 [0.026 |0,0245 0.0225#0.0215 0.023 10,0238
9 1 0,023 |0,025 10,026 |0.024 |0,022 %0.0214 |0.0225
10 4 0,025 |0,026 |0,0245]0.022 | 0,0245 {0,0235 }0.0238
11 1 0,024 |[0,021 [0.0235{0.,026 | 0.026 |0.024 |0.0236
12 4 0,023 | 0,025 |0,026 |0,025 | 0,0225 {0,022 [0.0239
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Variati

APPENDIX IG (Contad)

s of Tube Thickness for 1% dia, x 24 S.W.G. x D.T.D, 30

steel tubes showangz relation between wa;;;thzckness and oollapse
pattern - set Il

Tube
No,

Station

A

B

c

D

E

F

Mean

o @ o~ On

10
11
12

oO~Jovn i o~

A - [ U SR T LR

N =

0.0220
0.0215
0.0220
0.0220
0.0220
0.0220
0.02251
0,0220

0.0255
0.0255
0.0260

0.0260
0.0255

0,0245
0,0245

0.0245
0,0250

0.0245
0,0255
?o.ozzo
0.0230

s

0,0260
0. 0240

0,0240
L 0, 0240
; 0,0245
£ 0,0240
[ 0.0240
10,0245
0,0245
y 0.0245

ey

0.0230
0,0230
0,0230

o.osz

0.02'5

0,0220

0. 0220 |
0,0220

0.02101;0.0220

0.0265
0.0230 {
¢, 0250

0.0255
0,0260

0,0220 7

0.0265
0.0265
0,0265
0,0265
0,0260
0,0260
0,0260
0,0265

0.0245
0,0215
0.02}5

0,0250
0.0240

0.0215
0,0215

; 0,0210
0.0210

0,0250
0,0260
0,0220
0,0270

20,0215 # 0,0225

00235

0.0260

0,0255
0,0250
0.0255
0.0255
0.0250
0.0255
0.0260
0.0255

0.0225
0.0220
0,0220

0.0220
0,0225

0,0230
0,0230

0.0230
0.0230

0.0265
0.0235
0.0225%
0.0260
0.0250
0.02155
0,0240

0,0230
0.0235
0.0230
0.0230
0.02351
0,0230 1
0.023514
0,0230

0,0245
0.0245
0,0240

0,0215
0.0245

0,0260
0.0260

0,0260
0.0265

0,0250
0,0220]
0,0250
0.0230}
0.0265
0,0230

0,0220

0.0215
0.0215
0.0215
0.,0215
 0,0220
j 0.0215
0.0215
b 0.0215

Q,0265
0,0265
0.0260

0.02350
0.0230

0,0265
0,0265

0,0265
0,0265

y
1

0,0238
0,0236
0,0238
0,0237
0.0239
0,0238
0,0243
0,0238

0,0239
0,0238
0,0238

0,024
0,0238

0.0239
0.0235

0.0238
0.0239

0.0225#0.0256

 0,0220
0.0265
0.0210
0,0250
0.0240
0.0220

0, 0241
0.0241
0,0240
0.0238
0.0239
0, 0240
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APPENDIX IG (Conta)

Verietions of Tube Thickness for 1" dia, x 24 S,W.G, x D.T.D,305

steel tubes showing relation between well thickness and collapse

pattern = gset IIl

Tube

Station A B C D E P Mean
Nao,

1 1 0,02354{ 0.0245 | 0,0255 | 0,02454 0,0230 | 0,0230 | 0,024
2 0.02351 0.0245 | 0.0255 | 0,0245¢ 0,0225] 0,0220| 0,0238

3 0.023 410,025 | 0,026 |0.025 £0,023 | 0,025 | 0.024

L 0.023 f 0.025 | 0,026 {0,025 §0,0225| 0,022 | 0.0243

5 0,023 /| 0,0245 | 0,0255 | 0,025 40,023 | 0,022 0.0238

6 0.023 70,025 |0.026 |0.025 £0.023 | 0.022 | 0,024

7 0.023 %) 0,025 |0,0265|0,0255% 0,023 | 0.022 | 0.0241

8 0.023 4| 0.0245 | 0,0265 | 0.0255% 0,023 | 0,022 | 0.0241

2 1 0,025 |0.024 |0.023 §0.0225 0,0235| 0,025 | 0.0238
2 0,025 | 0,024 {0,023 %0,0225| 0,02 | 0,025 | 0.0239

3 0.025 [0,02L | 0.023 %0.0225| 0.024 | 0.025 | 0.0239

3 4 0.025 £0.0255 | 0,024 §0.023 | 0.02254 0.024 | 0.02L4
2 0,025 40,025 [0.0235%0,023 | 0,023 % 0,024 |0.,0239

L 1 0.023 |0.0245 | 0,086 | 0.02554 0.024 £ 0.0225 0.0243
2 0.023 { 0.0245 0.0?6 0.025 f0,0235% 0,0225| 0.0241

5 1 0.0245 | 0.0255 | 0,0250 | 0,0235 | 002254 0.0230| 0,024
2 0.0245 | 0.0255 | 0,0250 | 0,0235 | 0.0225] 0.0250( 0.024
6 1 mmmgawm 0.0250 } 0,0260 0.025¢7| 0.0240 | 0,0243
7 1 0.0250 | 0.0265 | 0,0260 | 0,0230 | 0.02154 0,0225 | 06,0244
8 y 0,0245 | 0,0260 | 0,0250| 0.0235 50.0225 0,0230 | 0,0244
9 4 0,0260 | 0,0250 | 0,0240 | 0,0230 | 0,0230] 0.0250| 0.0243
10 1 0.0225 { 0,0250 | 0,0240 | 0,0285 | 0,0250! 0.0235 | 0.,0239
3 1 0.0250 | 0.0245 | 0.0230 f 0,0220 | 0,0235 | 9.0250 | ©,0238
12 1 0.0250 | 0,0245 | 0,0235 | 0,0225 | 0,0230| 0.0240 | 0,0238
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APPENDIX IG {Contd)

Ovelity of 1" Dia, x 24 S.7.G. x D.T.D.305 Steel Tubing as Deviation from
Nominsl Diameter - Set I

Tube No. | otation | Meximum | Position | Minimum | Position

1 1 +0,003 C-F =-0.0005 B=-E
2 +0, 004 A=D -0,0005 B-E

3 +0, 002 A=-D Nil B~-E

L +0,0015 A-D Nil B-E

5 +0,003 C-F Nil B-E

6 +0,0025 A-D -0, 001 C=F

7 +0, 009 A-D ~0., M3 C-F

8 +0,011 A-D -0,011 C-F

2 1 +0,003 A=~D -0, 002 C-F
2 +0,003 A-D =0, 002 B-E

3 +0,002 C-F Nil B-E

3 1 +0,002 A-D MNil B-E
2 +0,0025 A-D -0, 0005 G-F

&4 1 +0,003 A=D -0,0005 B-E
2 +0.003 A=-D -, 001 B~E

5 1 +0,004 G~F -0,002 B-E
2 +0, 005 C-F ~0,0015 A-D

[ 1 +0,0045 A-D =0,0015 B=-B
7. 1 +0, 004 B-E -0,0008 C=F
8 1 +0,002 BT +0,004 A=D
9 1 +0,003 A=D Wil B-E
10 1 +0,0025 C-F +0, 0005 A-D
11 1 +0,0065 A-D ~0,001 Cp
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APPENDIX IG (Conta)

Ovality of 1" Dia, x 24 S.W,G. x D.T.D,305 Steel Tubing as Deviation from
Nominal Diameter - Set II

Tube No, Station | Maxamum | Fesation | dirndmum | Position
1 1 +0, 0045 B-E =0,0015 A=D
2 +0,005 A<D -0,0005 C=F
3 +0,003 B-E Nil C-PF
L 40,0025 B-BE Ak} C-F
5 +0,0025 B~IE +0,.0005 G-
7 +0,0025 B-E +0,0014 AsD
8 +0,005 B-E +3,0015 CuFr
2 1 40,003 B-5 -0,0005 A=D
2 +0.005 C-F -0 A-D
3 +0,003 B-E —0188?5 AD
3 1 +0,003 C-F Nil A=D
+0, 002 C=F +0.0005 A=D
L 3 +0,0035 A=-D Nil B~E
2 +0,005 A-D -(,002 B=-1
5 1 +Q.002 B.I +0,00 ~C
2 +0,003 A-D -, 002 F=C
6 1 +0,004 B-E -,001 A-D
7 1 +0, 006 B-E =0, 001 A=D
9 1 +0,007 B.E -0, 002 FC
10 1 +0, 005 B-E ~0, 004 rC
11 1 +0, 002 P~C Ml B-E
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APFENDIX IG (Contd)

Ovelisy of 4" Dia, x 2L 8.W.G. x D,T.D.305 Steel Tubing as Deviation from
Nominal Diameter - Set III

Tube No. Station| Maximum | Position | iinimum | Position

i 1 +0,002 B-E Wil A=D
2 +0,0015 C-F +0,001 B-E
3 +0,0015 A-D +0. 0005 B-E
L «0,002 BB +0,0005 A-D
5 +0, 002 B~BE +0,001 A=D
6 +0,002 B=E Nil C-F
7 +0,002 A-D +0, 0005 C-P
8 +0,002 B-3 Nil C-F
2 1 +0,0015 B-B Hil A~D
2 +0,002 A=D ¥il B-E

3 +0,001 - +0, 004 -
3 1 +0, 002 B=BE Nil A-D
2 +0,002 C-F +0,.009 A-D
i | +0,002 C-F +0,0005 A=D
2 +0,002 C-F +0, 001 B-E
5 1 +0,002 A=D +0, 001 B-E
6 ;| +Q,003 CF +Q, 0005 B-E
7 1 +0,003 A~D Nil C.F
8 1 +0, 0025 o-F +0,001 B-E
10 1 +0, 002 B-E +0, 001 A-D
11 3 +0, 0025 B=E +3,001 F-C




APPENDIX I¢ (Contd)

Mﬂchanical Propertias of 1" Dia, x 2!{- S.‘.G‘. x DQT-D'}OE
Steel Tubing

Tube | Direction | E x L.P 0,4%
NO. of Grain 10-6 *

1 L 29,0 | 21.8 | 3448 | 3542 | 35,7 | 36.1 5.0
T 29,6 | 14,6 | 34e6 | 36.1 .

Relation beiween Mechanicel and Pressure Test Specimens

Since all pressure test specimens were cut from one length of tube,
the results quoted sbove were applied in all oases.




APPENDIX IG (Contd)

Results of Tests on 1" Dia. x 24 S,W.G. x D,T.D.305 Steel Tubing under
Uniform Sxteynal Pressure Applied 0 the Sides Only

L No. Lobes No. Lobhes in
Tube No, { FPressure | § formed Complete Periphery
1.1 760 1l 2 2
2.4 780 2 2
3.1 830 2 2
1.2 1230 4 2 2
2,2 1250 2 2
3.2 110 2 2
1.3 1800 3 2 2
2.3 1790 2 2
3.3 2040 3 3
1ol 1920 2.5 2 2
2o 1860 2 2
LA 2000 3 3
1.5 1940 2,0 2 L
2,5 2060 2 I
3.5 2230 2 L
1.6 2200 1.5 3 5
2.6 2260 3 4.
3.6 2500 L L
1.7 24,70 1.25 3 5
2,7 2375 2 L
3.7 2500 2 4
1.8 2730 1.0 2 5
2,8 2625 3 6
3.8 2920 2 5
1.9 3050 0.8 2 5
2.9 2700 1 5
3,9 3030 2 5
1,10 3480 0.6 1 6
2,10 2920 1 6
3.10 3100 ] 6
1,14 3050 05 1 A
2,11 3250 1 [
Je11 31480 1 6
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APPENDIX IH (Contd)

Varaation of Wall Thickness of 4" Dig x 24 8,W.G, x T55 Steel Tubes

showing relation between Wall Thickness and Collapse Pastern - Set 2

T;ge Stetion A B c D E F Mean
1] 4 |o.oe3s {o0.0245 |o.der | 0.0275 | 0.0265 | 0,024 | 0,025
2 0.0235 | 0,026 | o0,0275 | 0,028 | 0,0265 | 0,02 | 0,0259

3 0.023 | 0.,0255 | 0,0265 | 0,0275 | 0,0275 | 0,024 | 0.0257

b 0,0235 | 0,025 | 0.0265 | 0,027 | 0,026 | 0,024 4| 0,0253

5 0.023 | 0,025 | 0.8265 | 0,027 | 0.0265 | 0,024 {} 0.0253

6 0.023 | 0,025 | o0.0265 | 0,027 | 0,0265 o.ozu{ 0.0253
7 0,023 | 0,025 {0,0265 | 0,0275 | 0,026 | 0,02354| 0,025%

8 0.0235 | 0,025 0,0265 { 0,028 0.027 0.024 0,0257

2 4 0,025 0,026 ¢ 0,027 0,026 0,02, % 0,023 0,0251
2 0,0245 | 0,0265 4 0,0275 | 0,0265 | 0.024 1 0,023 | 0,0253

3 0,025 | 0.0265 % 0,028 ] 0.0265 | 0,024 ¥ 0,023 | 0,0255

3 1 $0.02%6 10,0275 $0,025 | 0.0245 1 0,023 | 0,024 | 0,0252
2 ¢ 0,026 0,0275 % 0,0265 | 0,024, 1 0,023 0.02, 0.0254

N 1 0,024 §0.026 | 0.,0275 £ 0,027 | 0,0245 4 0,023 | 0,0253
2 0,024 40.026 |0.028 f§ 0,0275 | 0,025 4 0.023 | 0,0256

5 1 0,023 f0.,0235 | 0.026 4 0.028 | 0,0265 # 0,026 | 0,0253
2 0,0235 4 0,024 0,026 0,028 0,0265 ¥ 0,025 0,0255

6 1 40,024 | 0,0265 % 0.0275 0.0265 % 0.025 # 0,02, | 0.0256
7 1 0.026 |0.027 }o0,028 |o0,026 [fo.02n | 0,023 %} 0.0257
8| 1 0.0265 | 0,028 |0,0265 |{0,02 | 0.0235§] 0.025 | 0.0257
9 4 0.027 | 0,025 %{0.023 fo0.,02% | 0,02 %/ 0,027 %[ 0.0253
10 1 [o023 }o0,025%|0,02 %0,0275% 0,025 §0,02 | 0.0253
11 1 g 0.026 [£0.025 0.02354| 0,0235 40,0255 4 0,0275 | 0.0254
12 1 0.026 | 0,024 |0,0235 | 0,025 | 0,0255 | 0.027 | 0,0254
13 1 0,02, |0,02% |0.,027 | 0,026 | 0,02% | 0,023 | 0.0249
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Varistion

APPENDIX T (Contd)

of Wall Thickness of 1" Die x T55 Steel Tubes ,_showing

relation between en Wall Thickness and Collepse Pattern - " Set 3

T;:e Statdon A B C D E F Mean
1 1 0,027 ![o,0265]| 0,025 | 0.0235 |}0,023} { 0,025 | 0,025%
2 0.0265 |10,0265|1 0,026 # 0,024 |l|o,023} | 0,025 4| 0,0257

3 0.026 |{0,0265{ | 0,0255 } 0,024 |[0,023} | 0,025 %I 0,025

I 0.0265 {10,027 || 0,026 40,025 |]0,023} | 0.0245 4| 0,0253

5 0,027 |}0.,0265|| 0.,0255 § 0,025 |}0,023| | 0,025 g 0,0253

6 0,027 {0,027 || 0,026 10,025 |{0,023| | 0,0255%) 0,0256

7 0,026 ({0,027 || 0,0265 4 0,0245 ||0.023| | 0,0255}| 0,0254

8 0,0265 {]0,027 || 0,026 | 0.,0245 {{0,023{ | 0,02 | 0,0251

2 1 0,026 | 0,0245 | 0,023 4] 0,023 | 0,0255 | 0,0265 ¥ 0.024,7
2 0,026 | 0,02, | 0,0235% 0,024 | 0,0255 | 0,027 % 0,025

3 0,026 | 0,024 | 0,023 % 0.0235 | 0.0255 | 0,027 § 0.0248

3 1 4 0.0225 | 0,024 § 0,0265 | 0,027 1} 0,0265 % 0,024 | 0,0254
2 }o,0225 | 0,02 % 0,026 | 0,027 | 0,0265% 0,024 | 0,025

L 1 v 0,024, 0,0235 £ 0,0245 | 0,0255 4 0,026 0.025 0,0247
2 0,02, | 0,023 70,025 | 0,026 iT’,o.ozss 0,025 { 0,0249

5 1 0.0265 | 0,0265 § 0,0255 | 0,023 4| 0,02, | 0,025 | 0,0254
2 0,0265 | 0,026 % 0,025 | 0,024 4| 0,0245 | 0,025 | 0,0254

6 1 0,0235 | 0,0245 £ 0,027 | 0.027 4| 0,026 | 0,0245% 0,025
70 1 40,0265 |0.026 %| 0,025 ‘go.0235 0,02 4| 0,026 | 0,0251
6| L;o.025 0,02 §| 0,024 % 0.024 | 0,025 4| 0,026 | 0,0247
91 4 0.027 |0,026 [£0,02 | 0.023%| 0,0245 f 0.0255 { 0,025
10 | 0,0265 | 0,027 | 0,0255 | 0,024 | 0,02 | 0,025 | 0,0253




APPENDIX IH {Conta)

Ovality of 4" Dia x 24 S,W.G, x Th5 Steel Tubes as Deviation

from Nominal Diameter - Set I

Tube No. Station Meaximm Posation M3 nimm Poaition

1 4 +003 A-D =004 B-E
2 +005 A-D +004 C-F

3 +0035 C-F +003 A=D

5 +0Q 5 A-D +002 B-E

5 +0055 A-D +004 c-F

6 +007 A=D -0045 B-E

7 +005 C-F +002 B-E

8 +00% C-F +002 B-E

2 1 +006 AD =001 C-F
2 +007 A-D =004 C=F

3 +007 B-~BE -0 C=F

3 1 +006 B-E =001 A~D
2 +007 G- Nil A=D

4 1 +005 F-C Nil E-B
2 + 008 A=D) +002 F-C

5 1 +008, P-C +004 B-E
2 +005 E-B Nil O

6 1 +006 A-D =004 F-C
7 1 +004 BE-B +002 A-D
8 1 +005 A=D Nal F-C
9 1 +004 P-C +002 B-E
10 1 +00h A=D Nil B-C
14 1 +005 P +002 B-E
12 1 +005 P Nil A<D
13 1 +005 A-D +004 B

.57 =




APPENDIX TH (Contd)

Ovality of 1" Dxa x 24 8,W,G, x TH65 Steel Tubes as Devistaion

from Nominal Diameter - Set 2

Tube No, Station Maxamom Position Minimam Position

1 1 +003 A=D -001 B-E
2 +005 A-D +001 C-F

3 +0035 C=F +003 A-D

L +00h5 A-D +002 R.E

5 +0055 A-D +001 C-F

6 +007 A-D -0 5 B-E

7 +0045 C-F +002 B-E

8 +005 C.F +002 B-E

2 1 +006 A-D =004 C=F
2 +007 A-D -004 CaF

3 +007 B-E ~001 CwF

3 1 +006 B-E =004 A=D
2 +007 F.C Nail A-D

L 1 +005 C Nit E~RB
2 +00!, A-D +002 P-C

5 1 +004. P-C +0D04 B-E
2 +005 E-B Nil F-C

6 y| +006 AD -001 »C
7 1 +004. B-E +002 A-D
8 1 +005 AD N1l F-.C
9 1 +004L FC +002 B~E
10 1 +004 A-D Nil F.C
41 1 +005 FC +002 B-E
12 1 +005 FC Nil A~D
13 1 +005 A-D +001 F-C




APFENDIX IH (Conta)

Qvality of 1" Dia x 24 S.W,G, x 755 Steel Tubes as Deviation

from Nominal Diameter - Set 3

Tube No, Station Maximam Posgition Minimm Position

9 1 +00L5 C-F +002 B-E
2 +005 C-F +002 B-E

3 +0045 A-D +001 C-F

L +005 C-F +0015 B-E

5 +006 C-F Nil B-E

6 +005 A-D +0015 B=E

7 +006 A-D +001 C-F

8 +007 C-F Nil B-E

2 1 +005 B-E --0025 C-F
2 +006 CwF -002 A-D

3 +006 B-E +01 C-F

3 9 +003 A-D +01 5 B-E
2 +006 CwF +004 B-E

L 1 +0065 A-D -003 B-E
2 +006 A=D Nil B~E

5 1 +00L B-E +004 CwuF
2 +004, A<D Nil C-F

6 1 +005 CuF +001 A-D
7 9 +M1 B-E -0015 C-F
8 9 + 00k, A=D -0 B-E
9 1 +005 Cw=F -005 B-E
10 1 +002 A-D ~003 B-E
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APPENDIX TH (Contd)

Mechenical Properties of 1" Dia x 24 S.W.G, x T55 Steel Tubing

Specimen Direction -5 . Maxcinmum Elongation
No. of Grain Ex10 L.F. 0.1% P.5. 0.2% P.5. 0.5% F.S. Stres=s
1 L 28.0 8.k 17.7 19.8 22.5 L8,5 37.0
T 28.5 6.0 20.8 23.7 274 L 25.0

Relation between Mechanical and Pressure Test Specimens

Since all pressure test specimens were cut from one length of tube, the results quoted above were applied

in all cases,



APPENDIX TH (Conta)

Results of Teasts on 41" Dia x S.W,G, x T55 Steel Tubes under
Uniform External pressure applied to the sides only
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APPENDIX

1J

Variations of Tube Thiokmess for 1" dia. x 24 S.W.G. x T26 Steel Tubes

Showing Relation Between Wall Thicimess emd Collapse Pattarn -~ Set I

NoPel Station | A B c D E ¥ Mean
1 1 0.0235 |0,0240 | 0.0240 #0.0240 | 0,0235| 0.0230 7} 90,0237
2 0.,0240 | 0.0240 | 0.0245 £0.0240 | 0.0235| 0.0235 7| 0.0239
3 0.0240 | 0.0240 | 0.0240 ¥ 0.0240 | 0.0235| 0.0235 7] 0.0238
4 0.0235 | 0.0240 | 0,0240 £0.0235 | 0.0235| 0.0230 7 0.0236
5 0.0240 | 0.0240 | 0.0240 0.0240 | 0.0235| 0.0235 7} 0.0238
6 0.0235 | 0.0240 | 0.0240 £0.0235 | 0.0235| 0.0235 %] 0.0236
7 0.0235 | 0,0240 | 0.0250 0.02k0 | 0.0235| 0.0235 7| 0.0238
8 0.0235 | 0.0240 | 0.0240 ¥0.0240 | 0.0235] 0.0235 7| 0.0238
2 1 0.0230 | 0.0230 | 0.0235 £0.0240 | 0.0240| 0.0235 | 0,0235
2 0,0235 |0,0235 { 0.0240 £0.0240 | 0.0240) 0.0235 | 0.0238
3 | 0.0230 |0.0235 | 0.0235 Fo.020 | 0.0240| 0.0235 |0.0236
3 1 0.0235 | 0.0240% 0,0240 | 0.02354 0.0230| 0,0230 4| 0.0235
2 0.0235 |{ 0.0240% 0.0235 | 0.02304 0.0230| 0,0230 4 0.0233
4 1 0.0230 | 0.0230 | 0.0235 | 0,0240% 0.0235| 0.0230 4 0.0233
2 0.0230 | 0.0830 | 0.0235 | 0.02407 0.0235 | 0.0230 7| 0.0233
5 1 0.0230 | 0.0230 [£0.0235 | 0.02404 0.0240% 0.0235 | 0.0235
2 0.0230 | 0.0230 |#0.0235 | 0,02404 0.0235% 0.0235 | 0.0234
6 1 0.0230 % 0.0230 | 0.0235 % 0.02358 0.0235{ 0.0230 7 0.0233
7 1 o.og”so 0.02304 0.0235 | 0.0235 | 0.0230§ 0.0230 [ 0.0232
8 1 £ 0.0230 |0.§230 | 0.0230 $0.0235 | 0.0235% 0.0235 | 0.0233
9 1 0,0230 | 0.0235 | 0.0235 4 0.0235 [£0.0230 §f 0.0230 | 0.0233
10 1 0,0230 %} 0,0230 3 0.0230 § 0.0235 [ 0.0235% 0.0235 | 0.0233
11 1 0.0235 | 0.0235 | 0.0235 | 0.0230 | 0.0230| 0.0230 | 0.0233
12 1 0.0230 | 0.0235 | 0.0240 | 0.0235 | 0.0230| 0.0230 | 0.0233
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APPENDIX IJ (Contd)

Variations of Tube Thickmess for 1" dia. x 24 S.W.G. x T26 Steel Tubes
Showing Relation Between Wall Thickness and Collapse Pattern - Set II

NooelStation | A B c D E ® Mean
1 1 0.0230 | 0.0230 ¢ 0.0230 | 0.0225 | 0,0225 % 0.0230 |0.0228
2 0.0235 | 0.0230 ¥ 0.0230 | 0.0225 | 0.0225 ¥ 0.0230 | 0.0228
3 0.0230 | 0.0230 £ 0.0230 | 0.0225 | 0,0225 4 0.0230 | 0.0228
L 0.0230 { 0,0230 £ 0.0230 | 0.0225 | 0,0225% 0.0230 {0.0228
5 0.0235 | 0.0230 F 0.0230 | 0.0230 | 0.0225 4 0,0235 | 0.0234
6 0.0235 | 0.0230 ¥ 0.0230 | 0.0225 | 0,0225 4 0.0230 | 0.0229
7 0.0235 | 0.0230 % 0.0230 | 0.0230 | 0,0230 4 0.0235 |0.0232
8 0.0235 | 0,0230 ¥ 0.0230 | 0.0230 | 0,02254 0.0235 |0.0229
2 1 0.0225 {£0,0230 | 0.0235 | 0.0230 {£0.0230 | 0.0230 | 0.0230
2 0.0225 [£0,0230 | 0.0235 |0.0230 |Z0.0230 | 0.0230 | 0.0230
3 0.0230 {£0.0235 | 0.0235 | 0.0235 [£0.0230 | 0.0230 | 0.0233
3 1 0.0230 | 0.0335 | 0.0235 | 0.02302| 0.0230 o.ogz»o 0.0232
2 0.0230 | 0.0235 | 0.0235 | 0.02307 ©.0230 | 0.0230 |0.0232
L | 1 | 0.0230 | 0.0235F 0.0235 |0.0235% 0.0230 | 0.0230 |0.0233
2 0,0230 | 0.0230 |=0.0235 |0.02357 0.0235 | 0.0230 | 0.0233
5 1 0.02257] 0,0230 | 0.0230 £0.0235 | 0.0235 £ 0.0230 | 0,0231
2 0.0225%4 0.0230 | 0.0230 ¥0.0235 | 0,0235 $0.0230 | 0.0231
6 1 0.0230 1#0.0230 | 0,0235 %0,0235 % 0,0230 | 0.0230 4 0.0232
7 1 0.0230 ¥ 0.0235 | 0.0235 $0.0235% 0.0230 | 0,0230 | 0.0233
8 1 4 0.0235 150.0235 | 0.0230 $0.0230 | 0,0230 | 0.0230 | 0.0232
9 1 % 0.0230 | 0.02254 0,0230 ]0,0235 | 0.0235 | 0.0230 | 0.0231
10 1 0.02551# 0.02304 0.0230 % 0.0235% 0,0235 0.0235 0.0233
11 1 0.0240 | 0.0235{ 0.0225 | 0.0230 | 0,0230 | 0.0235 | 0,0233
12 1 0.0235 { 0.0235 | 0.0235 |0.0230 | 0.0230 | 0.0230 | 0.0233
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APPENDIX IJ (Contd)

Variat zonsof Tube Thiclkness for 1" dia., x 24 S,W.G. x T26 Steel Tubes

Showing Relatlon Between Wall Thickness and Collapse Pattern - Set II1

Tube

No. Station A B C D E P Mean
1 1 0.0235% 0.0230 | 0.0230 | 0.0235 4 0.0235 |0.0235 | 0.0233
2 0.0230 9 0.0230 | 0,0235 | 0,020 £0.0230 |0.0230 | 0.0233
3 0.0230 7] 0.0230 | 0.0230 | 0,0240 %0.0230 { 0.0235 | 0.0233
b 0.0230 4 0.0230 | 0.0230 | 0.0235 £0.0235 |0.0230 | 0.0232
5 0.0230  0.0230 | 0,0235 | 0.0235 £ 0.0235 {0.0230 | 0.0233
6 0.0230 %) 0.0230 | 0.0230 | 0,0230 £0.0230 | 0.0230 | 0.0230
7 0.0235 44 0.0230 | 0.0230 { 0.0230 % 0,0230 | 0.0230 | 0.0231
8 0.0230 % 0.0230 | 0.0235 | 0.0230 %0.,0230 {0.0230 | 0.0231
2 1 0.0235 4] 0.0235 | 0.0230 | 0.0230#| 0,0230 | 0.0230 | 0.0232
2 0.0235 % 0.0230 | 0.0230 | 0.0230 % 0.0230 | 0.0230 | 0.0231
3 0.0235 % 0.0235 | 0.0230 | 0,0230 % 0.0230 ] 0.0230 | 0.0232
3 1 0.0230 | 0.0830 | 0.0235 | 0.0235 | 0.0235 0.04530 0.0233
2 0.0230 {0,0230 | 0.0230 | 0.0230 | 0.0235 |0.0235 | 0.0232
b 1 0.0230 7 0.0230 | 0.0230 7] 0.0235 | 0.0235 7] 0.0230 | 0.0232
2 0.0230 # 0.0230 | 0.0230 7| 0.0230 { 0.0235 % 0.0230 | 0.0234
5 1 0.0230 | 0.0230 | 0.0235 |0.0835 | 0.0235 [0.0235 |0.0233
2 0.0230 | 0.0g25 | 0.0230 | 0.0235 {0.0235 0.0235 | 0.0232
6 1 0,0230 | 0.0235 | 0.0235 4 0.0235 | 0.0230 |0.0230 4 0.0233
7 1 0.0235 | 0.0235 | 0.0230 % 0.0230 | 0.0235 |0.0235% 0.0233
8 1 0.0230 4 0.0230 £ 0.0225 | 0.0230 | 0.0235 | 0.0235 | 0.0231
g 1 0.0230 ¥ 0,0230 ¥ 0,023 | 0.0235 | £.0235 |[0.0230 | 0,0232
10 1 0.0230 % 0,0230 £ 0,0230 40.0235 | 0.0235 |0,0230 | 0.0232
11 1 0.0235 | 0.0235 | 0.0230 |0,0230 | 0.,0230 }0.0230 | 0,0232
12 4 0.0230 | 0.0230 | 0,0235 | 0.0235 | 0.0230 | 0.0230 | 0,0232
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APPENDIX IJ (Contd)

Ovelity of 1" dia. x 24 S.W.G. x T26 Steel Tubing - Set I

f,‘;be Station | Maximum | Position | Minumwm | Positian
4 1 +0,002 B-E ~0.001 A-D
2 +0.0015 " ~0,0005 "
3 +0.001 " Nil C-F
b +0,002 C-F -0,0005 B-E
5 +0,003 " -0,002 "
6 +0,001 B-E Nil A-D
7 +0,0005 - +0.0005 -
8 +0,0005 - +0.0015 -
2 1 +0.002 C-F ~0,001 B-E
2 +O » 008 A"D -O . m)-l- n
3 +0.001 C~F =0.001 A-D
3 1 +0.001% C-F Nit A-D
2 +0 (] 003 " "0 [] 001 5 "
4 1 +0.,004 A-D ~0,0015 B-E
2 +0,0045 B-E ~-0.0025 P<C
5 1 +0.002 P-C Nil A-D
2 +00 w’{- " '-0 . m 1 5 n
6 1 +0,002 A-D +0.0005 E-B
7 1 +0.0035 A=D ~0.0015 F=C
8 1 +0,006 B-E =0.002 A-D
9 1 20,003 A-D =0,001 F-C
10 1 + 0, 007 B-E 0,003 A=D
11 1 +0.002 B-E -0,0005 F-C
12 1 +0,005 A-D -0,005 P-C
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APPENDIX IJ (Contad)

Ovality of 4" dia. x 24 S.W.G. x T26 Steel Tubing - Set II

;";be Station | Maximum | Position | Minimmm| Position
1 1 +0.002 B-E Nil AD
2 +0.003 u -0,002 FC
3 +0.002 ! -0.0005 !
L #0.0015 Y ~0.0005]  A-D
5 £0.0015 | C-F Nil n
5 40,0015 | B-E ~0.0005|  F-C
7 +0.001 A-D Nil "
2 1 +0.002 A-D Nil C-F
2 +0.0015 | B-E ~0.004 "
3 +0.0025 u 0,002 !
3 1 +0.0015 [ C-F N1l B-E
2 +0.004 A-D -0.003 O-F
4 1 +0.0005 | A~D -0,0005| BE
2 +0,002 " Nil C-F
5 1 +0.003 o Nil B-E
2 +0.0015 " +0.001 A-D
6 1 +0,003 B-E Nil P-C
7 1 +0.002 B-E +0.0015|  A-D
8 1 40,0025 | G-F +0.0005| BB
9 1 +0.0015 - +0.0015 -
10 1 +0.0025 | o-F +0.001 B-E
11 ’ +0.0015 - +0.0015 -
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APPENDIX IJ (Contd)

Ovality of 1" dia. x 24 S.W.G. x T26 Steel Tubing - Set III

f}gb" Station | Maximm | Position | Minimuwm | Position
1 1 +0.0015 C-F ~0,0005 A<D
2 +0.001 B-E Nil A-D
3 +0.0015 C-F Nal B-E
5 +0.002 " 0,007 "
6 +0.002 " ~0.001 "
7 +0.0015 " Nil "
8 +0.0015 o-F Nil "
2 4 +0.002 C-F -0.0005 B-E
2 +0.003 A<D -0,0015 "
3 +0,002 C-F ~0,001 "
3 1 +0,003 B-E -0.001 A-D
2 +0,001 n =0, 0005 "
4 1 +0.003 B-E -0,002 C-F
2 +0 .0025 A"D "'O . 001 5 "
5 1 +0.001 A<D -0.001 B-E
2 +0,003 " =0.,002 C-F
6 1 +0.003 C-F -0.,002 A-D
7 1 +0,004 B-E -0,0015 A=D
8 1 +0.004 A-D ~0.002 C-F
9 1 +0,002 F-C =0,002 B-E
10 1 +0.002 B8 ~0.001 A-D
11 1 +0.003 AD -0,0025 B-E
12 4 +0,002 B~E 0,002 C~F
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APPENDIX IJ {Conta)

Results of Tests on 1" dia. x 24 S.W.G. x T26 Tubes wnder

Uniform External Pressure applied to the sides only
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* Unreliable result.

Attached: Drg, SME.75474/R
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APPENDIY I

Variation of tube thickness of 1" dia, x 2L swg x DID 102A

collapse pattern.

SET I

Steel tube showing relation between wall thickrness and

Tube
No.

Station

A

B

D

E

Maan

(e e e -

10
11

12

WO~ WA E WD =

N N - " h) -

r -

0,0235
0,0230
0,0230
0,0230
0,0230
0.0230
0,0225
0,0225

0.0235
0.0235
0.0235

0.0225
0.0220

pore e

0,020
{0.0235

0.0230;
0.0230

o.oé@5
0.0225%
0.0255
0,0250
0,0250

ro.ozso
40,0230 10,0220

0,0235
0.0235
0.0235
0.0230
0.0230
C.0230
0.0225
0.0225

0.0235
0.0235
0,0235

0.0230
0.‘230

0,0245
0.0240

0.0230
0,0235

0.02%%
1

0.0250
0,0230
0,0230
0.0240
0.,0240

0,0245
0.0245
0.0245
0.0240
0.0240
0.0240
0.0235
0.0235

0,0235
0.0235
0.0235

0.0225
0.0225

0.0240
0.0240

o&mmt
0.0240
0.0230
0.0%35
50.0235
0.0235
0.0250

0.0230

0.0%%O

0,8250
0,0250
0,0240
0,0240
0.0245
0.024,0
0.0240
0.0240

0.0225
0.0230
0.0235
ommm}
0.0240

0.0220

0.0230 ‘

0,0240
0.0245

o.o?uo
0.0235
0.0230f
0,0250
0.0245
0.0225

0.0225

0,0245
0.0245
0,0240
0.0240
0.,0240
0.0235
0.0240
0.0245

0.0225

0.0230
0.0230

0.0235’
0.0235

0,0230
0.0225

0,0240
0,0240

0.0250
0.0250

A

0.0230
0.0245
0.0235
0.0235

0.0235

.0230
0.0230
0.0230
0,.0230
0.0230
0.0230
0.0225
0,0230

0.0230
0.0220
0.0230

0.0235
0.0235

0,0230
0,0230

0,0230
0.0230

0.0230
0.0235

0,0235
0,0230
0,0245
0.0245

0.0240
0.0239
0.0237
0.0235
0.0236
0,0234
0.0232
0.0233

0.0231
0,0231
0.0233

0.0232
0.0231%

0.0236
0,0232

0.0235
0.0237

0,023y
0,023}
0.0238
0.0237
0.0236
0,0238

0.0238
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APPENDIX IX (Contd)

Variation of tube thickness of 1" dia, x 2 swg x DD 1024

collapse pattern,

Steel tube showing relation between wall thickness ard

SET I1

Tube
No,

Station

Mean

W ~ 0

10
1

12

W= O-JANSWwWNn =

m-‘

—r

0.0245
0.,0250
0.,0245
0.0240
0.0240
0.0235
0.0245
0.0245

0.0230

0.0225
0,020

0.0225 7

aa

0.0230
0.0230

0.0250 §
0.0230
4
bo.ozso
0.0245
0.024,0
0.0230§

0.0245

0.0220 ;
0.0220

0,0230 4

0.0250
0.0255
0,0250
0.0245
0.0250
0,0250
0.0250
0.0250

4
0.0220
0.0220
0.0?15

§0,0220
0.0225

0.0240
0.0245

0.02%5
0.02}5

0.024,0

0.0250
0.0250

0,0230
0,0250

0.,0230 F0.0Z}S

0.0235#0.0230

0.024
0.0240%
0.02404
0.024,0}
0.0240f
0.,0250
0.0240
0.0240

0.0225
0.0225
0.0225

0.0235
0.0240

0.02505
0,0250

0,0250
0.0250

o.ozjogio.ozso@

0.0245
0.0230

0.0250
0.0235

%

0.0z22%
0.0210
0.0210
0.0220
0,0220
0.C225
0.0220
0.0230

0.0235
0.0235
0,0240

0.02,5
0.0250

£ 0.0245
t 0,0245

0.02404)|
0.024,0

0.0§50
0.0240
0.0%25
4
0.0235
.05
0 Othﬂ

0.0230

0.02204
0.0220
0.02203

0.021554

0.0215
0.0215
0,02154
0.0220

0.C240
0.0245
0.0245

0,0240 ¢
0.0245 |

0.0230 §
0.0230 }

0.0220
0.0230

0,0235

0.0220
0.0225
0.0230
0.0225
0,0225
0.0225
0.0220
0.0220

0.0240
0.0240
0,0245

0.,02%
0,0230

0, 0225
[0.0225

0.0250
0.0;0

0.0250?

0.0245
0,0230
0,0230 1
0.0235
0.0235
0,0235

10.021;0

10,0225
10,0240
0.0250
0,0230

0.0235

0,0233
0.0233
0,0233
0.0231
0.0232
0,0232
0.,0231
0,023,

0.0232
0.0232
0,0232

0,0232
0.0235

0,0236
0,0238

0.0236
0.0238

0.,0235
0.0238
0.0237
0,0237
0,0238
0.0236
0.0238
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APPENDIX IK (Contd)

Variation of wall thickness of 1" dia, X 24 swg x DID 1024

SET III

Steel tube showing relation between wall thickness asnd
collapse pattern.

Tube
No,

Station

B

C

D

E

F

Mean

OO~ O

10
11

12

W~ AN AN =

TH N =

) =

-
et

f 0.0235
1 0.0230

0.0240
0.0235
0.0235

0,0230

} 0.0235
0.0240

0,0240
0.0245
0 002J+5

0.024,0
0.024,0%

0.0250
0.0250

0.0240
0.0240

E

0,0250

Aedlp:

0.0245%
0,0230
0.0250
0,0235
0.0240
0.0240

0.0240
0.0240
0.0240
0,0240
0.0235
0,0235
0.0240
0.0240

0.0245%
0.0250%
0.0250%

0.0235
0.0240

0.0250
0.0245
0.0245
0.,0235
0,025
0.0245
0.0230
90,0230

0.0245
0.0250
0,0250

0.0245 4
0.0250 {

0.0250 r0.0250

0.0250

0,0235
0.0240
0.0250
fa.ozss
0,0240
o.oé}5
0.0240

0.0250

0.6240 4

0.0250

0.0235
0.0235

0.0535
0.02505
0.0245
0 0535
‘%
0.0245
0.0250

0,0255

0.0250
0.0250
0.0250
0.0245
0.0245
0.0240
0.0240
0.0245

0.0250
0.0240
0.0240

40,0250

0.0250

0.0240

0.0235?

0.02,5%
0.0245§

0.0240
0.0240
0.0250
0.0235
0.0255
0,0255
0.0240

.0250
.02L,0
0240
.0340
L0210
.0240
0310
02,0
%
0,020
0.0235

0
0
0
0
0
0
0
e

0.0240
0,0235
0.0235
0.0240
0,0235
0.023%5
0.0235
0.0235

F0.0235
0.0230

0.0240 ﬁ, 0,0235

0.02504
o.ozaof

0.0240
0.0240

0.0250
0.0250

0.0240
0,0240
0.0250
} 0.0245
0.,0250
0.0250
0.0235

0.0240
0.0240

0.02,0%
0.02L0

0.0250

0,0245
0,0240
f
C,0240
0,0250
0.,024,0
0.024,5
0.,0235

0,0245
0.02}1
0,021
0.,0239
0.0238
0.0238
0.0238
0.0238

0.0242
0.0242
0.0243

0.0243
0.0243

0.0245
0.,0244,

0.0243

0.0250 § 0.0243

0,0242
0.0244
0.0242
0.0243
¢.0243
0.0247
0.0243
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APPENDIX IK (Contad)

Ovality of 1" Dia. x 24 swg X DID 1024 Steel tubes at devliation
from Nomiral Diameter - SET 1

g';be Position {Maximum |Position | Minimum | Position
1 1 +0,003 B-E -0.001 A-D
2 +0.003 " -0,002 C-F
3 +0.006 C-F -0.003 A-D
4 +0.007 " ~0.005 | A-D
5 +0,0035 A-D Nil Cc-F
6 +0,003 " Nil C-P
7 +0,002 B-E +0,0005| C-F
8 +0,0015 | C-F -0,001 A-D
2 1 +0.0035 | C-F -0,0015| B-E
2 +0,0035 " -0,0005| A-D
3 +0,0025 " ~0.,002 B-E
3 1 +0.008 A-D =0.002 B-E
) +0.00, " -0,003 "
4 1 +0,003 B-E Nil C-F
2 +0.004 C-F ~0,004 A-D
5 1 +0,002 B-E Ni1 A<D
2 +0,003 c-F +0.001 "
6 1 +0.007 A-D -0.,0045¢f B-E
7 1 +0,0065 | A-D -0,005 B-E
8 1 +0,005 B-E -0,003 A-D
9 1 +0, 004 A=D -0.002 C-F
10 1 +0.003 4-D -0,001 B-E
11 1 +0.003 C-F -0,0015] A-D
12 1 +0,00k C-P -0,002 B-E
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ARPENDIX TK (Contd)

Ovality of 1" Dia, x 2h gwa x DFD 1024 Steel Tubes at Deviation
from Nominal Diameter - SET IT

IT‘u’oe Station [Maximm | Position | Minimum | Position
Q.
1 1 +0,003 A-D -0,002 B-E
2 +0,001 C-F -0,001 A-D
3 +0,003 " -0.003 "
}4- +0 .005 ] =0 .003 ]
5 +0,0025 " 0,002 B-E
6 +0,0035 " -0,002 "
) 7 +0,003 L -0,002 L
8 +0,003 A-D -0,003 t
2 1 +0.002 C-F ~0.,002 B-E
2 +0,004 B-E -0,002 C-F
3 +0,005 A<D -0.005 B-E
3 1 +0.006 C-F -0,005 B-E
2 +0,002 " =0,0015 A~D
L 1 +0.,002 C-F -0,001 A=D
2 +0,002 A=D -0,002 F=C
5 1 +0,002 A-D -0.001 B-E
2 +0,002 B-E -0,001 P-C
6 1 +0.004 B-E -0,001 A-D
7 1 +0,006 B-E -0.,003 AD
8 1 +0,006 C-F ~0,005 B-E
g 1 +0,003 A-D -0,00L, C-F
10 1 +0,003 B-E ~0.0015 A=D
11 1 +0,006 A-D ~0,0045 B-E
12 1 +0,003 B-E -0,002 C-F
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APPENDIX IK (Contd)

Ovality of 1" Dda. x 2, swg x DID 1024 Steel tubes at deviation

from Nominal Diameter ~ SET III

;‘gb' Station |Maximum |Position | Minimum | Position
1 1 +0,003 C-F Nil B-E
2 +0.009 B-E «0,005 F-C
3 +0,005 " ~0,002 F=C
4 +0.,0025 " Nil A=D
5 +0.005 " -0.,001 "
6 +0.006 " -0.0025 "
7 +0.0055 " -0,002 n
8 +0.004 " -0.0005 FC
2 1 +0.00L|- C"F "Oomz A"D
2 +0.003 B-E 0,001 4-D
3 +0.,002 A-D Ni1 B-E
3 1 +0.,002 G-F Nil B-E
) +0,002 C-F Ni1 BB
L 1 +0.0025 A-D Nil B-E
2 +0,002 C-F -0,001 )
5 1 +0.002 F-C Ni1 BuE
2 +0.,002 " Ni1 n
6 1 +0.005 B-E -0.,001 C-F
7 4 +0.005 A=D -0.,002 B-E
8 1 +0.005 F-0 ~0,001 A<D
9 1 +0,005 B-E -0,002 F-C
10 1 +0,007 F-C -0,005 A-D
11 1 +0.006 B-E ~0.,0015 A~D
12 1 +0 .00k A=D Ni1l B-E
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APPENDIX IK (Contd)

Mechanical Properties of 1" Dia., x 24 S.W.G. X DaT.D.1024

Steel Tubes
Tube Direction B x L.P 001% 0-2% 0.% Max, Elong.
Nao, of Grain 10-16 * P,S. P.S. P.S. Stress % on i
T 30.3 8.2 | 27.0 | 30.7 | 34,3 | k2,7 14,0

Relation between Mechanical and Pressure Tesit Specimens

All pressure test specimens were cut fram one length of tube., The
results quoted sbove were therefore gpplied to all specimens.

- {16 =



APPENDIX IK (Contd)

Results of tests on 1" Dia., x 24 swg x DTD 102i Steel Tubes under
UniPorm Externmal Pressure Applied to the Sides Only

No, Lobtes No. Lcbes in

Tube No. | Pressure formed Complete Periphery

] o

770 14
720

800
1340 L
1300
1375
1860 3
1660
2070
2170 2.5
2120
21,0
2040 2,0
24,00
2350
2675 1.5
2600
2890
2950 1.25
2760
2940
3075 1.0
2500
3100
3140 0.8
2950
3175
3250 0.6
3350
3300
3550 0.5
3800
3400

. s 8 & @
PR - =

E s e

" 4 & ® = ® " &8 " ., a5 = »
DS 2 2PV VIRENNN DO

0 Q0

-

WP WP AP WA SR W ) VW R AN =W R s PO AW ) =

= RO RN NIRRT P POl W WA W HW D N DN DN
ENERF Y N AT IS B P o R af ok o o o A WANVAUTENVERTAVTRNVERVENTIE LI SR L) 5

-
-
—

Attached: Drg, SME,75484/R
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APPENDIX IL

Variation of well thickness of 1" Dis.x 24 S.WG. x T58 steel tubing showing

relation betwesn wall thickness and col) apse pattern = Set I.

TII;];e Sta.tion A B G D E F Mean

L4
1 1 @ 0.0255 | 040255 | 0,0250 | 0.0250 | 0.0250 | 0.0250 | 0,0252
2 10,0255 |.0,0260 | 0.0250 | 0.0245 | 00250 | 0.0255 | 0.0253

¢
3 40,0260 | 0,0260 | 0,0250 040245 | 0,0250 | 0.0250 | 0.0253
L} 0,0260 | 0,0260 | 0,02525| 0.0240 | 0.0250 | 0.0250 | 0.0252

r v
5 10,0255 | 00265 | 0,0255 | 0,0245 | 00250 | 0.0245 | 040253
6 70,0260 | 0,0260 | 0,0250 | 0.0245 | 0.0250 | 0,0250 | 0,0253
7 i 0.0260 | 040265 | 0.0255 | 0,0240 | 0,0250 | 0,0250 | 0.0253
8 10,0260 | 0.0260 | 0,0250 0,0240 | 0.0250 | 00255 | 0.0253

p
2 1 0,0250 | 0,0255 | 0,0260 | 0.0250 0.0250%| 0.0245 | 0.0250
2 0. 0250 o.g255 0,0260 | 0.0250 o.oaqog 0.0245 | 0.0250
3 0,0250 | 0.0255 | 00255 | 040250 0.024,5¢ | 0,0250 | 0.0251
3 1 0.0245%| 0,0250 | 0,0255 § 0.0260 | 0,0250 § 0.0240 | 0.0250
2 | 0,02507] 0.0245 | 0,0250 ¥ 0.0260 | 0.0255 } 0.0250 | 0.0252
b 1 0,0245 § 0,0250 | 0,02607 0.0255 | 0.0250 % 0.0245 | 0.0251
2 0,0245% 0,0250 | 0,02604| 0.0255 | 0.0250 % 0.0250 | 0.025%
4 | 4
5 1 0,0245 | 0,0245 $0.0245 | 0,0255 | 040260 | 0,0255 | 00251
2 0.0?45 0.0250 ¥ 0,0250 | 0.0255 0.0260 | 0.0250 | 0.0252
’ r
6 1 |§0,0255 | 0,0260 | 0.0250 § 0.0245 | 0.0240 ¥ 0.0245 | 0.0249
7 1 |§0.0235 o&éo 0.0265 § 0.,0260 om@s 0.0240 { 0.0249
“ 4 ¥ 1
8 1 0.0245 | 0.0260 §0.,0260 | 0.0255 ¥ 0.0245 ¥ 0.0240 | 0.0251
r Y/ ‘: ¥
9 1 0,0260 % 0,0265 0.0255 | 0.0245 % 0.0235 o.ogls 0.025t
¢

10 1| 0.0240 § 00235 £0.0245 | 0.0260 | 0.0260 | 0.0250 | 0.0248
14 1 0.0265 | 0.0260 | 0,0250 | 0.0235 | 0.0245 | 0.0255 | 0.0252

s
12| 1 | 0.02u5%| 0.0255 | 0.0265 | 0.0255 | 0.0245% 0.0240F 0,025t
13 1 0,0255 | 0.0265 | 0,0260 | 0.0250 | 0.0240 | 0,0245 | 0,0252
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APPENDLX TL, (Contd)

Vari ation of wall thickness of 1" Dia.x 24 S.W.G. x T58 steel tubing showing
relation between thiclmess co e pattern - Set II.

Tibe

No. Station A B ¢ D E P Moan
¢ i
1 1 0.0255 | 040255 | 0.0255 | 0,0250 | 0,0250 | 0,0250 | 0.0253
2 | 0.0260 | 0.0255 | 0,0255 0.0250 | 0.0250 | 0.0255 | 0.0254
a
3 | 0,025 | 0,0250 | 0,0250 0.0250 | 0.0250 | 0.0255 | 0.0252
& | 0:0255 | 0,025 | 0.0250 | 0.0245 | 0.0245 | 0.0250 | 0.0250
L
5 o.o‘geo 0,0265 | 0.0260 0.0245 | 0.0240 | 0.0250 | 0.0253
6 | 0.0260 | 0,0260 | 0.0255 0.0545 0.0245 | 0.0250 | 0.,0253
7 | 0.0%0 | 0,0260 | 0.0255 0.0240 | 0.0245 | 0.0255 | 0.0253
8 | 0.0265 | 0.0260 | 0.0255 | 0.0240 | 0.0245 | 0.0255 | 0.0253
2 1 0,0250 § 0.0250 | 0.0245 | 0,0250 4 0.0255 | 0.0255 | 0.0251
2 040250 # 0.0250 | 0.0245 | 0.0245 % 0.0255 | 0,0255 | 0,0250
3 | 0,0255 ¥ 0,0260 | 0.0245 | 0.0245 ¥ 0.0250 | 0.0250 | 0.0251
' “
3 1 [ 0.0260 | 0,0260 o.oéso 0,0250 0.0’550 0.0255 | 0,0254
2| 0.0260 | 0,0255 | 0,0250 | 0,0250 | 0.0250 | 0.0250 | 0.0253
‘ 4 ¢
L 1 0.0255 | 0.0260 | 0.0260 0.02250 0.0250 | 0.0250 | 0.0254
2 | 0.0255 | 0,0260 | 0.0255 | 0.0245 | 0.0250 | 0.02%0 | 0.0253
5 1 £0.0260 | 0,0255 0,025 | 0,0250 % 0.0250 | 0.0255 | 0.0253
2 F0.,0260 | 0.0255 4 0,0245 | 0.0250 % 0.0250 | 0.0260 | 0.0253
6 1 0,0265 | 0.0255 % 0.0245 | 0.02509 0.0255 |£0.0260 | 0.0255
¥ ¥ y ¢
7 1 0.0250 | 0,0245 | 0.024,5% 0.0260 | 0,0270 0.0260% 0.0255
- y ‘
8 1 0.0260 § 0.0270 0.0:260 0.0245 § 0.0245 0.0250 | 0.0255
9 9 o.oéz..s 0,0240 0.0245 0.0255 | 0.0270 % 0.0265 | 0.0253
10 | 1 | 0.0255 | 0.0265 | 0,0265 | 0.0255 % 0.0250 | 0,0240 | 0.0255
14 1 0.,0250 | 0.0265 | 0.C260 | 0,0250 # 0,0245 Z 0.0250 | 0.0253
12 1 0.0245 £ 0.0245 | 0.0245 | 0.0260 | 0.0270 | 0.0255 | 0.0253
13 1 0.0250 | 0,0265 | 0.0260 | 0,0250 | 0.0245 | 0.0200 | 0.0252
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APPENDIX IL (Contd)

Verietion of well thickness of 1" Dia.x 24 S.W.G. x T58 stee) tubing showing

relation between wall thickness and collapse pattern ~ Set ITT

_iN“;e Station A B c D B 3 Mean
1 9 0.0250 || 0.0270 4 0.0280 || 0.0270 || 0.0250 § 0.0245 | 0.0261
2 0.0250 {| 0.0270 4 0.0285 | 0.0270|| 0.0240  0.0235 | 0.0258

3 0.0250 || 0.0265 ¥ 0.0280 || 0.0270 || 0.0250 J 0.0245 | 0.0260

4 || 0.0250 || 0.0260 T 0.0280 |{ 0.0270 |} 0.0250 } 0.0245 | 0.0259

5 110,025 || 0.0270 £ 0.0275 || 0.0265{| 0,0250 ¥ 0.0240 | 0,0258

6 || 0.0250 || 0.0260 { 0,020 || 0.0270 || 0.0260 } 0.0245 | 0.0258

7 0,0250 || 0.0260 1 0.0270 || 0.0270 || 0.0260 £ 0.0250 | 0.0260

8 1] 0.,0260| 0.0270 1 0.0275 || 0.0265 || 0.0250 ¥ 0.0245 | 0.0261

2 1 £ 0.0250 | 0.0260 | 0.0270 £ 0.0275 | 0.0260 | 0.0240 | 0.0259
o 1 0.0245 | 0,0260 | 0.0275 T 0.0270 | 0.0255 | 0.0240 | 0.0258

3 % 0.0250 | 0.0255 | 0.0270 4 0.0270 | 0.0260 | 0.0250 | 0.0259

3 1 0.0245 % 0.0250 | 0.0260 | 0.0270 | 0.0270 | 0.0260 | 0.0259
2 0.0250 ¥ 0.0250 | 0.0260 | 0.0270 { G,0270 | 0.0260 | 0.0260

L 1 0,025 | 0.0260 % 0.0270 | 0.0270 ¥ 0.0255 | 0.0250 4 0.0259
2 | 0,025 | 0.0260 ¥ 0.0270 { 040270 ¥ 0.0260 | 0.0245 £ 0.0259

5 1 0.0265 4 0,0270 0.02652 0.0255 | 0.02459 0.0250 | 0.0258
2 | 0.0260 % 0.0265 | 0.02507 0.0255 | 0.02502 0.0250 | 0.0255

6 1 :f 0.0240 | 0,0250 | 0.,0245 | 0.0270 J 0.0260 | 0.0250 | 0.0253

. y )
7 1 4 0.0250 | 0,0250% 0,020 | 0.0255 | 0.0265 ¥ 0.0265 | 0025,
4
8 1 0,025 0.021+5;' 0,0255 0.0:2;65 0.0270 £ 0.0260 | 0.0258
: < ¥ %
9 1 0.0245 0.0.350 0.0265 £ 0.0270 0.0.360 0.0250 | 0,0257
10 1 0.0250 0.0250 | 0.0255 | 0.0260 | 0.0255 0.0250% 0.0253
11 1 £ 0,025 | 0.0250 | 0,0255 | 0,0260 | 0.0255 | 0.0250 | 0,0253
4 y F/ &

12 1 0.0250 o.o%so 0.0260 | 0.0260 | 0.0255 0,025 | 0.0256
4 v

13 1 0,0260 | 0.0260 | 0.0255 | 0,0255 | 0.0250 | 0.0255 | 0.0256
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Ovality of 1" Dia.x 24 S.W.G.x T58 St

APPENDIX IL (Contd)

Tublng as

Deviation fram Nominal Dismeter - Set I

Tube No Station Maodmum | Position | Minimum | Position
1 1 +0,0035 A=D +0.0025 B-E
2 +0,004, " +0,002 "
3 +0e 004 n +0,002 5 "
2{. +0e 0045 " +0,002 C-F
5 +0.005 " +0.0025 "
6 +0.005 n +0.002 B-E
7 40,004 n +0,002 "
a +Q4 0035 ® +04 002 5 C-B
2 1 +0.0035 C~F +0,003 A-D
2 +0, 004, B-E +0,0015 "
5 -I-O. 005 CuP +Oo 0025 "
2 +0.003 B~E +0.0015 CmH
IN 1 +0.003 BB +0,0015 A-D
2 +0.004 " +04 0005 "
5 1 +0.003 C-F +0,001 A-D
2 +0.,003 " +0.0015 "
6 1 +0.0055 B-E +0.002 AD
8 1 404006 C-F +0.001 B-E
9 4 +000065 B-E 0,001 AD
10 1 +0,005 A<D +0,003 T
1 1 +0.005 C-F +0.003 B~E
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APPENDLX IL (Contd)

Ovelity of 1" Disux 2k S.W.G. x T58 Steel Tubes as
Deviation from Nominsl Diemeter - Set II

Tube No Stetion M axd. imim Pasgition Minimmam Position

1 1 +0a 00U B=E +0, 00385 A=D
2 +0.0045 " +0,003 C-F

3 +0, 00‘.;. ] +0_003 n

L +0.00%, " +0,0025 "
5 +0.0035 C-F +0.002 B

6 | 40,0035 " 10,0025 :

7 +0. 004, " +0,0025 "

8 +0. m3 L] 4-000025 "

2 +0.0Qu, " +0.0035 "

3 4040045 n 40,0035 n
3 1 +0.0045 G +0.0035 A=D

2 +0.0045 " +0.003 n
4 1 +0.,005 A-D +0.003 E-B

2 +0.001+ " +0-003 "
5 1 +0,00L C-F +0.003 E-B
2 +0.004, E-3 +0.0035 C-F
6 1 +0. 0045 P=C +0,0035 E-B
7 1 +0.005 PO +0,002 A=D
8 1 +0,0085 A-D +0.0025 C~F
9 1 +0.005 E-B +0,0025 C-p
14 1 +04005 AD 404003 B-E
12 1 #0.005 Gl +0.003 B-E
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APPENDIX IL (Conta)

Ovality of 1" Dis.x 24 S.W.G.x T58 Steel Tubes as

Deviation from Nominal Diemeter = Set ITI

Tube No Station Meximum Position Minimum Position
1 1 +0,0065 B-E +0. 001 AeD
2 +0.005 C=F +0.00% "
3 +0.0065 " +0.001 "
4 +0.0065 " +0s 001 "
5 +0. 006 BE +0,001 5 "
6 +0. 006 " +0, 002 "
7 +0.006 " +0.0025 "
8 +04 006 C-F +0,002 "
2 1 +0.0055 JeD +04003 B-E
2 +0.006 C-F +0,002 "
3 +0.006 " +0.0015 "
3 1 +0,005 A-D +0.0025 C-F
2 +0.C05R5F Bl +0.002 CuF
4 +0. 004 CF +0,0025 B=E
2 +0 * 00_5 ¢ 'I-O . 0025 "
5 1 +0 .OClh. A~D +0, 003 B-E
2 +0.004 CF +0.003 A=D
6 1 +0.,004 B-E +0.003 C-F
7 1 +0,005 G- +0.002 A=D
8 1 +0,006 Beit +.001 C-F
9 1 +0.006 A<D +0. 001 BE
10 1 +0,005 A-D +0, 004 B-E
11 1 +0.006 A~D +0.,001 B-E
12 1 +0,005 C-PF +0.001 B-&
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APPENDIX IL (Contd)

Mechanical Properties of 1" Dia, x 24 S,W,G, x T58 Steel Tubing

Specimen | Direction | E X 0,1% | 0.,2%| 0.5 | Max., | Elong.
No. of Grain | 4o6 | WPe | P.S. | P.8, | P.S. | Stress | % on 1"
1 L 28,6 | 12.6| 45,0 | 49.4 | 53,6 | 58.4 15.0

25.6 | 6,0{ 43,4 50.6 | 57.4 | 61.7 3.0

Relation betwoen Mechanical and Pressurc Test Spccimens

Since all the pressure test specimens were cut from the same length

of tube, the resulis given shove were spplied in all cases,
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APPENDIX IL (Contd)

Test 1" Di oe %
Uniform Bxternel Pressure Applied to the Sides Onlv

SeW G xT

Stee]l Tubas

No. Lobes
Mbelo | presciwe | 5 | Formes | n oommlete

1¢1 10,0 14 2 2
2.1 1075 " 2 2
3a1 1000 " 2 2
1.2 1720 4 2 2
2.2 1875 2 2
3.2 1625 2 2
143 2780 3.0 3 3
2.3 2775 3 3
3e3 2750 2 3
1.4 3180 2.5 3 3
2.4 3050 3 3
3k 2950 3 3
1.5 3520 240 3 3
2.5 3730 3 3
345 3450 3 3
146 4530 1.5 4 4
2.6 L500 4 L
3.6 bh475 3 3
1.7 5050 1.25 4 b
2.7 4950 L b
3.7 4875 4 k
1.8 5400 1.0 L 4
2.8 5650 L b
3.8 5575 b b
149 6050 0.85 N 4
2.9 5720 4 4
3.9 6050 4 b
1210 6500 0.6 3 6
2,10 6320 2 6
3.10 6650 3 4
1,11 6850 0.5 1 6
2411 7330 3 5
3,14 7200 2 6
1.12 -

2412 8300 Ouk 2 8
3,12 -

Attached: Drg. SME,75454/R
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Variation in tube thickness for 1" Dia., x 24 S.,W

NDIX IM

.G, x D.T.D.460 Light Alloy

Tubes showing relation between wall thlck‘neas and collapse pattern

SET 1
Tube|Sta-} 4 B C D B F Mean
No. |tion
1 1 lotozso |o0.0230 |o0.02275 | 0.0225 | 0.0225 |0.0225 | 0.0225
2 020225 of.02275 0.0225;' 0.025 | §.025 || 0.02275| 0.02275
3 {00225 | Q023 |l 0,025, |0.023 ¢.0225 || 0.02225 | 0.02272
» |oto2s | a.025 || 0.02276 | 0.0225 | ¢.02225|| 0.02225 | 0.02262
5 0*02225 0l.0225 {] 0.023 4 |0.02375| ¢.023 || 0.0225 | 0.02283
6 0+02275 .oz || 0.023 1 [0.025 | ¢.02275| 0.0225 | 0.02280
7 |oto225 | 0.05575 | 0.023, |o0.02325 0.025 | 0.0225 | 0.02283
8 of;oz.z?s 0,025 |0.0237 | 0,025 | 0.02275]0.0225 | 0.02283
2 1 75 | 0.02325 % 0,023 o,oeis 0.02225} 0,02280
2 0.023 }0.02275 0.0205 | 0.0225 | 0.02274
3 0.023 10.023 0.02275 | 0,02225 | 0.02275
4 0.025 {0,023 00:2}5 0.0225 | 0,02275
3 | iTEEEB 0.025 |0.023 0.02275 | 0,0225 | 0.0228
2 10.0225] ) 0,025 | 0,023 0.02275 | 0.0225 | 0.02275
3 é.ozzs 0.023 | 0,023 .023 0.02255, 0.02225| 0,02282
w | 110.025 ]o0.02275 | 0.02275 | 0.0225 | 0.0225 | 0.023 | 0.02275
2 10.025 |0.02275 | 0.02275 | 0.0225 | 0.0225 |0.023 | 0.02275
3 1002275 | 0.02275 | 0,02275 | 0,02225] 0,02225 | 0.0225 | 0.02254
5 | 1]o.02225 | 0.02225 { 0.0225 | b.o2228f b.0z225| 0.0225 | 0.0223
2 (0.023 |0.023 |0.02275 %.02275 .0225 11 0.02275 | 0.02228
6 | 1 I'E.ng 023 | 10,0232 [ 0.0p if @.ﬁo 02§ | 0.0230
7 10,0295 |0.0225 |0.0225 | 0,023 | 0.02325{ 0,025 | 0,02280
8 | 1|¢.025 {o0.de3 {| oJozs| 1o0.025 | of02279|0.0225 | 0.0228
9 1 o.rizz?b 0. 22? o{.ozz@i;o{gzﬂ 0.02325 | 0,02325|| 0,02283
10 | 1]0.023 |0.02325|0.023 |0.0225 | 0,0225 |0.023 | 0.02287
11 110.025 |0.02325|0.025 | 0.0225 | 0.0225 | 0.023 | 0.02287
12 | 110.025 10.02325]|0.,02325! 0.025 | 0.0225 |0.0225 | 0.0229
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Varjetion in tube thickness for 1" Dia. x 24 S.W.G. x D.T.D.450 Light Alloy

APFENDIX IM (Contd)

Tubes showing relation between wall thickness and collapse pattern

SET 2

i N N B N N N
t | 1 |0.025 Jo.a25 }0.0225 |0,02275| 0,025 }0,025 |0,02290
2 |0,02325 0.022751 0.0225 [[0.0225!| 0,023 £ 0,023 | 0.02280

3 [o.023 ]fo.02325{ 0.0225 |0,02275) 0,023 %0.025 | 0.022%

L [o.02325]/0.023 }0.0225 1l0.0225 'f 0,025 }0.023 |o0.0229

5 fo.02325{ 002325 0.02275 [{0.02275 | 0,025 { 0.023 | 0.02300

6 [o.02325{0.023 ¥o0,02275 ||0.02275,| 0.023 }0.023 |0.02290

7 io.023 0.0225 {0,0225 {/0.0225 || 0,023 {0,025 | 0.02275

8 ]0.02325 10,023 3 0.02275|0,0225 | 0.023 £ 0,023 | 0.02290

2 | 1 o.of275 0,023 | | 0,023 | 0.p23 0.0225 | 0.02280
2 0.02275 {}0.023 | | 0.025 | 0.p23 0.02250 | 0.02275

3 |o.023 |lo.o23 | | 0,023 | o0.bz3 0,02275 | 0.0229

4 0.325 0.023 | 0.b23 0.02275 | 0.0229

3 | 1 f0.02278 0,023 |0.023 |0.625 T]0.023 § 0.02275] 0.0229
2 $0.0225 | 1 0.02%25) 0.02325 | 0.423 10,0225 § 0.0225 | 0.0228

3 ﬂo.02275 0.025 |0 0.025 {0.0225 |0.0228

» | 1 [Cy023 0.02276 | 0.k 0.0233 o.of 0.0229
2 010227 0.0231 | 0 0,023 % | 0.02275| 0,0229

3 {ojozs o.ozzsi 0.02275( 0.025 | 0.0228

5 11 lo.o227 T0Jo23 ;| 0.02975 o.ozgsﬁo.am 0.02275
2 |0.0227 0023 é o.ozl 0.032254 0.0225 || 0.0227

6 1 10,0225 0.0225 | 0.023 0,023 0.023 0.02275
7 |1 |o.p232y o.cfézEIdzz# 002251 0.?2275]?._(133 f 0.0228
8 | 1 [0.02275 {0.02275| 0.023 | 0.023 | 0.02275| 0.02275| 0.0228
9 | 1 10.023 |0.0225 | 0.0229 | 0.02275] 0.023 | 0.023 | 0.0228
10 | 1 [0/oB ; 0.0E;__: o.o%; 0.043 f 0.b2275{} 0,023 | 0.0230
11 | 1 Jo.023 " |0.023 | 0.02325{0.023 | 0.02275| 0,02275| 0.0230
12 | 1 |o.02325 | 0,02325] 0.02325] 0.023 | 0.0225 | 0.02275| 0.0230
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Variation in tube thickness for 1" Dia, x 2 S.W.G, X D.T.D.,60 Light Alloy

APPENDIX IM (Contd)

Tubes showing relation between wall thickness amd collapse pattern

SET 3
I"FI‘:‘.’S i:z; A B C D E F Mean
1 |1 |o.0225 ¢ 0.0225 |[0.05325| 0.0235 | §.02325 {[0.023 || 0.0230
2 | 0.02275] 0.02275 ||0.02325 | 0.0235 | &.0235 {[0.02325 || 0.0230
5 |o.0225 §l 0.0025 |lo.0z325|| 0.0235 | d.0235 |lo.023 |l 0.0230
4 0.022530.0225 0.02325| 0.0235 | 6.02525 |l0.025 1| 0.0230
5 |0.0225 ? 0.02275 {00235 || 0.0235 | 0.02325 |10.023 lo.ozzn
6 [0.0225 §| 0.02275 [10.0235 || 0.02525 20235 0.025 | 0.0231
7 |0.0225 }1 0.0225 lo.0235 || 0.0235 | 0.0235 110.025 |l 0.0231
8 |0.0225 ; 0.0225 ]0.0235 i} 0,0235 | 9.02325 110.023 i 0.023
2 |1 |0.0925 |0J02325 ||0.0235 |o0.02325} 0.025 |0.0p225 | 0.023
2 {0.02k5 | 00235 10,0235 |o0.0%35 | 0.0 0.0p25 | 0.0231
5 ]0.0225 |0j0235 [l0.0235 | 0,02325] 0.0 0.0p25 |0.0234
L |0.0225 | 002325 {0.0235 0.01235 0,025 _ | 0,0p25 |0.0230
5 11 |o0.0225 |0.0225 |0.025 |o0.0035 |0.0235 |0.02325 |0.0230
2 10.025 |o0.0225 |0.02325|0.0235 |0.0235 |0.02325 |0.0232
3 10.0225 |0.0225 [0.023 |0.02325{0,02525 {0.025 | 0.0229
L | 1 [o.0bs |oloz2ss |o.0235 | 0.02325 0.02275 | 0.0225 |0.0231
2 [o.0235 |ojo235 |0.0235 | 0.02325| 0,02275 | 0.0225 |0,0231
3 1o0.023 |ojo23ss |0.0235 |0.02325(0.0225 {0.0225 0,023
511 |0.003254 0.0235 0%3 4 0.0d225 | 0.02204 {0,625 | 0.0229
2 |o.0p325{ 0.023p5 | 0.3 Lo.ojz_z_‘s\ 0.0223 O.E 0.0228
611 [0.,0235 |0.02325| 0.02275 | 0.02225 | 0.023 ' | 0.0235 |0.023
211 |o0.0235 |o.02225] 0,022 |0.023 |0.02575]|0.,0235 |0.0229
g |1 {fo.o23 ci.oz?i: 071235 § oloz232s fo.oz 5 |o0k2z5]0.023
5| 1 j@s ol 0375 oozg_ '0.02; olc?r)ﬁzs 602275 | 0,023
10 | 1 }0.02325 | 0.02325 | 0.02325 | 0.0225 | 0.02225 1 0,02275 | 0,0229
11 | 1 |0.0225 |0.025 |0.02325]0.02325 | 0|.0227F § 02225} 0.0228
12 | 1 ] 0.02275] 0.02325 | 0.02325 | 0,023 | 0.0225 |0.0225 | 0.0229

~ 128 =




- 62t -

u " " €000 u e
u u " 200%0 m €Lt e
" u " 2000 " L ¢
" i " 200°0 u LT
" M " g00°*0 u oL°¢
" u " cQ0* 0 " 6°¢
" " " FA S " 8¢
u " s §100°0 o Lg
[} " u NOO. O i w : Ah\
11 11 " NOO * O il m ‘ m
H 1] o NSC O i |_.Nl m
" u " 100" 0 " 1581
200°0 2'¢

438ueT sTous Jano w2000 hﬁmpmsﬁxonmmq L°g

£3TTRAQ *ON sqny,

IIT 398 - saqny, AOTTY UNTUTMMTY 05T Q" L'AX "D'A° S W2 X * €104 ot JO X+ELBAQ

“ “ w G200°0 5
" " w G200°0 "
u n 1] moo- Q 1}
W " " €000 m
1] ] i MNOO- O [}
u " u  G200°0 u
i i [ NO0.0 13
m " u  E00°0 W
1] 1] u N8 * O 1]
" 1) [ 1] MOO D i
£00°0
ﬁmcm.ﬁ m._”ocna nm.po W200°0 hﬁmpﬂﬁxon%mx

. T v
]
o Oy

-

NANNANNANNNN N

TN G INND ~D ONO ey

L1800 "ON eqng

I1 39S - saquy AOTLY WNTUTUNTY 09T Q@' 4 A> 'O M 8§ We X "910 o JO KIT1eAD

1 " 1} v OO ' O "
" " " LOO™ 0 " AR A
m n i 1000 u
1] H} 1] —»OO * O 1)
u " " F00%0 I
u " n [00*0 "
" " W £00°0 “
3} n 11} N8 * o H
u i n m.8 ' o 11}
H H 1] NOO. O 11}

g00'0 “
yaBuer mﬁoss 080 =Nooomﬂmpdaﬁxonmmq

O oJ
L -~

“— =

- —

* L]

L4
bt il ol i ol

= O~y T WND 03
L)

£3TTRAQ "ON eqng

I 395 - saqny AOTTy WNTUTURLY 097 T L UX "D M S Wex “OIq i 30 KITT8A0

(p3uop) W YIANIAIY



APPENDIX IM (Centa)

Mechanical Properties of 1" Dia, x 24 S.W.G. x D.T.D.460 Light Alloy Tubes

Specimen |Direction g x1o"6 L.P 0.1/'010.2% 0.54{Max, Elongation
No. of Grain “* |p.s.|p.s.{P.5.|Stresa | %on 1"
L1 L 10.1 10,5 | 20.8[23,2|2,,5(26.6 8.0
Al T 10.4 15.4 {26.5(27.4|27.8128.5 2.0
B1 L 10,4 10.4 |22.7]24.0]25,2(26.7 8.0
B3 T 10.0 17.0 | 27.1]27.9]28,2]28.9 4.0
Note;

Transverse specimens were manufactured from opened out rings, which
had been rolled flat. This cperation resulted in a reduction of thickness
of about 5% and has probably raised the transverse strength figures to
an incorrect velue,

Location of Mechanical Set, Specimens relative to Pressure Test Specimens

Me ical Test Specimen Relative Pressure Specimen Set
A Set 3
B Seta 1 and 2
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APPENDIX IM (Contad)

Results of Tests on 1" Dia, x 24 S.W.G. XD.T.D.L60 Light Alloy Tubes
under uniform external pressure applied to the side only

Corrected i Number Lobes Number Lobes in
Tube No. collapse D actially complete
pressure formed periphery

280 1 2 2
286 " 1
280 - -

388 5 2 2
388 n "
370 n (1]

518 N 2 2
560 L L}
490 ” "

850 3 3 3
778 " !
760 n n

1020 2
1050
990

1620 1.5
1580
1410

*

.
MR M =

-

[ ]

[ ]
28 Luna o

MAN - [ = WD e OIS R e N -

s | =284 [

=24 | &

1780 1.25
1700
1770

1890 1.0
1870
1380

2080 0.8
2190
2150

2400 0.6
24,20
2330

2560 0.5
2510
24,80

29,0 0.4
2880
2910

3340 0.3
4190 0.2

-
-
=

A

SH A 2 AWM= N

[ ] -
A2 O0D|VOW]|oo® |[~N~N~N oo juww | st

e =S e

. @ »

AR IvasluwErlFoes W
oo |oonanlvownlvaown s e

-
e

PN
=W oo
- »

;
1

SHMWN T po = T N -2 AW =

* Results unreliable
Attached: Drg. SME.7513Q0/R
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APPENDIX IN

Variation of Wall Thickness of 1" Dia, x 24 S.W.G. Brass

Tubing showing corrslation with Collapse Pattern — Set 1

Tube No, Station A B [
1.1 1t 0,0215 0.022 0,022
2 0,021 " 0,021
3 T ] T
Ll‘ [" n
5 ‘I*l "
£ 1 "
7 I’ "
g il Lid L
1.2 1 0.02075 0,0215 0,022
2 1 1 n
3 0,031 0,022 g
1.3 1 0.021[ fo.0205 0.0205
2 .| 1 ’"
3 | ] f }/t
4
1.4 1 0.0205| 0,021 2[0.02225
2 nfm 20,0225
1.5 1 0,02475%0.021  0,0205%
1.6 1 £0.,0245 0.02025 0.02025
1.7 1 0.022% 0.02225%0,021
1.8 1 0,021 £0.0205 0,005
1.9 1 0,021 0.02075;0,021
1,0 1 0,024 0.0245 0,0225
1.1 1 0,022% 0,021 0.dp075
1.42 1 0.021 0.02175 0,0225
1.43 1 0,024 0.0205 0,021
1.4k 1 0,022 0,0225 0,0215

- 132

D E E Mean
0.021 0,0205 0,021 0.0213
20,031 0.021 0.02125
W 20,021 O, 0205 0.0212
70,020 0.021
70.021 0.0241
7 0.020 0,021
20,0 0.0211
. 0.021

0. 021 0.02025 0, 0205 fo 021
0.021 " 0. 02025,0 021
0,0215 0,0205 0,0205 20.0243

0.021[ [o.022 0.022 %0.0242
0.021 " " 20,0212
0.021 " 0,0225 20,0212

0.022 %[0.024 0,205 £0.0212
0,0225%| 0,0205 ,0.0913
0.0205 0,0215% 0,022  0,0212
0.(5205 0.021 £ 0.022  0.0209
0.0205% 0.0205% 0,021  0.0212
0.021 £ 0,022 0.022  0,0212
0.021 0,022 0.0225 Q.0214
0,022 % 0,021 % 0.024 ¢ 0.0215
0.521 o021 0922  0.0213
0.0245 0,0205 0,0205 0.0213
0.0225 0.022 0,021 0,0213
0.021 0,0205 0.024 0.024k



APFENDIX TN (Contad)

Yariation of Wall Thicknegs of 1" Dia, x 2L S.W.G. Brass
Tubing showing correlation with Collapse Pattern - Set 2

Tube No, Station A B c D E F Mean
2.1 1 0,024 0.2425 0,0235 0.023 0.0225 0,0225|%0,0233
2 " 0,024 0.02k 0,02325 0,023 " " 120,0235

3 " " 0,023 0,02275 0.0225 " |£0,0231

I " " 0,023 0,0225 T 0,023

5 " "o 0,0235 0.02275 " 0.0232

5 n " " " " 0,02275 0.0232

7 n i 14 " L] O. 0225 O . 0232

8 " " " 0,023 0.,02275 "  0.0233

z 2

2.2 1 0.022 (0702175-050245- 0,0225 ~07023— 050225~ 0. 0222
2 0,075 " " n Lo.02325 0.0225 | 0.0222

3 0.0%1250:002——1— 10,0335 L0,0235—0+023— 0,0225

2.3 10,0245 [0,823 0.023 |0,0225 %0,02175 0.0245 {0,0222
2 0,02175/0.0235 "  [0,022257 * "~ |o.0223
30,0215 | m_{0,0225 70,0215 " lo,0224

2.k 1 0.022 0,022%7 0,022 0,0225% 0,023 0,023 Z 0,0224
2 0,021 " Z v 0,023 0.0235 " Z 0,022

2.5 1 0.022% 0,022 0.02275 0,023 0.0222520,0215 0.0223
2.6 1 0.02125%0,0225 0,0235% 0.023% 0,022 0.022  0.022k
2.7 1 0.022% 0,023 0.0335 0,022% 0,021 20,022 0,0223
2.8 4 Zo.022 0.0215 0.0215Z0.0235 0023 0.022 0,023
2.9 1 20,022 0.022% 0.0215 0,023 0.0232570.0225 0.022%
2,10 1  0,02325 0.0235 0.0225 0,0215%0.022% 0.022  0.0225
2.11 1 0,023 0,022 0.022 0,022 0,022 0.023 0.0223
2,12 1 0.022 0,0215 0,022 0,023 0,023 0,02225 0.0223
2.43 1 0,023 0,022 0,022 0,0215 0,0225 0,0235 0,022%
2.4k 10,0235 0,02275 0,022 0,02475 0.0215 0,023 0,0224
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APPENDIX IN {Contd)

Variation of Well Thickness of 1% Dia, x 24 S.W.G. Brass

Tubing showing correlation witih Collapse Pattern - Set 3

Tube No, Station A B C D E F Mean
3.1 1 0.0215 0.02275 0,02275 0,0215 0,021  0.021  0.0217
2 0,021 0,022750.023 _ ! " 0.0217
3 0.0215 0.0225 0.0225%0,021 " 0.02125/0.0216
b " 0,022 0,0225 20,0215 "o 0,021 [0.0216
5 " 0,0225 0,022757 P v no 70,0217
6 " 0,023 0,023 ;7 I " n__ff0.0218
7 "oo0.02275 " " N 0,02125 0.0218
8 0,022 0,023 y " n 0,025 0,022
3.2 1 70,0245 [0.052  0.023 0.023| 70.0215 [0.024 0,022
2 0.02425[0,0245 0,0225 " | ;0.022 " 0,0219
3 T0.0215 70.052  0.023 " 20,0215 0,0215 0.0221
3.3 1 0,021 ]0.0215 {0.022 0,023 10.0225 [0,0215 0.0219
2 _0,021250,02475/0.02225 T 10,02125 0.022
3 T0.0215 o, 0215 |0.022 " # 10,0215 0.022
3.4 1 0.022 0.n035 0,023 %2 0.022  0.0215% 0. 0215 0.0223
2 T ows.oe3es M Zm 0,022 2 0.0223
3.5 10,0227 0,0215 0.0215%0,0225 0.0235 20,0225 0.0223
3.6 1 0.025 0.0245 0.0215% 0,022 2 0,0225 0,023 % 0,0223
3.7 1 70,0215 0.02475/0.023 30,023 0.022% 0.0215 0,0221
3.8 1 0.0225; 0.0215 O. 0215 0. 0215, 0,022 0,023 0,022
3.9 1 0.022 0.02275 0.023 0,022 %0.0215 0,0215% 0.0221
- # A
3.40 10,0225 0,023 0.022 7 0,0215% 0.0215%0.0215 0.022
3,11 1 0.021 0,021 0.022 0,023 0.023 0.022 0,022
3.12 1 0.0215 0.023 0.023 0.022 0,0215 0,0215 0,0221
3.13 1 0,023 0.023 0,0215 0.0215 0.022 0.022  0.0221
3.1k 1 0.02125 0.0215 0,02175 0,02225 0.023  0.02225 0,022
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APPENDIX IN (Contd)

Ovelity of 4" Dia, x 24 3,W,G, Brass Tubing — Set 14

Tube No, Station Maximus Posgition Minimum Poslition
11 1 i A-D +*3 E-B
2 '|'5 E-B $24 5 FC
3 +7e5 A-D +2 PG
L ¥4.5 E-B +2.5 PO
5 +5 BB $245 P
6 +5 E~B +2,5 FC
7 +5 BE-B +2.5 PG
8 ol A=D +5. 5 G
1.2 1 +5 FuO +3 BB
2 +5H P +2 B=E
3 +he5 G +3 B<E
13 1 +i P +3,5 B-%&
2 +lia 5 F-C +1e 5 B-B
3 +5 ArD +2 B-E
1.4 1 +h A~D +2.5 B-E
2 +5 PG +2 A-D
1.5 4 iy PC 3 B=E
1.6 1 +lie5 A~D +2 B-E
1 v? 1 +5 A-D +1 o5 £0
1.8 1 +4e.5 B~E +2 P-C
1.9 1 ly A-D +3 BB
1.10 1 +l B-E +2 AmD
1.41 1 +b4.5 PG +2 A=D
1.12 1 +3.5 A-D +2 B-E
1413 | +ly A=D +1 B-E
1.4 1 4 A-D +1 BB



e

Ovality of 1" Dia. x 24 S.W.G. Brass Tubing - Set 2

APPENDIX IN (Conta)

Tube.No. Station Maxcimum Position flaReukyiibin}

2.1 1 +5 A-D +1.5

2 + A-D +2

3 . C-F +3

L i C-F +2.5

5 +3.5 C-F +3

6 4, 5 C-F +2

7 . 5 C-F +2.5

8 +5 B-E +2
2.2 1 . 5 A-D +2

2 +, 5 A-D +2

3 +8 C-F ~l
2.3 1 + A-D +2

2 +5 B~E +1.5

3 +5 C~-F +1.5
2.4 1 +3 A~=D +2.5

2 +3 - 5 A"'D +3
2.5 1 +3 A-D +2.5
2.6 1 +3 A-D +2
2.7 1 +3 - +3
2.8 1 +3 A-D +2
2 . 9 1 +3 F"' c +2
2.10 1 +3 B-E +1.5
2.11 1 +3 P-C +1.5
2.12 1 iy A-D +1.5
2.13 1 +3 F-C +1
2.14 1 +3 F-C +1
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Fosition

C-F
B-E
B-E
B=E
B-E
B-E
B-E
A-D

C-F
B-E
A-D
C-F
CF
A-D

C-F
C-F

B~E
C-F
B-E
B~E
A-D
A-D
B-E
A-D

B-B



Ovelity of 4" Dia, x 2, S.W.G. Brass Tubing - Bet 3

AFPENDIX TN (Contad)

Tube No.

3.1

3-2

3.3

3.4

3.5
3.6
3.7
3.8
3.9
3.10
3.1
3.12
3.13
3.1k

Statlion Maximum

Wt B - N > W=l N -

[y I

Position Mindmum
iy B-E +2
+i C-F +2
+#.5 " +2
+4.5 " +2
+5 i +2
+.5 n +2.5
+5 +2
+4 " +3
+5 A-D +2
+5 E.B +4
+h C-F +2.5
+5 B-E +1
+4.5 A-D +2
+5 B"E +1 » 5
+4 B-E +2.5
+y A-D 42
+ A-D +2.5
+ C-F +2.5
e C-F +2
# 5 Ot +1
+ B-E +2
+H.5 B-E +2
+3.5 B-E +2
+3 B-E +2
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Position
C-F
A=D
A-D
A-D
E-B
E-B
E-B
A-D
C-F
CeF
A-D
C-F
C-F
E-B

C-¥
C-F

C-F
B-E
B-E
B-B
B-E
A=D
C-F
A-D
A~D

A-D



AFPENDIX IN (Contd)

Mechanical Properties of 4" Dia, x 24 S.W.G. Brass Tubing

Grain E x 106 |1,P, | 0.1% |0.2% | 0.5% | Max. |Elongation
Direction 1b/in? P.S, |P.S. |P,S. |Stress| % on 1"
Longitudinal 15.4 |8.5 | 23,4 |28,333.8 | 37.4 7.0
Pransverse 15.1 ¢.6 |28,5 |32,2 |35.2 | 36.% 7.0

Relation between Mechenical and Pressure Test Specimens

All Pressure Test specimens were cut from one length of tube, and
the results quoted sbove were therefare spplied to all Pressure Test
Specimens,



APPENDIX IN (Contd)

Results of Tests on 1" Dia, x 24 §,W.G. Brass Tubing

under Uniform External Pressure Applied to the

oides Only

Tuhe

§

Colleapse L
Pressure b

No. Lobes
Formed

Estimated No, Lobes
in Complete Periphery
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2200 "
2450 1.0
2580 L]
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2850 ]
2820 "
3200 0.6
3230 0.6
3120 0.6
3750 0.4
5800 2]
3680 "

FWREWEFWFRFE PR PE GG W WO DN ND O N N

UM PRI WO WO NN DN NN

Attached:

Drg, SME,75215/R

- 139 -




10,000

1,00 8

»y o 4

COLLAPSE PRESSURE LB/IN®

100

_ ! 10 00
LENGTH

DIAMETER

RESULTS OF TESTS ON I"DIA. x 24SW.G. BRASS TUBING UNDER
UNIFORM EXTERNAL PRESSURE APPLIED TO THE SIDES ONLY.



APPENDIX 10

Control Tests on Tubular Specimens

Details of Speaimen Sizes

Material Specimen No, Width Thickness Area
23" o/d x 24 SWG 112 0,1893 0,0269 0, 00509
x T45 214 0.1867 0,026 0, 00485
3L 0.187T 0,024 0. 00449
A H 00,1874 0.,0287 0,005378
5L2 0.1874 0,023 0, 00431
6L1 0.1845 0, 227 0,00418
71 0.,1894 0,024 0. 004545
1,75" o/d x 22 SWG 181 0,2513 0,032 0,00738
x T45 1E2 0.2512 0,0287 0,0072
2E 0, 2484 0,0306 0, 0076
2 0, 2492 0.0296 0.00737
354 0.25 0. 0304 0.00759
LB 0. 2498 0.0274 0.00673
LE2 0,248 0,0292 0,0072L
5E} 0.2507 0,0276 0.00692
65t 0,2512 0,0277 0, 00696
TE 0. 2505 0, 0304 0.00762
8E1 0,249 0,0298 0,00742
1" Dia x 24 SWG 1 0,1897 0,0242 0, 00458
x T45 2 0,168 0,0241 0, 004,54,
3 0,1896 0,0237 0,0045
1" Dda x 22 SWG 1 0,1898 0, 0305 0,00578
x T45 2 0.1881 0,0317 0.00596
3 0,1868 00,0324 0, 00605
1" Dia x 20 SWG 1 0,189 0,0392 0. 0074
x ThH 2 0,188 0, 0407 0, 00764
3 0.1887 0,0410 0.00773
1* Dia x 17 SWG 1 0,1876 0,0537 0, 01008
x T45 2 0,1869 0, 0584 0,0109
1" Dia x 24 SWG
DID 305 ] 0.1877 0, 02506 0, 0047
55 1 0.1874 0,0228 0, 00427
726 1 0.1893 0,0236 0. 00446
DTD 1024 1 0,189 0,0246 0, 004645
58 1 0.%903 0,0242 0,0046
DTD 460 A 0,1865 0,0227 0, 00423
B 0,1874 0,023 0, 00431
Brass 4 0,1882 0,0222 0,00418
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1" Dia x 24 SWG x TLD

bgﬁdcmvbmwlemmw 8

APPENDIX I0 (Sontd)

A" Dia x 22 SWG x TLH " Dia x 20 SWG x T45
Longitudinal Regults .

inal Results

1" Dia x 17 SWe x T45

Longitudinal Results

r Y 4 ~ 4 4 A
Specimen No, Specimen No, Specimen No, Specimen No,

Load 1 2 3 Load 1 2 3 Load 1 2 3 Load " 2
10 0 0 0 25 0 0 0 25 0 0 0 50 0 0
20 10 13 1 50 20 16 25 50 18 23 18 100 25 20
30 21 23" 23 75 43 38 50 75 37 44 7 150 50 45
Lo 33 33.5 35.5 100 66 o1 Th 100 55 59 55 200 75.5 69
50 L4, 6 45,5 48 125 89 8. 98 125 75 77 73 250 101 95
60 56,6 57 50,5 150 112 107 122 150 pLiB 95 91 300 126 117
70 69 69.2 71.8 175 135 131 146 175 143 113 109 350 181, 5 140
80 84 85 83 200 158 155 174 200 112 130 127 400 177 164
90 93 96 92,2 225 182,5 178 195 225 1M.5 147,5 145 450 202 189

100 105 108 105 250 207 200 218 250 172 165 163 500 227 213

1 110 . [.446.7 124, | 148__ _ {l. 275 231 | 224 _|ouo 275 |4 | 183 | 182 . 550 253} 238

120 128 134 129.5 300 254 an7 265 300 240 201 200 600 278 262

130 140 145 144 325 278 274 288 325 229 218,5 219 550 303 287

140 152 157.5 153 350 302 293 311 350 243 235 237 700 328.5 312

150 184 169 154.. 3 375 326 316 334 375 268 253 255 750 354 336

160 175 180.4 | 177 400 350 338 357 400 287 271 273 800 381 364

170 188 192,5 189 L25 375 361 380 425 307 289 291 850 406 387

180 199,8 205 201 L50 399 384 400 450 27 307 310 300 432 417

190 242 218 212 L75 L2 5 L7 L7 L75 by 325 328 950 452 460

200 221, 234 224 500 454 421 451 500 365 3, 346 1000 516

210 236 24 238 525 478 455 475 525 386 362 360 1050 1500

220 248 255 249 550 510 479 500 55C 40k 381 384 .

230 260 268 251 575 560 491 528 575 L2 398 LO2

240 271.6 279 273 600 503 555 600 L” 447 424

250 283 291 28l 625 517 | 634 625 | 47¢ 435 Ly

260 295,56 303 290,4 650 530 713 65C 49 454 L60

270 307 M5 309 575 S 675 51¢ Ly 484

280 319 329 321 700 564 700 55¢ 494 504

290 332 34 333 725 590 725 60" 514 531

300 34 35 345 750 630 750 77¢ 538 573

o 35 3656 358 775 720 775 561 Sy

320 359 378 37 800 800 589

330 382,5 39 383,.5 825 825 540

340 393 Lo 396

350 L09 447 409

360 421 431 422,5

370 434 L5 435

380 4.8 459 49

390 452 472 452

400 K77 188 1 | 476

440 492 503 430

420 503 517 504

430 525 536 520

440 54y 557 536

450 569 583 554

460 602 631 578

470 666 734 514

480 727 825 592
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DID 460

Load DD 305 T55 726 DTD 1024 758 Brass Load A1 BY
38 18 Am %.m 12 Am.r mw Aw % Am
30 32 28 25 29 29 L2 15 44 315
40 45 4,5 37.5 L2 43 6 20 64 48,6
50 56 5L, 51 S5he 5 57 92 25 80.6 66.2
60 68 67.4 65 65.4 70 116 30 99 83,5
70 80 84 78 77 82 144 35 121 101.5
80 92 95 9.2 88 9. 166 L0 138 119
90 104 141 104 9% 106 193 45 158 137
100 116 127 118 114 148 224 50 177 154
110 127.5 149 134 122.5 130 250 55 196 171.5
120 139.6 171 145,8 13 142 279 60 245 189,65
130 151 195 159 145 154 309 65 23 207
140 163 226 174 156 167 34 70 253 225
150 175 264 188 168 180 374 75 272 242
160 187 My 203 179 192,5 442 80 290 259,5
170 199 380 218 194 206 4,8 85 310 278
180 244 463 233 203 219 490 90 328 295.5
190 223 594 249 215 232 533 95 Ty 34
200 234 T4k 266 228 345 578 100 366 334
210 245 958 286 240 258 628 105 386 349.5
220 258 1240 L00 255 272 582 110 L05 369
230 269 650 267 285 736 145 424 5 387
240 284 1170 281, 298 795 120 iy 405
250 293 300 341.7 861 126 AT 423.5
260 306 320 325 928 130 L8 L2
270 218 343 339 988 1325 504 461
280 330 367 352 1051 140 524 480
290 3.3 400 367 1142 145 546 501
300 356 Ll 3 381 1260 150 567 549
310 37 511 395 1340 155 589 539
320 386 608 114 1440 160 641 559
330 403 157 426 165 037 580
30 425 978 W42 170 659 602
350 456 1268 459 175 684 62U
360 507 476 180 741 647
370 730 A 185 740 669
380 543 190 712 696
390 532 195 514 724
L00 553 200 853 5
410 574 205 904 791
420 596 210 %61 833
430 624 245 10L2 88l
Lo 647 220 1148 934
450 77 225 1 30r 1006
L50 709 230 14,85 1100
L70 755 235 1222
480 785 240 1420
490 831

500 884

510 940

520 1020

530 1110

540 1230

550 1400
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APPENDIX TP

Dimensions of Control Test Specimens

. g
Material P b | Width | Thickness | Ares
12" dia, x 24 swg X TL45 B 0, 2461 0.0307 0.00756
M 0,24,98 0,029 0.00739
B3 0.2487 0.0289 0.00718
1" dia, x 24 swg x T45 » 0.251 0.0237 0.00595
M1 0.2516 0,024 0.00603
E3 0,249 0.0238 0.00593
1" dia, x 20 swg x T4S| M 0, 2502 0, 0393 0,0983
M 0,2503 0,0368 0,0921
E3 0.2499 0,038 0,096
13" dia, x 17 swg X T26| H© 0.2506 0,058 0,01464
M 0.24,84 0.0572 0,0142
E2 0,241 0, 0589 0.01439
1% dia, x 17 swg X T45 Bt 0,251 0.0586 0.0147
M 0,2516 0,0556 0,0140
E2 0, 2484 0.05M 0.,01418




APPENDIX IP (Contd)

Load Extensjon Readings for Tengent Modulus Control Tests

19" x 24 swg x T45

1" x 20 swgx T45

1" &ia x 2, swg X TL5

14 x 47swgx T26

1" x 17 swg x T45

Load lbs Load
Bt M1 E3 E M E3 B M1 E3 El W E2 ) ol Et
20 0 0 0 0 0 0 0 0 40 0 0 0 0 0 0
40 8 8 8.8 7 13.3 11 11,8 80 10,0 9.2 10 9.7 9.2 8.8
60 i5 22,2 17.8 1A 27,2 24 242 120 20,3 18,3 21,6 19,0 17.8 17.4
80 23,8 31,8 27 21 14,7 | 24.8 | 403 | 34 35 160 2945 27.7 30 27.8 26 27
100 32 11 3644 28 53 L5¢by 45.8 200 39.7 37.5 40,3 37 34.8 36.5
120 40 51.8 45.2 34 29,2 29,6 67 58 37 240 49,5 47 50,5 L5.4 43.8 4544
140 48 60,4 54 41,5 79.4 69 68 280 60,2 5648 60,5 55 53 55
160 56 6946 63 48,8 L 42,3 92 80 79 320 70,5 6648 70,5 6l 62 64,3
180 Bls7 78.5 72.5 55 105 N5 9.6 1 360 80.8 778 72,8 o3 | Ded
200 7365 87.2 81.8 63 59.6 58 118 103 102 400 H 3 87 N,5 82,2 80,4 82
220 82.8 9645 N 68,7 130 1Y 113.5 140 102,2 97.2 102,2 N 82,7 A
24,0 90 105.8 100 75.2 The5 .8 | 143 125 124 480 13,3 108 113 100.8 99 100
260 98.9 | 115 109, 2 82 153 137 135 520 125,2 19 124 110 108 109,6
280 107.5 124.3 119 85,3 90 86 168 :%.m 146 550 137.2 130.6 135 1192 17 118,2
300 116 133 128 95.4 180 1 157 600 149.9 143 146,9 128,6 127 127.5
320 124,8 142,2 137 102,5 | 102,5 | 101 192 1.5 168 64,0 163 156 1594 1377 136 136
340 133.8 151.1 146.8 109 204 183 179 680 177 170 7 146,8 145.4 | 146
3 142, 7 160 156 116 120.3 | 116 217 1542 190.3 & 192,7 185.6 184 15644 155 1554
380 151.8 169.2 165 123 229 206 201.2 210.3 203 199 166 164 16446
400 161 178.5 175 129.7 | 136 131 242 217 213.3 800 233 225 24,5 1753 173.8 | 174
420 170 188 184 136,5 255 229 22 840 260 251 231,5 185 183.5 18345
L40 179 197 1934 143 15 146 270 203 235 880 293 285 251.5 194.7 193 192
460 188 206 203 150 280 254 246 920 337 332 2% 204 203 201
1480 196 214.9 212,6 157 167 160 294 262 258 960 407 201 307 214 212 211
500 205 22, 2224 164 309 275 270 1000 460 5H 357 22523 222,2 224
520 214 234 233 170.6 | 182 175 326 286 283 1040 561 760 407 237 232 230
540 223 242,5 243 177 35 297.5 296 1080 821 >1500 561 247 242 239
560 231k 251 254 18y 198 19 581 309 311 1120 | 1500 262 252 24,9
580 241 261 26, 19 322 331 1160 287 262,5 | 258
600 250 270.5 27543 198 214 206 333 364 1200 27 268
620 258 280 286 204 345 387 1240 281 278
640 268 288 297.6 214 230 221 358 446 1280 287 294
660 g ] 297.5 310 218 602 1320 29 312
680 285 307.4 324 22l,,6 246 255 1051 1360 303 425
700 293 316.5 341 231 1540 1400 312
720 302 326 368 238 24, 251 1440 325
740 311 336 405 24 1480 3L
760 N9 347 L1 252 286 267 1520 4,00
780 351 359 672 258 1560 502
800 K 392 1110 265,4 | 325 286 1600 734
820 1170 273 L34 1640 1098
84,0 281 319
860 2N 581
880 302,5
900 318
920 359
940 1040
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APPENDIX IT

The Hvaluation of Tangent Modull

The tangent moduli were deterrined mathematically from the 'five point’
formuls for numerical differentiation derived by Bickley2b,

For any five points ¥u, Y1, Yo 73 yl%, the m™ aifrerential of v

{m =1, 2, 3, 4) at ‘e point x = ra r=0,1, 2, 2, &) 28 gaven by the

formulas—

(1)

o () 1
v = Z;- (AGyO + Ayy + Ayy + A3y3 + Ah-yiy)

Yor ihe case under consiaderalzcn, yo vee ) represent extensomater

scele readings recorded durang the tensile tests, and the farst differentaial
only was required at the point x = 2a, where 'a' iz the load increment,
ter substituting the appropriate values of Ay ... AIP for these conditions,

equation (1) sbove reduces to:-

1
(23;0 - 16y, + 16y5 - 25?4) 2)

2 l{,.!

Bquation (2) was =spplaed at successive steps of one load increment,
the slope being delermin:d at the centre of the five points considered in
3 context the formula determines the rate of changs of

each case, In th.3c¢
exteasemeter reading with load., To obtain the langent modulus the
1

Area of specimens x
extensometer constant.

reciprocal of this resuli ig multiplied by the factor

Details of the load-exteision readings are in Appendix I,
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APPINDIE ITT

The Determination of Correction Factors for Measured

Ececentricaities of TDore

The stress distribution in an ecaentrically bored tube under both
internal and external pressure was deteriianed theoretically by JEffery27.
in a subsequent papers®, he computed tae waxinun wall stresses for wide
ranges ofAD/f and eccentricity for the internal pressure casc.

lle defined the stress at any point on the internal surface of an
ccoentrically bored tube under external pressurc by the cquation:-

t

i
1

[

2, 2 22 2 e
r? i(r? - e ) - r, (r1 + 2 e cos B)7}

(r? + r2) [rg - (r1 - 6)2] {rg - (r1 + e)%}

If the eccentricity 1s less than half the intornal radius, the maximum
stress ocecurs at B = ®.

Using the following notation which is simlar to that used in Jeffery'’s
scoond paperdd,

. r, - rﬁ ot
2r2 D

B o= T TY = %

- (rz—-l‘1 - t

Fquation (1) above reduccs to:i=-

I 2 [1+ (1 - 2a)2 ~ hap {1 - 2a) - 4&2 62]

L0 = 2002 441 [1 = (1 = 20)° = 4B (1 = 20) = 1a” 6]

u

f = P

PV

¥F.

The stress cocfficient ¢ wac couputed for C,01 < %’ < 0,1 and

0.00 < %-< 0,142, and for siumplicity of application was reducced to non-

dimensional form by the equation

fins
Hl
2l

i
ST
s

- 147 ~



The values of & and ¥ for the range of -% and % covered by the

compitation are shown in tabular form in Tabile XVIII and the variation of
is presented graphically in Fig, 9,

Corrections for eccentricity effects were made by mulilplying the value

of %L- caleulated by Sturm and 0'Brien's method by the non-dimensional
5

coafficient &, determined for the mecasured eccentricities of each specimen,
The factored tangent modulus wes then read directly from the appropriate

stress-tangent modulus - 'I;:f; curve.
t
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TABLE I
Sumuary of Material Specifications

| Tube Specification 745 55 | T26 | T8 | Do, 1;3? ﬁg

§ 041% Proof Stress| 40 14 10.8 37 28 18 | 18
b 10.2% Proof Stress| 40 15 | 1 85 | 29 | 18 [18.5
E 0s5% Proof Stress| 40 17 11.2 46 30,6 | 19 | 19
_§ Ultimate Stress L5 35 20 50 3% | 30 |22
—é B 2845 27 29 | 25.5 | 29 | 29.5 |10
e

Cexrbon $0.26 |4 0.16 [$0.20 [$0.16 |# 0.15(4 0.30
. |Silicem 0.05-0.35| ¢ 0.20 $0.20 {$0.50!4 0.35
! |Manganese 1.2=1¢7 {3 1,0 $1.0 |31.0 [$1.75
:g Sulphur {o.50 |§0.0451%0.055|30.045|40.05|%0.05
g Phosphorous $0.50 |4 0.04504 0.050 {3 0.045 (4 0.05 |} 0.05
O |Nickel }0.30 8~12 8~12|} 1.0 |}o0.20
E Chromium 16-20 16-20 |4 12
g Titanium® § o.80 f 0.80

Niobiun® {1460 1.6

Titanium or Nicbium shall be present as altermatives.
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TABLE II (Contd)

|-
o~

P?PPP?????? _n_s..a.._xm.g
SV RWOWMOTOHNWUOW-IDWOMNUVCO

I N
[ ) L d
o n

2422

2,41

2.70

2.83

3467 .

5e13 5e21

6.58 6436

9.06 6.60
7403
7484
96l

11.36 12455
1422 1322

14 i1
a0t
18. 91
21,18 22,09
22.65 22+66
2he11
26,23
27.65
29.11
31462
Bhe b2 3545
37.99 3732
39.74
k2.594
1721
53,06 S5ha2l
610 59'56
6724
78.64
964 bl
125,64
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TARIE II (Contd)

D/'t = ZO

N =)

NN{‘Q\.H\..N

T4
N D0 OM O B GV B0

NN
®« % = @
-

242
2ot
2.0
1.9
18
1e7
1e6
1e5
1ol
13
1.2
187
1.0
0.95
0,90
0.85
0.80
0.75
0.70
0-65
0,60

2422
235
2.56
2.6
3423
123
5022
6492

1248

13.69
15433
17.02

18.68
19.74

22.51
26455

23400

24466
25.77
2713
28.83
30.96
33.68
39.2

41.84

35.75
3774
4042
1,3.81
18,52
55,10

64051

56484
63.37
73409
88.22
113617
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[RY

TARIE II (Contd)

Umﬂ = 50

246
245
2ol
2e3
22
247
240
19
148
1e7
146
1e5
tad
163
122
'y
140
0.95
0,90
0.85
0.80
075
0.70
O.
0.50

2021
2429
2e41
Y-
277
3e31
3.83
La72
6432
e k7

6446
6.81

7455

8.2l
Fe36
11431
14293

12496
13.63
15.08

16410
16475

dmlﬁ
20,84
2hely2

26.86
29.93

2477
2594
27439
29.22
31458
3kl
38469
Lhe 2k

4031
45.85
18.75

5575

66410
73419

67.36
72.82

7974
100.3
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TASTE IT (Contd)

Dit = 10

N=2

Na=)

N=6

2.5

243
242

240

1ol
1a3
1e2
141
1.0
0.95
0.90
0.85
0.80
.75
0.70
0.65
0.60
Q.50

2421
2.27
2436
2439
2,60
2496
3430
389

LSl
7.00

6035
6161
7'1 6

7465
Baiyl;
979
12,28
148L,

1731

13452

14635

15413
15463

16489
18.7
21435

25439
28423

26,05
27.55
29,47
31.95
3522
39.7
15.72

Shadk

4638
52446
61447
7545

85454,
98.82

76456
8513
95.47
130.28




TABLE IT {Contd)

D/‘t = 20

N =4

N=7

345
3.0
2.9
2.8
247
246
245
2ely
233
22
2.1
2,0
149
18
147
146
1e5
1+
13
12
Tad
1.0
0.95
0,90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0'50

2«21
2.26
231
203;
2,

2eés
2.89
3425
3.88
507
7,64

6ol
6481,

718
7.1

8.61
10,22

13,40
15.53

1438
145475
15449
15469

17.03
18496
21488
23.91

26448
29,81

39.9%

29.85
38.52
36418
41405

48.08
58.47

L4249

57.87
7035
79438
91435

13060

91472
12448
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TABLE IT (Contd)

D/s » 20

N=2

Na7

Leb
L0
345
30
2e9
2.8
247
2.6
245
2eli
243
242
2.1
240
1.9
148
1e7
146
145
1edy
1e3
12
11
1.0
0.95
0.90
D.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50
0.0

2,21
202
2428
2429
2,38
2449
2,6
2+79
5411
3,74
495
621

794

6.85
742

171
8475

10.62

11.85
12463

11 66
15.98
17.57

15.84
1725

19.26
20,82
22,67
25,04,

32434
38.08

33465
3771

3.6
5244
66434
9024

67.67
1496
86.00

122,78

89.04
102,02
120433
18469

- 156 =




- LG -

ool | 6Ll gh7600°0 ®*lz [8°0
%61 26 91%00%0 g'0z A
TANN 2°0k 8200°0 E 16}
06l q*01 88100%0 *6 2
¥4 G0} 9¢ +00"0 8'g ¢
l6E G*04 M6000°0 | 2ZL*Y %
£z 50k #66000°0 | 112 9
G*202 G°0} 2gh000%0 | V2 8
G°z6h G*0l gsho00*0 | 62°2 ol
Gg*lgl G*0F gTho00*0 | €2°¢ 24
§*98% G°0} 0000 | 22°2 L 800000°0 ®000°0 20°0
68¢ G*0} Gg8100*0 1€ | 8% ohsz 6°G 661000 w*gz {9%0
w62 §*o} %100°0 82 l ghie | 6e°l 68500°*0 l'gl }
K6k e]" H6000°0 28y | S°F 06l | L6 ¢8E00°0 | G92'2F |9°%
o g0l 189000%0 gleet [4 96¢ L £°0} %9z00*0 | Sh'g e
5°gg G0} 2210000 gh*g ¢ 080} G0t 90200°0 9°9 ¢
gL G*ol #£000°0 8*9 4 8¢9 G*04 22100%0 6°¢ i
M G*0t 120000 1% 9 ggh G*0ol Z 18000*0 9*e 9
(Y84 o] 197 1000°0 18%2 B 98¢ G0t LEL000%0 | 9¢*e g8
92 G*0k 2 10000 ghte o} 2lE g ot L0000 | Le*2 0}
Gi*he "0} G41000%0 2 2 G9¢ G*0t 169000°0 | €22 A
gl°¢z G0} €11000°0 92°2 i 000000 100G *0 10°0 q9¢ G*ot 1690000 | €22 1 |96 L0000°0 | 629000°0 § G20°0
685 | £7°04 8¢200°0 w1 he | g%0 o]114 L ¢izl0'0 | 88°tke |g8'o0
ghh G0} 18100°0 F*9Z | 0°} 0G1¢ 0°g G600%0 RS }
482 G*ob G1100°0 G9°91 | &°t 0982 09 99500°0 zZ°0k (G°1
6*922 o] 9150000 gz'th 2 4 6°8 6Lzh00%0 Ll r
w1 §°0} ™M800°0 ok 4 0261 Z°'0l £8200°0 LG ¢
€L G0l LG%7000°0 9°9 ki 0924 G*ol gLo0*0 | G2'¢ %
L'29 G*0b 26200070 l9°¢ 9 966 G*0ol LEL00*0 | 4Nte 9
z'oh G0t L8000 L2 8 668 G0t 82100%0 | 1£°2 8
rAR A G*0¢ 910000 e ok 6.3 G ol GazZHO0*0 | 92°2 0t
268 G*ol GgS 000" 0 62°2 A" 498 G0l w2000 | ¢2°2 A
lg¢ ot G9G 40000 92°¢ 1} €9400000°0 | GBL 0000 | LLL1O%O 09¢ G0l CZh00%0 | 22'2 b |69¢0000°0 LELOO®0 | ££0°0
06 | 96°6 91£00°0 0°lg | 8°0 - - 200 | 92'6F [8°0
il | L£°01 G200°0 a2z | 0*%t Gl IS g8°'e 48100 gl b
9ot G0} GG L00%0 26 | ¢t 0687 G FWO*0 | 8°'S G*
09¢ G*0lL 2100°0 GL*VL z olin 9] 600°0 Al 4
622 G0l ¢l000*0 G¢ L ¢ 0l6¢ | 66°Q Gov00*0 | 2l*¢ ¢
l6} G*0} 959000°0 ¢h*g 4 G6EE L6 GE000 8°z i
66 G*ol £€000°0 £2°¢ 9 000¢ L*0L Gl6Z00%0 | 8¢ 9
08 G°0} 192000*0 9G° 4 8 0062 | 8LOF Gge00*0 | g2°*2 8
g%l G*0ok 6£2000°0 here ok GGge 2'0} g200%0 | %2*2 0}
9°69 “ale}? 2€2000°0 lz*z (4" GgzRe | €204 9l200°0 | 12°2 Zi
69 G*ob 66220000 YAt 41 | 262000000 H02000°0 00 6zZ82 | £2°0l 92z200%0 | 12*2 1 GZ1000°0 G200°0 G0°0
a\gz _tm a a a a A\z ‘= a a a a
a ‘e @m =T | T |7 @ @ 7 a ‘o :vw. =7 | ¥ |7 @ @ 3
2 £ z ¢ 2
g L 9 G N ¢ 4 b 8 L 9 g % ¢ Z b

(1°g uewroadg) 097 QA L*d UOT3eOTITO0dE 01 saqn] AOTIY USTT JIOJ SO0nTep POVRTIOTE) JULMOUS

sanEsead TeUdspXd O} Peroolqng seqny Jo eansseld esdeTI0) SUTIBWIFEH JOJ S3I8UD 1IN

IIT ¥V




TABLE IV

Results of Tests on 24" Dia x 24 S.W.G. x T45 Steel Tubes
oompared with Collapse Pressures Predicted Ly Sturm Theory

Tub L Soecim Actusl | Theorstical Percentage of
ubei 4 PACIMEN | goliapse| Collapse | Difference | Theoretioal
No.| D Nos 1b/ine2 | 1b/in.? Value
191 14 1 410 100 +10 +10
241 > L 115 405 +10 +9.5
143 12 2 127 135 +8 +5¢92
23 - 6 115 116 Nil Nil
ey | 10 1 125 130 -5 =3.85
2.2. " 5 93 92 +1 +1.09
1e 8 3 115 120 -5 “le16
246 - 6 133 139 -6 ~}e32
147 6 2 192 195 +3 +1 ¢54
2.7 - 6 1?8 195 ""17 "'8072
148 4 3 278 300 ~22 =733
248 - 5 250 248 +2 +0.8
149 2 3 560 570 =10 -1476
249 - 6 625 700 ~75 =10,7
1470 { 15 3 725 750 =25 ~5e3l

2,10 = 6 780 880 =100 “1145
1411 | 140 1 1250 1500 =150 -10.7
2411 - 5 995 1050 ~B5 ~5,24
1913 | 0.835 2 1610 1730 ~-120 =6.95

2.13] = 7 1250 1305 ~55 a2
1e1k | 0.72 3 1010 1560 «120 747
2414 - 7 1510 1550 =40 ~2458

1415 | 0,667 3 1690 1690 Nil Nil

2415 | 0,662 7 1760 1700 +60 +3.53
1216 | 0.57 L 2100 2050 +50 +2.
2416 | 0,51 7 1990 1850 +140 +75




Rezulis of Tests on 1

TABIE V

2" Dia x 22 S.W.G. x TL5 Steel Tubes

ed with Co Preasures Predicted Sturm Theo
Actual | Theoretical Percentage of
Tube | L | Speelmen| cojyapsel Collapsg | Differemce| Theoretical

. ’ 1%/in.2 1b/1in.2 Value
NI IE TN 1,2 - - - -
Bi - 3,445 334 | 300/320 +1k +ie 6
c1 - 6,7 339 285/310 +29 +9.38
A2 112 1,2 340 300/310 +30 +947
B2 - 3:1“5 3}12 315, 3&0 +2 +0.,59
02 - 6,7 32173 280/300 +40 +13.3
A3 | 10 1,2 3 340/360 +7 +1.94
B3 - 34,5 387 375/110 Nil NIl
c3 - 6,7 300 275/295 +5 +1.7
A, | 8 1,2 390 365/385 +5 143
Bl - 3 »ls5 396 395/1,20 Nil Nil
(v} % - 6,7 320 290/310 +10 +3423
A5 6 1,2 425 L30/30,0 -5 ~1416
B5 | = | 3,4,5 420 100/ 1,35 N4l Nil
C5 - 6,7 L33 3907145 +18 +a3l
A6 I 1,2 850 830/870 Nil Nil
B6 - Jalab 745 650/705 +10 +1e42
cé - 6,7 712 720/ 780 -8 ~1e11
A7 2 1,2 1512 | 1520/1600 -8 ~0.527
B? - L 1360 | 1400/1505 =40 ~2.86
c7 | = o7 1505 | 1460/1550 Nil Nil
Gl 140 1,2 2890 3300 -310 -9k
G5 - 8 2420 | 3250 -830 ~2545
e | - | 8 2580 | 3250 ~670 ~2046

= 159 ~




T. VI

R ts of Test 1" D:.a. X 2k S.WeGe S‘beel
Aotual | Thecretical Percentage of

Tube | L | Specimen| go17ap50| Collapse | Difference| Thecreticsl

Ne. ! D No. 1b/in. 1W/1in.2 Value
Le3 | 12,05 13 965 900-9,5 +20 +2422
5e3 - " 950 870=-920 +30 +3926
he5 |10.05| 4=3 1020 960=1000 +20 +2
5e5 - " 1015 900=310 +75 +7.98
L7 | 8405 1=3 1040 930~980 +60 +6412
57 | - " 1033 920-960 +73 746
6.2 5e8 1=3 1170 1060-1100 +7C +6436
742 - " 1180 1060-4100 +80 +727
142 Let 4 1630 4600 +30 +1.88
2.2 - 2 1660 1630 +30 +1485
3,2 - 3 1675 1600 +75 +469
1e3 3405 1 2650 2610 +40 +1453
23 | = 2 2670 | 2700 -30 ~1411
343 - 3 2460 2620 -160 =6413
603 | 243 1=3 3080 2950-3120 Nil Nil
7e3 - " 3080 2950-3120 Nil Nil
el 155 1 400 4000 +400 +3e1
2el - 2 4135 3100 +35 +8e53
1 05 140 1 5300 1,350 +950 +21 8
245 - 2 5500 1{-600 +900 +1946
345 - 3 14950 34700 +250 +He32

-~ 1€0 =




TABLE VIT

Results of Tests on 1" Dia x 22 S.W.G. x Tib Steel Tubeg

compared with Collaspse Fressures Predicted by Sturm Theory

b Snent Actual | Thecretieal Percentags of
ube % POCIMEN | 0ollapse | Collapse | Difference] Theoretical
No. Xo. 1%/in.2 1b/in.2 Value

1ot 14 1 2240 2200 +10 +0.045

2e1 - 2 2280 2150 +130 +6405

Zed - 3 2090 1950 +140 +7a2

1e2 12 1 2110 2000 +110 +5¢5

242 - 2 2310 2020 +290 +14e35

3.2 - 3 2070 1990 +80 +1..02

143 10 1 2090 2050 +40 +1.95

243 - 2 2300 2160 +140 +645

343 - 3 2120 2060 +60 +249

1e5 8 1 2120 2060 +60 +2.9

245 - 2 2330 2200 +130 +549

35 - 3 2150 2150 Nil Nil

166 {5498 1 2240 2240 Nil Nii

246 - 2 2450 2340 +110 +haT

346 - 3 2270 2300 =30 ~0e13

1e7 L 1 2865 3000 -135 ~lia5

2.7 - 2 3200 3100 +100 +3422

347 - 3 2860 3060 =200 ~5.55

148 2 1 6225 - - -

2.8 - 2 6125 6300 =175 =2.T8

38 - 3 5425 - - -
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TABIE VIIT
Regults of Tests on 1" Dia x 20 S.W.G. x TL5 Steel Tubes

oompared with Collapse Pressures Predicted by Sturm Theory

Aotunl | Theoretical Percentage of

T;'?;e %’- wbe;gimen Collapge Collaps 5 Differemce | Theoretical

* ' 1b/in.2 1b/in. Value
1e1 14 1 575 4350 +225 +5.15
301 " 3 175 14,50 +125 +2.8
1¢3 12 1 4575 4400 +175 +398
243 " 2 4025 4450 +15 +1.69
343 " 3 4525 1400 +125 +2.84
15 10 1 L4675 4500 +175 +3.89
2¢2 " 2 LLT5 4450 +25 +0.56
345 " 3 4625 4500 +125 +2.78
147 8 1 4675 4550 +425 +2.75
247 " 2 4565 4650 =85 ~1..825
37 " 3 L1500 1,600 -100 -2+18
149 6 1 4925 4700 +225 +1e8
249 " 2 1925 LB00 +125 +246
349 " 3 4825 L4800 +25 +0,52
111 b 1 5905 5550 +355 +64ly
2011 " 2 5700 5750 =50 ~0.87
3e14 " 3 6100 5550 +550 +349
1e12 3 1 7400 7100 +300 +4,23
2012 n 2 6600 7600 =-1000 =13.15
3412 " 3 7500 7450 +1450 +643
Tell 2.0 1 9450 8000 +‘”.|50
2414, " 2 9200 -
Jelly " 3 8400 -
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TABIE IX

Results of Tests on 1" Dia x 17 S.W.G, X T45 Steel Tubes
compared with Collapse Pressures Predicted by Sturm Theory

. Actual | Theoretical Percentage of

Tl‘f;a 2 SPI?‘O’“"‘ Collapse | Collapse |Difference| Theoretical

‘ ‘ 1b/in. 1b/in. Value
11 1% 1 11300 13000 -1700 “13.1
241 " 2 11200 12500 «1300 10l
3e1 o 2 11600 12500 =900 =72
192 12 1 42000 13000 ~1000 =727
242 L4 2 44200 12100 =900 =745
342 " 2 44500 12700 ~4200 -9.45
143 10 1 12300 13000 =700 ~5ely
243 " 2 11400 12700 -1300 -10.25
3e3 " 2 11750 12700 =950 =Te49
1els 8 1 12800 13000 -200 =154
2l " 2 11800 12600 ~800 =435
1.5 6 1 12500 13300 ~800 ~6
2.5 " 2 14700 12600 =900 ~7.06
246 n 2 11500 12800 -1000 =79
3.6 " 1 124,00 13500 -1400 ~8415

TABLE X

Results of Tests on 1" Dia x 24 S.W.G. x D.T.D. 305 Steel Tubes
compared with Collapse Pressures Predicted by Sturm Theory

Actual Thecreticel Percentage of

Tube | L | gollapse Collapse Difference Theoretical

No. D | 1v/in.2 1t/in.2 Value
141 1 760 820 ~60 =732
2e1 " 780 890 -110 ~12,3
3e1 " 830 920 ~90 ~978
142 b 1?58 1?23 -%g -234. ;
202 1 1 - -
342 " 1410 1650 -240 =14.455
143 340 1800 2400 =600 =25
2¢3 " 1790 24,00 =610 “25als
3e3 " 2040 21,00 =560 =23¢35
1¢5 2.0 1940 2930 =990 =338
245 " 2060 2900 ~840 =29
345 " 2230 2930 =700 «2349
1.6 1.5 2200 3280 ~41080 =32.9
246 " 2260 3220 -960 =29.8
3.6 . 2500 3350 -850 ~25,1;
148 140 2730 3450 -720 =20.9
248 " 2625 3500 -875 ~25
348 o 2920 3500 ~580 1646
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TABLE XI

Results of Tests on 1" Dia x 24 S.W.G. x T55 Steel Tubes
compared with Collapse Pregsures Predioted by Sturm Theory

Tube L Actual Theoretical Percentage of
No. 5 Collapge Collapse Difference Theoretical
1v/in. 1b/in.2 Value
144 14 800 890 =90 1041
241 " 740 940 =200 “2143
31 " 800 940 -140 =119
1.2 L 1150 1160 -10 -1.86
2.2 " 1250 12,0 10 +0.81
342 n 1140 1245 -75 ~6.18
103 3 1520 1310 +110 +748
243 " 1520 14,90 +30 +2,01
303 " 1310 1440 -130 ~5.03
145 2 1740 1520 +220 +1 2.5
245 " 1720 1620 +100 +6¢2
345 " 1860 1600 +260 +16425
146 1.5 1970 1710 +260 +15.2
246 " 1920 1790 +130 +7426
346 " 2500 1750 +550 +3ell
148 1.0 2270 1860 +1,10 +22
2.8 " 2150 1950 +700 +5013
348 " 2300 1860 +440 +237
TABLE XTI

Results of Tests on 1" Dia x 24 S.W.G. x T26 Steel Tubes

campered with Oollapse Pressures Predicted by Sturm Theory

Actual, Theoretical Peroentage of
Tube L Collapse Collaps Difference Theoretical
No. 1 D | 1p/in.? 1b/in. Value
141 14 800 790 +10 +1426
2.1 " 750 710 'H+0 +5e 63
341 " 860 740 +120 +1642
142 b 1180 1350 ~170 -12.6
2.2 " 1410 1300 +110 +8.46
342 " 1330 1320 +10 +0.75
243 3 1750 1900 =150 “7+9
393 " 1730 1900 =170 -8.95
145 2 2000 2130 ~130 =6o1
2.5 " 2300 2090 +210 +10
345 * 1970 2100 =130 =642
1.6 1.5 2550 2300 +250 +10.9
246 b 2250 2290 =40 -1e75
3 » 6 " 21 00 2300 -200 "‘8.7
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TABLE XTIII

Resgults of Tests on 1" Dia x 24 S.W.G. X D,ToD. 1024 Steel Tubes
oampared with Collapse Pressures Predigted by Sturm Theory

Tube L Actual Theoretical Peroentage of
Now D Collapse Collapag Differenoe Theoretioal
1b/in.2 1b/in. Value
1e1 11 770 860 =90 =10.45
2+1 " 720 830 =110 "13025
3e1 " 800 900 =100 =4 ¢4
142 L 1340 1550 =240 -13455
2.2 " 1330 1560 =260 wi6e7
302 " 1375 1700 ~325 =191
143 3 1860 2140 ~280 1341
243 " 1660 2150 = 1,80 -22.8
3.3 " 2070 2350 ~280 =11.3
1.5 2 2140 24,20 +20 +0.83
245 " 2400 21,50 =50 -2.04
345 " 2340 2540 =150 =549
146 15 2675 2630 +45 +1.71
246 " 2600 2640 ~40 +1.52
346 " 2890 2750 +1 10 +5a1
148 140 3075 2500 +175 +6405
248 " 2900 2900 Nil Nil
348 " 3100 2950 +150 +5.08
19 0.8 3140 3050 +90 +2.95
2.9 " 2950 3050 =100 -3428
349 " 3475 3410 +65 +2.09
TABLE XIV

Results of Testg on 1" Dia x 24 S.W.G. X 158 Steel Tubeg
ocompared with Collapse Pressures Predicted by Sturm Theory

Tub Aotunl Theoretical Percentage of
Noe % 02}1 e Cobl}aps Difference Theoretiocal
. 1b/in. 1b/in. Velue
Tet 14 104D 1030 +10 +0.97
241 " 1075 1010 +65 +6alily
31 " 4000 1100 «100 =91
142 4 1720 1720 Nil Nil
242 " 1875 1720 +155 +9
342 " 1625 1820 -495 ~10e7
143 3 2780 2700 +80 +2496
2.3 " 2775 2800 "'25 "0 089
343 " 2750 2880 =130 ~la51
1.5 2.0 3520 3200 +320 +10
2.5 . 3730 3250 +480 +14.48
345 " 3450 3330 +120 +346
1 .465 1.2 i,zgg iggg Iggg +1'51.7
2. +
346 " LuT5 3960 +515 +13
1.8 1.0 5500 4,500 +900 +20
2.8 " 5650 1&-600 +1050 +22.8
3.8 . 5575 §700 +875 +1846
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TABLE XV

Results of Tests on 1" Din x 24 S.W.G. Commercial Brass Tubing

< od with Collapse Pressures Predicted Sturm Th
Aotual Percentege of

Tube | L | gpeoimen | Theoretical | pjreerence Thearetical
No. D Collapse Collapse Value
141 14 335 303 +30 +5e9
241 " 115 140 +5 +1422
341 " 375 330 +15 +1346
142 4.8 500 470 +30 +6al;
2.2 " 595 540 +65 +10.2
3.2 u 540 520 +20 +3.86
143 3.8 725 690 +35 +5407
2¢3 " 870 750 +120 +16
343 " 800 750 +50 +6¢67
1oy 248 1125 930 +195 +21
2okt " 1230 1060 +170 +16
3l " 1160 1060 +100 +9e45
145 148 1525 1250 +275 +22
2.5 n 1680 1380 +300 +2148
345 " 1650 1380 +270 +19.6
146 143 2060 1550 +510 +3249
2.6 " 2100 1750 +350 +20
3.6 " 2200 1750 +450 +25¢7
147 140 2,50 1800 +650 +36
2.7 " 2580 1950 +630 +3243
3e7 " 2520 ;gég +580 +2949
] .8 0.8 2780 +620 +30'1
2.8 " 2850 2250 +600 +2647
348 " 2820 2200 +620 +2842
149 0.6 3200 2400 +800 +3343
249 ] 3230 3600 +630 +175
349 " 3120 2530 +590 +23e3
1210 | O 3750 2900 +850 +2943
2410 n 3800 2100 +700 +22,6
3410 n 3680 3000 +680 +2247
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TABLE XVI

Results of Tests on 1" Dis x 2L S.W.G, x D.T.D. 460 Light Alloy

Tubes compared with Coliapse Pressures Predicted by Sturm Theory

. Actunl | Theoretical Percentage of
Tube | L |Specimen Collapgse | Collepse Differenoce Theoretical
No. | D No. 1b/in,2 1b/in.2 Value
1o 14 B 280 275 +5 +1.82
2.1 " B 286 280 +6 +2.14
31 " A 280 273 +7 +2.56
1e3 4 B 518 520 2 -0438
243 " B 560 520 +40 +7e7
363 " A 490 540 =20 =342
104 3 B 850 840 +10 +1419
24l " B 718 850 =72 ~8.47
3k " A 760 820 -60 7432
145 2 B 1020 1020 N1 Nil
2¢3 " B 1050 1075 =25 “1e43
345 " A 950 1030 =40 =3.,88
1e6 145 B 1620 1530 +50 +5.688
246 " B 1580 1510 +70 +1e61;
346 " A 1410 1440 Nil Nil
2.8 " B 1870 1880 =10 "0.53
3.8 " A 1980 1790 +490 +10.6
149 | 0.8 B 2080 2060 +20 +0,98
2.9 " B 2190 2060 +130 +6.31
3.9 " A 2150 1990 +160 +8.0)
TABIE XVII

Mean Collapse Pressures and Standard Deviations of Experimental

Results expressed as Percentage of and Percentage Variations from
Collapse Pressures Predicted by Sturm Theory respectively

Tube size and specification Pr’:::fm o gm

23" dismeter x 24 S.W.Ge x TL5 98.08% 6.16%
3t . X 22 S«WaGe x TU5 98 4 6% 8.66%
1" " X 24 S.W.G. X TL5 105.3% 6.49%
4" " X 22 S8.W.Ge x TL5 10247 1.58%
1“ " x 20 S.W.Ge X Tl|5 104.8% 1+-9
i " X 17 SeWeGe % Th.s 92.25 e

" " X 22;. SeWaGe x DTWD, 305 77.8 7.%
A u X 2 SJH.Ge x T55 102.78% 12.5
1" " x 24 8.W.G. x T26 100.07% 8,645
1 . X 24 S.WeGe x T58 106.96% 9.86%
1" " X 24 SeWuGe x D.T.D. 1024 942 8.7 %
1 o % 2l S.W.G. X Brass 119.8 9.56%
1" J X 24 SoWaGe x DJTWD. 450 100,66% 48U
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TABLE XIX

Mean Collapse Pressures and Standard Deviations of Experimental

i Results corrected for Eccentricity of Bore, expressed as Percentage

of and Percentage Variations from Collapse Pressures Predicted by

St T [ ve
1
Tube gize and specification Prlégznure %2322%::3!1

231 diameter x 2l S.W.G. x T45 98.43% 6ol
150 @ X 22 SWeGe x TU5 100.6% 6¢56%
A " X 24 SJW.G.  TL5 10545% 658%
th " x 22 8,W.Ge T45 102.95 lya 115
" " X 20 SJW.G. x T45 102, L.8L%
4" " X 17 SWeGe x T45 104 7% 7+12%
1 " X 25 S.W.G. x D.T.D, 305 81.90% 7 6%
qu " X 2 SJW.Ge T55 102.8?{ 1245%
4" " X 2 S.W.G. T26 100,1% 8.6%
qn " X 24 S.W.8. X T58 107% 94 9%
gm " x 2), S.W.G. x D.T.D. 1024 98 9% 11e1%
qn " X 2l S.W.Ge Brass 119.8% 946%

. 1" " X 2) SeWeGe D.T.De 460 100.7% }.8%
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FIG.l. DIAGRAM OF THE TEST RIG FOR 2% DIAMETER AND
1’ DIAMETER SPECIMEN.
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FIG. 3. THE COLLAPSE PRESSURE OF 1% % x 22 SWG. T45 STEEL
TUBE AS A FUNCTION OF RATE OF LOADING.
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FIG.8. COMPARISON BETWEEN THEORETICAL AND
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ALLOY TUBES TO SPECIFICATION D.T.D. 460.
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PERCENTAGE VARIATION FROM THEORETICAL COLLAPSE PRESSURE
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FIG. 1I0. THE EFFECT OF OVALITY ON COLLAPSE PRESSURE FOR

27 X 24SWG. AND I3 X 22SW.G. x T45 STEEL TUBES.
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FIG.1l. THE INFLUENCE OF OVALITY ON THE COLLAPSE PRESSURE

OF LONG TUBES.
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