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Lyndon Crawford and William J. Ruby
Reed Research Inc.

ABSTRACT

Purpose: To check 4 theory and formula proposed by H. H.
Bleich on"stress relationship of hull and house
for vessels fitted with long deckhouses. Theory
based upon concept of separate house and hull
bending. Interaction strongly dependent upon
vertical stiffness of support of house.

Programs Nine tests performed upon a single 20~ft. aluminum
model with three separate houses, fitted for simple
variation of underdeck stiffness.

Model

-

Hull of double-cell construction, connected by

fitted bolts and high-torque bolts. Houses 160

and 80 in, in length. Demountable main deck

equipped with simulated deck beams. Design based
upon proportionality of elastic action of ships

and model. Midship proportions in general con-
formance with passenger vessel practice. Range of
Bleich 74 value for nine tests representative of ship
values to be expected. Model loaded to give constant
hogging moment throughout length of house.

Discussion,
Discussion supported by results in the following categories:

Midship Stresses: (i) Distinet agreement of test
and theory for standard deck
beams (2-in. spacing) and for
heavily bulkheaded long houses.

(i1) With outsize deck beams (at
14-in. centers), house shirked
predicted stresses.

(iii) BExtra high stresses (in excess
of Navier formula) clearly
observed at house top for cases



Deviation
Factor:

Deflections:

Longitudinal
Variation of
Stresses:

Lopgitudinal
Gonnecting
ghears

Overall

Stress
Patierns:

shear Lag
and Degk
Bending:

Principal
Stress
Patterns:

Conclusions.

with bulkheading heavily con-
centrated amidships.

(iv) Short house, even with exten-
sive bulkheading, showed in-
complete participation with
main hull,

Graph of & , based on measured strains and cal-
culated . values, shows rather good correlation
with theoretical curve at extreme values of z¢
but congiderable scatter at median values.

Counter-flexure pattern c¢learly shown for houses
with flexible vertical support at the main deck.

For stresses in the housetop, fair correlation
between theory and experiment shown, with the
zone of "midship effectiveness’ fairly well
maintained in the midship half length of the
long housges.

Mcst plots do not show expected peaking of values
at house ends. Average value of shear markedly
increased, for all houses; with increase of ver-
tical rigidity.

Slight rise shown in main deck stress level toward
house ends. Some non-linearity of hull bending
adjacent %o leading bars may be reason for no
greater increase,

Complex pzttern of stresses on main deck observed,
but distinet trends with varying test conditions
discernible., Both shear lag and plate bending
believed to have been present.

Rosettes fitted to house sides--particularly at
ends~-did not show clear trends. Sharp fluctua-
tions appearsed at extreme ends. Considerable
biaxial stress prevailed.

The essential theory proposed by Bleich is believed to be
correct for cases of relatively uniform foundation modulus--ap=-
plicable to midship half-length of house.

i1




The proposed averaging process for deck stiffness 1s some-
what questionable in view of results in the sensitive, middle
range of W. It is believed further that more elaborate stiff-
ness tests should be made before drawing a firm conclusion.

Multiple, lateral bulkheading well connected to house in-
vites full participation of longer houses as predicted.

Connection between house and vertical supports could be
made more complete than in some cases observed on shipboard.

Moderately localized "extra stress" is a real possibility
with concentrated bulkheading amidship.

Present test technique is believed to be very useful in
gaging effects of major design practices.

Recopmendations for Further Study:
More tests believed necessary to validate theory completely.

Applicability of proposed formula to actual ships still in ques-
tion.

Following specific needs pointed up:

(2) Test study to determine foundation stiffness for
realistic structures, particularly widely spaced
stiff structures.

(b) Application of parabolic bending moment.

(¢) Analytical studies on isolated bulkhead effect, vari-
able moment of inertia, hull shear stiffness, variable
foundation stiffnesso,

(d) Correlation of full-scale ship tests and model tests,
with snalytical predictions.

(e) Studies of specific shipboard practicess expansion
joints; house-end shear reinforcement and vertical
support.

(f) ©Study of short erections,

iii



Auxiliary Tests.,

Fasteners. Series of high-torque bolted plates tested
in special test rig. This showed slippage to occur all
at once as "yield™ type action. Factor against slippage
considerably more than two in model design. Spot checks
throughout testing showed no slip.

Stiffness. Various conditions of the deck framing system
below house tested by loading along line of house=hull
intersection, measuring difference between deflections of
hull sides and line of house sides. Results:

Standargd Deck Beamg. Appeared much stiffer
than predicted, with load applied to single
beam. Results believed misleading due to
excessive fore-and-aft stiffness of deéck sheet.

Qutsize Deck Beams. Very good correlation
with predicted stiffrness.

Partial Iransverse Bulkheadg. Actual stiffness
mich less than that predicted.

Bare Hull Tests.
Stresses and deflections correlated with simple beam theory.

Test Rig.

Test performed within double, lengitudinal truss rig.
Constant bending moment applied by twin equalizers, loaded by
center screw jack. BEBach equalizer pivoted off transverse at
end of truss. Vertical lcads at each end of model applied by
flat bars hung from twin transverse yokes attached to fore-and-
aft equalizers. End loads from mcdel taken off through pin
connections to twin channels geparating the two trusses at lower
ends of rig.

Instrumentations

Dynamometer. Galibrated tensile test specimen equipped
with two SR-4 gtrain gages in series below serew jack.
Total load and loading symmetry at four load points
checked very well during tests.

Straln Gagess Type A-1 gages and AR-1 gages (rosettes)
useds gave excellent performance as to linearity and drift.

Dia] Gages: Lines of gages along both house and hull
sides showed good performance.

iv




I. INTRODUCTION

The most significant finding of the structural tests on
the passenger vessel S,S. "President Wilson" was the unusual
transverse distribution of longitudinal bending stresses--
particularly in the midship area. When a 1on§itudinal bend-
ing moment was statically applied to the vessel, a plot of
stresses in the midship area showed a stralght-line distri-
bution from the bottom of the hull to the promenade deck.

At this deck the principal longitudinal bulkheads of the éuper-
structure® were transversely recessed from the sides, and above
this deck the stresses dliminished approximately linearly to the
navigating bridge level~~the topmost significant deck. The de-
tailed results of this test series were reported in References
2 and 3. Thedretical studles to explain the above action are
contained in References 4 and 5. The present report concerns

a model~test program to check the validity of a general formula
developed by Bleich in Reference k4.

The theoretical work ascribes the non~linear stress distri-
bution to a semi~independent beam action of hull and superstruc-
ture. Because of the flexibility of the support of the longi-
tudinal bulkheads of the superstructure, it is presumed that
the house can deflect somewhat differently from the main hull.
Under this presumption the house receives longitudinal shear-

ing forces from the deck at the top of the main hull and

*In this report the words deckhouse and superstructure are
used interchangeably.
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vertical loads from the supports beneath. Specifically, Bleich's

formula expresses the stress condition as follows:*

where

Bleich
tion of the

o= oh.+g§A£F

Predicted stress at any point on the cross section.
Stress based on beam theory if both house and hull
are considered to act together. (=Me/Iy . ;)
Stress correction if vertical rigidity of house
support is neglected. |

"Deviation Factor"--a factor to take into account
the vertical stiffness of house support (K) and
certain geometrical properties of the house and
hull. (Values of ¢ , for constant bending moment,

are shown by the curve of Fig. 17.)

has made a rather complete mathematical demonstra-

above formulation for house and hull of constant

cross section; with constant running stiffness of support for

the house, for the cases of constant and parabolic bending

moment distributions in the region of the house, Thus, numer-

ical predictions can be made for specific cases which follow

the above conditions., The tests reported here were performed

on configurations of constant cross section (both house and

hull), with

constant bending moment over the house region.

*Appendix 4 summarizes the theory and notation.
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Bleich suggested that the stiffness constant, K, be ob-
tained by dividing the force required to deflegt one bulkhead
(or beam) by the spacing, it being assumed that there would be
at least five bulkheads spaced reasonably equally over the
length of the house(h)o

Since actual vessels possess some irregularity in the
supporting structure under the house, it is necessary to follow
an averaging procedure. Therefore, the tests were performed
with both regular and irregular distribution of framing.

The following sections describe the preliminary considera-
tions leading to deslign of the experiments, construction, com-
ponent tests, instrumentation and prove-out, and the nine basic
tests required by the contract(l)o Discussion and recommenda-

tions follow. The results of the tests are repqmted in the

Appendices.

II. MODEL DESIGN
§Qrvgxo The econtract required a check of the ftheoretical
conclusions of Bleich. The model to be tested was to be greatly
simplified as to c¢ross section and loading. Nevertheless, it
was desired that the configurations selected be as nearly rep-
resentative of actual vessels as possible. Therefore, a brief
period was reserved at the outset of the program for a general

» R
survey of practices existent on American and European passenger
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vessels. Tables I and II (Appendix 6) report on certain basic
properties of representative vessels and of the model tested,

as well as those of an "Alcoa'" model and certain hypothetical

models.
Selection of Vessels For Comparison., Particular atten-

tion focused on the two vessels, S.S. "President Wilson" and
5.5, "America." These were both built in this country, and
working drawings for them were available. The "Wilson" was an

obvious selection because of the aforementioned structural

tests. She represented a vessel whose house 1s relatively short

and whose framing beneath the promenéde deck appears lighter
than the average for larger U. S. vessels, It seemed wise,
therefore, to select the "America™" too due to her extremely

rigid system of partial bulkheads and framing in general.

Se. "President Wilson"and "S.S. America"Features. Aside
from general considerations of length, breadth, depth, and so
forth, interest centered on approximations of those quantities
which influence the Bleich prediction. The factor & in the
equation,

cr==c%q+-§z;o-
previously mentioned, is a complex function of a variable, 7z
(Appendix %), 4, in turn, depends upon the relationshlps
between the house and hull, and K, the stiffness of the
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foundations under the principal longitudinal bulkheads of the
house. . With the exception of this stiffness, all the above
quantities can be readily obtained. Stiffness deserves special

consideration at this point.

Foundation Stiffness on Ships. The precise definition
of foundation stiffness* has been stated by Bleich: "K is

defined as the force per unit length of deckhouse required to
produce a relative deflection (between house and hull) equal
to one unit of 1engtho"(h) If 81l vertical support of the
house were furnished by structures concentrated at specific
frame stations (the deck otherwise being considered infinitely
flexible), one could calculate the deflection produced by a
unit concentrated load at each of these isolated structures;
and if at each station these deflections were equal and the
spacings between these points were equal along the length of
the house, then the inverse of these deflections divided by
the spacing would be the value of K., Actually, the above
assumptions are not strictly true. The spacing of principal
structural bulkheads is irregular on any vessel, and their

stiffnesses vary. Even for a particular bulkhead, stiffness

*Present theory has been worked out only for the case
of constant foundation stiffness.
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at the point of intersection of the house longitudinal bulkhead
and transverse bulkhead is difficult to estimate. On the
"America" a typical bulkhead, No. 103, extended the full depth
of the vessel from the promenade deck. Each 'side was first
considered to be a cantilever shear web of average thickness
0,323 in. For a bulkhead spacing of 37.5 ft. (to bulkhead No.
89), the derived K was 65,200 1lb. per sq. in. In addition to
this, the stiffness of the average deck beam (analyzed as a
continuous member), divided by the average beam spacing, gave
a K value of only 136 1b. per sq. in. This is obviously
negligible if it is merely to be added to the K value for the
bulkheads. Similar operations performed for the "President
Wilson® gave similarly high values of K; but this seems not
in accord with the stresses determined by experiment-=presum-
ing the Bleich theory to be correct., Working backwards from
the "Wilson" test data, we deduced a K value of only 1490 1b,
per sq. in. It was then assumed that a calculation based on
shear of bulkheads alone was not a fair measure of K. Two
factors support thiss
(a) Under the house longitudinal bulkheads at many

transverse bulkhead stations, were doors and

other openings. Local deformation of the struce

ture immediately above the doors may have been

appreciable.
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(b) There were no continuous structural ties at these
points (i.e., no vertical stiffeners or chocks
below). The boundary angle for the longitudinal
bulkhead would presumably pad out the load into
the deck and thence into the transverse bulkhead
webs.

It should be noted that the test program was intended, among
other things, to check the general validity of averaging for
ascertaining the K value when the basic support for the house
is furnished by rather isolated transverse bulkheadsj the very
concentration of the support from a transverse bulkhead could
possibly be responsible for the relatively low values of house
stress measured on the "President Wilson".

For the "Amerieca" calculations were performed to obtain K

values based on various overlapping assumptions., These values

are as follows:

Basgis of Computation K w
Typical Deck Beam 136 1.19

Full Single Shear of Transverse 60,000 5,59
Bulkhead

Local Deformation Due to Door in 24,650 4,39
Bulkhead Below

Crushing of Transverse Bulkhead 11,100 3.59
Below=-Distributed Load (3 1/2 in.

Loading Zone)

Crushing of Transverse Bulkhead=- 3,536 2,70
Concentrated Load
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Selected Ranege For Parameter, Z{ . On the basis of the

survey briefly described above, it seemed that a suitable range
for the parameter, zt , would be 0.5 to 5.0. The contract stated
that in one case the calculated value of 7« should duplicate that
of one other test but be achieved by a different arrangement.
The results of our survey reinforced the wisdom of this stipula-
tion. The range of 2. was discussed with and approved by the
Project Advisory Committee at its first meeting during the

course of the project.

Selection of Gegmetrical Configurations For Test. The
length, breadth, and height of the model hull, together with

house dimensions, could be determined prior to assignment of
scantlings. It had been decided that one symmetrical model
hull would serve as a base for all tests. This was to be a
box configuration of constant cross section. The final
proportions, L = 240 in., B = 30 in., H = 24 in. (See Fig. 1,
Appendix 5), seemed in general harmony with typical vessels,
as reported in Table I, Preliminary considerations of section
properties, in view of the range of 7. desired for the nine
specified tests, indicated that three houses would suffice,
with variations in the main hull to alter stiffness of house
support. Two lengths of house, 80 in. and 160 in., were

selected. The shorter house was taken as a probable minimum
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for which the coupled beam action could be expected to hold,
while the longer dimension was taken to be sufficiently
generous to check the theory. The heights of the two long
houses were, at an early date, fixed at 6.0 in. and 7.5 in;j
7.5 in. was also taken as the height of the shorter house.
For comparative purposes it was decided that the house breadth
should be held constant at 16 in. for all three houses. Thus
we could virtually change single variables. In further sup-
port of a constant breadth of house, it was argued that a
narrowing of the house would have no important effect other
than diminishing the value of K (due to greater offset from
the hull sides) and this could be handled otherwise. House
breadth was a second order variable whose consideration here
would have confused the program.

It was decided to add an intermediate, phantom deck near
the neutral axis for reasons of dimensional and structural
stability during the changes required in testing. Further
design considerations were deferred pending a general study

of the similitude problem and the choice of material.

Similitude. The designer of a structural model of an
entire ship is faced with difficult, special problems.
Principally, his prototype is very large and of extremely

complicated configuration and detail. While complete



=10~

scaling down of all structural features, including connections,
would theoretically satisfy the requirements of a static test,
it was obviously impractical. There was no need for multiple
decks, inner bottom, etc., to achieve the action desired.

Since the theory has not yet incorporated cut-out effects, sec-
tion property variations, transverse tiering of houses, and

the like; the overall geometry could be kept simple.

Plating thickness of hull deck and sides play a part in
the problem, but z seceled etiso-down of thiskniss would have led
to impractically thin sheet gages. Consequently, materials of
lower elastic modulus were considered. A composite model was
ruled cut as conducive to thermal siresses and other complicat-
ing features; so a decision was reached to build the entire
model of unclad aluminum alloys, 24ST and 14ST. With differences
in material betweem model and prototype, we were forced to com-
promise on basic similituds. For example, because the thickness
of the deck of the model was not scaled down in the ratio of
the other dimensions, its stiffness as a plate was not propor-
tionate to its contribution to the flexural stiffness of the
hull as a whele. We were finally &d toa design based on
certain premises of proportionality, rather than on strict
dimensional analysis. These premises are as follows:

(a) The ratio of shearing tc bending stiffness should

be the same on ship and model.
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(b) The ratio of deck-beam to hull stiffness should be
the same on ship and model.

(¢) The ratio of house to hull stiffness should be the
same on ship and model.

(d) At the line of the house longitudinal bulkheads, the
ratio of stiffness of the deck as a plate to the stiff-
ness of the deck beams should be approximately the
same on ship and model. (Excessive vertical stiffness
created by out%@ze top sheet should be avoided.)

These premises are stated mathematically in Appendix 4, together
with certain formulae which follow logically. A tabulation of
final selections for the model is shown on Table 1I, alongside
ship values as calculated. The model design satisfies the

above premises, within the l1imits of the required general realism.

Loading. An advantage in the selection of aluminum was
that stresses could be kept low; the same precision of strain
readings could be maintained as with steel stresses three times
as great. Stresses in the model could be kept below 8,000 1b.
per sq. in. For compressive stability and fastener stiffness,
as well as for loading, this was an advantage.

It was decided at an early date that all tests should be
performed in hogging. It would have been exceedingly difficult

to maintain panel stability and necessary similitude in the
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sheet structure on the top of the model if compression had
been permitted there, and there seemed very little counter

advantage to be gained by sagging the model.

Section Properties. Fig. 1 shows the cross sections of
hull and houses finally selected, and Table 11l summarizes

their properties. The flexural stiffness of "proportionately
equivalent" deck beams was based on 'S.S."America" promenade
deck beams. Values were adjusted for simply supported ends

at the hull sides and for the elimination of stanchion
supports. Correction was alsc made for the proportionately
greater beam spacing on the model. It was then considered that
the running stiffness of the deck, along the line of the house
longitudinal bulkheads, was in conformance with our require-

ments.

Elastic Stability. On a structural model with consider-
able indeterminancy, it is necessary that there be very little
question as to the effectiveness of material., Consequently,
unlike aircraft design, the present structure required com-
plete stability of all its members under axial or shearing
loads., For this reason, it was necessary to place three
longitudinal stringers along the bottom to divide the hull

into stable panels. Deep, transverse floors, running from
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the bottom to the phantom deck, were placed every 16 in. At
the bottom of the hull sides, combined shear and compressive
action demanded the placing of a stringer 5 in. up from the
bottom. Vertical side stiffeners, spaced every 8 in., were
placed on the inside, above and below the phantom deck, to
avoid any tension-field aétion due to shearing instability.
Some concern was felt for possible shearing instability in
the house sides, particularly at the ends where considerable
concentration of longitudinal shear was expected. Therefore,
closely spaced, vertical stiffeners were placed there. The
bottom stringers were checked against column failure over
their unstabilized spans, and all fastener plitches were

checked for possible interbolt buckling of the sheet.

FPasteners. The requirement for interchangeablility in the

model made the fastener problem a critical one. Among the
fasteners considered were bolts with dimpled sheet, expanslible
internal nuts, fitted bolts, Dill nuts, cycle weld, Rotoloc,
Cameloc, and Nelson stud welding. All of these were extremely
expensive, and for many the tolerances required were almost
prohibitive. Therefore, consideration was given to the use

of normal steel bolts applied under extra high torque. It was
felt that these might provide sufficient friction due to clamp-

ing action to take the necessary shearing loads. Slippage
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tests, described in Appendix 1, were performed on the two
sizes of bolts which were used. On the basis of these tests,
the decision was made to use high torque bolts for all fasten~
ings except the angle connections at the bottomy, the side=-to-
angle connection at the top, and the deck-to-angle connection
at the ends of the house. In these locations, fitted bolts
were used. No. 10-32 and 1/4-28 bolts were used throughout,
except at the heavy, loading plates. It was decided that in
no case should the factor of safety be less than two based on

the slippage tests. Actually, this factor was exceeded by a

considerable margine.

Structural Features. Simple support at the ends of the
model required special considerations in order to permit
rotation and to provide a proper load funnel for the highly
concentrated loads., For this purpose heavy steel end plates
were fitted, as shown in Fig. 5. Pin connections, fore-and-
aft and athwartship, were provided. Full-height trunnion
plates for load application were fitted to the hull sides be-
yond the ends of the longer houses, both inside and outside
the hull. At each end of the model, these plates received
the loads from loading rods and distributed them through a
generous array of quilting bolts.

For tests in which transverse bulkhead action was planned,

- ]
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special partial bulkheads were designed. (See Figs. 1 and 6.)
These extended from the phantom deck to the main deck, and
from the hull side to the house side only. They were placed
clear of transverse floors below, so that their stiffness, as
installed, could be more readily calculated. Each bulkhead
was connected to a vertical side stiffener, and on its inboard
side was attached to an angle whose fore-and-aft leg was
brought through the top deck and attached to the house side.
This step was taken in order to minimize any uncertainty as
to the load path, and to predict local stiffness for the
0020-, O4O-, and ,O064-in. gages designed* for this applica-

tion.,

Predictiongs. Fig. 7 shows the configurations finally
chosen for test. Test No. 10 was on an arrangement requested
by the Project Advisory Committee after testing had commenced.
(A third, short-house test, with irregular bulkheading, had
been planned.) The value of K for the deck was computed by
calculating the stiffness of the deck beams with effective
deck sheet and dividing by the beam spacing. Similarly, the
shear stiffnesses of the partial bulkheads were computed.
For each array stiffness was divided by the mean spacing to give

K for bulkheads alone. The theoretical total k was taken as

*Actually, the .064=-in. bulkheads were not used in the
program as later modified.
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the sum of deck and bulkhead K values. Stiffness data are
tabulated on Table IV for each of the tests.

The value,[kh, depends only upon the section properties.
ucan be expressed as“u:Cj¢?g where { is also a function of
section properties alone. Values of £ and (0, for each of the
three houses, have been calculated on Table III. The values of
ULy combining section preoperties with the K values, have been
developed on Table IV. Values for the deviation factorﬁa??
for constant bending moment, were taken from Table 1 of Reference
%, interpolating for the various values of W . Values of K
based on deck stiffness tests (ses Appendix 1), and the correspond-
ing values of 7t and ¥ are also included in Table IV, Thus, the
Bleich correction to the Navier stresses is applied from both
theoretical and experimental determinations of K. Table V lists
stresses for the nine basic tests predicted on the above bases.

The designations “r and 9% have beern used to differentiate the

Bleich formula stress prediciion

42

based upon K deduced theoretically

and experimentally, respectivelv,

IIT1. MODEL CONSTRUCTION
Material. A considersble delay occurred in the procurement
of aluminum alloy for construction of the structural model.
This was notwithstanding cooperation from the Aluminum Company

of America. It was partly attributable to delays to be expected
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in times of emergency; sheet lengths were outsize and demanded
special schedules. (Splices would have been undesirable in

the extreme.) It was necessary to adhere rather closely to
initial selections of rolled and extruded shapes. Unclad sheet
was demanded hecause the action of cladding material might have
been indeterminate; in 24ST alloy sheet the demand is normally
for cladding, so this also may have been a factor in the delay.
All long elements were cut to size in the mill and conformed

in all respects to cur requirements when finally delivered.

Fabprication. Machine-shop accuracy, rather than sheet-
metal-shop practice, was maintained throughout, and as a result
no spoilage occurred. All holes were drilled from steel templates
fitted with hardened bushings. Since most connections depended
upon frietion, hole diameters were made .C{2=in. to .003-in.
oversize. All matching elements were drilled together, great
care being taken to avoid any lateral or fore-and-aft dissymme-

tries or bullt-in warpages. ;

Assembly. The illustrations in Appendix 5 show the basic
constructions of the model. Examination will show that there
were only two lines of blind fastenings: the attachment be-
tween floors or bulkheads and the phantom deck, and that be-
tween the partial bulkheads and the top deck. These were

accomplished by riveting on a "gang" strip with fine-threaded
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holes for screws to be attached from the top. Assembly was

a straightforward operation. Nuts were run up to within a
few inch-pounds of the desired torque by automatic nut runner,
the final desired torque being applied by hand torque wrench.
There were approximately 8000 fasteners in the final hull
assembly, including the main deck. The model showed complete
rigidity, even with main deck uncovered, and no built-in

L _J
warpage or other stress condition was discernible.
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IV. TEST TECHNIQUES

This section deals with the main testing of the structual

model. In sequence, the following tests were performed:
TEST SIZE OF HOUSE SUPPORTS ee Table IV
NO. inche (in addition to from from
LENGTH HEIGHT standard beams)  theoret-  experi-
iecal mental
stiffness stiffness
1 ——- --—-  bare-hull test -—— -——
2 160 6 none 1.41* 2.36
3 160 6 outsize deck beams, 2.06% 2,58
spaced 1% in.
4 160 6 3 Bhds., 1020 in. thick-~- 3.59 2.79*
one at each end of house
and one amidship
160 7.5 none 1.32% 2.21
160 7.5 5 Bhds., .O40 in. thick-- 4%.73 3.10%
one at each end of house,
one amidship, one 32 in.
fwd. and one 32 in. aft
of amidship
7 160 7.5 5 Bhds., .O40 in. thick-- 4,73 3.10%*
one at each end of house,
one amidship, one 16 in,
fwd. and one 16 in. aft of
amidship
8 30 7:5 none 0.66% 1.10
9 80 7.5 7 Bhds., .O40 in. thick-- 2,98 1.87
one amidship, and pairs
16 in., 32 in., and 48 in. 1.82%
from amidship
10 160 7.5 2 Bhds., .O40 in. thick, 3.36 2.53%
one at each end of house
11 ——— ---  bare-hull test —- -

*Preferred values--see

"Stiffness Tests", Appendix 1,
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The bare-hull test (test No. 1)lﬁrovided a run-in of the
test program, and, together with a concluding bare-hull test,
a check of overall drift of model and instruments. The model
was loaded at all times for tension on top, since this region
was not designed against compressive instability; but the model
was loaded and unloaded several times before any reported data
were taken. Strain readings were checked at random for repeti-
tion before the first actual test. |

Virtually all major tests were made during the evening,
when electrical disturbances, vibration, and other disturbances
were minimized, and thermal conditions were steadier. No test
lasted more than ten hours--seven hours being the average dura-
tion. Temperature was measured before and after each test.
The first readings were always made after a small load was ap-
plied; this set was taken as "zero". The standard maximum
bending moment was 720,000 in-1b. This was arrived at in four
increments of load of about 180,000 in-l1b. each The model
would then be unloaded to a bending moment of about 360,000
in-1b and thence to the original zero. At each step, readings
of all gages were taken, and differences were observed for an
on-the-spot linearity check., The loadings for the various
tests did not exactly correspond, for it was the practice not
to back off any load on the way up. For each reading it was

necessary to double check switch point and switeh bank, which
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were coded for recording the raw data--both active gage read-
ings and those of the associated dummy gages. Dynamometer
readings were taken before and after the other gage readings
on each load increment. The model was observed closely as
the load was slowly taken up toward the maximum for any

sign of shear instability in the house end region, as well
as in the critical, combined-stress area in the lower slde
panels of the main hull. No sign of either shear or com-
pressive instability was observed.

Changes between tests constituted a vital part of the
program. The time for change varied from one to three work-
ing days, depending upon the extent. The distribution panel
(Fig. 75) was a great help for house changes. It was found
that deck stiffness changes could be made without unwiring;
leads were kept slack, and the deck was pivoted on the edge
ad jacent to the panel. Naturally, rebolting practice fol-
lowed the same rules as in the basic model construction with

all final torques being applied by torque wrench.
V. DISCUSSION

Midship Stregses. The nine basic tests are reporfed on
Figs. 8-16. In discussing these, attention is invited to the
difference between stresses predicted on the bases of experimen-~

tally estimated stiffness (o‘.«:x ) and theoretical stiffness
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(03 ). Both of these are pertinent to the main objectives

of the contract, but tpe'authors,favor<$g for the tests with
bulkheads and o5 for tests without. The reasbns for preference
are brought out in th? discussicn of the deck stiffness tests,
Appendix 1.

In all tests the stress dis@ribﬁtion lines, as determined
from measured strains, show a discontinuity at the main deck,
In Fig. 8, for example, fairing was guided byithe following
evidence:

(a) The consistency of the gages below the main deck

virtually determined the deck intercept.

(b) The readings of the four gages on the house
indicated a house stress line having a lower
intercept at the main decko

(¢) The spread between gages 13 and 16, on centerline,
can be attributed te¢ deck bending--a phenomenon
explained by Bleich. Their median pcint, taken as
the sheet-membrane (mid-plane) stress, indicates
deck lag.

(d) Gage 15 was erratic in most tests, ;o little re-
liance is placed in its readings.

Although there was no net vertical shear force in the model

as a whole between load points, shear stresseg mist be present

in the deck to transfer the load from hull to house. (See plots
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of longitudinal shear in the house, Figs. 40-42), Local shear
distortion demands for compatibility a variation in strain
across the deck. This may explain the apparent shear lag be-
tween hull side and house side.

Fig. 8 shows the midship results of test No. 2, the long,
low house with standard deck beams only. Correlation between
measured strains andcngis extremely good. Diminishing
stresses toward the housetop are unmistakable. Predictions
based on experimentally determined stiffness ( Ox ) were too
high, but it is believed that this stiffness was not a true
measure of the deck action. We can conclude, then, that
test No. 2 is a good check of the theory.

Midship stresses for test No. 3, with long, low house
supported by outsize beams, are reported on Fig. 9. Stresses
at the housetop were much lower than predicted values, both
Sy and oo » Although there was agreement between experimental
and calculated stiffness for the outsize beams, when the stiff-
ness of the standard beams was added, different stress values
were obtained. As for test No. 2 then, O7- is preferred.
Deviation from theory is still considerable, and this has not
been satisfactorily explained.

Test No. W is reported on Fig. 10. The effect of even
three bulkheads is very pronounced. More than "full participa-

tion" of the long, low house is clear. The midship stresses
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even exceeded those predicted by theory. The measured stiffness
of bulkheads was less than that calculated, but this faet did
not affect the deviation factory § , which is rather insensitive
to changes in values of 7L greater than 3. (See Fig. 17.)

Test No, 5 results, plotted on Fig. 11, show a pattern very
similar to that of test No. 2, as should be expected with the
long, but higher house, with standard deck beams. Again, o=
agreed closely with experiment, and o, was far too high for top-
of-house stresses.

Test No., 6 was performed with the long, high house with
five rather evenly spaced bulkheads. In this case the experi-
mental values (Fig. 12) were slightly less than those predicted,
both ¢« and Cou o

Test No. 7, reported on Fig. 13, was run with the same
nominal foundation stiffness as test No. 6, but with the three
central bulkheads more concenirated., In this test the increase
in midship stress at the top of the house was somewhat more
pronounced than in test No. 6.

Test No. 8, for which the midship stresses are reported
on Fig. i, was one of two run with the short, high house--
this one with standard deck beams only. Theory and experiment
are in very close agreement. Test No. 8 represented the lowest
value of & for the program. (As shown in Fig. 17, the curve

of § flattens out as w approaches zero.)




Test No. 9 (Fig. 15), was performed on the short house
with seven rather uniformly spaced bulkheads. Here the com-.
pletely theoretical predietion ( &r ) was far in excess of
experiment; even the preferred prediction, based on experi-
mental stiffness, was too high,

Test No. 10 (Fig. 16) repeated test No. 7 but with only
the end bulkheads. Constant stress appeared to prevail in
the house. "Predicted" stress for the housetop was much
higher, but foundation conditions did not even remotely ap=-
proximate the theoretical uniform stiffness. The two rigid
members could exert a bending moment on the house only by
acting in conjunction with the standard deck beams in be~-
tween. Hence it is not surprising that test No. 10 results
fall roughly midway between those of test No. 5 on the one
hand, and tests No. 6 and No. 7 on the other.

Deviation Fagtor. The equation of the Bleich theory can

be rewritten as follows:

oAT

P =

If we assume that the value of ac is correct, it is possible
to determine "experimental" values of ¢ , taking for o the
experimental stresses at top of house. On Fig. 17, two sets
of such values have been plotted against W 4 together with

the theoretical curve of ¢ . One set of points represents
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the nine experiments of thé program with w determined from the
calculated values of K, while the other set is based upon the
experimental K values. For reasons discussed in Appendix 1,
less confidence is placed in the experimental stiffness of

the standard deck beam array than in its calculated stiffness,
whereas for bulkheads the reverse is true. In all cases the
lower value of K, and hence of W , is considered more accurate.
Test No. 10, with bulkheads only at the ends, is obviously un-
fair to the theory. With these reservations we find exceedingly
good correlation with theory at low values of Z¢ ; where the
foundation is uniform (tests No. 2, No. 5, and No. 8). Com-
parison of tests No. 2 and No. 5 shows that moderate changes
in house section properties had little effect on results-=in
acecord with theory.

It will be noted that test No. 3 (long house with outsize
deck beams) and test No. 9 {short house with numerous bulkheads)
lie close to each other (Fig. 17) but somewhat to the right of
the theoretical curve. Test No. 9 was the only one in which
the house ends landed between bulkheads. Lack of rigidity at
these critical points may have caused the house to act as
though K were reduced. This suggests a need for further study
of the averaging process for determining the foundation
modulus, K.

With a long house and increased bulkheading, as in test
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No. 6, conformance with theory is shown to be rather good.
For such cases the determination of K is a less critical
factor. It will be noted that the theory predicts negative
values of & . This means "extra stressing" of the upper
elements of the structure, even when the deck is uniformly
stiffened, The only tests which actually show "extra
stresses'" are those where bulkheading provided essentially
three-point support (i.e., tests No. % and No. 7). TFigs. 36

and 37 show that these "extra stresses" were quite localized.

Deflectiong. Deflections are reported on Figs. 18--26,
Their patterns secem entirely consistent with the midship
stress patterns discussed above., In particular, the separate
bending of house and hull is manifest. Tests No. 2 and No. 5,
with long houses resting on standard deck beams only, show strong
counter flexure of the house. Test No. 3, with outsize deck
beams,; shows a considerably diminished counter flexure, as does
test No. 8, with the short house on a flexible foundation,
The flat deflection pattern of test No. 9 is consistent with
the constant stress pattern observed amidship. Test No. 9 also
shows that even the presence of numerous bulkheads cannot force
deflection compliance with the main hull although the unexpected
slackness of these bulkheads may have been in part responsible
for this. The same flat pattern is obvious in test No. 10,

with the long house and end bulkheads only, but the end deflection
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of the house more nearly coincides with that of the main hull.
Test No. 6, with uniformly spaced bulkheads under a long house,
shows very close conformance between house and hull, as might
be expected, while tests No. 4 and No. 7, with greater con-
centration of bulkheading amidship, show more distorted house
deflection patterns, with increased curvature amidship. The
slight knueckle in the main hull deflection line just forward
of the house end in certain tests is believed to be real since
it was indicated by symmetrical gages and repeated in similar

tests,

Longitudinal Variation of Stress. The deviation factor,

$s as a function of distance from amidships, is shown in

Fig. 10 of Reference 4 for values of w as follows: 1.0, 1.8k,
4,0, and 6.0, Using factors for the midship station as a basis
for interpolation; § values were estimated for stations along
the house. Approximate theoretical house-top stresses for
tests No. 2 and No. 6 were computed apd plotted on Figs. 36
and 37. Examination of Fig. 36 reveals very close correlation
between the predicted and experimental curves for test No. 2,
for the whole length of the house except at the extréme ends.
Test No. 6 shows lower stresses amidship than expected, but

the general pattern of stresses seems to be consistent with
theory along the whole length of the house. The zone of

relative effectiveness of the house was approximately the same
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as that predicted by theory.

Longitgdihal Shear Stregs. As inferred from most theoret-
ical work, inecluding the Bleich report(h) it was expected that
with constant bending moment on the whole house the shear
stresses would peak to extremely high values at the ends of
the house-hull connections., Strain measurements were taken
1 1/% in. above the main deck, which was the closest that it
was feasible to place gages. Longitudinal shear stresses were
computed by the formulas

Tyy = G [(el * €3) - 2&2]
where €45 €55 and 63 are strains in the longitudinal, &5°,
and vertical directions, respectively. The results of these
measurements are reported on Figs. 40--42, It will be noted
that none of these plots shows more than a gentle rise at the
ends except possibly for test No. 7. (The curve for test
No. 9 actually shows a sharp reduction at the extreme ends.)
To a degree this may be due to the fact that it was impossible
to take readings exactly at the intersection between house and
hull; also, it may be partially due to the difference between
bolted and welded'connections. In the Bleich theory, 1t is
presumed that the 1éngitudinal shear at the connection when
there is no vertical support will be highly concentrated at

" the ends. However, it should be noted that equation(r)of the
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Appendix to Reference 4 expresses the shear stress as followss

showing shear to be dependent on the third derivative of the
house deflection. Now if we examine the longitudinal varia-
tion of housetop stresses, we notice that the curves tend to
flatten out toward the-éndsa This 1mp1ies that the rate of
change of house curvature is rather low at the ends. Thus,
low shear is consistent with the above formila.* It might be
pointed out that neither the Alcoa model tests(g) nor the
"President Wilson" data showed any sharp peaking of shear
stresses. Thus, as might be expected, the actual shear stress
seems a function of the zone of effectiveness of beam action--
which 1s a matter not covered by the present theoretical treat-
ments. A detailed study of end conditions is recommended as

a separate study. (See Section VII.)

Qverall Stregs Patterns. Figs. 27--35 are plots of fore-
and-aft distribution of stresses in the bottom, main deck, and

top deck of the model. These should be considered as indicative

of trends, whereas Figs. 36-<38 show more exaggerated, faired

*Also, since loading was close to the house ends, the
bending moment was hardly developed in this locality, and
this may have contributed to the apparent action.
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plots of the housetop stresses only. Both sets show that the
stresses were fairly constant over the midship half-length of
the long houses. Exceptions to this were tests where bulk-
heads were concentrated amidship. In the short house, even
when heavily bulkheaded, the top-of-house stress diminished
very rapidly from the midship value.

A rise in main~deck stresses toward the house ends is
generally discernible. It might be expected that this trend
would be more pronounced. However, in the region adjacent
to the load points, hull stresses did not vary linearly
with distance from the neutral axis. A greater share of the
bending moment was carried by the hull sides, with a cor-
responding reduction in main deck stresses. This tendency
is clearly shown in the bare hull tests, reported in
Appendix 1. (See Fig. 71.) In the tests with houses, it
may have counteracted, to some extent, the gradual loss of
house participation. On shipboard, of course, the total
bending moment itself tends to fade toward the house ends,
and therefore, for different reasons, a large increase in

main deck stresses fore-and-aft would not be expected.

Shear lag and Deck Bending. The strains for the main

deck, for the entire test program, show a very complex
pattern. Most other strains show a rather regular pattern.

It is believed that the irregularity at the main deck is not
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accidental. There seems to be a definite pattern of performance,

but the exact nature of this aetion has not been satisfactorily
explained. OSome shear lag in the main deck is shown for the
tests with houses. This can be inferred from the house and
hull side stress distribution, as well as from gages placed on

and under the deck. With the complex shear pattern across the

deck, together with shear transfer from hull to house (even with

constant bending moment), it would be indeed difficult to cal-
culate the exact extent of lag. There i1s also clear evidence
of the effects of plate bending in the deck--likewise of a

rather complex order.

Principal Stress Patterng. Figs. 43 to 51 show the magni-

tudes and directions of principal stresses derived from rosette
data. Most of these gages were located in the end zones of the
houses or just above the house=-hull connecting angles. Their
performance was somewhat irregular. The program was not aimed
at investigating the two-dimensional stress distribution in
the end area, and consequently, the model was not instrumented
sufficiently to plot stress contours. However, the following
statements can be made:
(a) Vertical stresses in the long houses were higher
along the connection lines for the tests with only
standard deck beam support (tests No. 2 and No. 5).
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(b) The trend of vertical stresses for most tests
was toward high values at the ends, reduced
stresses in the house quarter-length region,
increasing again amidship.

(c) With bulkheads below, vertical shear connections
tended to reduce the vertical stresses in the houses
along the connection lines.

(d) In test No. %, with bulkheads amidship and at ends
only, considerable longitudinal tensile stresses
were built up at the house ends.

(e) The distribution of principal stresses at the house
ends shows sharp fluctuations and even reversals
with rather localized, high compression, and ten-

sion values.

XI., CONCLUSIONS

It is believed that the theory proposed by Dr. Bleich is
inherently valid for cases of quite uniform foundation modulus
(as presumed by Bleich). Three tests, Nos. 2, 5, and 8, were
run with standard deck beams (i.e., cases of almost constant
deck stiffness). All these tests were in the relatively sensi-
tive regions encompassed by the Bleich theory. All correlated
well with theoretical predictions. Three houses are represented

by these three tests, a long, low housej a long, high house,
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and a short, high house.

Furthermore, as Bleich predicted, a long house with
numerous well connected and stiff transverse bulkheads below
can be expected to participate with virtually 100 per cent
of the strains predicted by the Navier theory in approximately
its midship half-length. This is suggested by the results of
tests Nos. 6 and 7.

For long houses with relatively flexible support furnish-
ed by moderately spaced web frames or bulkheads (i.e., the
sensitive region of the Bleich theory) there is some question
on the averaging process suggested in the Bleich report, even
when more than five major supports are present. Test No. 3,
with outsize deck beams at 1li-in. centers, testifies to this,

Short houses with rigid framing below appear also to lie
in the sensitive region of the Bleich theory when the proper-
ties are calculated, and here again a question is raised in
the application of the theory--at least with regard to the
method of estimating the stiffness value, K. Test No. 9
illustrates this difficulty.

To be added to this evidence are the analytical efforts,
made during the course of this program, at estimating stiff-
ness of deck foundation for the "President Wilson™ and at

correlation of the Bleich theory with the results of tests on
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that vessel. Under none of four overlapping assumptions for
computation of K could correlation be achieved.

It appears that the underlying action of deckhouse and
hull has been explained by the theory. Furthermore, the
"pure" theory (i.e., with virtually constant foundation stiff=-
ﬁess)-is apparently correct mathematically. The exceptions to
the extended application of the theory stated in the preceding
paragraphs should, in the first place, be taken as tentative,
since the test program was not sufficiently extensive for full
exploration. In the second place, logic suggests that the
exceptions center on just what is the effective measure of K
under these various circumstances. In Reference 4% the hope
was expressed that with five or more bulkheads, under most
conditions, a fair estimate of K could be made by computing
the stiffness of the prominent supports and dividing by the
spacing of these supports. Bleich hoped, it seems, that a
constant K could be so derived for the vessels described by
this program and applied in the full theory for fairly
accurate prediction. Evidence so far produced does not sup-
port this extension.

As to the techniques used in the test program reported
here, the writers are quite satisfied on the whole. It was
found that, with the convenient addition or removal of rather

small sheet metal members on a single base model, radically
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different overall stress patterns were to be found. In some
cases these were of the type observed on shipboard. Model
testing 1s deemed to be a useful tool in estimating overall
stress distributions under various major design practices.

The model is not a tool for examination of detail de-
sign features; it was not so designed. For simulating
various conditions of underhouse support, the outsize deck-
beam technique is probably superior to the partial bulkheads
also used during the program--both in simplicity and predict-
ability. It appears that the entire interesting range of
stiffness could be further explored by this technique.

The algebraic presentation of Reference 4 should not be
taken as exhaustive of the theory itself. It represents a
simplification of conditions whilch is quite consistent with a
preliminary presentation, and provides a guide for pilot
testing. With improved understanding of the effect of more
realistic foundation conditions, there is no reason now to
believe that algebraic applications of the intrinsic theory
cannot be refined to correct the difficulties so far exposed.
"Side~by-side" model testing should make such refinement
most efficient and meaningful.

Conclusions as to practice in ship design are somewhat
outside the scope of this program. It may be said that even

overall numerical calculations for actual vessels would be
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questionable for the present. This condition may not persist
with improvements in understanding suggested above and in the
next section. Qualitative effects for certain vessels may be
predicted; for example, the likelihood of more or less con-
stant stress conditions in vessels with short houses with
heavy framing, or (from test No. 4) the possibility of semilocal-
ized stresses higher than the Navier stresses in vessels with
long houses and a concentration of underhouse framing (say,
machinery room casings) in the midship region. The relatively
high longitudinal and vertical stresses measured at the house
ends seem to support the generally held opinion that special

reinforcement in these areas is advisable.

XII. RECOMMENDATIONS FOR FURTHER STUDY

The structural actlion of house and hull is a complex, three-
dimensional phenomenon. Nine tests are rather few for thorough
examination, and certain distinct questions remain. It is be=~
lieved that the intrinsic theory has been shown to be valid,
and that there is Justification for pursuing the matter further.
This work would breed increasing insight into real ship problems
even if the numerical determination of shipboard stiffness has
not yet been finally resolved.

These remarks point to the following needs:

(a) More model tests aimed at determining correct

stiffness formulations. (This should include
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(e)

(@)

(e)
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more elahorate stiffness tests than possible in
this program.) OQutsize deck beam technique might
prove most useful.
Application of parabolic bending moment to present
model.
Further analytical study of problem, including:
(i) Effect of singularities (i.e., isolated
bulkheads)
(i1) Inclusion of variable I (for instance, by
finite difference method);

(1iii) Inclusion of hull shear stiffness effect;

(iv) Variable foundation modulus.
Coordinated Full-Size Ship Tests, Apalysis, and Model
Tests
It is believed that the present model could be arranged
to show gverall structural patterns simulating actual
vessels. A three-way program which would include
close examination of ship’s foundation stiffness and
examination of ship test results matched against model
findings would be significant.
Experimental study of specifie practices used aboard
ship:s

(1) Use of expansion joints;
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(11) House-end practices--shear reinforcement,
underdeck holddown structure, etc.
(f) Study of short erections:
(1) Theoretical treatment of stress-field
problems
(ii) Special welded specimen testsgj*
(111) Short erections on present 20 ft-0 in.
model;

(iv) Photoelastic tests.
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APPENDIX 1
AUXILIARY TESTS |
Fasteners. A series of tests was run eagly in the course
of the project in order to determine the effectiveness of bolted
connections accomplished with relatively high wrenching torque.

These tests, which were reported in some detail in a special

report to the Project Advisory Committee, are described below.

(a) Specipen Description. The specimens were made
of 24ST aluminum clad strips, 2 in. wide, 0.051 in. thick,
and sufficiently long to take the prescribed number of
bolts &t the given spacing. Oversized holes were match-
drilled to insure definite clearance for the bolts. Two
sizes of steel bolts were used, No. 10-32 and 1/4-28, with
aluminum washers. To assure a friction bonnection? con=-
siderable care was exercised to see that the tightened bolts
did not bear on the aluminum strips. End clamps were fixed
to the specimens, allowing the use of vefy simple pin con=-
nections for placing the elements in the test machine.

The majority of the tests were conducted with

elther one or three bolts. When three b&lts were used,
all were tightened to the same specified:torqueo Various
wrenching torques were used on each size bolt to bracket
what was felt to be a usable value. This was governed to
some extent by actually torque=loading a 'group of bolts

to failure.,
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(b) Eguipment. A small, hydraulically operated
tensile test machine was used to apply the load, which
was measured indirectly by strain gages fixed to a stand=-
ard tensile specimen. The strain, which is proportional
to load, was recorded by a Brush, Model BL 302, Strain
Amplifier and Recorder. In addition to providing a
permanent record, this showed the inception of appreciable
slip. The relative displacement of two reference points,
approximately 16 in. apart, was measured with a machinist's
telescope gage. The wrenching torque was applied by a
0=300 in-1b capacity torque wrench. A universal-type link-
age was lincorporated in the system to assure axial loading
of the specimens. Fig. 52 will give the reader a more de-
tailed impression of the test apparatus.

The strain-load curves were checked with a hydrau-
lic gage attached to the loading jack. The combination of
Jack and hydraulic gage was taken to the National Bureau
of Standards for calibration. (See Fig., 53.)

(¢) Results of Tests.

Torgue-Failure Tests. Five bolts of each size

were tightened to failure., The failure torques and types

of failure were as follows:
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Bolt Size 10-32 Bolt Size 1/4-28
Trial Torque Type Trial Torque Type
No. Req'd of No. Req'd of
for Failure for Failure
Failure i Failure
in. 1bs in. 1bs
1 80 Bolt threads 1 235 Bolt sheared
2 85 Bolt threads 2 300 Bolt threads
3 80 Bolt threads 3 235 Bolt sheared
L 80 Bolt threads b 200 Bolt threads
5 85 Bolt threads 5 230 Bolt threads
Slippage Tests. The results of eight representa-

tive tests are reproduced, in small scale for convenience,
in Figs. 54%=61. The sloping straight line on each graph
represents the estimated elastic elongation line for the
16=in. gage length used.

'~ The specimen number gives the pertinent informa-
tion for each test in the following way: the first number
is the number of bolts; the second is the bolt size; the
letter distinguishes individual, similar‘Specimens; and
the last number is the torque in inch-pounds.

Examination of the area surrounding the bolt hole

after test showed no sign of damaging scores on the sheets;
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however, in some cases the aluminum washers were unsuit-
able for further use. Other tests (not reported here)
were run but were not carried through to a condition of
bolt bearing on sheet,

(d) Analysis and Conclusions. A general conclusion
that can be drawn from the slippage tests is that the
clamping action produced by high-torque bolts (in sheet
metal) yields a rigid type joint for certain load ranges.
Slip appears to be a Myield type" action, occurring after
rather complete elastic performance.

For the majority of tests reported, torques were
modest and the "rigid range" showed some considerable
variation, but the influence of high torque is clear from
Fig. 59. With 2-1/% in. ‘bolts wrenched up to 200 in-I1bs,
elastic performance continued until the loading reached
about 1000 1bs. per bolt. For 1/4-in. bolts torqued to
125 in-1bs, a conservative estimate of lcoad at slip incep-
tion is 400 1bs., per bolt.

In order to assess the meaning of these tests to
the major program, the maximum shear flows for the model
were computed. For tentatively assigned pitches (and bolt
diameters) individual bolt loads could then be compared
to the slippage test results.

The connection between the deck and top side

angle will serve as an example of a major interchangeable
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connection. At this location static moment, § = 14.3
inﬂ3; moment of inertia, I = 1653 inou; and total shear,
V = 20,000 1bs. {(for bare-hull test)., Unit shear,

4o = VQ/2I = 20,000 x 1%.3/2 x 1653 = 86,5 1b/in.

For bolt spacing of two in., bolt load, Py =
2 x 8605 = 173 1bs. One-fourth-in. bolts with 200 in-1bs
torque were used, giving a factor of safety of 1000/173 = 5.8.

It was concluded that high-torque bolts would
assure, for almost all fastening lines, sufficient joint
rigidity for proper simulation of shipboard shear action.
However, it was decided to use fitted bolts for two major,
not usually interchanged fastening lines--those between
the upper and lower angles and the hull side. While even
here friction type fastenings would probably have held,
this precaution is believed to have been wise.

The house end attachment offered a special fasten-
er problem. Present ship design practice usually provides
for a high order of rigidity, both in shear structure and
in vertical support. The current superstructure theories
do not cover this actlon, but generalized theory suggests
high longitudinal shears. Therefore, bolt spacing at the
house ends, for a region of approximately three times the
height of house, was closed up to the minimum spacing for

1/4%-in. bolts (125,000 1b. ToSo)s
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In certain cases inter-bolt buckling of sheet,
rather than fastener strength, provided the criterion

for pitch.

Stiffness Iests. The purpose of these tests was to obtain
some measure of the stiffness, under actual test conditions, of
model and house. These tests were not performed until after
the main program, due to the long delay in model fabrication
and the need for adherence to schedule., Unfortunately, time
and contract resources permitted only the limited tests reported
here, ©Since underdeck stiffness is a dominating parameter in
the Bleich theory, a more elaborate program is needed for ade-
quate evaluation of the averaging procedure used.

Fig., 62 is a photograph of the adjustable loading bar and
dynamometer used for deck stiffness testing. Load was measured
by double strain gages on the small dynamometers. Differential
deflection between house side connection and hull side was
measured by dial gages.

In each test a load was applied simultaneously on each side
of the model. 1In the case of tests on deck beams--both standard
and outsizge-=vertical "up loads" were applied through temporary
eye bolts attached through the deck and beams. When the stiff-
ness of a transverse bulkhead was tested, loads were applied
to the fore-and-aft legs of the inboard bulkhead angles, which

had been cut off at the main deck. Loads were also applied
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between deck beams and at deck beams adjacent to bulkheads.

Results are plotted in Figs. 63=-=65. Principal findings of

these tests were:

(a)

(b)

(e)

Under concentrated load, the stiffness of a standard
deck beam was higher by a factor of about elght than
that predicted for a simply supported beam. This,
however, deserves qualification. Fore-and-aft bend-
ing rigidity of the deck sheet undoubtedly contributed
greatly to the apparent stiffness. With lcad distri-
buted fore and aft, sheet bending would be minimized,
and the assumption of simple bending of the deck as a
series of beams appears justified. In the overall
action of model hull and house, with standard deck
beams only, there was excellent correlation between
measured strains and stresses predicted from Bleich's
theory on the basis of computed stiffness. |
There was no discernible difference hetween stiffness
weasured under loads directly on 2 beam and stiffness
measured between beams. This supports the conclusion
that the load was distributed among several beams by
the deck sheet.

The stiffness of outsigze deck beams gcorrelated almost
exactly with that predic¢ted. The preponderant lateral

stiffness of these beams overshadowed the effects of




(d)

(e)
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fore-and=-aft stiffness of the deck sheet.

The stiffnesses of both the 0.020 and 0.040 bulkheads
were lower by a factor of about six than those pre-

dicted on the basis of single shear for each partial
bulkhead .

Qualitative, separate tests made upon these bulkheads
showed some indication of interbolt buckling at the
loads corresponding to the stiffness tests. Also,
dial gages placed across the step between house and
hull sides indicated some deflection across the bend
radii of the bulkhead's flanges. Deck shear tended
to stiffen the action only after some initial bending.
The blind threaded connections at main and phantom
decks may have contributed to some "slop" in the
shearing action. However, high as this factor of
error is, the full-scale tests correlated with theory
rather well. The factor, 7z¢ , depends upon only the
fourth root of the stiffness. Moreover, the curve
of § is rather flat in the range of %t corresponding
to most of the tests with bulkheads as supports.

(See Fig. 17.)

Stiffness of deck and beams adiacent fo partial
transverge bulkheads or outsize deck beams decreased
very rapidly 1o approximately the value for deck
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and standard deck beams alone. This was not unexpected.

It had been previously felt that the existence of a

bulkhead constituted a very singular situation.

Bare Hull Iests. Midship distribution of longitudinal
stresses shown by Figs. 66 and 67 correlate well with simple
beam theory. Fig. 70 shows longitudinal variation of primary
stresses for main deck and bottomy, matched against theory. It
is well known that the stress distribution cannot possess the
sharp knuckle predicted by simple theory; and the rounding off
near the load points conforms with findings of similar tests.
It is gratifying to note, on these figures, that fixity at
the ends was reduced to almost zero. Figs. 68-69 illustrate
the deflection for both bare hull tests, and show good cor-
relation with the theoretical. Fig. 71 shows stress distribu-
tion at station 76, near a load point, and emphasizes the non-
linear distribution which must exist in this region. On both
bare hull tests it will be noted that there was considerable
spread in the gage readings for the main deck. In view of the
consistency of gage readings elsewhere, and since very similar

trends can be detected at stations 20 and 36 for these tests,

this spread is believed to be more than coincidental. However,

it cannot be definitely established that it was due to shear
lag, since in both tests 1 and 11 the faired stress line more

or less bisects the stress points No. 13 and No. 16, which
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are the inside and outside gages on the centerline. It would
appear that some bending, in the deck plating, rather than
shear lag, occurred even in the bare hull tests. For these
tests the reason for this is not clear; the Bleich theory

explains it in the case of tests with houses attached.

APPENDIX 2
TEST RIG DESIGN AND CONSTRUCTION

At the outset of the test program it had been hoped that
the two-story framing arrangement of the main laboratory build-
ing of Reed Research Inc. might form the basis of a test rig.
However, it was soon decided that a self-contained frame would
be necessary. A rig with two longitudinally disposed trusses
was settled upon. Fig. 72 indicates the method of construction.
It will be noted that constant bending moment was applied to
the model by two fore-and-aft box beams pivoted at each end of
the truss and loaded by a screw jack at the center. A1l members
of the equalizer system were pinned and well balanced. Toler-
ances in the construction of the test rig were kept to 1/16=in.:
240 in., or better, and major parts were fabricated in pairs.
No eccentricities resulted, and there were no "out fits" in
either truss, Symmetry of loading was thus achieved, as dis-
cussed in Appendix 3. The special stiffness test rig has been
described in Appendix 1.
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APPENDIX 3
INSTRUMENTATION
The principal instruments used in the tests were SR-L4
type electrical resistance strain gages and dial deflection
gages. The major objective of the project, a cheék of the
theory formulated by Bleich, governed the disposition of the

instruments,

Dynamometers. The loading method has been described in
Appendix 2, It had been planned that the main dynamometer be
of the ring-electrical type. However, this type gage was
unavailable, and a deflection type gage was considered unsat-
isfactory for the purpose. On advice from the David Taylor
Model Basin and the National Bureau of Standards, it was
decided to use a tensile type specimen as a load gage. Drill-
rod steel was used, and carefully machined toc a diameter of
0,619 inch, This load gage was thoroughly calibrated in the
range; 0-=10,000 1lbs., at the National Bureau of Standards.
One SR-4 gage (Model A-1) was cemented on each side of the bar
and rubber-taped for moisture-proofing throughout the program.
These gages were connected in series to eliminate any bending
effects. A piece of the same steel was used for application
of two dummy gages. No difficulty arose in this connection,
as attested by the linearity of virtually all the other strain

gage readings (samples in Figs. 78 and 79), inecluding 16 gages
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on the individual loading bolts which are discussed below,

At each of the four loading points, on the two transverse
yokes, the vertical loading flat bar was attached by two one-
inch diameter bolts. Each of these bolts was fitted with two
SR-k strain gages as a check for symmetry of loading and, in-
cidentally, as a crude check on the main dynamometer. Their
performance was quite reassuring as indicated in the sample,
Table XI. They showed both transverse and longitudinal sym-
metry within about one per cent, and while the bolts were not
intended as dynamometers or machined as such, the apparent
total end load checked the main dynamometer reading within
about three per cent.

The load measurements for slippage and foundation stiff-

ness tests have been described in Appendix 1.

Strain Gages. Fig. 77 shows the location of all elec-
trical strain gages used in the tests. Some of the gages shown
were employed only for particular houses.

All of the gages on the hull and the single-wire gages
on the houses were Baldwin, Model 4-1. Three-wire rosettes
on the houses (designated by the symbol, R, in Fig. 77) were
Baldwin, Model AR-1. Prior to application they were checked
for resistance range. Surfaces in way of gages were cleaned
and roughened and application was made with Duco cement.

Pressure was applied with small, portable clamps, and the
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gages were then moisture-proofed. Aluminum patches were at-
tached to the model adjacent to the active gages and single-
wire dummy gages of the same type were affixed. Approximately
one dummy was used for every three gages., On the inside of
the model one dummy was used for each active gage. Wiring
was run from the model to junctions on a distribution panel
attached to the front truss. Iwo multipoint switches were
used. Each was made up of six banks of twenty-six contacts
each, one being common to all., The points on these gages were
gold-plated after delivery; variations due to variable contact
resistance had been observed before this was done. One of these
switches served the dummy gages, and the other served the active
gages., Wiring was run from the distribution panel to the
switches, which were connected to a Baldwin Type L strain ana-
lyzer. Selection of gage was made by punching appropriate
keys on the seitches, with switch bank number controlled through
a separate plug board. Readings were made by manual balance,
individual readings being possible in 10-20-second intervals.
All electrical equipment was carefully protected against mois-
ture when not in use.

Since the theory is most complete for stresses at the
midship station, with fall-off of stress in the house area

expected fore and aft of this section; a considerable cluster
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of gages was placed amidship. Stations* 20, 36, and 56 were
taken as representative of other stations where the Bleich double-
beam theory should still hold, and sufficient gages were placed
at these locations for full distribution of stresses. Numérous
gages were also placed at station 76 since this was close to

the point of load application., This station and station 36

were selected as useful points to check deck shear lag action.
Longitudinal shearing stresses along the house-hull connecting
line are vital, and a continuous line of rosettes was place

just above the connecting angle. Since the zone of applicability
of the theory is significant, a modest number of rosette gages
were placed on the sides of each house in the end regions in
order to ascertain directions and magnitudes of prinecipal
stresses. Stations 20, 36, and 76 were chosen for sampling of
longitudinal symmetry of stresses. Station 100 was chosen for
check of bottom shear lag. It is felt that there were adequate
checks for transverse symmetry.

Through the entire program it could not be said that any
single gages should be absgolutely disregarded. A very few gages
gave some difficulty as-to general consistency. The instrumenta- '
tion was planned, insofar as possible, to provide more than one
inference as to general trends; occasionally one gage reading

was disregarded because of a gombination of other inferences.

*Stations are identified in inches forward or aft of amid-
shipo.
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The overall performance of the gages is considered to be excel-
lent. TFigs. 78 and 79 show a brief sampling. Checks were made
all during the tests by observing linearity as the loads were
increased. Linearity was the almost universal rule, and
virtually all gages seemed to zero out excellently. Instrument
drift under load was hardly noticeable. The close correlation
between bare hull tests before and after the main program
provides overall assurance of gage reliability. Accuracy of
measured strains is indicated by their close agreement with

simple beam theory.* (See Figs. 66-67.)

Dial Gages. Deflection readings were made during all
tests with Ames Model #282 dial gages. Thirteen gages were
placed along the line of the hull side and ten gages measured
deflections along the line of the house longitudinal bulkhead .
A sufficient number were used to check symmetry. Since there
must obviously be some deflection of the test rig, readings
commenced at station 120--the extreme end. Tables VIII and
IX report these readings. Before each test, the gages were
checked for "stickiness", but no trouble was experienced.
During the bulkhead stiffness tests, a single Sprague Model
#2%(1/10,000) dial gage, of very high accuracy, was used to
check against bulkhead deflections measured by the other

instruments.

o
*Based on E = 10.6 x 106 per sq. in., as recommended
by ALCOA for both 24ST and 14ST aluminum alloy.
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APPENDIX 4
NOTATION GCHART and THEORETICAL SUMMARY
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FUNODAMENTAL REQUIREMENTS
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Tamies 71 (e, D)

MAXIMUM STEECSES - HULL .
E = 10.6 x 10° 1ve/1n?

Moment x 107 in# 728.5 | 7200 | ms.0 ] 7.0 | 721.0 | 730.0 | 72000 | 72805 | 7370 | 230 | 727.5
IDENTIFICATION Gage Test Test Test Test Test Test Test Test Test Tast Test
No. 1 2 3 4 5 6 7 8 9 10 1t
Loed Bar 87 866 850 867 867 878 866 876 886 €7 875
{L-76) (2~1/2p) {bott) % + 965 [+ 806 |+ 901  }+ 842 |+ 962 1+953 |+ 9ol 41018 |+ 92z | +1s9 |+ 965
{L-36}{2-1/2B) (bott) 22 +4653 | #4375 [ 44452 [ 44304 | +4452 [ +4388 [ +4367 [ +4e31 142547 | san73 | 42643
(&) (2-2/2F) (bot 1) 1 —4791 | -4632 | 4675 | ~4457 | -4579 | -4558 [ -4505 | -4738 [ o479 | -444d | 4918
B} (25F) {bott) 2 =4B55 | ~4632 | -4683 | 4367 | 4643 | <4547 [ -4420 | -4738 | 4696 | —4346 | -i97L
L) (2-2/28) (batt) 3 ~4918 -471;?ﬁ_-5823 4463 | 4706 | 4622 | 4537 1 -4759 | 4844 ) 4356, | -5066
£) (158) {bott) 4 | 5056 |-4802 | -A7OL | -4558 | -48lz  {-s664 | -4€23 | —umas ) -asss | 4537 | 5205
(R-20){2-1/28) (bott) 46 | 4600 | -Ad04  joag9s | oM76 | ~idlo  f-4378 [ -4346 | -4k9s | 4558 | —4z19 | me
| (R-36) (2-1/B) (bott) 23 | ~4A94 1=hhA) L -A335 | —4kl9 | -4346 | 4346 | =4efz | <4367 ~£537 | —i08L_ | -i6z2
{(R-56) (2-1/28} {bott ) bh_ 3 4505 | -5385 |57 § 4272 ) -4367 4359 4367 | 43 | =4590 | —4187 | 422
B~76) (2~1/2B) (bott) 7 =3964 ] -3933 |-2986 | -3e80 f-3858 |-389¢ [-3900 {-sagn | -zou8 | 667 | oiom
{R~100) {158} (bott) 103 ~2385 | -3519 1-2608 | -24B0 | -2396 | -2555 |-2364 | -2330 { -2523 | -2312 | 2544
(R-100) (2F} (bott) 104 —_ _— — §-3010 | — ) —  1-2099 |-20e5 | -2226 | 1972 | 2258
(R-100) (6F) (bott) 105 -2247 | -2323 | -2uré | <2056 | -2167_ | ~e268 | -ziv3 | zyes f zmus | -cise | 2396
{R-100) (10F) { bott) 106 -2459 | -2502 | -2438 | -2396 | 2480 | -2639 ) -2343 | -233z | 2490 | —z33e | 2544
(R-200) (15F) { bot ) 107 ~2470 | -2703  }-2523 {2581 | -2703 | -2788 | -2555 | -2470 | -2608 | -239%6 | -2692
{R-114) (2-1/2B) ( bott) 108 - 488 |- 541 137 | -39 [-456 | -413 |-392 [-382 }-424 |-329 |- 509
{£) (Front}{1-3/4 1) 5 -3700 {-3582 | -3646 1 -3339 | -3546 | -23498 | -3434 1t -3615 | -3625 | -3371 -382'?j
(&) (Front){7-1/2 U) 6 ~li42 | -1526 | -1452 4 <1442 [ -1399 | -84 ) -la63 | -1463 | <1442 | -1399 | cas3v
&) (Front) {18-1/2 1) 7 +3166 | #2555  1+2608 | 42342 [ +eBR) | 42470 [ 42523 | ve0957 | 42873 | 42629 | +3021
(L-76) {Front){7-1/2 1) 78 <2300 |-2459 l-2z90 |-2352 |-2e11 |-23m {-2332 1 .oose | 2ss2 | cem ) osoe
(1L-36) (Front) (18-1/2 U) 24 3074 [ +2597  [+2235 | #2512 | +297¢ L+ <576 | +2623 | 4303« } 4303z | +2756 | +3032
(I-20) {(Front) (7-1/28) | 47 =145z | -1632 1495 -lse6 | 1357 | -L5GY j -13v9 | -143F | -3516 | -1378 | -1s558
(R-20) {Front) (7-1/2 U) 48 =145 1178 §-15%0  f 13537 11505 ) -5 f-1sad | -1484 ) -1s58 | 3304 | -1548
B~36) (Froot){1-3/4 U) 25 -3816 | -3816 =342 -3540 -3658 | -357 ~-3625 =371 =3922 3509 =3820
{R=-36} (Frout) (7-1/2 U} 26 -1533 |-1680 | -1607 | -1607_ | -1575 | -1585 | <1643 §-1526 | 177 | -3452 | 1432
{R-356) {Frout) (13-1/2 W) 27 #2961 | +u449  [+2638 ) 42343 | +2682 (+2459 | +2396 | +z96 ') +2996 | +2639 | +3000
(B=76) {Front) {1-3/4 1) 79 —4398 | ~4346 | -A314 | 4240 | -4282 | -4346 | -4388 | -4229 | -4357 | 4251 | -su52
(R-76) (Front) {7-1/7 ¥) 8 249 | -2438 | ~2059 | 2449 | -2400 | 2449 | -k544  §-2438 | -2385 | -2406 | 2542
(R-76) (Front}(13-1/2 U) | 81 | +3572 | —  |+3466 | +3254, |[+3403 [+3392 1+3540 |+3625 | 43657 | +3381 | +3540
(R=76)(Front 1)(7-1/2 0) | 82 | -1813 |-1919 |-1855 | -1887 |-1870 | -183 |[-1802 | -1685 | -1749 } -1685 | -17690
{&) (2-1/2B} { vott I) 8 =4558 {4400 [ ~4378 Y 4175t 4410 | -4304 | 4261 | 4399 ) 4367 | 428 | 4643
2) {2-1/%F) (pott I) 9 =526 | -4452 | ~4505 | -4335 | -4346 | 4494 | -4293 ] 4600 | =4611 | -4590 | -4346
L@;zoL(Front)gli—l/z o} 49 +3063 | +2451 +2629 +2: 58 +2756 +2343 +24G1 +294°7 +2820 +2756 #3021

ET=

-z



TAQLE W - (s
MAXTAT STRSSOES - HULL

L = 10.6 x 10° 1bs/in

2

Moment  x 10° in# 724.5 | 720.0 | 75.0 | 7t.0 | 721.0 | 0.0 720.0 8.5 737.0 723.0 | 727.5
IDENTIFTCATION Gegs Test Tast Test Test Test Test Test Test Test Test Test

No. 1 2 3 A 5 [ 7 8 9 10 1],
Load Bar 2% 866 850 867 867 878 866 876 886 870 75
(&) (Front I){7-1/2 1) 10 -1966 [-1876 t-1M1 -1813 | -1749 -18%, | -2915 -1675 | -1707 | -1632 | -1876
(R=36) {2-1/28) (bott 1) 28 ~4569 |-443L  [-4383 |-i282 |-4484 —  [-4325 |-4463 | 4675 | -4304 | -4653
(R-76) { 2-1/2B) (vott I) 83 -3858 | -3943 -3u0l | -3827 [-3615 | -3853 |-3848 -3827 | -4092 | <3639 | —4007
{&) {Back({ (18-1/2 U) 1 +3106  {+2523 +2586 +2268 +3030 +2332 +219/, +2947T | #2904 +2724 +39%4
{R-136] (Back) (13-1/2 1) 29 +3000 |+2618 +2639 +2364, +3032 +2438 +237, +2926 +3010 +28330 +3434
{L-76) {Back)7-1/2 1) 84 -2650 |[-2650 {-2608 |-2639 ]-6561 |-2777 |-2661 2512 J-2608 | -z2i80 -2632
(&) (Front 1)(13-1/2 1) 12 | +989  |#2544  |#R544 | +«0bT  |+3191  {+2078  [+23B4 | +2947 [ +2629 | +2533 | #3434
(R~-36) (Froat 1}(13-1/2 W) 30 +3021 | +2682 +2536 + 2,38 | +2820 +2406 +2459 +3074 +3042 +2735 +3010

(L-76) (&) (top) 85 | —— ]+3519 [+3519 1 +3509  [+3530 | +3657 [+370 | +43954 | +4219 | +3498 —
(L-76)(15 B} (top) 86 +5289  |+4166 +A070 +5003 +3848 +5014 +5395 +5470 +5682 +5173 +5459
{1-36) (15F) (top) 31 +4540 | +4340 +4,208 +4039 +4028 (#4193 | +425L +50L4 | +5162 +40T5 +4334,
{R-20) {&) { top) 50 +5035 [+4441 145056 | +3593 | +4908  1+3933  |+3752  [45183 | +4738 | +4653 | +5523
{R-26) (&) {top) 32 +5650  [+3456  |+4357 —- | ¥3954  [+2989 |+3328 | #4410 | +4293 o +45T9
{d) (15B) (top) 14 5491 [+5300  |+#4516 | +36<5 145205 [+3540 {43337 [+5311 | +3986 | +4993 | +5364
(&) (15F) {top) 15 HATT|43657  |+3392 | +3456  [+3530  [+4155 | +3880 [+3700 | +4494 | #4537 | #4802
(R—20) {15%) (top) 51 +5320 143752 #3774 [ #3931 [+2851 #4017 | +4155  |+45056 | #5236 [ +3530 | +5141
{R-36) {9-L/2F) (top) 33 +4376 [ +4378  [+4187 | +4166  [+4579  [+3608  |+4123 145109 {45576 | #4516 | +i018
{R-36) (11-1/2F) { top) 34 +4516 [+3805  I+3222 | +3456  lws245 (43275 43562 #3890 {44049 | vemd | +4i02
{(R-36) (13-1/2F) {top) 35 +4579 }+4219 | +4802  1+4028  +4463  [+3795  |+3954 | #4664 | #4685 [ #4304 |40
{R-36} (15F){ topn) 36 +4918 | #5014 |+5077  [H+4ATA Desaur je42i9 | 44547 | #5024 | 44494 | 45077 | e5ni)
(R-56) (15F} {top) 65 +5194  [+4431  |+4441  1+3339 — +4537 | +4137  [+5067 | +5268 | +3933 | +4643
(R-56) (&) (top) 106 +4887 | #4272 |+4526 +404%  [+4123 —_— +4876 | 45660 | +6042 | +4791 +5289
{R-76) (&) (top) 87 —_ {h4b2e  |+4516 | +4696 — 4876 1+5067 | +4505 | +4530 | #4611 | +4346
(R-76) {11-1/2F) { top) 9 +3233 [ +4420 145067 1 +5173 | +479 [+4se05 Q45586 [+3922 {43933 | eamr | +3954
(R-76) {13-1/2F) {top) 90 +3434 |+3236  |+6599 +4961 145554 #5077 |+5310 | #4239 {44346 ) #4700 | 44304
R-"76) (15F) { top) 91 +4357 |+3975 487 | 45109 (43424 |+4940  |45500 | +48<3 | w5205 l+s5215 | #4950
(£} {&}(Top I) 16 452 44255 (#4176 p+2809  |+3986  |+3000 143297 (44558 | #3910 | 43954 | +4473
{R=36) (11-1/2F) {Top I} 37 +6243 145523 [+5660 | +4929 |+5109  |+4420 +5067 [ +5745 [ +6360 | +5289 |45t
{R-76) (@) (Top I) 92 | #4770 43711 +4145 +4102 +3360 +5300 +4081 +4664, +4865 +3890 +3380
{&) (&)} (Top) 13 5576 |+4473 (#3014 [ +#3333  |+4908 {43943 [+3689  |45406 | 43445 | +47T0 | #5362
(R-76) (9-1/2F} { top) 88 | +3318 |+3307 |+375z | +3954 |+3795 | #4326 | 44611 | #4261 | +4314 | #4081 [ +4z51

~£CT-



AT

NIL

MAX1MUM STRESSES - HOUSE
E = 10.6 x 105 Ibs/in?
Moment x 109 ind 720.0 | 5.0 | 721.0 | 7A.0 1 730.0 | 720.0 | 7e3.0 { ms.5 | 723.0
IDENTIFICATION G;ﬁ? Teg‘t Te;t Tezt Tegt Tezt Te;t Tegt Test Tigt
Lotd Bar 866 860 867 867 878 866 876 286 870
{L-76) (&) { top} 99 + 32 - 53 |- A |-413 p+ 413 (41314 + 763
{L-76) {Front) (1-1/4 1) 100 +2103  |+2162  (+213F |+1961 |+ 954  [+1622 +1685
(1~36) (&) { top) 38 +127<  |+1632 +38%0 +1378 +5233 +4, 790 + 42 + 233 +30063
L-36) {Front} (1-1/4 1) 41 +3720  [+3890 [R4070  f4092  [+3890 [+4134  {+2268  [+2427  |+3933
(L-20) (Back} (1-1/4 1) 54 +3572  |varn
| (£) (&) (top) 17 +2343 #3127 |#6922  [+2290  |+6954  |#7526 |- 11 |+3445 f+4388
{%} {8F) (top) 13 +3020  [+7897  ]+42:90  {+6593 [+7335 - 201 |+2351 | +4505
{&£) (8B) (top} 19 +20838  (+3074 +80L +2275 +7590 +7526 - 105 +4,.240 +4378
(&) (Back) {1-1/4 1) 20 +38,8  |+4049  [v4039  [+s292  lezloe f+s092  [+3816 w3890 [+3358
(R—20} (&) (top) 52 +2311  |+s5088  |+1932  |+6551  [+6805 |- 74 l+1zsi [+4145
{R-20) (8F) {top) 53 - 254 [+1590
R-36) (&) (top) 39 +1473 [+e025  rsl45 [+1198 (45756 [+4833 |+ A i T8 | +3275
B-36) (8F) (top} 40 +1442 141876 (+4113 | +1277  [+6116 |+i971 |- 106 +3095
(R-26) (Beck) (5-1/4 1) 42 + 922 [+1028
{R~56) (L)} {top) &7 + 392 |+ 816 |+1940 + 456 +2841 +2406 +1558
{R-56) (8F) { top} 68 + 382 |+ 488  |+1855 |+ 339 |+2639  |+2300 +26A1
(R-%} {2} { top) 93 - 64 [+ 53 |+ m +318 |+ 24 v oA + 6
{B~75) (8F) (top) 9, -138 |- 85 - 159 _— + 37 |+ 200 + 43
(R-76) (Brck) (1-1/4 U) 95 +136 J+ 95 [+ 360 0 + 212 |+ 127 + 85

—‘r]{'[..
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ANGLES AND MAGNITUOUE OF PRINCIPAL STRESSES

E = 10.6 x 10® 1bs/1n?

Moment x 10° in# 7:8.5 | 70,0 { 5.0 | 7.0 { 710 | 730.0 720.0 | 7<8.5 | 737.0 | 723.0 | 727.5
IDENTIFICATION Gage Test Test Test Test Test Test Test Test Test Teat Test
Ho. 1 2 3 4 5 6 7 8 9 10 1
(R~28) (Front)3-7/8 0) 58
g
;’} —3°261 | 330120
+2904 | #4945
e e + 763 + 249
{R~28) (Front) {5-1/% T) 57 R
oy I S B
K"IA - — }— —— - — 1
£ +8799¢ |+ 47°
Conay. + 297 42454
o 0 -2221
R-33) (Pront) {1-1/4 1) 60
Ty
Iy + 7521+ 548
& ~11°52¢ | -12%
Y- = WPV +3419 | €3964
Caed + 90 [ +1304
R-33) (Front) (3-7/8 1) 61
Tz
Try-
¢ 1 +920211 | +124%17
o’?_.._.,?,' +1155 + 853
‘5’?.—...: + 477 + 37
(3-33) (Fromt) (5-1/4 1) | 62
7
£ +1289159 +79°531
vy +1564, + 0
e + 77 |- 16
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Tamle - (SHL =)
ANGEES AND MAGNITUOE OF PRINCIPAL STRESCES

E = 10.6 x 10° 1bs/in?
Moment x 107 ing 7:48.5 | 7.0 | 75.3 | 7210 | %A |70.0 720.0 |7<8.5 |737.0 J73.0 | 727.5
IDENTIFICATION Gage Test Test Test Test Tast iTest Test {Tgst Test Post Test
No. 1 2 3 4 5 6 7 8 9 19 1
{R=68} {Front) (3~7/8 U) 7l
- x4 ——
Fa
P V9 —
3 169572 | 270460 | —2708r _—
P P +2327 +4065 +3408 _—
L)
e WD + 345 1~ 557 |- 652 —
APAAA
(R-68) {Front) (4-3/4 W) il —
T —
%: —  |+6293+ }46209"
P - +10 +1250
Tt 55 25
P P S + 481 -~ 53
{(R-68) {Froant) {6-1/2 U) 7
=z
4 +53%r 1 +1259131] 4550340 +569241
q + 880 +2443 +1887 +1733
S - 148 J-837 |-1346 - 7R
(R-72) (Front) {3-1/4 W) 73
oy —- — —
P # + 612 1+ 67¢ [+1172 - -— J+1552 -—
,57 2407 | -14%¢ | —20025¢ | — — |} 25936 -—
P> P $3540 | +3343 +3472 — — +2692 —
[ ar
P + 965 l+2134 |- 101 — - |-z —
-7} {Front) (3-7/8 U) YA
et
,}1.:-?,
L 2
& ) 26022+ | 339521 | -330201 ~30°8¢
o PP +1754 +3454 +2639 +2544
[a 2 =~
& - + 164 j- 657 | -1357 - 625
e o =
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ANGLED AND HAGNITUDE OF PRINCIPAL STRESSES

E = 10.6 x 10° 1bs/1n?

Mozent x 10° ind 7:8.5 | 720.0 | m5.0 | 7.0 | 720 1 7000 | moo | e | mro |73 | 72705
IDENTIFICATION GtLlLﬁ.B Te;t ngt Te;t Tait Ti;t '_I‘ezt, . Te;t Tegt Te;t TTSP Tift
{R-72) (Front) (4-3/4 U} 74
Tx
_r e
4 +68°311 [+669501 | +60959 —
+ 640 + B43 +1548 L
P s +32, [+355 |- u i
(R-72) (Front) (6-1/2 0) | 75 B SR
- = - 1
A ]
— d - +64046" | +510351 |+529441 +55°35 ]
g . + 996 +1876 +136< +1219
P + 3 |- 647 |-3267 - 678
(R-76) (Front}{1-L/4 U} | 96 B
P —  |+2598 [+20m  |s1844 {41261 1+1035 +1368
P _— + 608 +1084 +1016 +1764, +1484 +1080
ﬁ’ —  ]-z=PLy | -249390 | 26045 | -36015! | -32053 —329511
o B - [*2804 {42565 |+235) |+2544  [+1993 | +2067
N — 41087 -z |-170 |-1134 |-a:m
(R=76 ) (Front)(3-7/8 U} | 97
S
J- %
5 +82931r | +57°10 | #5998 +60°12¢
&, +125% +2814 +1839 +2012
-~ + 668 |- 760 {- 1887 - 800
{R~76} (Front}{4-3/4 U’}'" 97
5 e
‘B7 [+ w0 J-ersor ) — | ]
}7"‘7— + 24 + 170 -
N q+1A |- 583 ]| — ]
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TUATRLLOETR Al
ANGLES AND MAGNITUUE OF PRINCIPAL STRECSES

(S O

E=10.6 x 106 lbs/in2

Mowent x 107 inE 728.5 | 70.0 | 5.0 | 7A.0 | 72.0 | 730.0 | 70.0 | 7R8.5 | 7.0 | 3.0 | 775
IDENTIFICATION Gage Test Test, Test Test Test Test Test Test Test Test Test
No. 1 2 3 4 5 6 7 8 9 10 11
(R-75){Front}{6-1/< U} 98
4
Fx— —
? HPLRY | 445067 |+47P58¢ _—
+ 424 +1314 +1049 o
- | 0 -1060  [-1346 o
(R-78) (Fromt) (1-1/4 ) | 101
£z
F, o + 416 41532 [+ 624 J+2352  |+318s +2344
d +72°300 [ +540261 [+51°30" [+450361 [+46%31 +459351
 Eyac +1415 +1055 +2359 +1495 + 562 + 928
P + 37 |-2178  j+io8?  |-=316  |-5788 3747
{R-78) (Front){3-7/8 U} 102
s
29
j ‘ —409561 | -42441 | 3993 +43°191
PP + 58 +1113 + 42 + 424
e - 58 |-1452  |-1389 - 933
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