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I. INTRODUCTION

1.1 General

In present day construction there is a large amount of platé;beam
construction especially in the field of ship building. Unfortunately, how-
ever, there is not available a great deal of information on the actual
strength of this type of structure. Current design procedures are approxi-
mate and based on previous experience. Normally design stresses are kept
well within the elastic range, actually considerably below the elastic limit,
so that the resulting designs are conservative and possibly not efficient.
With more information available on the behavior of these structures, improved

design procedures could make greater use of the available strength.

1.2 Object and Scope

The purpose of this investigation was to conduct laboratory tests
and observe the behavior in the elastic and plastic range of simply-supported
specimens composed of a flat plate stiffened on the underside by a series of
parallel, longitudinal beams. These specimens were approximately half-scale
models of parts of some of the more common aircraft carrier flight deck
structures énd were fabricated in a manner similar to actual practice. Under
these circumstances it was felt that the results obtained would be representa-
tive of the behavior that might occur in the prototype structure aniﬁthat
they could provide suitable information with which design procedures could be
compared or developed.

In particular, tests were made on specimens stiffened by a series of
parallel, equally-spaced longitudinal T-beams welded to one side of a flat

plate. (Phase I). Because of the almost complete lack of data available on

the behavior of this type of structure when beams in a transverse direction



are added, a large portion of this laboratory investigation (Phase II) was
concerned with extensive tests of specimens;, basically similar to one seliected
from Phase I, to which one, two and three transverse beams of various stiff-
nesses were added. These transverse beams were clamped beneath the longi-
tudinal beams of a specimen so that they could be moved or changed readily.
This permitted one stiffened plate specimen to be used in combination with
several different transverse beam arrangements and thus provide a number of
different tests. From these data the combination of stiffness and number of
transverse beams that appeared to be most effective was selected and used in
the preparation of Phase III specimens which were febricated with a transverse
beam welded intercostally between the longitudinal beams.

The specimens were subjected to a concentrated load which was stati-
cally applied over a scaled tire area. The positions of the load varied for
the tests of the different specimens. In general, a concentrated load creating
only elastic strains throughout the specimens was applied at several locations
on the specimens tested in ’each of the three phases. Additional increments of
load which produced plastic strains in the specimens were applied at the loca=

tion considered to be most severe for specimens in Phases I and III.

1.3 Acknowledgment
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II. DESCRIPTION OF TEST PROGRAM

2.1 Materials and Specimer Details

Generally, in actual flight deck comstruction, the deck plate is
supported by a series of I- or inverted T-beams (made of HTS material) whose
top flange or web is welded to the underside of a deck plate (made of STS
material). The Bureau of Ships, Navy Department, provided typical HTS and
STS stock for this imvestigation so that similar ma:bérials could be used in
the fabrication of laboratory test specimens. The lomgitudinal T-beams were
cut from either 12 x 4 @ 16.5 1b or 8 x 4 @ 13 1b HTS I-beams and the deck
plates were takem from 3/8 x 90 x 124k-in. STS ?late material.

The average mechanical properties from tests of standard flat rec-
tangular coupons with a 2-in. gage length, a B/h-in. width and a thicknmess
equal to that of the material from which they were taken were summarized for
certain specimems. (U4)* Representative values of the mechanical properties

for the plate and beam material used in this investigation are:

Property STS Plate HIS Beams
Yield Point, ksi 104 62
Ultimate Stremgth, ksi 115 78
Percent Elongation 21 30
Percent Reduction of Area 68 68

The test specimens were fabricated by welding a series of equally-
spaced, parallel, inverted T-beams to the underside of a 3/8-in. plate.
Since only 6 or 7 lonmgitudinal T-beams were used in fabricating each specimen,

2 chanmnel beam sectiom was welded horizontally in a longitudinal direction

*Nunbers in parentheses refer to references in the bibliography



along both sides of the 3/8-in. deck plate in order to represent the addi-
tional lateral stiffness that would exist in an actual structure composed of
relatively large and continuous deck plates welded to several more longitudinal
beams. The welding sequence used throughout the fabrication of all specimens
was chosen so as to introduce a minimum amount of distortion and locked-in
stress.

Diaphragm plates were welded to the bottom of the deck plate and the
webs of the longitudinal beams across both ends of the specimens above the
reaction line. Except for the outermost beams, the various longitudinal sup-
porting beams were simply-supported on rollers at each end. The exterior
longitudinal beams were fastened to roller supports at each end to prevent
uncontrollable and undesirable uplift at the cormers. All specimens had a
longitudinal span length of 60 in. and, as in the prototype, the direction of
rolling of the plate material was parallel to the span length.

The first four specimens (I, II, III, IV) consisted of a deck plate
stiffened with either 6 or 7 longitudinal beams. Tests on these specimens
comprised Phase I of this investigation. In Phase II, Specimens V-1, V-2, and
V-3 contained transverse beams (varying in number and stiffness) which were
bolted across the boftoms of the longitudinal beams of a specimen similar to
Specimen II. Phase III specimens (V-F and VI) contained only one transverse
beam welded intercostally between the iongitudinal beams at midspan.

From limited information on actual aircraft carrier steel flight
decks, an aspecﬁ ratio (ratio of longitudinal beam spacing to span length) of
0.2 and an H value (the relative stiffness of the specimen) of 90 to 100 seemed
typical and suitable for these laboratory specimens. From this information and
the data available in the Final Report on Contract NObs 47294 (1), a reasonable

range in value for the aspect ratio is from 0.1l5 to 0.30 and a low value for H



seems to be about 35. Specimens tested in this program were fabricated with
the foregoing data in mind and their characteristics are summarized in Table

2.1.1-

2.2 Testing Apparatus and Machines

For spplied loads up to 200,000 lb. the specimens were supported on
concrete abutments and the load was supplied by a hydraulic jack supported
from a loading frame which was erected over the test specimen and bolted to the
test floor. A calibrated dynamometer, located between the hydraulic jack and
the specimen, provided an accurate measure of the applied load and, in addition,
an estimate of the load was available from the pressure reading in the hydraulic
system. Placing the specimens on top of concrete abutments provided access to
the underside of the specimen and permitted deflection measurements immediately
under the load. The load was applied to the specimen through a 5- x 12-in.
hard rubber loading pad which simulated an aircraft tire load and was centered
over the desired point of loading.

After subjected to a 200,000-1b. load (the capacity of the loading
frame and the hydraulic jack), the test specimen was transferred to a 3,000,000~
1b. hydraulic testing machine and supported on railroad rails which acted as
rocker supports. Additional load was applied to the structure until the ulti-
mate load-carrying capacity of the specimen was reached and collapse of the

structure occurred.

2.3 Testing Procedure and Measurements

In general, regular increments of loads were applied to the specimens.
After the application of each load increment, deflections and strains were
measured throughout the structure. After yielding in the specimen started, the

applied load was periodically reduced to zero so that the accumulated permanent
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deflection and strain could be measured. Deflection measurements were made
with direct reading 0.00l-in. Ames dials located, in general, at midspan, 6 in.
from midspan, and at the quarter points of the test specimen. Usually these
measurements were made along each of the longitudinal beams and midway between
them. Except for the deflections along the loaded beam, all deflections were
measured with dials mounted on a movable bridge which spanned the specimen and
was mo:red along the top of the concrete abutments. Deflections along the loaded
beam and directly beneath the spplied load were measured with dials mounted on
a movable bridge beneath the specimen. A number of SR-4 strain gages (in
general, l/2-in. gage length -- Type A-5 or AX-5) were mounted on each specimen.
These gages were mounted primarily on the longitudinal beams and the deck plate
in the vicinity of the applied load and provided informetion on the elastic
and slightly inelastic strain distribution throughout the specimen as succes-
sive increments of load were applied.

The locations of the strain gages throughout Specimens V-1, V-2, V-3,
V-F and VI are shown in Figs. 2.3%.1l, 2.3.2, and 2.%3.3. In these figures, where
two numbers refer to the same location, the upper number designates the near

side and the lower number the far side of the specimen.

2.4 HNomenclature

The following terms are used commonly throughout the text and will be

defined here for convenience.

a = simple span length of the longitudinal beams
b = spacing of the longitudinal beams
aspect ratio = ratio ofg-
H b’ 1/6
By = 5



load position

" b 1/6
[o]
)

a
modulus of elasticity of steel

EI.b 10.95 Ib

o - = dimensionless coefficient which is a measure

a.h5 of the stiffness of the beam relative to that
of the plate

original value of H without effect of transverse members

revised value of H to include added stiffness of transverse
members

thickness of deck plate

moment of inertia of cross section of a longitudinal composite
T-beam

>

«?—2- = moment of inertia of unit width of plate

moment of inertia of cross section of a transverse bean

5
EtItL

it

relative stiffness of transverse and longitudinal

Elb'b5 beams

location of the center of the applied

5- by 12-in. rectangular load (load position
10 is the geometric center, all others are
measured from the center)

longitudinal beams = those beams welded to the underside of the

deck plate in the direction of the span length

loaded beam = that longitudinal beam which is directly under

the applied load (for T-beam specimens this is
longitudinal Beam k)

first adjacent beam = the first longitudinal beam on either side of

the loaded beam (for T-beam specimens this is
longitudinal Beam 3 or 5)

second adjacent beam = the second longitudinal beam on either side of

the loaded beam (for T-beam specimens this is
longitudinal Beam 2 or 6)
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transverse member or beam = a beam placed across the specimen and
clamped below or welded between the
longitudinal beams

Mi = maximum moment in transverse member
EIp Eh3

N = = = stiffness of plate element
: 2 10.95
14

n = number of transverse beams

P = total load applied to structure

T, = proportion of concentrated or distributed load for moment, n
transverses of equal stiffness, load over transverse at or near
center. When n = o, r, =T,

2.5 Outline of Test Program

Phase I specimens, fabricated without transverse members, were tested
to failure with the load applied either over the center longitudinal beam (for
7-beam specimens) or midway between the center longitudinal beams (for 6-beam
specimens). The results from the tests of these specimens (I, IT, ITI, and IV)
have been reported previously (h).

An H value of 91.5 and an aspect ratio of 0.2 (similar to Specimen II
of Phase I) were then selected for the specimen to which one or more transverse
beams would be clamped. Clamping transverse beams across the bottom of the
longitudinal beams permitted the testing of specimens with 1, 2, or 3 transverse
" members of varying moments of inertia (It) which could be located‘at the genter,
third points, and quarter points, respectively, of the span lengths. These
specimens (V-1, V-2, and V-3) are summarized in Table 2.5.1.

The results of the preceding tests were thén used to determine the
most desirable transverse detail for the specimen in which the transverse member
would be welded intercostally between the longitudinal beams. The influence of

added transverse members on the total weight of the structure and the distribution
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of the load throughout the structure were comsidered. On the foregoing basis,
two specimens (V-F and VI) were fabricated with a transverse beam welded at
midspan. (See Table 2.5.1) These specimens were similar to Specimens II and IV
respectively, which had no transverse member. In addition the moment of
inertia of the welded transverse beam in Specimen V-F was the same as one of
the values used in the series of tests on Specimen V-l with clamped transverses,
thus providing a comparison of the behavior of specimens with welded and clamped
transverse beams.

In the tables and figures included in this report, strains are re-
ported in microinches per inch (microin. /in.) and deflections are reported in
inches. Unless otherwise noted, all reported strains are positive, indicating
tension, and all deflections are positive, indicating downward deflections.

The double entries of data, recorded in many cases for adjacent beams, represent

data obtained from each adjacent beam.



III. TESTS OF SPECIMENS WITHOUT TRANSVERSE MEMBERS --

WORK REPORTED PREVIOUSLY

The specimens tested as part of Phase I of this investigation
consisted of a plate stiffened on the underside with a series of longitudinal
supporting beams and no transverse members. Four specimens (I, II, IIT and
IV) were tested in this phase of the program. The results of these tests
together with an appropriate analysis have already been reported completely (&)

and will be briefly summarized here for convenience.

5.1 Load Applied Between Longitudinal Beams -- Specimens I and III

Specimens I and III -~ with six longitudinal beams, relative stiffness
(Ho) of 91.5, and beam spacings of 12 and 18 in. respectively (b/a of 0.2 and
0.3) -- were loaded to failure at midspan midway between the center longitudinal
beams. Both specimens failed by buckling of the deck plate over the end support
at maximum loads of 376 and 359 kips, respectively.

In the tests on these specimens, the deck-plate bottom strain in a
transverse direction directly under the applied load was 3500 microin. /in. (the
. yield point of the material) in Specimens I and III at applied loads of about
33 and 24 kips, respectively. In both specimens these maximum plate strains
increased to approximately three to four times this yield point value under
applied loads of 120 and 200 kips, respectively, indicating that, once yielded,
the plate material did not develop strains proportional to the applied loads,
and that the longitudinal beams were the primary supporting elements in this
type of structure.

Yield point strains were developed at midspan in the longitudinal

beams on each side of the geometric center of Specimens I and III under applied

loads of about 60 and 55 kips, respectively. In Specimen I the next adjacent
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beams yielded first at their centers at a load of 160 kips; the outermost
longitudinal beams did not yield but were strained to about 90 percent of yield
at a load of 360 kips. In Specimen III the next adjacent beams yielded first
at their centers when the applied load was 220 kips and the outermost longitu-
dinal beams were strained to about 30 percent of yield at a load of 320 kips.

In both specimens the quarter points of the two longitudinal beams nearest the
center had not yielded at maximum load. It was evident that the wider spacing
of the beams (larger aspect ratio) reduced the stiffness in the transverse
direction so that the load was not as effectively transferred to the outer beams
in Specimen III.

The midspan deflections of the center longitudinal beams were somewhat
larger for Specimen III than for Specimen I. However, the deflections of the
next adjacent beams were considerably less in Specimen III ~-- further indication
of the reduced outward distribution of the load as the aspect ratio increased.

As yield point strain in the deck plate was reached, the deflection
beneath the load was about 0.30 in. for Specimen I and 0.45 in. for Specimen III.
When the center longitudinal beams began to yield (at a load of about 60 kips)
the deck-plate deflections became 0.5 and 0.8 in. for Specimens I and III,
respectively, whereas the midspan deflections of the center longitudinal beams
were about 0.2 in. It was apparent that the plate deflection rapidly bécame an
important factor for this position of the load, particularly as the beam spacing

was lncreased.

3.2 Load Applied Over Longitudinal Beams -- Specimens IT and IV

Specimens II and IV -- with 7 longitudinal beams at 1l2-in. spacing
(b/a = 0.2) and relative stiffnesses (HO) of 91.5 and 36, respectively -- were

loaded to failure at midspan directly over the center longitudinal beam. Both
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specimens failed by buckling of the plate éver the end supports at maximum
loads of 385 and 280 kips, respectively.

In the tests on these specimens, yield point strains were developed
at the center of the longitudinal beam directly under the load (Beam 4) of
Specimens II and IV at loads of about 40 and 30 kips, respectively. (See Tables
5.2.i and 3.2.2.) The first adjacent beams (3 and 5) yielded at their centers
at a load of almost 100 kips in Specimen II and 65 kips in Specimen IV; the
second adjacent beams (2 and 6) yielded at 240 kips in Specimen II but at 150
kips in Specimen IV, demonstrating the decrease in load-carrying capacity that
can be expected as H  is reduced from 91.5 to 36.

The plate strain developed most rapidly on the underside of the deck
in the region beneath the load. Transverse strains of 3500 microin. /:Ln were
‘measured on the bottom ofy the dec;k in Specimens .II and IV at a load of about
TO kips. At a load of 120 kips this was still the only gage location showing
inelastic strain. With the load applied over a longitudinal beam, yield point
strains were not developed in the plate material until after one or more
longitudinal beams had yielded. In contrast to the results from Specimens I and
ITII, the deck strains did not become extremely large and the béam strains were
of primary importance in Specimens II and IV where the load was applied over a
longitudinal beam.

The meximum elastic deflection at the midspan of the loaded longitu-
dinal beam was spproximately 0.20 in. for Specimen II (at a load of 38 kips)
and 0.29 for Specimen IV (at a load of 30': kips). For a given applied load, the
deflections were generally larger for Specimen IV than for Specimen IT. (See

Figs. 3.2.1 and 3.2.2.)
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IV. TESTS OF SPECIMENS WITH CLAMPED TRANSVERSE MEMBERS

4.1 General

The tests of the four previously described specimens where no trans-
verse members were included completed the series of tests in Phase I of this
program. Next the influence of transverse members on the elastic behavior of
this type of specimen was studied. Since only limited information seemed to be
available, different numbers and stiffnesses of transverse beams were investi-
gated in order to provide as much information as possible on the effect of
various transverse members on the specimen 'beha.viqr, For these tests (Phase II),
a specimen similar to Specimen IT (aspect ratio of 0.2, HO of 91.5 and Ib of
26.5 in.l‘) was fabricated. It was then fitted with one, two, or three trans-
verse members of various stiffnesses which were clamped across the bottoms of
the seven longitudinal beams. A series of tests was conducted on this specimen
with one transverse member clamped at midspan (designated Specimen V-1), two
transverses clamped at the third points (designated Specimen V-2), and three
transverses clamped at the quarter points (designated Specimen V-3). By subse-
quently removing material from the bottom of a transverse beam, successively
smaller values of It were obtained from one rolled section for each series of
tests. Al2 x 4 WF at 16.5 1b., milled to the depths shown in Fig. 4.5.3.1,
provided the transverse beams for the tests on Specimen V-1. The transverse
beams for Specimens V-2 and V-3 came from 8 x 4 WF at 13 1b. beams cut to the
sizes indicated in Figs. 4.5.3.2 and 4.5.3.3. A bottom view of Specimen V-3
showing transverse members clamped at the quarter points of the longitudinal
beams is shown in Fig. L4.1.1.

For the tests on Specimen V-1 the moment of inertia of the transverse

beam (It) was varied from 26.5 to 3.33 in.h or from a stiffness equal to that
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of the composite I of the longitudinal T-beam section to 1/8 of this value.
For each value of I't considered, the load was applied to the specimen at two
positions -- the geometric center of the specimen directly over the transverse
beam (load position 10), and along the center longitudinal (Beam 4) at the
location that produced the maximum elastic flexural strain in the loaded
longitudinal beam for a particular value of I‘b' This latter position was
determined from exploratory tests where a coﬁsta.n‘b load of 25 kips was applied
at several locations along the length of longitudinal Beam 4. As the load was
moved along this beam, strain measurements were taken albng the bottom flange
of the beam (including a point directly ‘beneath fhe load). From these data
the position of the load providing maximum longitudinal beam strain was deter-

mined for each value of I, and these positions are summarized in Table 2.5.1.

t
For example, for the greatest value of I, considered (26.5 inoh) in Specimen
V-1, this position was 2 in. from the quarter point (load position 4). As the

moment of inertia of the transverse beam was reduced, this position moved

toward the center and was 5 in. from midspan (load position 8) when It =

3.33 in.}+.

For the tests on Specimen V-2 the moment of inertia of the transverse
located at each of the third points of the longitudinal beams varied from 26.5
to 3.33 in.h also. For each stiffness of transverse member, the specimen was
loaded elastically at the geometric center (load position 10) and at a point
directly over the intersection of the éenter longitudinal beam and one trans-
verse beam -- 10 in. from the geometric center (load position 5A).

For the tests on Specimen V-3 the moment of inertia of the tramsverse
located at each of the quarter points varied from 13%.3 to 3.33 :‘Ln.l+ or from 1/2
to 1/8 of the moment of inertia of the composite longitudinal beam. Each of

these specimens was loaded elastically at the geometric center of the specimen



16

over the middle transverse (load position 10) and at a point over the center
longitudinel beam midway between the middle and adjacent transverse beams =--
7 1/2 in. from the geometric center of the specimen (load position 6A).

Because of the scarcity of data on the behavior of stiffened plate
specimens which also contain one or more beams in a transverse direction, exten-
sive measurements of strain and deflection were made on the specimens tested in
this series. Consequently, these strain and deflection data have been reported
fairly completely in the tables and figures referred to in the sections which
follow.

In Table 2.5.1 are summarized the vérious moments of inertia of the
transverse members (It) used in the series of tests on Specimens V-1, V-2, and
V-3 together with the position of the load which produced the maximum strain in

the loaded longitudinal beam for each case.

4.2 Transverse Member at Midspan -- Specimen V-1

Specimen V-1 refers to the specimen with a transverse beam clamped at
midspan to the underside of the longitudinal beams. Actually, a specimen with
five different transverse beam stiffnesses comprised this series of tests and
the load was applied, in each case, at the'two positions previously described.

In Table 4.2.1 are summarized the flexural strains (in mieroin./in.)
measured at and near the center of the loaded and adjacent longitudinel beams
(both sides of the centgr) when the load was ayplied at the geometric center
(position 10). In this case the transverse member was directly under the load
and in the best position to effectively distribute the applied load to the
adjacent beams. When the specimen was loaded at the geometric center, the
greatest strain in both loaded and adjacent beams occurred at or near midspan.

As the stiffness of the transverse member was decreased from 26.5 to 3.33 in.h,
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more of the load was supported by the loaded and first adjacent longitudinal
beams. This can be seen in Fig. 4.2.1 where the longitudinal beam strains at
midspan and 3 in. from midspan are plotted for an aspplied load of 40 kips. 1In
particular, the largest strain in the loaded longitudinal beam increased from
1170 to 1490 mieroin. /1n The lergest average strain in the first adjacent
beam increased from 480 to 530 microin. /in , but the largest average strain in
the second adjacent beam decreased from 260 to 140 microin./in.

‘Table 4.2.2 gives the strains around midspan for the loaded and adja-
cent longitudinal beams when the load was applied at the position which produced
the largest strain. in the loaded longitudinal beam. As can be seen in Table
2.5.1 this location of load moved from position 4 (13 in. from the centerline
of the 60-in. span) to position 8 (5 in. from the centerline of the 60-in. span)
as the stiffness of the transverse varied from 26.5 to 3.33 in.)‘t The variation
of longitudiﬁal beam strain at the centerline and 3 in. from the centerline is
shown in Fig. 4.2.2 for various values of I, when a 4Oo-kip load was applied at
the proper position to produce maximum longitudinel strain in Beam 4. In this
case, however, the maximum strain developed in the loaded longitudinal beam did
not exist at either of the plotted locations but occurred under the applied
load as can be seen in Table 4.2.2. When It = 26.5 :i_.n.u, this maximum strain
is more than three times the strain value at midspan but this difference
decreases substantially as It is reduced. Under a load of 40 kips this maximum
strain increased slightly (from 1400 to 1470 microin./in.) as I £ decreased from

26.5 to 6.67 in." but inereased abruptly to 1620 microin./in. as I, decreased to

5.33 inoh

t

For a particular value of I £ the strains developed in the adjacent

longitudinal beams were as much as 50 percent larger when the load was applied
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directly over the transverse beam (position 10) than when the load was
positioned to give the maximum loaded beam strain. At the same time » the
largest strains developed in the loaded longitudinal beam when load was applied
at position 10 were as much as 15 percent less than the maximum value obtained
when the load was applied at the other position considered.

The deflections (in inches) measured in the center region of Specimen
V-1 are summarized in Table 4.2.3 for load applied at position 10 and at the
position which gave maximum strain in the loaded longitudinal beams. For a
given transverse sfifmess the maximum measured deflection occurred 6 in. from
midspan and was not affected significantly by the variation in load position.
As would be expected, the midspan deflections of the loaded and adjacent beams
were larger when the load was placed directly over the transverse member (posi-
tion 10). For a given load, the maximum loaded beam deflection increased almost

50 percent as the transverse beam stiffness decreased from 26.5 to 3.33 in‘,LL

4.3 Transverse Member at Each of the Third Points -- Specimen V-2

Specimen V-2 refér.s to a specimen with transverse beams clamped at
the third points of the longitudinal beam span. Actually, specimens with four
different transverse beam stiffnesses constituted this series of tests.

The longitudinal beam strains measured in the region between midspan
a._nd the location of the applied load are summarized in Table 4.3.1 when the load
was applied at one.of the third points of the longitudinal beam span over a
transverse member (position 5A). The variation of longitudinal beam strain
across a transverse section of the specimen at the centerline and 3 in. from
theicenterline is shown in Pig. 4.3.1, for a L4O-kip load at position 5A. In
this case the largest strain developed in the adjacent beams occurred at or‘

near midspan. However, the midspan strain in the loaded beam was only about
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60 percent of the largest strain measured in that besm (the largest strain in
Béam 4 occurred at a point about 7 in. from the centerline of the specimen).

The longitudinal beam strains in this specimen when the load was
applied at the geometric center of the specimen, midway between the two trans-
verse members (position 10), are summarized in Table 4.3.2. As can be seen in
the table, when load was applied at this position, the largest strain in each
longitudinal beam elmost always occurred at the center. Under an gpplied load
of 40 kips the midspan loaded beam strain increased from 1230 to 1520 microin. /in.
as the stiﬁ‘ness of the transverse beams decreased from 26.5 to 3.33 inch This
can be seen in Fig. 4.3.2 where the variation of longitudinal beam strain across
a transverse section of the specimen is shown when the load is applied at
positioen 10.

in comparing the date for these two load positions, load at position
10 produced somewhat greater strains in the asdjacent beams. With the load
applied at position 5A the largest strain in longitudinal Beam 4 occurred
directly beneath the load. However, this strein was about 15 percent less than
the maximum strain that developed in Beam 4 when the load was applied at
positiocn 10.

Table 4.3.3 summerizes the deflections measured in the tests on
Specimen V-2 f;jr load applied at positions 5A and 10. In each case the largest
deflegtion of loaded and adjacent longitudinal beams was measured at midspan.
For the same transverse beam stiffness, load applied at position 10 (the geo-
metric center of the specimen) produced larger midspan deflection of the loaded

beam. However, midspan deflections of adjacent beams were not greatly different

for the two positions of load.



k.4 ‘TPransverse Member at Each of the Quarter Points -- Specimen V-3

Specimen V-3 refers to a specimen with transverse beams clamped at
the quarter- and midpoints of the longitudinal beam span. Actually, specimens
with three different transverse beam stiffnesses made up this series of tests.

The strains at and near the center of the loaded and adjacent longitu- .
dinal beams are summarized in Table 4.4.1 when the load was applied at the
geometric center, over the middle transverse beam (position 10), and in Table
4 .4.2 when the load was applied midway between the center and the quarter point
of the longitudinal beam span (position 6A). Shown in Figs. 4.4.1 and 4.%4.2 is
the variation of longitudinal beam strain across a transverse section of the
specimen at the centerline and 3 in. from the centerline for a 4O-kip load
located at positions 10 and 6A, respectively. When the load was applied at
position 10 the largest strain measured in the loaded longitudinal beam occurred
at one of these sections. This strain was oﬁly about five percent less than the
maximum value measured in Beam 4 when the load was applied at position 6A.

With load applied at position 6A, the centerline strains were substen-
tially less than those measured 3 in. away (see Fig. 4.4.2) in Beam 4. ILoad
applied at this position developed the maximum strain measured in the loaded
longitudinal beam. For a 40-kip load this strain increased from 1140 to 1380
microin./in. as I, decreased from 13.3 to 3.33 :I.nn4 These data indicate that,
in a specimen of this type with three transverse beams, the maximum strain that
may occur in the loaded or adjacent longitudinal beams: is about the same for
these two positions of load.

The deflections in the center region of the specimen are given in
Pable 4.4.3 for the tests of Specimen V-3 with load spplied at positioms 10
and 6A. The maximm deflection measured in the loaded beam occurred at a point

6 in. from midspan and for a given load was elmost the same for both load
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positions. In the tests where the load was applied at position 10 and I ¢ Wes
6.67 or 3.3% in.lL (the more flexible specimensin the group) the midspan

deflection of the loa.ded beem was sbout equal to that measured 6 in. from

midspan.

4.5 Comparison of Specimens with One, Two snd Three Transverse Members

In the previous sections the experimén‘tal datsa obtained from tests of
specimens with one, two, or three transverse members of varying stiffness have
been presented. These data will now be compared so that their relative effec-

tiveness may be determined.

4.,5,1 Strains in Longitudinal Beams. Under an spplied load of 40

kips the largest beam strains (in microin./in.) measured in the loaded longitu-

dinal beam when the load was applied over the transverse beam were as follows:

SPECIMEN  LOAD MOMENT OF INERTIA OF
POSITION EACH TRANSVERSE BEAM, in.*
26.5  19.6  13.3 _ 6.67 _ 3.3%
V-1l 10 +1170  +1220 +1240 41330  +1490
V-2 5A +1020 -—  +1130 +1180 +1330
V-3 10 0 e-- -—- 41080 41220 +1310

Under the same load, positioned to produce the maximum possible strain in the
loaded longitudinal beam, the following strains were obtained in longitudinal

Beam 4:

SPECIMEN - LOAD : MOMENT OF INERTIA OF
POSITION EACH TRANSVERSE BEAM, in.
6.5  19.6  15.5  6.67 _ 3.35

V-1 Varied +1400 +1420 41470 +1470 41620
V-2 10 +1230 -—= 41320 41400 41520
V-3 6A - -== #1140 41290 41380
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From the data in the preceding tables it is evident that the largest strain oc-
curring in the loaded longitudinal beam when the load is applied over the trans-
verse member may be as much as 20 percent less than the absolute maximum strain
that can be developed in the loaded longitudinal beam by the most severe load
position. However, this difference is only about 5 percent for the case where
three transverse members are present.

In the above tebles the moments of inertia are the values for each
) individual transverse beam strip. Therefore, if specimens with approximately
equal values of total transverse moment of inertia are compared, Specimen V-3,
with three transverse members of 6.67 in.b' each, would compare with Specimen V-1
with one transverse member of 19.6 j.n.4 and Specimen V-2, with two transverse
members of 6.67 :’Ln.4 each, would compare with Specimen V-1 with one transverse
member of 13.3 in.h. When compared in this manner the difference in maximum
strains obtained in the tests of the various specimens is reduced considersbly.

At the same load (40 kips), the maximum strain measured in the first
adjacent longitudinal beam occurred with the epplied load at position 10, the -

geométric center. The average values measured in the first adjacent beams are

summarized below:

SPECIMEN MOMENT OF INERTIA OF L
EACH TRANSVERSE BEAM, in.
26.5 19.6 13.3 6.67 3 .33
V-1 480 490 490 510 530
V-2 110 —— i¥Te) 490 530
V-3 — -—- 360 480 520

It can be seen that varying the number of transverses has a negligible effect on

.this maximm strain for low values of I, (3.33 and 6.67 in,u). However, for a
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given number of transverse beams, the strain in the first adjacent beam is re-

duced ss It is increased.
In the above table, moments of inertia are again given for each indi-

vidual transverse beam strip. Therefore, if specimens with approximately equal

values of total moment of inertia are compared, Specimen V-3, I, = 6.67 in.u,

L

19.6 in. , and Specimen V-2, I *

= 6«67 in. s

would compere with Specimen V-1, I " £

would compare with Specimen V-1, It = 13.3 in.b'. If this comparison is made
there is almost no difference in the results obtained from the various tests.
The maximum strain in the second adjacent beam usually occurred at
midspan. However, where available for comparison, there was little variation
evident in the strain measured at the center, 3 in. from the center, and T in
from the center of the beam. The two load positions used for each specimen pro-
duced similar strains in the second adjacent beams. Load at position 10 usually
gave a slightiy higher strain which varied from approximately 140 to 250 microin/
in. under a 40-kip load for the variation in number and stiffness of transverse
beams considered. These data indicate that the strain in the second adjacent
beams is not greatly affected by variations in number or stiffness of transverse
members or position of applied losad. : .

l&.5.2 Deflections of Longitudinal Beams. In order to compare the re-

sults from the elastic tests of specimens with one, two and three transverse
members, the maximum deflections measured in the loaded longitudinal beam are
summarized below. With a ho-kip:. load applied over a transverse at or near

midspan, the largest deflections (in inches) of the loaded longitudinal beam

were;
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SPECIMER  LOAD MOMENT OF INERTIA OF
: POSITION EACH TRANSVERSE BEAM, in.
26.5 19.6 13.% 6.07 3.33
V-1 10 .091 100 .10k .110 .127
V-2 SA 075 - .096 .099 113
V-3 10 - —— 106 . .105 .118

With a 40-kip load applied to produce maximum strain in the loaded longitudinal

beam, the largest measured deflections (in inches) in longitudinal Beam 4 were:

SPECIMEN  LOAD MOMENT OF INERTIA OF
POSITION __EACH TRANSVERSE BEAM, in.
26.5 19.6 13.% 6.67 3.35
V-1 Varied .090 .098 102 116 .135
V-2 10 .101 — 116 123 13k
V-3 6A - ——— .106 .108 .120

In general, except for Specimen V-2, the measured deflections, summarized in
the two tables above, are very similar regardless of the position of the load.
In the case of specimens with two transvérse beans, load applied at the geo-
metric center resnlted in loaded beam deflections that were as much as 35
percent greater than those for load at position 5A. This is not surprising
since the transverse beam is generally more effective when directly beneath the
load.

While there was not a great deal of difference in some cases, load
at position 10 usually produced larger midspan deflections in the first adjacent
beams. These midspan deflections (in inches) are summarized below for a load of
40 kips at position 10. The values given are the average of the two available

measurements which were usually in good agreement.
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SPECIMEN LOAD MOMENT OF IRERTIA OF )
POSTITION EACH TRANSVERSE EEAM, in.
26.5  10.6 _ 15.3  6.67 _ 5.55
V-1 10 .056 .066 .056 .054 .056
V-2 10 054 - .0kl 048 .060
V-3 10 —— ——— 046 046 LOlb7

These deflections are 40 to 50 percent of the value for the loaded beam, thus
indicating the beneficial effect of the transverse beam in distributing load to
adjacent beams. Variation in I‘b did not seem to affect greatly the first adja-
cent beam deflections. ,

In most cases slightly greater midspan &eflections were obtained in
the second adjacent beam with the load applied at position 10. Under a load of

40 kips these average deflections {in inches) were:

SPECIMEN LOAD MOMENT OF INERTIA OF
POSITION __EACH TRANSVERSE BEAM, in.
26.5  10.6  13.3 _ 6.67 __ 3.35
V-l 10 028  .03%  .027 .022  .018
V-2 10 037 -e= 020 .022  .018
V-3 10 . e==  ,030  .025  .020

In these tests, a variation in the number Qf transverse beams had little effect
on the midspan deflection of the second adjacent beams for small values of I‘b"
The midspan deflection in the second adjacent beam was influenced somewhat by

g variation in Ite

4.5.3 Strains in Transverse Beams. As pointed out previously speci-

mens V-1, V-2 and V-3 were each subjected to a series of tests wherein the moment

of inertia of the transverse beam was varied. In the series of tests on Specimen
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V-1l the same transverse beam was used throughout and successively smaller values
of transverse beam stiffness (I_b) were obtained by removing the proper amount
of material from the bottom flange of the transverse beam each time. In this
~manner the stiffness of the transverse beam was varied from 26.5 to 3.33 in.u.
By successively removing the required amount from each of the transverse beams
in Specimen V-2, the transverse beam stiffness was. varied from 26.5 to 3.33 iru,}'L
in the tests on that specimen. Using the same procedure, the stiffness of each
of the transverse beams in the tests of §pecimen V-3 was varied from 13.3 to
3.33 in.h.

Strains were measured at the center of the transverse beam (that is,
directly under the intersection of the transverse beam and longitudinal Beam 4).
In general, strain gages were mounted at several locations across the depth of
the transverse in Specimen V-1 as indicated by the gage numbers shown in
Fig. 4.5.3.1. For Specimens V-2 and V-3, only one strain gage was mounted on
each of the transverse beams and it was located 0.5 in. from the bottom of the
beam as shown in Figs. 4.5.3.2 and 4.5.%.3.

The strains that were measured at the center of the transverse beam of
Specimen V-1 under loads of 20, 30 and 40 kips are summarized in Table 4.5.3.1 .
for the various values of It considered. In these tests the strains developed
in the transverse beam were somewhat larger when the load was applied at
position 10. This difference was more pronounced for the tests in which It was
large and decreased to less than five percent when It = 3,33 inoh.,

The strains measured at the center of each of the transverse beams in
Specimen V-2 are summarized in Table L4.5.3.2. As would be expected, both trans-
verse beams experienced approximately equal strains when the load was applied
at the geometric center, position 10. When the load was applied directly over

one of the two transverse beams (position 5A), the strain in the transverse beam
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under the load was approximately 70 percent more than the strain measured in
the other transverse beam ai/1d as much as 20 percént greater than the average
strain developed in the transverse beams when the load was applied at position
10.

TPable 4.5.3.3 smmnaz;izes the strains measured at the center of each
transverse beam for Specimen V;B , When the load was applied at ﬁosi‘hio_ns 1:0- é.nd
6A. OF ‘l;,hese positions load at position 10 created the larger transverse beam
étrain. This strain occcurred in the transverse beam directly u.n@ér the apbliéd
load and was around 15 percent greater than the largest strain developed when
the load was appiied at poéition 6A.

Variation of the strains measured at the center of the tra.nsirérse '
beams in Specimens V-1, V-2 and V-3 is shown in ﬁgs, 4.5.3.1, 4.5.3.2
and 4.5.3.3 for an appliéd load'of 30 kips. With "c.he exception of strain gage
92, in Specimen V-1, the strain distribution seems to be fairly uniform through-
out the de‘_bth of the transverse beams. Although no measurements were made on
the top flange, it appears that the top flange strains would be substantially
smeller than might have been expected, indicating that the neutral axis may
have been raiséd because of some composite action betweeﬁ the transverse aﬁd
longitudinal beams. The strain gages were mounted on the transverse along a
line directly beneath the longitudinal beam. In ’fa;bricating the specimen each
edge of the top flange of the transverse beam was clamed to both sides of the
botton flange of each longitudinal beam. It is possible that the normal flexure
of the top flange of the transverse beam could be restrained end the strains
therefore reduced. |

h.5.4 Deck-Plate Strains. SR-U4 strain gages were mounted on the top

and bottom surfaces of the 3/8-in. deck-plate at selected locations as shown in

Fig. 2.3.1. I\ieasurements‘ from these gages provided information on the strains



developed in the longitudinal and transverse directions of the STS p]_.a‘be
material during the tests of Specimens V-1, V-2 and V-3, The largest and sec;
ond largest strains measured in these specimens have been summarized in Table
4.5.4.1 for verious positions of the 40-kip load. Values for tensile and com-
pressive strain on both surfaces of the plate are given. It is evident that,
at a load of U0 kips, the maximum measured plate strain in specimens with
clamped transverse beams was generally less than 600 microin/in. , considersbly
below this material's yield strain of approximately 3500 microin/in.

At this same load meximm strains ranging between 1100 and 1600
microin/in. occurred in the loaded longitudinel beams (made of HTS material
wj.th a yleld strain of approximetely 2200 microin/in.) . It was spparent that
the ma.ximmn strains in the deck-plate were approximately half of those existing
in the loaded beam. When the yield strength was considered, it was evident
that the plate strains were of secondary importance in the behavior of this
type of structure. This is in agreement with the resulis of the Phase I tests
where, for specimens without transverse beams, the longitudinel beams were

found to be the primary supporting elements (4).



V. TESTS OF SPECIMENS WITH WELDED TRANSVERSE MEMEERS

5.1 General

Described in the previous section were the elastic tests on Specimens
V-1, V-2 and V-}_ (Phase II) where 1, 2 and 3 transverse beams respectively were
clamped across the bottoms of the longitudinal beams of the specimen. In these
tests, the momenf of inertia of the transverse beam varied from a value equal
to the stiffness of the composite longitudinal T-beam (26.5 in.h) to approxi-
mately 1/8 of that value (3.33 m.h). These elastic tests showed that for a
given load, the presence of one or more transverse members considerably incréased
the distribution of applied load to adjacent longitudinal beams.

The results Aof these elastic tests with clamped transverse members
were used to help determine the details of the specimens wherein the transverse
beam or beams would be welded intercostally between the longitudinal supporting
beams (Pha.se III) . Providing a transverse beam in this fashion would not in-
crease the overall depth of the structure and would be more ?‘typical of the
detail that might be used im actual practice.

From the results of the tests on Specimens V-1, V-2 and V-3 it zp-
peared that the addition of one transverse at midspan was very beneficial in
distributing the applied load throughout the supporting structure. However,
the addition of two or three transverses did not provide a significantly
greater improvement in load distribution in the cases considered.

On the basis of the maximum elastic strain developed in the loaded
longitudinel beam for specimens with one transverse member clamped at midspan
(Table 4.2.2), it appeared that, for the weight of the material added, a trans-
verse beam with a stiffness of 6.67 in.h' (1/4 that of the-eomposite longi-

tudinal T-beam) was the most effective and should be used in subsequent test
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specimens. This transverse beam was also of such a size that it could be con;-
veniently provided in an actual structure.

Accordingly, two specimens (V-F and VI) were fabricated with a traa;sv-
verse beam (a specially fabricated H-beam cut from a 6 x 4 WF @€ 12 1b) that was
coped and v}elded to the flanges and webs of the longitudinal beams at midspan.
These two specimens constituted Phase III of the program. Specimen V-F with a »
welded transverse having an I, of 6.67 in.l‘ (depth of 3.60 in. and flange widths
of 4.60 in.) was similar to Specimen V-1 with a clamped transverse of the same
stiffness. Withou? this transverse member, Specimen V-F was a duplicate o:f
Specimen II (7 longitudinal beaus, -g = 0.2, H = 91.5). Figures 5.L.1 and 5.1.2
provide an underside view of Specimen V-F showing the transverse beam we;.ded
intercostally between lv;Ehve longitudinals. Specimen VI was fabricated with a
transverse beam whose stiffness was 2.60 :I.m21L (depth of 2.96 in. and flange
vid'ths of 1.50 and 1;.00 in. Without this transverse member, Specimen VI was a
duplicate of SPecim?n I (7 15ﬁgitu<\11na1 beams, g =0.2, H = 36). |

Specimens V-F and VI were tested in the elastic range with the loads
applied over the intersection of the center longitudinal beam and the transverse
beam (position 10). They were then teSted to failure with the load at the posi-
tion along the center longitudinal beani which produced the maximum elastic
strain in the loaded longitudinal beam. The selection of the load“ position for
the test-to-failure was made by applying a load of 25 kips at a series of posi-
tiong along the loaded beaﬁ as described in Section 4.1 for tests on Specimen
V-1 with one clamped transverse beam. The results of these exploratory tests
showed that position 6 (9 in. from midspan) for Specimen V-F and position 4
(13 in. from midspan) for Specimen VI were the ones that should be used. It
should be noted that the position for Specimen V-F is the same as that determined

for Specimen V-1 with & clamped transyerse of the same stiffness.
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5.2 Specimen V-F

Two tests were conducted on this specimen. In one test, load incre-
ments to 60 kips, applied at the geometric center, created only elastic strains
through@ut the entire structure. In the second test on this specimen, the load
was applied at a point 9 in. from midspan and was increased until failure of
the specimen occurred.

Under a load of about 130 kips one of the welds between the bottom
flanges of the transverse beam and longitudinal Beam 4 cracked as shown in
Fig. 5.2.1. The test was stopped so that the weld could be chipped out and
the beams could be rewelded. The test<v*ms then resumed until, at a2 maximum
load of 320 kips, the center beam showed considerable rotation over the support.
The specimen failed by simultaneous buckling of the plate between longitudinal
Beams 4 and 5 and of the disphragm between the ends of longitudinal Beams 5 and
6 as shown in Fig. 5.2.2.

The longitudinal beam strains in the center region of Specimen V-F
are summerized in Table 5.2.1 for load applied at positions 10 and 6. When
measured by the maximum straiﬁ developed in the loaded longitudinal beam, a
load applied at position 6 is more severe than the same load located at position
10. The greatest strain alﬁays occurred under and close to the center of the
ap;glied load; i.e.,3 in. from midspan with the load at position 10 and approxi-
mately 9 in. from midspan with the load at position 6. The strain at the
midspan of the loaded longitudinal beam is less than this value, particularly
for the case where the load is applied at position 6. Probably the biaxial
tensile strains, to wlﬁch longitudinal Beam 4 was subjected by the intercostally
wgld.ed transverse beam, helped to reduce the midspan strain in the loaded longi-

tudiﬁgl beam.
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With a 60-kip load at position 6, the loaded longitudinal beam was
beginning to experience plastic strain. Beams 3 and 5 yielded first at their
centers when Ithe applied load was sbout 90 kips while Beams 2 and 6 yielded
first at their centers when the applied load was approximately 160 kips. At
the ultimate load of 320 kips the strains in Beams 1 and T were of negligible
magnitude. After yielding initially under the load, the extent of the yielding
spread rapidly along the bottom fibers of the loaded beam. With increasing
loads, yielding in adjacent beams also spread. Points T in. from the center
of Beams 3 and 5 yielded at a load of 140 kips; points 7 in. from the center
of Beams 2 and 6 yielded at a load of 280 kips. Yielding was impending at the
quarter points of Beams 3 and 5 at the ultimate load. The maximum recorded
beam strain at a load of 200 kips was 0.076 in. per in. for Beam U4 at a point
7 in. from the center.

Load at position 10 produced the greatér midspan strain in the first
and secpnd adjacent beﬂa.ms. The measured strain in the adjacent beams peaked
abruptly at midspan and was 30 to 50 percent less at a point only 3 in. from
midspan for loads up to 80 kips. Apparentiy the presence of an intercostally
welded transverse beam created a significant strain gradient at the midspan of
the adjacent beams.

The deflections near midspan are given in Ta.ble 5.2.2 for. load at
pésitions iO and 6 of Specimen V-F. With the load at position 10, only deflec-
tions for the loaded beam are available and the maximum measured deflection was
‘directly beneath the applied load. The larges£ deflections of the loaded beam
were slightly less when the load was applied at position 6 and they occurred
6 in. from midspan.

For this seme position of load, the maximum measured deflection of

the adjacent beams was at midspan. This midspan deflection, for the first
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adjacent beam, was almost one-half and, for the second adjacent beam, about
one-sixth of the value for the loaded longitudinal beam. Fig. 5.2.3 shows, for
a transverse section at the cgnterline of the specimen, the deflections under
load and residual deflections for various load increments up to 200 kips. The
improved outward distributicn of load was evidenced by the substantial deflec-

tion of adjacent beams at higher loads.

5.5 Specimen VI

Specimen VI was subjected to loads applied at two different positions.
Load increments to 30 kips, producing only elastic strains throughout the stmc«-
ture, were applied at the geometric center. The spécimen was loaded to failure
with the load applied at position 4, 13 in. from midspan.

Under an applied load of about 130 kips one of the welds between the
bottom flanges of the center longitudinal beam and the transverse beam failed
as shown in Fig. 5.3.1. After this weld had been chipped out and rewelded, the
test was resumed. In the last stages of the test, buckling of the plate between
longitudinal Beams 3 and U4 became apparent. At an applied load of 280 kips the
weld between the bottom flanges of the transverse beam and the center longi-
tudinal beam cracked again and the specimen failed. The specimen is shown in
Fig. 5.3.2 at ultimate load.

The longitudinal beam strains in the center region of Specimen VI are
summarized in Table 5.3.1 for load applied at positions 10 and 4. It is evident
that load applied at position 4 produced greater strains in the loaded 1.ongiu~
tudinal beam than d4id load applied at the geometric center. In both cases, the
midspan strain was considersbly smaller than the maximum strain measured in the
loaded longitudinal beam (similar to the behavior of Specimen V-F). With the
J.oa.d at position 4 the midspan strain was negative, probably because of the re-

straint of the transverse beam.
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Yield point strain in longitudinal Beam 4 occurred under a load of
about 40 kips. Beams 3 and 5 yielded first at their centers when the applied
load was approximately 65 kips and Beams 2 and 6 yielded in a similar manner at
about 130 kips. At the near-maximum load of 240 kips, the midspan bottom fibers
of the exterior beams had experienced only slightly more than half of the yield
point strain.

As in Specimen V-F, the adjacent beams of Specimené VI exhibited the
greatest strain at midspan and a rapid drop-off along the length of the beam-
since strains 3 in. from midspan were only 50 to TO percent of the midspan value
for loads up to 60 kips. However, above this load, the strain 3 in. from midspan
in the first adjacent beam developed at a much more rapid rate and quickly ex-
ceé@ed the strains meassured at midspan. As indicated by the larger strains de-
veloped in the adjacent beams, load located at position 10 (over the transverse)
is distributed more completely to the supporting beams.

The deflections in the center region of Specimen VI are summarized in
Tgble 5.3.2 for load applied at positions 10 and 4. Comparing the results for
these two positiong, load applied at position 10 produced somewhat greater
&eflection in the loaded longitudinal and also at the midspan of the first and
second adjacentvlongitudinal beans .

When loaded at position 4 (13 in. from midspan), the meximum measured
deflection of the loaded beam occurred at a point 6 in. from midspan when the
applied loads were small. As larger loads were applied, the deflection measured
at a point 16 in. from midspan (3 in. from the centerline of the applied load)
became the largest. |

In Pig. 5.3.3 the deflections under load and residual deflections for
vg:ious‘load increments up to 200 kips are shown for a transverse section at the

midspan of the specimen. It is evident, with first and second adjacent beams
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exhibiting deflections that are approximately one-half and one-fifth of the
loaded beam -deflection, that the transverse beam has improved the distribution

of the applied load to adjacent beams.
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VI. COMPARISON OF SPECIMENS WITH CLAMPED AND WELDED TRANSVERSE MEMBERS

As pointed out in Section V, Specimen V-F {with a welded transverse
beam) was :similar to Specimen V-1 (with a clamped transverse beam)-. ' Both trans-
verse beams had an I of 6§67 inoho The only difference in ‘these‘specimens was
thei' cross-sectional shape of the transverse beam and its position relative to
the longitudinals. In Specimen V-1 the transverse member {a T-section} was
fasteﬁed at each edge to both sides of the bottom flange of eé.ch longitudinal
beam while in Specimen V-F the transverse member (a fabricated I-section) was
welded infercostally between the longitudinal beams. In this section the be-

havior of these two specimens in the elastic range will be compared.

6.1 Strains in Longitudinal Beams

In the exploré,tory tests on Specimens V-1 and V-F, the position of
the load producing meximum strain Vin. the loaded longitudinal beam was found to
be position 6. Each of these specimens was loaded in the elastic range at this
position and also at position 10.

The distribution of strain measured along the loaded longitudinal
beam of Specimen V-F and V-1 is shown in Fig. 6.1.1 for a load of 40 kips
abplied at positions 10 and 6. With l;:)ad at position 6, the more critical posi-
tion, there was excellent agreement betweén the strains mea.sured in the two
specimens except for the poin‘b at midspan where the different elevation and
method of connection of the transverse beam a.p}pza.:c’exrt:q.'!.;yr had a local effect.
With load at position 10 there is genere@.ly good agreement between the two
specimens except near midspan. |

The increments of strain measured in longitudinal Beams 1 ; 2, 3 and L
of Specimens V-1 and V-F are compared in Figs. 6.1.2 and 6.1.3 for locads up to

40 kips applied at positions 10 and 6. While not all corresponding adjacent
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beams were in good agreement, it can be seen that the maximum strain developed
in the loaded beam was about the same in each specimen for a given lcad position.
The longitudinal beam strains across a transverse section at midspan
and 3 in. from midspan are summarized in Table 6.1.1 for Specimens V-1 and V-F
when subjected to a ;!.oad of 40 kips at positions 10 and 6. Regardless of the‘
position of load, the strain at the centerline was always large’r in the losaded
beam and usually smeller in the adjacent beams of Specimen V-1 (where the trans-
verse member was clamped in place) than it was in the longitudinal beams of
Specimen V-F. The difference in midspan strain for the loaded beam was quite
large, but need npt be given serious consideration since thg maximum strain in
longitudinal Beam 4 did not occur at midspan. Across a transverse section 3 in.
from midspan the agreement between the two specimens was very good for both
positions of the load, indicating that the sizeable differences noted previously

existed primsrily at midspan.

6.2 Deflections of Longitudinal Beams

Referring to Figs. 6.1.2 and 6.1.3 where the deflections for longi-
tudinal Beams 1, 2, 3 and 4 of Specimens V-1 and V=F ére summarized, there is
generally good agreement between the deflections of corresponding locations in
the two specimens. The variation in cross ’section and elevation of the trans-
verse beam in these two specimens did not influence the deflections of the

loaded or adjacent longitudinal beams for the range of load considered.

6.3 Deck-Plate Strains

Strains were measured in a longitudinal and transverse direction on
both the top and bottom of the deck-plate of Specimen V-F at selected locations
as shown'in Fig. 2.3.2. A summary of the maximum tensile and compressive straiuns

measured on Specimen V-F under a load of 40 kips applied at positions 10 and 6
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is given in Table 4.5.4.1. In general, the maximum and next largest measured
strains are less than 500 microin/in., for this applied load. Considering that
the deck plating is STS material with a yield point of spproximately 100,000
psi, the measured plate strains are relatively low under a 40 kip load.

Specimen V-1 (It = 6.67 in.,h) was comparable to Specimen V-F. In
most cases the results were in very good agreement, indicating that neither the
different methods of fastening the transverse member to the longitudinal beams
nor the marked difference in location of the transverse beam (beneath vs. be-
tween the longitudinal beams) significantly affected the maximum strains

measured in the deck-plate of the specimens investigated.
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VII. COMPARISON OF SPECIMENS WITH AND WITHOUT TRANSVERSE MEMBERS

As pointed out in Section VI, Specimens V-1 and V-F are identical ex=
cept for the elevation, cross section and method of connection of the transverse
beam locafed at midspan. Without the transverse member, these specimens were
exactly the same as Specimen II (i.e., 7 longitudinal beams, b/a = 0.2, H = 91.5).
Specimen VI without a transverse member was exactly the same as Specimen IV
(7 longitudinal beams b/a = 0.2, B = 36). In this section the behavior of these

specimens with and without transverse members, will be compared.

7.1 Strains in Longitudinal Beams

The strains in the longitudinal beams of Specimens II, V-1, and V-F
have been summarized in Tables 3.2.1, 4.2.1, 4.2.2 a.ndlsoeolo Compared in
Table T.l.l are the longitudinal beam strains at various locations in these
specimens for a load of 40 kips applied at positions 10 and 6. It is evident
that the meximum strain in the loaded longitudinal beam for specimens with a
transverse member was developed when the load was applied at position 6 { 9 im.
from midspan). For a specimen without a transverse member *l;:he maximum strain in
the loaded longitudinal occurred with a 4O-kip load applied at position 10 and
was 2370 microin/in.

The introduction of a transverse member with a moment of inertia of
6.67 in.l‘L at midspan reduced the maximum strain in the loaded beam to 1290
microin/in. (é.verage value measured in Specimens V-l and V-F) when a 40-kip load
was applied at the geometric center. Application of the same load at position 6
developed the maximum possible strain in the loaded beam, an average of 1475
micro:.n/:.n in Specimens V-1 and V-F. This is approximately 65 percent of the
‘ max:mmm strain (2370 microi_n/in.) measured in the loaded beam of Specimen II

where no transverse beam was present.
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Under a 40-kip load tﬁe .average midspan strains in the adjacent beams
were substantially greater for the specimens with the transverse member, indi-
cating the beneficial influenc*;e of the transverse beam in improving the lateral
distribution o’f the applied load to the adjacent beams. This was particularly
true for the second adjacent beam which in Specimen II made no contribution of
po;i‘bive moxinent capacity when a load of 40 kips was applied to the specimen.

Iﬁ Fig. T.1.1l strains in the loaded and adjacent beams of sfpecimens
IT and V-F are plotted for applied loads up 'bo-200 kips. It is evident in
Specimen II that inelastic action began first in the bottom fibers of the center
i)eam when the appl‘ied load was 4O kips. As the test was continued, only one
beam was strained inelastically for loads between 40 and 100 kips, 3 beams were
inelastically strained for loads between 100 and 240 kips, and 5 beams were
inelastically strained for loads between 240 kips and fé;ilureo In Specimen V-F,
inelastic action first occurred in Beam 4 under an applied load of about 65
kips (a.bout 50 percent higher than the corresponding load for Specimen II).
After initial yielding in this beam, plastic deformation spread more rapidly
than in Specimen II. One beam in Specimen V-F was strained in the plastic
range for loads between 65 and 90 kips, 3 beams for loads between 90 and 160
kips, and 5 beams for loads between 160 kips and failure. The transverse‘beam
'definitely improved the distribution of the applied load and enabled adjacenﬁ
beams to contribute earlier to the support of the applied load.

The strains in the longitudinal beams of Specimens IV and VI have
been summarized previously in Tables 3.2.2 and 5.3.,1l. Selected strains are
summarized in Table T.1l.2 for a load of 30 kips applied at positioms 10 and 4,
It is évident that the ma.xmum strain developed in the loaded beam of the speci-

men without a transverse member (Specimen IV) occurred when the load was applied
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at the geometric center (pbsition 10). This maximum strain was 2470 microin/in.
under a log.d of 30 kips.

When the same load was applied to Specimen VI (containing a transverse
member with a moment of inertia of 2.60 inah) the largest strain in the loaded
beam was 1440 microin/in. {for load at position 10) and 1790 microin/in. {for
load position 4). It can be seen that the maximum possible strain in the
loaded béam was reduced approximately 25 percent when the transverse beam was
present at midspan. The distributing effect of the transverse member was quite
apparent when the mid.spaﬁ strains of adjacent beams were compared. The second
éd,ja.cent beam, in particular, exhibited a substantial positive-moment contri-
bution when the tra.nsvérse member was present.

Figure 7.1.2 presents the strains in longitudinal Beams 1, 2, 3 and 4
of Specimens IV and VI for loads up to 200 kips. In the figure the more rapid
‘ devélopment of stra.in“in the loaded beam of the _specimen wvithout a transverse
beam is evident. The apparent "leveling off" of midspan strain in Beam 3 of
Specimen VI occurred because inelastic ’stra.iz; actually develcped more rapidiy
3 in. from midspan (see Table 5.3.1).

| In the test of Specimen IV, inelastic action began first in the bottom

fibe;“s of fhe center 'beam when the applied load was about 30 kips. Until the
spplied load reached 65 kips, orly the center longitudina; beam was st,rairied in
the inelastic range; then three beams were inelasticallyistrained until this
load reached 150 kips, and fivé beams were inela,‘sticallyl shtra;‘me‘d until this
load reached 26kaips, In Specimen VI however, inelgstie action first occurred
at an applied load of about 40 kips. After initia,lhy:i’;elding in this speciinen,
inelastic deformation sp:;ead more rapidly than in Specimen IV. One beam in -

Specimen VI was plastic until the applied load reached 65 kips; three beams were
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QlaStic until this load reached 130 kips, and five beams were plastic until
fail.nre. Again the transverse beam improved the distribution of the applied

load to adjacent beams.

7.2 Deflections of Léngitudinal Beams

’ ‘ " Presented in Tables T.2.1 and T.2.2 are the deﬂect:.ons of the long1-=
tudinal Eeams of Speci.mens II, V-1 and V-F for a load of 40 kips and of
Specimens IV and VI for a loa.d of 30 kips.

’ Referring to Ta.ble 7.2.1, the maximum deflection of Specimen II was

0.215 in. under a 40-kip load. The maximum measured deflec’cion was approxi=
'mately 50 percent less in the case of idenfical speci.mens where a tra.n_svérse
member (It = 6.67 in.u)f.had been clamped or weldgd to the structure at midspan.
This meximum deflection was about the same for both positions of the load in
Specimens V-1 and V-F. A transverse member 'lpcated at midspan appears to have
little effect on the mdspan deflection of the first adjacent beam but a pro-
found effect on the midspan deflection of the second adjacent beam at ‘l;his 1oad.

Comparisons can be seen more easily in Fig. T.2.1 where the deflec-
tions of _tﬁe;ongitudinal beams of Specimens II and V-F are shown. At a load
of 200 kips, the maximum deflection of Beam U4 was 2.8 in. for Specimen IT and
1.6 for Specimen V-F.

In Table '7.2.2 th:-; p:re‘éence of a transverse beam ﬁelded 'intercgstaily
at midspan reduced the ‘maximum measured deflection in Specimen VI to approxi-
mately 65 percent of 'the 0.291-in. deflection measured in syeciﬁen IV at a lqad
of 36 kips. The reduction in maximum deflectipn of the loaded beam was again
accompanied by little change in the aversge midspan deflection of the first
adjacent besms but a substantial increase in average m:_dspa.n deflection of the

second adjacent beams.
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The longitudinal beam deflections of these specimens are shown in
Fig. T7.2.2 for load to 200 kips. At a load of 160 kips, the maximm deflection

of longitudinal Beam 4 was 2.2 in. for Specimen IV and 1.7 in. for Specimen VI.

T.3 Deck-Plate Strains

It was found previously (Section 3.2) that yield point strains were
developed in the deck-plating of specimens without transverse membe‘rs (Bpecimens
IT and IV) under an applied load of about 70 kips. When similar specirhens were™
ou‘lﬁfit‘héd with welded transverse beams, (Specimen V-F and VI), the deck-plate
strains throughout the specimen were generally less than one-hz2lf the yield
point of the material for an applied load of 120 kips. When the applied load
was 200 kips, a few gagés indicated yield point strains in the deck-plate of
both Specimens V-F and VI. Thus it is evident that deck-plate strains increased
at a :r.'ele:bively slow rate in the specimens with transverse beams and were not
nearly as important as the strains ﬁhich developed at a much more rapid rate

in the longitudinal beams.
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VIII. ANALYSIS AND DISCUSSION OF THE EFFECT OF TRANSVERSE MEMBERS

8.1 General Concept

Stiffened plate specimens, by virtue cf the stiffness of both the
deck and the longitudinal suppcrting beams, distribute appiied load laterally
so that the surrounding regions of a structure may contribute to the support of
the load. This lateral distribution can be augmented by the addition cf ome or
more members which are placed in a transverse direction and connected to the
longitudinal supporting beams. The effectiveness of such transverse members de~
pends upon several factors, including the stiffness of the transverse relative
to the longitudinal beams and, more particularly, relative to the deck.

A transverse member functions most effectively in laterally distribut-
ing an applied load when the position of the load is directly over the trans-
verse. Under these conditions, the maximum moment in the loaded beam is
considerably reduced and the moments in adjacent beams are correspondingly in-
creased when compared with the moments which would exist in the same structure
without a transverse member. Unfortunately, however, such a position is not
the critical location of the load for producing maximum moment in the loaded
beam. Hence, this apparent improvement is nct as beneficial as it would agppear
to be at first glance, since the maximum moment in the loaded beam is usually
of primary concern.

When the same load is located at some position which is not directly
over the transverse, the effectiveness of the transverse member as a distributor
of the load is reduced. Under these conditions the maximum moment in the loaded
longitudinal beam may be considersbly larger than the moment in the loaded longi-

tudinal when the load is placed directly over the transverse member.



b5

It has been found previously (3) that the relative stiffness of =

transverse member may be measured by the quantity K where
- > 3
K=ETIa /EL D
Each transverse in the structure can be compared in effectiveness with a width
of decking of a/n+l. When the stiffness of the transverse is added to such a

width of decking, a revised value of HO , referred to as Hn’ can be computed in

the following manner for a structure with n transverse members of finite

stiffness:
E.T
12 T
F -8 (1) 53
n [o]

where Ho 1s the original value when no transverse member is present.

Then,
}‘6 = % + {(n+1)XK
Bn Bo
Wwhere
3\ 1
B = -—nr— E
n a3

With the value of Bo known for the structure and variocus values of
X available, corresponding values of Bn can be computed from the above relation-
ship and ﬁsed to determine the proporticn of locad or the necessary coefficients
for the calcull_.a‘bion of moments or deflections in the verious longitudinal beams.

In the investigation described herein, a specimen with seven lougi-
tudinal supporting beams (b/a = 0.2, HE = 9l. 5) was tested with transverse mem-
bers of varying stiffness clamped across the bottoms of the longitudinal beams
at the center, third points, and quarter points {Specimens Vel 5, V=2 and V=3
respectively)o In each of these cases, the stiffnesses of the added transverse

members were combined in the manner previcusly described to provide a calculated
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value of Bﬁ for the structure with transverse members. This value of Hn was
then converted to the'parameter Bn for the structure, and these calculations
are summarized in Table 8.1.1. The same procedure was used to determine the
values of Hn and Bn for Specimens V-F and VI which contained a transverse beam
welded intercostally to the longitudinal beams at midspan. These data are

given in Table 8.1.1 also.

8.2 Strains in Longitudinal Beams

|The coefficients to be used in the calculation of the moments in the
longitudinal beams of certain simply-supported deck structures {acting as a
one-way slab)are given in Tables E-4 and E-18 of Reference (2) for a concen-
trated load. The values for the loaded beam, first and secondladjacent beams
have been plotted in Fig. 8.2.1 in terms of the parameter . From these plots
the necessary coefficiengg for the various specimens (now expreséed in terms of
Bn) were obtained and used to compute the theoretical strains {and moments) for
the specimens tested.

The longitudinal beam strains computed in this fashion as well as the
largest strains measured when the load was located over the transverse member at
or near the center are summarized in Tables 8.2.1, 8.2.2 and 8.2.3 for Specimens
V-1, V=2 and V=3 respectively under applied lcads of 20, 30, 40 and 50 kips.
Referring +to thesg.tables, it can be seen that the computed strains are usually
somewbat greater than the measured strains for all of the beams comsidered.

This difference is most pronounced for the first adjacent beam. For the lcaded

W

beam, which is of greatest interest, there is generally good agreement between
the measured and computed strains for large values cf Ito For small values of

I, , bowever, the computed strain is always greater than the measured strain

.t)
shown in these tables. In the cases where It was 3.33 or 6.67 inoh, the
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computed value Of strain actually agrees quite well with the maximum possible
strain that was mea.gurecl in the loaded longitudinal beam when the load was

applied at the other more critical position.

8.3 Deflections of Longitudinal Beams

The coefficients to be used for the calculation of deflections of the
longitudinal beams of certain simply-supported deck structures acting as a one-
way sleb are given in Tables E~3 and E-17 of Reference (2) for a concentrated
load applied at the c:errﬁceyi:° These are plotted in terms of the parameter g in
Fig. 8.3.1 for the loadéd, first and second adjacent beams. From these data
the coefficients, aﬁplicablé to the various specimens tested, were obtained and
used to calculate the theoretical deflections of the longitudinal beams.

These computed deflections, together with the largest deflections
measured in Specimens V-1, V-2 and V-3 when the load was applied over the trans-
verse member at or near the center are summarized in Tables 8.3.1, 8.3.2 and
8.3.3 respectively. Im général , the calculated deflections are less than the
measured deflections. Why this occurred is not clear since the calcudations
were made on the assumption of a concentrated load and actually the load was
distributed. The calculations for deflecticor mneglected any shear deflection.
However, since the shear deflection would be approximately 0.001L in. for a
load increment of 10 kips, this reduction was extremely small and would have

little effect on the comparison between calculated and measured values.

8.4 Strains in Transverse Beams

In previous flight deck amalyses (3), it was found that the maximum

moment in a transverse beam could be approximated by the relationship

1
M‘b T ri
5 = 0.115K |1 - ;B



from which

M‘t -C 1000

€ = ————————
3001t

The values of T, and T, for these specimens were obtained from Fig. 8.2.1.
These velues were then used in the above equation to calculate a value for
moment in the transverse beam (Mt) o This value of moment was then converted
to strain for two locations--the extreme bottom fiber of the transverse beanm
and a point coinciding with the location of the strain gage closest to the
bottom fiber. In most cases this second location (providing the largest
tensile strain measurement) was within 0.5 in. of the bottom edge of the beam.

These calculated transverse beam strains are shown in Table 8.4.1 for
'loa.ds of 20, 30, 40 and 50 kips for Specimens V-1, V-2 and V-3. These calcu=-
lated strains have beeﬁ compared with the measured transverse beam strains under
a load of 30 kips in Figs. 4.5.3.1, 4.5.3.2 and 4.5.%.3.

It is evident, when referring to the figures mentioned above, that
there is very good agreement between the calculated and measured strains in the
transverse beam for Specimen V-1 (when loaded at position 10) for all values of
It considered. For Specimens V=2 and V-3 there is fairly good agreement between
calculated and measured transverse beam strains for the large values of I £°
However, when I, is 3.33 or 6.67 :'m.,)+ in Specimen V-2 or V-3 the calculated
strain is greater than the measured value. This method does not seem to pre-
dict transverse beam strains accurately in specimens where 2 or 3 relatively
flexible transverse beams are clamped across the bottoms of the longitudinal
beams. However, this method seems to be quite satisfactory for specimeuns con-
taining one transverse beam of varying stiffness or several relatively stiff

> 1
(It =3 I.b) transverse beams.
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IX. SUMMARY

szom the work done on this project the following observations are made:
_ 1. The presence of one or more transverse members usually contributed

materially to ,’the distribution of the applied load. As & result, specimens with
a transverse mezﬁber developed pesk strains and deflections at a much slower rate
than did specimeﬁs without a transverses In specimens with a transverse (where
.It is one-fourth 61’ I.D) , an increase of about 50 percent in the applied load was
necessary for the two 'typss of specimen to dévelop similar maximum strain in ﬁhe
loaded beam. When equal meximum strains were developed in the loaded beam of
each of these types of specimens, the accompanying maximum deflection of the
specimen with a transverse member was about 25 percent less then the maximum dee
flection of the specimen without a transverse. Associated with this reduction
in maximum deflection of the loaded beam was an increase in the deflection of
adjacent beams of the specimen with a transverse member.

2. For specimens with one transverse member (varying in stiffness
from 3.33% to 26.5 inoh) the maximum possible moment in the loaded beam was not

N

greatly affected by a reduction in I, from 26.5 to 6.67 in. .

t
3. The maximum strain developed in the loaded longitudinal beam when
two transverses were present at the third points was 5 to 10 percent less than
the maximum strain developed under the same load when only one such transverse
was located at midspan. Providing three transverses (one at each of the quarter
points) reduced the maximum longitudinal beam strain é.bout 15 percent from that
obtained under the same load when only one such transverse was located at midspan.

k. When the total transverse beam stiffness (the sum of the stiffnesses

of the individual transverse beams) was approximately equal for different specimens,



%0

there was little difference in the maximum elastic straiﬁs developed in the
loaded or first adjacent beams of the various specimens.

5. In specimens containing transverse members, a pronounced strain
gradient was present in the longitudinal beams in the region near the transverse
beam. This condition was particularly noticeable in the loaded longitudinal
beam of specimens with welded transverse beams.

6. As indicated by the excellent agreement of strains and deflectionms,
the elastic behavior of specimens with clamped or welded transverse beams was
essentially the s‘ameo This agreement indicated that the difference in fabrica-
tion had little influence on the test results and that the technique of clamping
transverse beams across the bottoms of the longitudinal beams was a satisfactory
method for investigating the effect of different number and stiffnesses of trans-
verse beams on the behavior of this type of specimen.

T. The analysis used for specimens with transverse members gave good
agreement with the measured strainms but only fair agreement with the measured
deflections in the elastic tests of these specimens with one or more transverse

members.
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TABLE 2.1.1 SUMMARY OF ALL SPECIMENS TESTED IN PROGRAM

PHASE SPECTMEN  H_ BF ORG - ~ —TRENSVERSE BEANS
a No. Ib No. Location
I I 91.5 0.2 6 26.5 None
IT 91L.5 0.2 T 26.5 None
TII 91.5 0.3 6 26.5 None
v 36 0.2 7 10.35 None
II V-1 91.5 0.2 7 26.5 1 Clamped at midspan beneath
longitudinal. beams
V-2 91.5 0.2 7 26.5 2 One clamped at each of third
points of longitudina;}_ beams
V-3 91.5 0.2 T 6.5 3 One clamped at each of quarter
points of longitudinal beams
III VF 91.5 0.2 T 26.5 1 Welded at midspan between
longitudinsel beams
VI 36 0.2 7 10.35 1 Welded at midspan between

longitudinal beams

* All specimens have span length (a) of 60 in.



TABLE 2.5.1 SUMMARY OF TESTS OF SPECIMENS WITH TRANSVERSE MEMBERS

SPECIMEN TRANSVERSE MEMBER TORD POSITION FOR MAXIMUM STRAIN IN BEAM ¥
Location I " :
TRANSVERSE BEAMS CLAMPED ACROSS BOTTOMS OF LONGITUDINAL BEAMS
V-1 Midspan 26.5 Load position 4, 13 in. from midspan
19.:6 1 " 5, ll (1] n "
1505 1" 1" 5’ ll 1"t 1t "
6'67 ] " R 9 1 ] 11
5.35 1 " 8, 5 n " 1"
V=2 Third Points 26.5 Load position 10, at midspan
1553 n 1 lo, T 1
6.67 " " 10, " "
3053 1 1" lO, 1 1"
V=3 Quarter Points 135.3 Load position 64, T l/2 in. from midspan
6.67 1 n - 6A, " 1 ," " 1"
5055 " Hi 6A, 1" 1 1" 1 n
TRANSVERSE BEAM WELDED INTERCOSTALLY BETWEEN LONGITUDINAL BEAMS
V-F Midspan 6.67 Load position 6, 9 in. from midspan
VI Midspan, 2.60 Load position 4, 13 in. from midspan

¢
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TABLE 3.2.1 SUMMARY OF EXTREME FIBER STRAINS MEASURED HEAR MIDSPAN

FOR LOKGITUDINAL BEAMS OF SPECIMER II

SECOND  THIRD
ADJACENT ADJACENT

LOADED BEAM : FIRST ADJACENT BEAM A BEAM BEAM
Load, Center T in. 15 in. Center T in. 15 in. Center 15 in. Center
kips from from from from from
Center Center Center Center Center
20 +1110 +940 +570 +160 +150 - 4110 -=30 <10  +20
+170 ‘ _
30 +1630 +1390 +830 +220 +210 +150 - =40 =30 -10
- +240 . :
4o +2370 +1820 +1090 +300 +280 +200 . =60 =40 +10
+310
60 - +3290  +1220 +810 +T 4520 ..100 -80 110
+790 :
0 - +750 =210 +310 +280 +200 =7C -50 410
' +310 )
80 - +3290 41230 +1380 +1250 +870 -110 =90 410
+1360
0 - +280 -560 +600 +540 +380 -110 -8 +10
+600 :
100 - +3290 +1260 +2280 +1730 +1200 -70 =70 0
+1920
0 - -110 =770 +1220 +720 +500 -130 -100  +10
: +860
120 - +3540 +1280 +5040 +4310 +1.460 20 =10 -10
+3730 :
0 - -150 -910 +3700 +3070 +540 =100 -80 0

+2380
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TABLE 3.2.2 SUMMARY OF EXTREME FIBER STRAIRS MEASURED NEAR

MIDSPAN FOR LONGITUDINAL BEAMS OF SPECIMEN IV

; : : SECOND THIRD
LOADED EEAM FIRST ADJACENT BEAM ADJACENT BEAM ADJACENT BEAM
Load, Center T in. 15 in. Center = 7 in. 15 in. Centeri 15 in. Center 15 in.
kips from from from from from from
Center Center Center Center Center Center

18 41630 41430 == 4340 - 180 =50  =-= -10 =10
, +300 +210 =80 =30

25  +2230 #1570 +870  +460  +200 +130 -60 =40 -10 =10
. | +430 +290' =60 =40

30 42470 41930 41110 4560  +330 #2240 60 410 -10 =10
+520 . +350 =70 =40

40 -== 41980 +1120 +1050 +820 +590 -80 +40 =30 =30
+1030 +670 =70 -50

0 --- =460 370  +290  +180 +90 =70 =30 =10 =10
‘ +290 #180 =60 =40

60 ——= 42530 41560 +1900 +1970  +1510 420 480 -50 =50
‘ +1880 : +1210 +40 +20

0 —— =560 =380 +670 +850 +630 ' =100 =30 =20 =20
+670 +420 80 =60

80 c-e 42330 41340 42780 42200  +1670 4200 4120 <70 -60
+3540 +1640  +220 4130

0 == <1100 =870 +1190 +740 +500 -90 -90 =30 =30
+3020 : +540 -60 =50

100 —== 42330 +1320 414430 42340 +1750 +660  +330 =80 =60
+440

0 —-- =1080 820 cee 4670 +540  +150 4200 &70 =50

—— ‘ +440  +190  +110




TABLE 4.2.1 SUMMARY OF EXTREME FIBER STRAINS MEASURED NEAR MIDSPAN FOR

LONGITUDINAL BEAMS OF SPECIMEN V-1, LOAD POSITION 10

LOADED BEAM FIRST ADJACENT BEAM SECOND ADJACENT BEAM THIRD ADJACENT BEAM
Load, It Center 2 in. T in. Center 3% in. 7 in. Center 3 in. T in. Center % in.
Kips from from from from from from from
Center Center Center Center Center_ Center Center
LOAD POSITION 10
30 26.5 840 910 670 370 360 330 170 190 170 50 50
350 350 320 220 200 190 60 50
19.6 910 950 740 370 380 350 160 170 160 4o BERTe
380 370 340 210 200 190 30 30
13.3 930 960 730 370 380 340 130 150 140 10 10
) 360 370 340 200 180 160 - 0
6.67 1020 1040 800 Telo) 400 360 120 150 140 -20 -20
390 390 350 160 160 140 -30 -20
3.33% 1110 1110 870 400 400 370 100 110 100 -20 =30
410 400 360 120 120 110 -- -20
Lo 26.5 1080 1170 870 490 480 430 230 250 230 70 70
460 460 1o 280 260 240 80 60
19.6 1120 1220 940 450 490 460 220 220 210 50 50
490 480 440 270 250 2hko 4o Lo
13.3 1160 1240 940 500 500 450 170 180 170 0 0
480 480 430 250 230 210 -- -
6.67 1270 1330 1020 510 510 460 160 190 180 -4o -30
' 510 510 460 200 190 170 =350 -20
3.3% 1490 1460 1160 520 520 - 120 140 - iTe) -40
: 540 540 - 150 160 - -- -10

94



TABLE L4.2.2 SUMMARY OF EXTREME FIBER STRAYN MEASURED NEAR MIDSPAN FOR ‘

LONGITUDINAL BEAMS OF SPECIMEN V-1, LOAD POSITION VARIED

TOADED BEAM FIRST ADJACENT BEAM SECOND ADJACENT BEAM THIRD ADJACENT BEAM

Load, I Center % in. 7 in. Max. Center 3 in. |{ in. Center 3 in. 7 in. Center % in.
t f

kips from  from from  from from from from

Center Center Center Center Center Center Center

LOAD POSITION VARIED

30 26.5 330 520 790  1080(k4) 270 280 270 130 130 130 Lo 20
' . 260 270 250 160 150 130 Lo Lo
19.6 450 680 960  1090(5) 280 310 300 130 120 110 30 30
280 300 . 270 160 160 150 20 20
13.3 %20 650 930  1060(5) 260 280 260 60 80 70 -30 - -30
‘ ‘ - 250 260 230 120 100 90 - -60
6.67 630 900 1120  1190(6) 340 360 340 110 130 110 -20 -10
340 350 320 140 130 130 -40 . =10
3.33 970 1176 1170  1240(8) 380 390 360 90 100 100 -30 -30
' 400 Loo 350 120 130 120 -- -10
4o 26.5 410 670 1030  1h00(k) 340 370 350 170 170 160 50 30 -
: ; 330 340 320 200 200 170 Lo 50
19.6 560 880 1240  1k20(5) 370 390 370 150 160 140 30 30
_ _ 360 380 = 350 200 190 170 0 10
13.3 590 910 1290 = 1k470(5) 390 koo k10 140 . 160 1L40 10 \ 10
, 390 7 390 370 210 200 180 - 0
6.67 790 1140 1410  1h470(5,6) 430 460 koo © 150 150 140 -4o -Lo.
420 4ho k10 160 170 140 -ho -ko
3.33 1290 1540 1540  1620(8) 480 520 _—— 120 120 --- -30 iTe
520 520 -—- 160 180 -——— .- -20

#() Gege position of measured strain

s



TABLE 4.2.3 SUMMARY OF DEFLECTIONS MEASURED NEAR MIDSPAN FOR

LONGITUDINAL BEAMS OF SPECIMEN V-l

FIRST "SECOND

: ADJACENT ADJACENT
A LOADED BEAM BEAM BEAM

Load, I £ Center ‘ 6 in. from 16 in. from Center . Center

kips ' ~ Center Center ‘
LOAD POSITION 10.

30 26.5 .063 073 .053 .O43 .018
‘ ‘ ‘ ' 04T 024
19.6 .068 OT7 .055 040 _ .028
- ‘ o .039 .020
13.3 .OTL .081 .056 043 .02L
‘ o C o 042 024
6.67 .079 .085 .060 o)t -016
‘ C ' ' .0k43 <017
3.33% .093 .098 .069 04l 013
. ' S ‘ N} .01k
4o 26.5 .082 s091 .068 .056 .023
‘ ' ‘ -057 033
19.6 089 -100 070 067 .030
' ' ' ‘ .066 .037
13.3 .092 -104 072 057 024
’ ' ' 054 .030
6.67 .10k <110 .078 054 .022

' . ' 054 .023
3.33 122 .27 .089 .057 017
.056 .019

LOAD POSITION VARIED

30 26.5 048 070 066 023 -007
.035 013
19.6 055 076 .068 .031 014
032 .015
13.3 .058 .080 .069 .023 .01k
o .037 JO17
6.67 Noyal .090 OTL .038 014
‘ ‘ ‘ .008 Ok
3.33 .090 .102 .076 0U2 .007
‘ o ' .0k2 015
40 26.5 .062 .090 .086 031 .009
‘ ' Okl 01T
19.6 Neyal .098 .086 o) .019
s ‘ ‘ Ohk .020
13.3 076 .102 .089 0l2 .020
Ol .023
6.67 .09% 116 .095 049 .018
o ' ' 045 025

3"53 °lm °135 ‘ olOO o ma e




TABLE 4.3.1 SUMMARY OF EXTREME FIBER STRAINS MEASURED NEAR MIDSPAN FOR

LONGITUDINAL BEAMS OF SPECIMEN V-2, LOAD POSITION 5A

©

LOADED BEAM FIROT ADJACENT BEAM SECOND ADJACERT BEAM _
Load, I, Center 3 in. 7 in.. Center 5 in. T in. Center % 1n.. 7 1n.
kips from from from from from from
Center Center Center Center Center. Center
LOAD POSITION 5A
‘30  26.5 Lko 580 760 250 260 270 150 160 150
240 260 270 190 200 200
13.3 540 690 860 280 270 280 150 150 140
, : - 330 320 190 190 180
6.67 570 720 890 310 330 330 140 230 110 .
_— 330 340 160 160 150
3.33 680 830 1010 350 370 360 110 120 100
350 370 380 150 150 150
ho  26.5 600 790 1020 340 360 380 210 220 210
‘ 330 350 370 250 260 260
13.3 T00 900 1130 370 380 390 200 200 190
o —— 420 420 2ko 250 2h0.
6.67 760 950 1180 420 450 450 180 - 180 160
——— 450 460 210 210 200
3.33% 890 1090 1330 460 480 480 150 150 140
450 480 500 180 190 180
50 26.5 - - — - - -— - - -—
13.3% 890 1140 1470 480 490 500 250 260 250
——— 520 510 300 310 300
6.67 950 1180 1460 530 560 560 220 230 200
5.53 - 550 560 250 260 240
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TABLE 4.3.2 SUMMARY OF EXTREME FIBER STRAINS MEASURED NEAR MIDSPAN FOR

LONGITUDINAL BEAMS OF SPECIMEN V-2, LOAD POSITION 10

LOATED BEAM FIRST ADJACENT BEAM SECOND ADJACENT BEAM
Load, IJC Center % in. T in. Center 3 in. T in. Center 3 in. T in.
kips from from from from from from
Center Center Center Center Center Center
LOAD POSITION 10

30 26.5 930 860 570 320 310 280 190 170 170

310 300 290 230 240 180

13.3 1010 9ko 660 330 310 300 160 150 140

--- 370 340 210 210 200

6.67 1060 1000 700 370 360 330 140 150 120

-—- 370 340 180 170 170

3.3%% 1140 1070 760 4oo 390 360 130 120 110

400 Loo 390 160 160 140

Lo  26.5 1230 1140 770 Lo 400 370 250 240 220

410 o 390 290 290 290

15.% 1320 1240 860 LLo 430 iTele) 220 210 190

——— 480 450 270 280 250

6.67 1400 1320 930 480 480 450 190 200 170

(I “Loo 460 220 220 220

3.3% 1520 1420 1020 530 520 490 160 160 140

530 530 . 520 190 200 190

50 26.5 1540 1430 980 520 510 470 310 290 280

510 510 480 350 350 350

13.3 1630 1540 1070 560 540 510 270 260 240

: - 590 550 320 330 300

6.67 1750 1650 1170 620 600 560 240 250 220

_—— 610 580 270 280 260

3.3% 1890 1770 1270 650 640 600 210 200 170

650 650 640 240 240 220




TABLE 4.%.% SUMMARY OF DEFLECTIONS MEASURED NEAR MIDSPAN FOR

61
LONGITUDINAL EEAMS OF SPECIMEN V-2
SECORD
. FIRST ADJACENT
: LOADED BEAM ADJACENT BEAM BEAM
Load, It Center 10 in. from 16 in. from Center 10 in. from Center
kips Center Center: Center
LOAD POSITION 5A
30 26.5 - ——— ——— ——— ——— ———
13.3 077 .070 .068 .028 .027 015
.03% - .029 .019
6.67 .078 .072 .068 .035 .032 .013
.033 .033 .015
3.33 .089 .08% .076 .053 037 014
.038 034 014
40 26.5 .075 .071 .065 .035 .036 .02k
.037 .034 .026
13.3  .096 .087 .085 .034 .0%8 .021
.okl - .038 .025
6.67 .099 .092 .085 .052 .0k3 .019
' 0bs .043 .021
3.33% 113 .105 .096 .061 .037 .017
.048 .okl .018
50 26.5 .093 .088 .081 — _— ———
1%.3 116 .105 .102 .0kg .048 .026
.053 .048 .032
6.67 .120 Jd11 .103 .057 .051 .025
.060 .053 .028
3.33 ——— ———- cm—- .069 047 .020
LOAD POSITION 10 -058 -054 -022
30 26.5 .079 .057 .053 .043 .028 .020
.0%2 .019 .024
13.3 .094 .068 062" .029 .029 .01k
.033 .031 .018
6.67 .096 073 .062 .037 .032 .016
.038 .036 .018
3.33 .105 .081 067 .052 .036 .013
.0ko 034 .015
Lo 26.5 .101 071 .065 .058 .050 .035
.051 .038 .039
13.3 116 .084 .076 .0L0 .040 .019
.Ok2 .042 .020
6.67 123 .092 .078 048 .0k2 .021
.0kg 047 .022
3.33% 134 .103 .086 .067 .048 017
.052 048 .019
50 26.5 .123 .08%4 076 .064 .055 .040
.057 oh7 047
13.3 L1540 .101 .090 048 .050 .023
.051 .051 .026
6.67 149 111 .093 072 .057 .024
" .063 .061 .028
3.3% 162 .125 .103 oyt .059 024

.060 .060 .015




TABLE U4.k.1 SUMMARY OF EXTREME FIBER STRAINS MEASURED NEAR MIDSPAN FOR

LONGITUDINAL BEAMS OF SPECIMEN V-3, LOAD POSITION 10

LOADED BEAM FIRST ADJACENT BEAM SECOND ADJACENT BEAM THIRD ADJACENT BEA
Load, I Center % in. [ in. Center 5 1n. [ 1in. Center  3in. ( in. Center 5 in.
kips t from fronm from from from from from
Center. Center Center Center Center Center Center

LOAD POSITION 10

30 13.3 730 810 550 160 250 220 120 140 130 80 Q0

330 330 310 230 230 220 30 20

6.67 890 920 670 370 360 340 120 140 130 10 10

} ; 360 360 330 200 200 200 10 10

5.33 990- 990 720 390 370 350 130 1ho 140 10 0

iTole) 390 370 170 180 180 -- -10.

40 13.% 980 1080 750 276 360 320 190 200 190 90 106

N 450 440 410 290 290 280 Lo 4o

6.67 1160 1220 890 L9o 480 450 180 190" 190 10 20

480 490 450 250 260 250 0 20

3.55 1300 1310 960 520 500 470 170 190 180 0 0

530 520 480 220 220 220 - -10

50 13.3% 1230 1360 960 koo 470 430 250 260 240 300 120

; 570 550 530 360 360 350 60 60

6.67 1h20 1510 1100 610 600 560 230 240 240 20 20

5.3 610 600 560 310 310 300 10 20

29



TABLE 4.4.2 SUMMARY OF EXTREME FIBER STRAINS MEASURED NEAR MIDSPAN FOR

LONGITUDINAL BEAMS OF SPECIMEN V-3, LOAD POSITION 6A

LOADED BEAM TIRST ADJACENT BEAM  SECOND ADJACENT BEAM  THIRD ADJACENT BEAM
Load, It Center 3 in. T in. Max. Center 3 in. 7T in. Center 3 in. 7T in. Center 3 in.
kips from  from from  from from from from
Center Center Center Center Center Center Center

LOAD POSITION 6A

30 13.3 480 750 830  850(8) 250  em- - 150 =e= --- 100 -—-
: 330 -— ——- 220  --- .- ——- -

6.67 610 860 950 970(8) 320 ---  3bo ---  --- 130 --- ---

--= == 350 --- === 190 | --- -~

3.33 680 900 1000 1020(8) 330 350 340 120 120 130 , 0 0

340 360 370 150 160 160 . -10

40 13.3 630 . 1110 1110 1140(8) 350 350 370 190 210 210 110 120
' ' 440 460 450 280 300 310 60 60

6.67 800 1140 1260 1290(8) 440 460 460 180 190 190 30 30

450 480 k70 o2ho 250 250 20 20

3.%% 920 1210 1350 1380(8) 460 480 480 160 170 180 0 0

: 460 490 Loo . 200 210 210 -- -10

50 13.3 770 1260 1400 1440(8) 450 - - 250  —~- — 120 -
540 --- - 340 --- -—- --- : -—-

6.67 980 1420 1560 1620(8) 550 570 570 220 230 230 30 30

560 590 580 200 300 = 300 20 20

3.3% 1110 1o 1660 1710(8) 570 590 580. 190 . 210 220 -10 -10

570 600 600 230 240 240 - -30

*#() Gage position of measured strain



TABLE 4.4.3 SUMMARY OF DEFLECTIONS MEASURED NEAR MIDSPAN

FOR LONGITUDINAL BEAMS OF SPECIMEN V-3

~ FIRST _SECOBD
LOADED BEAM ADJACENT BEAM ADJACENT BEAM
Load, I N Center 6 in. 16 in.. Center 16 in. Center 16 in.
kips from from ' from from
Center Center Center Center
LOAD POSITION 10
30 13.3 077 .085 .06k .030 .027 .019 013 .
.036 .027 026 L0117
6.67 .081 .083 .059 .0b1 .029 .018 014
.0k .030 .02% .023
3.3% .092 .095 .060 .034 .030 017 .013
| .03%6 .029 .014 .010
40 13.3 .095 .106 077 .0h2 .032 .025 .018
.051 .036 .034 .02k
6.67 .104 .105 .073 .0k2  .038 .022 .07
' .050 .039 024 .02k
3.33 117 .118 .085 Oks .0k - .017 .016
: .0l .038 .022 .015
50  13.3 11k 127 .089 .052  .0ko .031 022
.063 .0k5 .0ko .029
6.67 126 .127 .087 .060 .OL7 .026 .021
.063 .045 .032 .032
3.33 - --- --- -—- - -—- ---
LOAD POSITION 6A
30  13.3 .069 .085 .068 S ---
6.67 .075 .085 .065 - -
3.33 08k .09k .07k 023 023
.049 .031
4o 13.3 .086 .106 .082 .0ko .022
Neliys .035
6.67 .095 .108 .081 .0kg .021
' .0ko .026
3.33 .106 .120 .091 L0kl .033
: .063 .036
50 13.3 .102 .127 .096 — .-
6.67 116 132 .098 .5%; .5§é
.065 _—
3.3% .128 R .109 .055 037
075 Nel's}
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TABLE 4.5.3.1 SUMMARY OF STRAINS MEASURED AT CENTER

. OF TRANSVERSE BEAMS FOR SPECIMEN V-1

LQAD POSITION 1O

STRATN GAGE RO-.

"LOAD PUSITION VAKIRD

STRAIN GAGE NO.

Load , I, o1 92 93 ok o1 92 93 ok

Xips )

20 26.5 720 540 300 210 500 400 230 170
19.6 --- 710 390 290 --- 600 330 260
13.3 -—-  --- 540 410 -—— === 4BO 350 '
6.67 -e= === 970 TTO —-- === 950 70O
3.33 cm mme -e- 1380 cee mem . —-- 13MO

30 26.5 1070 800 450 320 800 600 340 2%
19.6 - 1070- 500 450 --—- 880 490 38
13.3 - === 820 620 ---  --- 64O 480
6.67 --- === 1520 1170 --- === 1390 1040
5.53 ~-= === --- 2060 —- me- - 1990

4o 26.5 1ik20 1070 580 410 040 78 40 330
19.6 --- 1hk00 T80 590 --- 1250 620 1480
13.3 ---  --- 1050 790 -———-  --- 870 680
6.67 cee e 2010 1560 ---  --= 1760 1380

5.33




TABLE 4.5.3.2 SUMMARY OF STRAINS MEASURED AT CENTER

OF TRANSVERSE BEAMS FOR SPECIMEN V-2

Lload,

I

LOAD POSITION 10
STRAIN GAGE NO.

LOAD POSITION 54

STRAIN GAGE NO.

t

Kips 101 102 101 102
20 26.5 iTele} 460 L90 250
13.3 630 680 730 Lko

6.67 T60 810 830 510

3.33 870 850 1030 590

30 26.5 600 650 Ti0 360
13.3 910 980 1070 650

6.67 1100 1170 1210 740

3.33 1300 1250 1500 . 850

40 %6.5 750 810 930 470
13.3 1160 1250 1360 820

6.67 110 1500 1600 950

3,33 1700 1630 1940 1090

50 6.5 940 990 - -
13.3 1430 1530 1670 1010

6.67 1730 1830 1980 1150

3.33 2220 2020 ——- ———
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TABLE 4.5.3.3 SUMMARY OF STRAINS MEASURED AT CENTER

OF TRANSVERSE BEAM FOR SPECIMEN V-3

TOAD POSITION 10 TOAD POSITION Gh

Load, I, “STRAIN GAGE NO.- STRAIN GAGE NO.
kips 105 104 105 103 10k 105
20 13.3 ; 50  ThO 450 620 670 340
6.67 520 770 520 670 680 390

3.33 620 94 580 770 810 430

30 ‘13.3 74O 1100 640 890 950 470
6.67 ' ‘750’ 1160 750 280 1030 570

3,33 ’890 1400 8%0 . 1110 1200 620

4o - 13.5 - 8% 1390 770 iloo 1220 570
| 6.67 960 1520 950 1250 1330 T10

3.33 1110 1800 1070 1420 1560 790

50 13.3 1050 1710 970 1320 1490 690
| 6.67 1160 1870 1160 1520 1630 780

5.35 e e e 1730 1930 950




TABLE 4.5.4.1 SUMMARY OF PLATE STRAINS MEASURED UNDER 40-KIP LOAD

FOR SPECIMENS V-1, V-2, V-3, V-F and VI

(a) MAXIMIM STRAIN

"IOAD TOP OF PLATE BOTTOM OF PLATE Load TOP OF PLATE BOTTOM OF PLATE .
It POS. Positive Negative Positive Negative Bos. Positive Negative Positive Negative
* . . ! N
v-1  26.5 10 . +180(74) -320(80) +510(56) * -220(54,55) L +170(86) -310(83) +250(60) -160(51,5%)
19.3 10 1180?7&% -350(80) +540(56) -2&05555 5 +130(86) -380(81) +240(58) ~19o(§5)
13.3. .10 +170(74) -350(80) .  +520(56)  -260(55) 5 +130(86) ~390(81)  +250(58) -190(53)
6.67 10 +200(74) -390(80) ~  +590(56) -250(55) 6  +1%0(86,87)  -400(81) +340(56) -260(53)
3.35 10" +200(76) -360(77) +520(56)  -320(55) 8  +200(76) -180(79) +2&0(58) -640(56)
v-2  26.5 5A  +70(7h)  -330(81) +210(58)  -180(55) S10 +ko(7H) - -330(79)  +490(56) -190(55)
15.5  5A  +90(7h)  -330(81) +220(56) - -190(55) 10 +1%0(7h) -350(79) +u70§56) -240(55)
6.67 5a +90(T4)  -360(B1) . +220(56,58) -200(55) © 10 +150(7h) -400(79)  +530(56) -250(55)
3.33  5A +100(76)  -360(81) +280(56)  -200(55) 10 +170(7T4) -b20(79) +610(56) -240(55)
V-3 13.3 10 +130(T3)  -300(76)  +500(56)  -250(55) “6A  +90(ThH) -310(81) +310(56) -210(55)
6.67 10 +1ho(7h)  -340(7T7,79). +540(56)  -300(57) © 6A  +200(Tk,76)  -33%0(81) +300(56) -220(55)
3.33 10 +130(76)  -360(79) +570(56) -2k0(55) - 6A  +110(Th,T76) -370(81) +300(56) -240(55)
Vv-F 6.67 710 +180(76) -uoo(80)‘ +540(56) -240(55) -6 +160(T6) -390(81) +270(56) -230(55)
VI 2.60 10 +260(67)  -L60(64.65) +h50(L42) - -360(46) L 4+230(67) -450(58) +320(50) -280(L6)

*() Gege position of measured strain °



TABLE 4.5.4.1 (Continued)

(b) SECOND LARGEST STRAIN

SPEC. I.OAD TOP OF PLATE BOTTOM OF PLATE Load TOP OF PLATE BOTTOM OF PLATE
It POS. Positive Negative Positive Negative Pos. Positive Negative  Positive Negative
vl 26.5 10  +1k0(76)"  -300(77) +1h0(64)  -180(57) b +90(Th)  -290(81)  +220(58) - -120(51,53)
19.6 10 . +150(76) -320(77) +220(54)  -180(5T) 5  +110(74)  -290(83) 421 .. -170(51,55)
15.3 10 +150(76) -330(77) +220(54)  -200(57) 6 +110(7k)  -250(83) +220(56)  -180(51)
6.67 10 +180(76)  -3b0(77) ~ +2ko(5h) -200(57) 6  +120(76)  -280(73)  +300(58)  -230(55)
3.3% 10 +170(7Tk) -310(73) +220(54)  -240(57) 8  +180(7k)  -400(TT7,80)+220(54)  -180(57)
V-2  26.5 5A +60(76,86) -210(83) +190(56) -160(63) 10 +110(76)  -300(TT7)  +320(5k) -180(57)
1%.3  5A  +80(76) -220(83) +210(58)  -160(53) 10 +110(76)  =330(77)  +200(5k4) -180(57)
6.67 5A  +70(76) -250(83) +150260; -180(5%) 10 +1%0(76)  -360(T77)  +220(5h4) -200(57)
5.3% 54 +90(7h) -2k (83) +230(58) -170(53) 10  +160(76) = -380(77) +270(54)  -210(57)
V-3 13.3 10 +110(75) -280(78) +210(54) -170(57)  6A +80(76)  -190(77)  +200(58)  -160(59)
6.67 10 +13%0(76) -270(73,75) +22055h) ~2ho§55) 6A +40(86)  -220(73,75)+200(58) -210(57)
3.335 10 +30(72) -350(77) +2bo(54)  -190(57)  6A +70(88)  -2ko(7T7)  +210(58)  -190(59)
V-F 6.67 10 +1L0(70) -350(73) +190(54) -200(57) 6 +14%0(70)  -290(73)  +240(58) -220(51,53)
VI 2.60 10  ----- -380(62) +340(53)  -2h0(45) 4 +30(37)  -b30(60)  +310(k2)  -220(L5)
*#() Cage position of measured strain - ' ,
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TABLE 5.2.1 SUMMARY OF EXTREME FIBER STRAINS MEASURED NEAR

~ MIDSPAN FOR LONGITUDINAL BEAMS OF SPECIMEN V-F

LOADED BEAM — FIRST ADJACENT BEAM SECOND ADJACENT BEAM.

Load, Center . 3 .4n, T in. from Max. Center - 3 in. - T in. Center 3 in, T in.
kips from Center from .. from from from
. Center e ~_Center Center Center Center

LOAD POSITION 10

20 210 620 610 620(9)* 380 270 240 150 80 80

: a '- 370 280 250 140 80 80
'4o 580 1250 1230 1250(9) 810 530 k70 300 150 160
‘ ‘ 760 560 500 300 160 160

60 1380 2000 1990  2000(9) 1280 780 710 460 210 220
1180 820 Tho 460 230 230

LOAD POSITION 6

20 30 570 690  750(5,6) 320 240 230 130 60 T0
310 240 230 120 80 .70

Lo 140 1130 . 1370 1480(5,6) 660 480 460 260 130 140
630 490 460 250 150 130

60 470 1700 2630 2630(8) 1000 720 680 400 200 200

, 9ko 420 680 380 220 190

80 500 . 2010 8L60  8Th0(5) 1630 1100 1040 590 280 280
1460 1100 1040 570 310 270

0 k50 =100 5910 6200(5) 230 150 250 70 e cm—
100 600 2530 13120 —eo 3220 1690 1570 840 350 350
_ - 2680 1640 1555 810 390 380

0 ~510 20 9650 oo 1630 490 430 180 20 10
1190 430 420 180 30 50

120 =20 4220 15980 coe 6820 2300 2050 1150 460 450
4500 2090 1950 1070 500 530

0 <1060 890 11690 e 4870 810 620 340 50 4o
1700 630 580 290 60 120

*#{) Gage position of measured strain

0L



TABLE 5.2.2 SUMMARY OF DEFLECTIONS MEASURED NEAR MIDSPAR

FOR LONGITUDINAL BEAMS OF SPECIMEN V-F

T1

SECOND
LOADED BEAM FIRST ADJACENT BEAM ADJACENT BEAM
Load, Center 6 in. 16 in. Center 6 in. 16 in. Center 16 in.
kips from from Trom from from
Center Center Center Center Center
LOAD POSITION 10
20 .060 .056 .0ho
40 115 .110 .076
60 173 165 .115
LOAD POSITION 6
20 .048 .051 .042 .021 .020 .018 .008 .00k
.022 .021. .013 .008 .005
Lo .100 111 .088 .0L48 .0k4s5 .036 .018 .010
.0kg 046 .029 017 .010
60 .148 .165 .129 .080 .072 .05% .026 .015
072 .068 LOkk .025 .01l
80 .230 .286 .218 .115 .105 .079 .0kl 027
.110 .105 .073 Nol's ] .026
0 .02 .080 048 _—— -— - -— _—
100 .Los .5%6 a2 167 .154 .116 .056 .034
.160 .156 .110 .052 .036
0 173 279 203 .050 043 .037 .007 .008
036 .039 032 .008 .01L




TABLE 5.5.1 SUMMARY OF EXTREME FIBER STRAINS MEASURED REAR

MIDSPAN FOR LORGITUDINAL BEAMS OF SPECIMEN VI

LOADED BEAM FIRST ADJACENT EEAM SECOND ADJACENT BEAM

Load, Center 3 in. T in. from Max. Center 3 in. T in. Center 3 in. T in.

kips from Center ' ‘ from from from from

Center ‘ Center Center Center Center

 LOAD POSITION 10 ' ’ '

20 140 930 790 930(9)" 590 420 390 250 160 150
670 300

30 370 1440 1210 1440(9) 9ko 640 600 390 230 230
a 1030 450

LOAD POSITION 4
20 ~190 550 900 1180 (%) tlo | 320 320 1%8 120 110
: 70 _ 2
30 -270 820 1340 1790(4) 650 500 500 290 180 170
' 700 | 550 ,
Ty} ~-470 1050 1650 2780(3) 890 680 680 328 250 220
' 9% :

- =184 1000 1550 8350(3) - 1370 990 1010 610 - —_—
»° ‘ ' 1hko 680

60 -3520 800 1690 ——— 2070 1300 1390 850 Lo 380
; 2050 , 930

0 ~3060 =720 =770 ———— 820 310 390 230 S —
| T30 250

80 -6050 960 2000 ———— 3610. 4920 19%0 1160 520 530
‘ 3350 ; - 1380

0 ~5580 -880 =930 -——— 2030 3720 570 340 20 50

1720 , K70 :

100 -7000 1250 2140 ———— Loko 11690 1840 1540 710 780
, . 3670 1670

120 -7060 1870 4820 ———— Loko _——— 3390 1840 990 1110
' 3490 2300

0 6490 -430 870 —— 1820 —— 1530 710 220 350
: 1520 1110

*() Gage position of measured strain



TABLE 5.3%.2 SUMMARY OF DEFLECTIONS MEASURED NEAR MIDSPAN

| FOR LONGITUDINAL BEAMS OF SPECIMEN VI

73

SECOND

‘LOADED BEAM FIRST ADJACENT BEAM ADJACENT BEAM

Load, Center © in. 16 in.. Center © in. 16 in. Center 16 in.
kips from from from from from
Center Center Center Center Center

LOAD POSITION 10

20 .125 121 .086 .063 ——— -— .036 -—-
071 ——- - .035 ——

30 .185 179 127 .096 — - .0hy -—-
102 J— - .0k9 —

LOAD POSITION 4

20 .100 JA11 .102 .0Ls5 - S .025 -—-
_ .05L — -——— .023 ———

30 .145 .162 .1h9 .069  .068 .048 .028 .018
.079 .076 .053 .032  .020

4o .193 211 . 200 095  .095 .068 039  .035
102 .086 .068 Ob2 o227

50 275 .318 .318 - ——— -—— -——- ———
60 .37k 457 478 88 1% 139 071 .043
197 .1T76 145 072 .O47

0 .109 .160 .202 047 .0ko .036 .008 ——-
048 022 .0L0 007 em-

80 .591 .Tha .792 .300  .305 .225 .103  .066
316 .264 224 .10k .o70

0 .2k2 .358 425 108 112 .080 014 .007
L1109k .082 .01k  .010




TABLE 6.1.1 COMPARISON OF LONCITUDINAL BEAM STRAINS MEASURED

IN SPECIMENS V-1 end V-F UNDER 40-KIP LOAD

SPEC IMEN STRAIN AT MIDSPAN OF STRALN 3 in. FROM MIDSPAN OF
LONGITUDINAL BEAM LONGITUDINAL BEAM .
1 2 > 4 5 6 7 1 2 3 n 5 5 7
LOAD POSITION 10
V-1 b0 160 510 1270 510 200 =30 -30 190 510 1330 510 190 -20
V-F =30 300 81¢ 580 760 300 0 .10 150 530 1250 560 160 -10
LOAD POSITION 6
V-1 b0 150 W0 790 k2o 160 -ko 4o 150 460  11ko Mo 170 -ko
V-F 230 260 660 130 630 250  -10 , -10 130 480 1130 490 150 0

7l



TABLE T.l.1 COMPARISON OF LONGITUDINAL BEAM STRAINS MEASURED IN

SPECIMENS II, V-1 AND V-F UNDER 4O-KIP LOAD

FIRGT

, ] SECOND
SPECIMEN TRANSVERSE LOAD LOADED BEAM ADJACENT BEAM ADJACENT BEAM
POSITION Center 3 in. Maximum Center 3 in. Center 3 in.
from from from
Center Center Center
1T None 10 2370 - 2370 300 - -20 o——
V-l Clamped 10 1270 1330 1330 510 510 180 - 190
(It = 6,67 in. ) 6 790 1140 1470 420 450 160 160
V-F Welded 10 iao 1250 1250 780 540 300 160
(It = 6.67 in. ) 6 4o 1130 1480 640 480 260 140
TABLE 7.1.2 COMPARISON OF LONGITUDINAL BEAM STRAINS MEASURED
IN SPECIMENS IV AND VI UNDER 30-KIP LOAD
, . FIRST SECOND
SFECIMEN TRANSVERSE LOAD LOADED BEAM ADJACENT BEAM ADJACENT BEAM
POSITION Center 3 in. Maximum Center 3 in. Center 3 in.
. from from from
Center Center Center
v None 10 2470 o 2470 540 o 60 e
VI Welded 10 370 1kko 1440 990 640 L2o 230
(It = 2,60 in. ) L =270 820 i 1790 680 500 320 180

Sl



TABLE 7.2.1 COMPARISON OF DEFLECTIONS OF LONGITUDINAL BEAMS MEASURED

IN SPECIMENS II, V-1 AND V-F UNDER LO-KTP LOAD

- SECOND
SPECIMEN TRANSVERSE ~ LOAD , LOADED BEAM FIRST ADJACENT BEAM ADJACENT BEAM
' . POSITION  -Center 6 in. 16 in. Center 6 in., 16 in. Center - 16 in.
‘ from from from from from
Center Center Center Center Center
IT None 10 215 200  Jlh2 048 0036' 025 002 0
Vel Clamped 10 104 2110 078 054 - - .022 oo
(It = 6,67 in. ) 6 .09k .116 .095 0]y A - .022 S
V-F Welded 10 115 ,110 076 —en ——— - — ——
(It = 6.67 in. ) 6 100 2111 .088 .08 046 -032 .018 -010
TABLE 7.2.2 COMPARISON OF DEFLECTIONS OF LONGITUDINAL BEAMS
MEASURED IN SPECIMEN IV AND VI UNDER 30-KIP LOAD
‘ - . ~ SECOND
SPECIMEN TRANSVERSE LOAD LOADED BEAM . FIRST ADJACENT BEAM ADJACENT BEAM
POSITION Center 6 in. © in. Center 6 in. 16 in. Center 16 in.
from  from from from from
Center Center Center Center Center
v None 10 .291 270 156 096  .089 ,062 002 eee
VI _ Welded ) 10 .185 179 127 099  ==e coe 049 oo
(1, = 2,60 in. ) 5 <145 162 149 LOTh 072 .050 030 .019

oL



TABLE 8.1.1 CALCULATION OF Hn AND Bn FOR SPECIMENS V-1, V-2, V-3, V-F and VI

I . 5
SPECIMEN H I, 1 n o (n+l)= : L B 1 EP Bn
[o] t Ib HO HD. — —5‘
) 8.5 a

V-1 91.5 26.5 26.5 1 2 0.0109 2.0109 0.4973 0.008 0.0040 0.3984
V-2 91.5 26.5 26.5 2 3 0.0109 3.0109 0.332L - 0.008 0.0026 0.3708
V-1 91.5 26.5 19.6 1 1.4792 0.0109 1.4901 0.6711 0.008 0.0054 0.4189
V-1 91.5 26.5 13.3% 1 1.0038 0.0109 1.0147 0.9855 0.008 0.0079 0.4463
V-2 91.5 26.5 13.3 2 1.5057 0.0109 1.5166 0.6594 0.008 0.0053 0.4176
V-3 91.5 26.5 13.3 3 2.0076 0.0109 2.0185 0.4954 0.008 0.0040 0.401%
V-1 91.5 26.5 6.67 1 0.5034 0.0109 0.5143 1.94kkh ~0.008 0.0156 0.4999
V-2 91.5 26.5 6.67 2 0.7551 0.0109 0.7660 1.3055 - 0.008 0.010k4 0.4672
V-3 91.5 26.5 6.67 3 1.0068 0.0109 1.0L77 0.9826 0.Q08 0.0079 0.k4463
V-1 91.5 26.5 3.%3 1 0.251L 0.0109 0.2623 3.8124 0.008 0.03%05 0.5590
V-2 91.5 26.5 3.33 2 0.3771 0.0109 0.3880 2.5773 0.008 0.0206 0.5236
V-3 91.5 26.5 3.33 3 0.5028 0.0109 0.5137 1.9467 0.008 0.0156 0.4999
V-F 91.5 26.5 6.67 1  0.503k4 0.0109  0.5143 1.9khh 0.008 0.0156 0.4999
VI 36.0 10.%5 2.60 1 ‘0.502h 0.0278 0.5302 1.8861 0.008 0.0151 0.4o72

LL
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TAELE 8.2.1 COMPARISON OF CALCULATED AND MAXIMUM MEASURED STRAINS IN

LONGITUDINAL BEAMS OF SPECIMEN V-1 LOAD POSITION 10

FIRST SECOND

L LOADED BEAM, ADJACENT BEAM ADJACENT EEAM

Load, It’ ia. Theory Test Theory  Test Theory  Test
kips :

20 26.5 580 600 280 230 140 120

19.6 610 620 290 220 140 110

13.3 660 630 300 240 120 110

6.67 T4 680 320 250 100 90

3.33 830 30 320 260 60 60

30 26.5 870 910 420 360 ‘ 210 200

19.6 920 950 4uo 380 o 210 180

13.3 990 960 460 360 : 190 160

6.67 1110 1040 k700 Loo 140 140

3.33 1250 1110 k70 400 90 110

4o 26.5 1160 1170 570 480 290 260

19.6 1230 1220 580 490 270 240

13.3 1320 1240 610 koo 250 210

6.67 1480 1330 630 510 190 180

3.33% 1660 1490 - 630 530 120 140

50 26.5 1450 _—— 70 —-- 360 -

19.6 ’ 1550 1490 730 600. 3% 340

13.3 1650  15L0 - 760 620 310 270

6.67 1850 —— 790 —— 240 —

5.33 2080 - 70 e-- 150 -—-

* Genera;ly measured 3 in. from center



TABLE 8.2.2 COMPARISON OF CALCULATED AND MAXIMUM MEASURED STR-INS IN

LORGITUDINAL BEAMS OF SPECIMEN V-2, LOAD POSITION 5A

FIRST SECOND
"LOADED BEAM ADJACENT BEAM ADJ.CENT BEAM

Loadg, I N Theory Test Theory Test Tieory Test
kips

20 26.5 540 500 270 160 150 120

13.3 610 560 290 - 170 140 120

6.67 690 570 310 200 120 100

3.33 780 660 320 230 30 90

30 26.5 810 - k1o 240 220 170

, 13.3 920 860 Lo 280 210 170

6.67 1040 850 k70 310 170 150

3.33 1160 1010 480 350 120 130

Lo 26.5 1070 1020 540 340 300 230

13.3 1230 1130 580 370 270 220

6.67 1380 1180 630 420 230 200

3.3 550 1330 640 460 160 160

50 26.5 1340 - 660 --- 370 ---

15.3 1530 1470 730 480 340 280

6.67 1730 1460 780 530 290 240

3.35 1::50 - 800 - 200 ——

* Generally measured | in. from center



TARLE 8.2.5 COMPARISON OF CALCULATED AND MAXIMUM MEASURED STRAINS IN

LONGITUDINAL BEAMS OF SPECIMEN V-3, LOAD POSITION 10

FIRST SECOND
LOADED BEAM. , ADJACENT BEAM ADJACENT BEAM
Load, It Theory Test Theory Test Theory Test
kins
20 13.3 580 500 280 180 140 120
6.67 660 590 300 230 120 100
5.3% 74O 640 320 260 100 100
30 13.3 870 810 420 300 210 180
6.67 990 920 460 360 190 160
3.33 1110 990 470 400 140 150
40 13.% 1160 1080 570 360 290 240
6.67 1320 1220 610 480 250 220
%.5% 1480 1310 630 520 190 200
50 13.3 1450 1360 710 540 - 360 300
6.67 1650 1510 760 610 ; 310 270
3.3% 1850 1640 790 660 2Lo 250

* QGenerally measured 3 in. from center



TABLE 8.3.1 COMPARISON OF CALCULATED AND MAXIMUM MEASURED DEFLECTIONS

IN LONGITUDINAL BEAMS OF SPECIMEN V-1, LOAD POSITION 10

FIRST SECOND
LOADED BEAM ADJACENT BEAM ___ADJACENT BEAM
Load, It Theory . Test Theory "~ Test Theory Test
kips . '
30 26.5 048 073 .037 .045 .020 .021
19.6 052 07T .0%8 .040 . 020 024
13.3 057 .081 040 .0b3 .018 023
6.67 067 .085 0kh2 : Okl 013 017
3,33 .079 .098 .0b3 Olk .008 014
4o 26.5 .065 .091 049 .056 .027 .028
19.6 .070 100 .051 .066 .026 034
13.3 076 104 054 .056 .023 .027
6.67 .090 .110 .056 054 Nork .022
3,33 .105 127 057 .056 .011 .018
50 26.5 .081 - .061 | me- 034 -
19.6 .087 123 064 .073 .033 043
13.3 .09k .128 067 068 .029 .032
6.67 112 e L0071 oo .022 oo
332

¥ Measured 6 in. from center

ol}l Eee 0071 = o e o():L}-;- ooa



TABLE 8.3.2 COMPARISON OF CALCULATED AND MAXIMUM MEASURED DEFLECTIONS IN

LONGITUDINAL BEAMS OF SPECIMEN V-2, LOAD POSITION 5A

LOADED BEAM FIRST ADJACENT BEAM SECOND ADJACENT BEAM

Load, It Theory Test . Theory Test Theory Test
kips ’

20 26.5 .030 .038 023 .018 .01k .012

13.3 034 054 .026 .022 .013 012

6.67 -0l 054 .028 .020 .011 .008

3,33 .048 063 .028 .030 .007 .009

30 26.5 Okl S .035 - .02L coo

13.3 052 077 .038 .030 020 017

6.67 061 .078 -0h2 03k 016 JO1k

3,33 072 .089 043 046 011 -OLk

Lo 26.5 .059 .075 046 .036 .028 .025

13.3 .069 .096 .051. .039 .026 .02%

6.67 082 .099 055 048 021 020

3,33 .096 113 .057 05k .0L5 .018

50 26.5 .07k 093 058 -0k45 035 031

13.% .086 116 064 .051 033 : .029

6.67 102 120 .069 .059 .026 .027

3,33 .1.20 oo .OT7L . .018 ceo

c8



TABLE 8.3.3 COMPARISON OF CALCULATED AND MAXIMUM MEASURED DEFLECTIONS IN

LONGITUDINAL EBEAMS OF SPECIMEN V-3, LOAD POSITION 10

. LOADED BEAM FIRST ADJACENT BEAM SECOND ADJACENT BEAM

Load, I % Theory - , Test Theory Test Theory Test
kips - '

20 13.3 052 062 ook 022 .OLL 015

6.67 .038 .058 .027 .026 .012 .013

3,33 045 .066 .028 .023 .009 .013

30 13.3 .0L8 .085 037 034 .020 .023

6.6T 057 .08% .0k40 0l -,018 .020

3,33 067 .095 042 -035 .013 .016

4o 13,3 065 .106 .0k49 046 027 .030

6.67 076 © o .105 054 046 023 .023

3,33 .090 120 056 -0k45 -OLT .020

50 13.3 .081 127 061 .058 034 036

6.67 094 127 067 .056 .029 .029

3055 . olla Do 0071 e e 0022 i
% Measured 6 in. from center _ ‘




Bl
TABLE 8.4.1 CALCULATED STRAINS AT CERTER OF TRANSVERSE ' :

BEAMS FOR SPECIMENS V-1, V-2 AND V-3

SPECIMEN V-1 SPECIMEN V-2 SPECIMER V-3
Load, I, Extreme  Nearest, Extreme  Nearest,  Extreme Nearest,
kips Fiber Gage Fiber Gage Fiber Gage
20 26.5 690 640 700 630 | “—- ———
17.6 780 Loo —— — ——— _—
13.5 940 570 9Lo 840 940 850
6.67 1240 1110 1260 1090 1260 1100
3.33 1580 1340 1600 1360 1630 1380
30 26.5 1040 960 1050 9o —— —
13.6 1170 740 — _— _— _—
1%.3 '1410 860 1k20 1270 1k20 1270
6.67 1860 1670 1880 . 1640 1890 1650
3.33 2360 2020 2k10 2020 24Lo 2060 .
e 26.5 1390 1270 1400 1250 - ———
12.6 1550 980 - --: - -
13.3 1880 1150 1880 1690 1890 1690
6.67 280 2220 2510 2190 2520 2200
3.33 3150 2630 3210 2720 3260 2760
50 26.5 1740 1590 1750 1560 - -—
19.6 1940 1230 —— — ——- -
13.3 2350 1430 2560 2110 2360 2120
6.67 3100 2780 31Lo 2740 3150 2740
3.33 3940 3360 4010 3400 4070 3440

* Location of SR-4 Strain gage nearest the extreme bottom fiber
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FIG. 5.1.1 CLOSEUP OF INTERCOSTALLY WELDED TRANSVERSE BEAM, SPECIMEN V=F

FIG. 5.1.2 UNDERSIDE OF SPECIMEN V-F SHOWING TRANSVERSE INTERCOSTALLY WELDED

TO LONGITUDINALS
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FIG. 5.2.1 FATLURE OF WELD BETWEEN LONGITUDINAL AND TRANSVERsk BEAMS IN

SPECIMEN V-F,~130-KIP LOAD

FIG. 5.2.2 END VIEV OF SPECIMEN V-F AT ULTIMATE LOAD
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