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ABSTRACT 

In addition, a three-bay girder was tested in pure bending P eSSUre- 

õ?;piàí^Nríír^Âpía^ci^í^^^?e"E;4Í,E£ái 
increase ir, plate strength of 4-1/2 percent compared to the tube test data 
for uniaxial compression loading without normal pressure, and a reduction 

îhP n?^ent ,whe" tested ™ uniaxial compression plus no?maî pressure 
I eK rde -.Stren9 h was 3,7 Percent above the tube strength. The effect 
of biaxiality may have reduced the longitudinal strengths of the arillanpc 

"«nl atls 6 tUabe ^ ^ reduction lid íave bLÍ Hew 
?trnnnLaîh h A S1n91e Panel 1n uniaxial compression was 7 1 percent stronger than the corresponding tube. percent 

.f|*udles 1n this phase were performed on electron-beam- 
c lat? ass®mbll®s of which a 0.030 inch thick mild steel plate was 

fh/t -Stinie -Thu plates between stiffeners were 1.50 inches wide 

the s¡me is the ^wtl«Chw? i0"9 ,a/b \3)- These non,1"a' dimensions are 
cn 5 meas the Plates which comprised the faces of the tubes for b/t - 

“re d«iZd duHr? the Part 1 '"vestigation. ibe stiffen! 
were designed to insure achievement of maximum plate strenath 
data were recorded to check stress distributions fo? geniîaî Snfiormffy3"’ 
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NOMENCLATURE 

length of plate, in. 

width of plate, in. 

Young's modulus, msi (1 msi = 10^ psi) 

force applied longitudinally, lb. 

force applied transversely, lb. 

multiplier converting cr^ to (re 

4 
moment of inertia of cross section in. 

transverse buckling coefficient 

multiplier for converting plate thickness (t) to 
effective width of weld tension stress region on 
one side of weld centerline, in. 

plate longitudinal loading, tcr^, Ib/in. 

plate transverse loading, tcr^, Ib/in. 

pressure acting normal to plate, psi 

thickness of plate, in. 

longitudinal coordinate of plate or grillage, in. 

transverse coordinate of plate or grillage, in. 

3 
section modulus, l/z, in. 

coordinate perpendicular to plate, in. 

axial strain, (a. (10 ^ units) 

Poisson's ratio 



machine -induced 

pressure 

residual, or related to residual stres 

transverse (residual) 

ultimate 

coordinate directions 

compressive yield 

ultimate in the x direction 

ultimate in the y direction 

from centroid 



INTRODUCTION 

Purpose of Project 

The construction of a ship consists of numerous plates joined 
to comprise a structural unit capable of resisting the various forces 
imposed by the sea. Modern fabrication practices employ welding 
which induces residual stresses in the plates before they are sub¬ 
jected to the action of the sea. Therefore, the body of data relevant 
to plate strength in the presence of residual stresses should provide 
basic information for predicting the strength of a ship to resist 
structural instability. On the other hand, there may be complex 
structural interactions in a ship which might tend to influence the 
direct application of plate strength data from tube tests when used 
in conjunction with relatively simple methods of beam stress anal¬ 

ysis such as cr = Mz/l. 

This second phase of the hull strength project for this year 
provided data on the strength of plate elements in a shiplike structure 

comprised of those elements. 

Strain Measurements 

The purpose of this investigation was to determine the strengths 
of various stiffened plate configurations under several combinations of 
loading. As an aid to insuring that the externally applied loads 
were being distributed properly to the interiors of the specimens, 
strain gages were applied in several locations on the grillages and 
girder. It was not the main purpose of the acquired strain data to 
function as an experimental mechanics approach to the determination 
of stresses within the specimens. However, the strain patterns did 
reveal interesting details of the structural behavior as a function of 

the load combination and load level. 

STIFFENED PLATE STRUCTURAL BEHAVIOR 

General Note 

The effort of Ref. 1 was on the determination of the strengths 
of unstiffened plates. The presence of longitudinal and transverse 
framing would tend to modify the structural behavior of a stiffened 
plate system compared to an unstiffened plate. These would relate 
to the effects of welding as well as to the stresses induced in the 





I 

J, 

However, because of the presence of the transverse frames and 
bulkheads it also follows that transverse welding residuals are to 
be expected. To compute those stresses, it is necessary to replace 
the plate width by the plate length in Eq. (1). If the same values of 
g and Í are retained as for the tube tests (1.25 and 3.5, respectively) 
then the transverse compression in the midregions of the plates in 
the grillages would be expected to be of the order of 2.4 ksi. 

According to the data displayed in Ref. 1 this would not be 
expected to induce a significant reduction in the longitudinal strength, 
although it could reduce the transverse strength. This tranj 'erse 
stress was included in reducing the data from the grillage and girder 

tests. 

Structural Coupling 
I 

When loads are applied to a structural system involving a plate 
stiffened on one side only, membrane loads induce curvature and 
bending moments induce membrane strains. This action is termed 
coupling. Application of uniform uniaxial compression to the plates 
and stiffeners of a grillage would induce a lateral widening equal to 
the Poisson ratio effect if there were no lateral restraints. At 
transverse frames and bulkheads, however, the free lateral expansion 
would be restrained. Several effects would follow. The stiffener 
flanges and webs midway between the transverses would tend to move 
laterally which would result in a rolling tendency relative to the 
laterally restrained ends at the transverses. In addition, the re¬ 
straints imposed by the transverses would be manifested in the plates 
as shear stresses which would peak at the four corners of the panel. 

I ' , 

The tendency of the plate to expand laterally would induce forces 
on the transverses at the plate-transverse intersection which would 
tend to stretch the transverses slightly and also induce a bending 
action. This would generate compression in the top along the flange 
as well as bending of the longitudinals in which the flanges would be 

loaded in compression. 

The action of water pressure on the ship bottom would induce 
longitudinal bending in the plate and stiffeners that would peak in 
compression at midspan of each panel and in compression in the 
flanges over the transverses. The bending of the transverse frames 
would induce transverse compression in the plate. These would 
induce n stress field in the bottom plates which would be biaxial in 
nature and would vary throughout the bottom. 

The transverse forces in the plane of the bottom plates would 
induce a direct biaxial compression stress field in the plates. The 
transverse frames and bulkheads would participate in supporting this 
transverse force component. Furthermore, the transverse force 
would vary in a more-or-less linear fashion over the depths of the 

i 
i 



transverses and in a more complex manner near the bulkheads because 
of the varying pressure head on the sidewalls. If the ship should be in 
a rolled attitude, the forces would not be balanced externally but would 
have to be transmitted internally through the transverse framing, 
which would lead to significant shear stresses in the plates probably 
peaking ne ir the outer corners of each panel. 

Some of these phenomena were observed in the strain gage 
data on the grillage and girder tests. However, they all appeared to 
have no detectable effect on the observed strengths. The significance 
of this negative result might warrant study in a subsequent investiga¬ 
tion. It was not explored herein. 

STIFFENED PLATE SPECIMEN DETAILS 

The eight specimens tested in this second phase were as 
given in Table 1. 

Table 1 - Stiffened Plate Test Specimens (All Dimensions are Nominal) 
All a = 4.5 in., all b * 1.5 in., all t = 0.030 in. 

Test Specimen Description Loading 

1 

2 

3 

4 

5 

ò 

7 

8 

One panel long, three stiffeners wide 

Three panels long, two stiffeners wide 

Two panels long, two stiffeners wide 
(No. 2, shortened and annealed before 
retest) 

Grillage six stiffeners wide 

Grillage eight stiffeners wide 

Grillage eight stiffeners wide 

Grillage eight stiffeners wide 

Girder consisting of three grillages each 
eight stiffeners wide 

N 

N 

N 

N 

Nx, P 

N , N 
X y 

N , N , p 
X y ^ 

Bending 

Compressive yield strength, & = 39.2 ksi (The material is 
cy 

Young's modulus, E = 29.2 msi 

Poisson's Ratio, v = 0.28 

the same as in 

Ref. 1) 
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Typical sections and corresponding section properties appear in 
Fig. 1. The stiffener design details were developed by rational analysis 
using Vasta's charts (Ref. 2) as a guide. The geometry for each of the 
seven grillages of this investigation is shown in Fig. 2. Three of the 
grillages were integrated into the three-bay girder. The other four were 
tested under various load conditions. An impression of an assembled 
grillage may be gained from the top views of the 3-grillage array which 
was tested in the girder investigation (Fig. 3). 

Each grillage was built up from three panels of plate length, a, 
longitudinally stiffened at intervals equal to the width of one plate, b. 
The panels are delineated by the transverse frames and the end bulk¬ 
heads. The entire assembly was electron-beam-welded from individual 
strips for the plates, for the longitudinal stiffener and transverse 
frame webs, and for the flanges of the longitudinals and transverses. 

The electron beam welding process parameters were the same 
as for the tube tests. The welds were made at 26 kilovolts and 10 mil¬ 
liampères with the work held 5 inches from the gun at a feed speed of 
100 inches/minute. The beam was approximately 0.010 inches wide 

at the work surface. 

LOADING FIXTURES 

All the test specimens were loaded in the 25,000 pound testing 
machine, described in Part 1. Longitudinal compression was applied 
directly by the crossheads of the machine through load spreaders 
typical of those used to achieve uniformity. Fig. 4 is a sketch of the 
spreader system used for longitudinal load application (Nx) as well as 
the device used to achieve load uniformity for Ny from the 4,000 pound 
machine, which also was employed in the biaxial studies of Ref. 1. 

The shims were employed in the last adjustments before testing 
of the grillages. This process involved location of the shims, applica¬ 
tion of a load of the order of 4000 pounds and reading of the strain gages, 

and final reshimming as required. 

A small-scale reproduction of the structural arrangement draw¬ 
ing for the girder experiment appears in Fig. 5. The machine load, F, 
was halved to each end of the girder. The reactions were 24,0 in. 
inside the loading tabs so that the bending moment in the center region 
was (12.0)F in.-lbs. (Fig. 5). The internal details of the girder 
construction were designed to induce as uniform a stress distribution 
as possible within a practical length before introduction to the outer¬ 
most edges of the 3-grillage test region. Photographs of the test 

arrangement are in Fig. 6. 
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FRONT View SIM VI6W 

A SIMILAR PAIR OF SPREAMRS WAS USED FOR P/ 

Fig. 4 - Load Spreaders for Grillage Tests 

The internal pressure during tests 5 and 7 reacted against the 
grillage plate over a band estimated to be effectively 2 in. deep (Fig. 2). 
The vertical force from the 10 psi internal pressure would have been 
240 pounds since the two grillages were 12 in. wide. Over the vertical 
edges the force along 13,5 in. length of the plate would have been 
270 pounds. The result of each of these loads would have been a small 
tension force counteracting the compression from the loading heads. 
Therefore, the values were subtracted from the total applied loads after 
computing the machine-induced stresses. 

Edge Supports for Grillage Tests 

The plate edges parallel to the stiffeners were supported normal 
to the plane of the plates by fingers welded to the plate and continuous 
with the back structure of each of the support frames. The amount of 
longitudinal load which could have been supported by all the fingers was 
less than 5 percent if both edges of each finger were built-in (Fig. 7) 
for those on the grillages of tests 4 and 6 on which the finger lengths 
were 1.1 in., while it was less than 0.8 percent for 5 and 7 on which the 
fingers were 2.0 in. long. This was determined by a straightforward 

analysis of the finger system as a series of beams which deflected 
vertically by an amount dependent upon the nominal axial stress in 
the grillage and proportional to the distance on either side of the 
midplane transverse to the stiffener direction. The basis for the 
analysis appears in Fig. 7. 
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The above values for the maximum amount of finger load 
probably were too high since completely built in ^dges were unlikely 
at the plate-finger attachments. The exact amount would have 
required an extensive series of measurements on the grillage framing 
structure and some theoretical interpretation of the results. The 
framing structure-finger-grillage system is complex. Furthermore, 
load redistribution occurred within the grillage structure at about 
60 percent of failure in all cases. Consequently, the precise value 
of finger load would have been indeterminate to some extent in spite 
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Fig. 6 - G’rder Test Arrangement
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/____
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Fig. 7 - Behavior of Grillage Edge Supports
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of such analyses. It is estimated that the fingers carriecT3 percent 
of the applied longitudinal load on test?, 4 and 6, and no longitudinal 
load on tests 5 and 7. 

In actual construction the fingers extended beyond the plate 
edges to achieve sound welds and to simplify fabrication. 

Experimental Errors 

The same dimensional errors for the tube tests apply to the 
stiffened plate tests since the plates were cut from the same parent 
plate or from a plate of the same heat. The plate thicknesses and 
widths averaged less than 1 percent variation from nominal (0.030 inches 
and 1.50 inches, respectively). 

The errors in the maximum longitudinal and transverse com¬ 
pression forces at failure were less than l/2 percent, and the pres¬ 
sure was of the same order of accuracy. The strain gage errors 
are considered less than 1 percent. 

CORRELATION OF UNSTIFFENED AND STIFFENED PLATE DATA 

General Discussion 

Table 2 and Figure 8 summarize the results of the 8 tests con¬ 
ducted on stiffened plate structures. As can be seen in Figures 9 
through 11 , all grillages failed in the loading head panel. The range 
of stiffened strengths was from 7 percent above the tube results to 
1 percent below for uniaxial compression without or with normal 
pressure applied when the influences of both the weld-induced trans¬ 
verse residual stress and the pressure-induced bending stress on the 
plate side were taken into account. The tube strength reference test 
included the presence of longitudinal compression due to the welding. 

The results for biaxial loading appeared to lie reasonably close 
to the trend of the tube data obtained in Ref. 1. Since tube tests were 
not conducted with precisely the same nominal loading as grillage tests 
6 and 7, a more exact comparison cannot be made. On the other hand, 
it is evident that these results also lie within a 5 percent band of the 
tube trend. 

Effect of Pressure 

The longitudinal strain gage data show that when Nx = Ny. = 0 
and pressure was introduced to the Nx, p specimen, 42p of strain 
was induced in the plate in the region where failure was observed. 
This corresponds to 1230 psi (E = 29.2 ksi, Ref. 1), which would be 
close to the midspan bending stress for simple support over the 

.-.— 
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O Tüll TESTS, p » O b/V - 50 

• TUK TESTS, p « 10 rSI NOMINAL INTERNAL VACUUM, aÃ - 3 

EXCEPT AS SHOWN ( ) MATERIAL - MILO STEEL 

□ CURRENT TESTS, p>0 

■ CURRENT TESTS, p * 10 PSl NOMINAL INTERNAL VACUUM 

Fig. 8 - Comparison of Unstiffened and 
Stiffened Plate Data 

•OTM LONGITUDINAL AND TÜANSVEIISÍ COMMETS ION STRESSES INCLUDE RESIDUALS 

4.5 in. span of each panel for each 1.5 inch of width including the 
stiffener and plate. As a check, 

o-b = (1/8) pba2/Z (£) 

With p = 10 psi, b = 1.5 in. , a = 4.5 in. and Z = 0.029 in.3, then 
the bending stress in the plate is computed to be 1430 psi. The 
measured value of 1230 psi was used to derive the total specimen 
failure stresses for the Nx, p and Nx, Ny, p grillages. 

The strain gage data also revealed 80^ in the center plate 
(middle panel). This may have been the result of adding the panel 
bending stress and the bending stress due to full-span action of the 
center stiffeners since the transverse frames were not completely 
rigid. This feature may require subsequent study since, on the basis 
of nominal axial and bending stresses alone, failure might have been 
expected in the center panel instead of the end. 

During the Nx, Ny, p.grillage test, 10,000 pounds of longitudinal 
force and 3,000 pounds of transverse force were applied before the 
pressure was applied. However, the increments for the Nx, p,specimen 
were essentially the same for Nx = 0 and Nx = 10,000 lb. In view of the 
presence of Nx and Ny loading, however, it is difficult to draw conclu- 
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sions from those results. The biaxiality may have been influencing the 
results. In this connection it was observed that a large increase in 
Ny for a given occurred in the tube tests for b/t = 50 when 10 psi 
vacuum was applied internaUy. It must be remembered, however, 
that 1230 psi is cnly four percent of the failure stress and small details 
of the model deformation pattern could have influenced the bending 
stresses. Consequently, in the absence of more reliable information 
the simply supported panel stress of 1230 psi was employed for the
N , N , p specimen also in calculating the total stress at failure.

X y’

Effect of Prior Damage

During the final welding operation of the 3-grillage section of the 
girder, buckling of several plates occurred. The final welds were cut 
and most of the plates were observed to return to flatness within 
0.002 in. A few plates had a permanent deformation of 0.015 to 
0.030 in. These were peened flat before completing the girder con
struction for testing.

One of the grillages with permanently-buckled and reflattened 
plates was that in which failure occurred during the girder test.
(In fact, several reworked plates were in the end panel where the 
girder failure was observed). In order to assess the possibility of 
girder strength loss if that grillage were to be used, a 2-panel-length 
segment of specimen 2 was flattened and annealed for retest. Per
manent buckling had occurred in those two panels during the initial
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test of specimen 2 when failure occurred in the length that was removed 
for the retest. As can be observed in Table 2, the damage and rework 
appeared to have had little deleterious effect. Consequently, it vas 
felt that if the clamping plates were to be added as an additional pre¬ 
caution, the full strength of the girder could be realized. Before 
failure occurred extensive plate buckling was observed throughout 
the three grillages in the girder. In fact, the pre-failure configuration 
of the girder resembled the weld-induced buckle pattern before repair. 
As the test data indicate, the nominal failure stress was 3.7 percent 
above the tube test value. 

Discussions of Individual Tests (Refer to Table 2 and to Figure 8 ) 

Specimen 1 

This was the first stiffened plate specimen fabricated by the 
vendor. The purpose was to observe the nature of the welding and 
dimensional tolerances achievable. The test was conducted as an 
initial check on the realizable strength. It revealed 7.1 percent 
greater strength than the tube test, which was not out of the realm 
of plate data scatter for this b/t. As was shown in Part 1, the size 
of the strength band begins to increase in the region in which plastic 
buckling and ultimate load carrying capacity begin to match. 

There is no scientific explanation offered for the fact that this 
specimen sustained the greatest stress at failure of all the specimens 
tested in this series on stiffened plates, or that (except for Specimen 2) 
all uniaxial longitudinal strengths were observed to equal or exceed 
the tube strength value. 

Specimen 2 

This was cut from one edge of an 8-stiffener grillage as an 
initial check on the general character of the behavior to be expected 
from a grillage. The slightly lower strength (95 percent of the tube 
value) was assigned to premature column buckling of part of the flange 
in one end bay as a result of failure of the weld to the web. As a result 
a thorough inspection was conducted to insure sound welding of all the 
flanges. In a few locations the welds were doubtful and the grillages 
with those defects were returned for rework. 

Specimen 3 

After the weld-induced buckles were observed to be permanent 
in a few plates, this retest of a slightly damaged and repaired specimen 
was felt to be important before reworking and testing the 3-grillage 
girder. The end bay with the severely crippled plates and stiffeners 
was removed and the remaining deformations were peened flat to 
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within a few thousandths by eye. The specimen was annealed after 
which the ends were reground and the retest was conducted. The 
result (the same strength as the tubes within l/2 percent) was con¬ 
sidered a sound enough basis to proceed with the repair of the gril¬ 
lages for the girder. 

Grillages 

The results on the individual grillages compared reasonably 
well to the data obtained in Ref. 1 for tube specimens under poly- 
axial loading. The strain gage data (which were incidental to the main 
stream of the investigation) revealed some facets of grillage behavior 
which could provide a takeoff point for further research, as indicated 
above. 

The two Nx, Ny tests, without and with normal pressure 
(specimens 6 and 7) are located on Fig. 8 in the same general relation 
to each other as the two test points for the tubes, frjj/o- = 0.56. That 
is, the results with pressure are farther from the coordinate origin 
than the strengths without pressure. The structural basis for these 
results is not apparent. 

Girder 

The failure stress at the centroid of the grillage was 3.7 percent 
above the tube value which is within the range of scatter for the tube 
test data, and is of the same magnitude as the total experimental error. 
The strain gages showed a peak plate strain of 638p at 7750 pounds of 
machine load (above the tare of 250 pounds at which the zero readings 
were taken). The corresponding linear extrapolation to failure at 
12,700 pounds, with E = 29.2 msi, yields <r = 30.53 ksi, or 0.2 per¬ 
cent above the tube value. It is conceivable that the intermittent 
1 X 1/2 framing bars at the upper flange may have contributed to this 
difference between the calculated strength and the strain-extrapolated 
strength. The flange strains were in approximately the same propor¬ 
tion to the plate strains as the distances from the neutral axis when 
the stresses were elastic. This might indicate a slightly higher 
effective section moment of inertia than given in Fig. 1. It also would 
appear to indicate the use of the distance to the plate centroid instead 
of to the grillage centroid in calculating the section modulus. 
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CONCLUSIONS 

The following conclusions probably are generally applicable. 
As in Part I the current tests were conducted on stiffened flat plates 
of nominal thickness equal to 0.030 in. and nominal width equal to 
1.5 in. The plates were fabricated to a/b = 3 from a typically elastic- 
plastic steel. 

1. The results of polyaxial tests on square tubes (Ref. 1), 
and now on single panels, grillages, and a 3-grillage-girder, appear 
to yield the same value of plate strength within 7 percent. It was 
necessary to take proper account of residual stresses in the longi¬ 
tudinal and transverse directions, and of the additional stresses 
induced by bending from the normal pressure loading, in order to 
achieve the indicated agreement. This conclusion is essentially the 
same as that advanced by Vasta in 1938 (Ref. 3) for N^ alone. 

2. Nominal ultimate load may be used for the strength of a 
stiffened plate system despite the fact that the structural behavior of 
a stiffened plate system with stiffening on one side of the plate in¬ 
duces a complex internal stress distribution at loads less than 60 
percent of ultimate. The complexities do not appear to influence the 
strength. The change in stress distribution which occurred at 60 per¬ 
cent of ultimate apparently smoothed the stress field. It is to be ex¬ 
pected that redistributions for other b/t systems may occur at 
different percentages of the ultimate and in a different manner than 
was observed in these studies. 

3. There is an indication of anomalous behavior for b/t = 50 
when Nx, Ny and p are applied simultaneously. The apparent increase 
in load carrying capacity as noted in two tube tests also was observed 
in a grillage test. An explanation still is required. 

4. The square tube data provided the basis for the semi- 
empirical theory used to design the grillages and girders of this 
investigation. 

REC OMMFNDATIONS 

1. The square tube investigations and the reinforced plate 
studies all were conducted on essentially imperfection-free struc¬ 
tures. The preliminary result of this investigation relating to 
strength of damaged-and-repaired plates is hardly basis for a 
design procedure although it indicates that the strength loss for a 
properly repaired ship maybe slight. It appears worthwhile to 
consider utilization of the undamaged plates of the tested grillages 



to investigate the effects of imperfections of various magnitudes and 
shapes, and then to assess the effect of repairing those types of 
imperfections. This would provide data on the strengths for the 
undamaged structure (from this investigation), for the damaged but 
unrepaired structure, and finally the strength of the damaged and 
repaired structure. If this information is correlated with tube tests, 
as recommended in Part I, then a design procedure should be 

identifiable. 

2. The results of this year of study have shown the useful¬ 
ness of tube data for predicting the strength of a shiplike structure. 
It now appears worthwhile to consider designing a larger scale ship 
model to identify the behavior of that structure experimentally for 
comparison with the predictions from the data obtained during this 
small scale model program. It is suggested, therefore, that effort 
be devoted to the generation of such a design together with a suitable 
test program for the larger scale model, with the aim of procuring 
and testing the model in a project to follow the proposed next year 
of small scale studies. 

REFERENCES 

1. Becker, H., R. Goldman and J. Pozerycki, "Compressive 
Strength of Ship Hull Girders." NAS Report SSC-217, 
Part I, Unstiffened Plates, 1970. 

2. Vasta, J., "Ultimate and Critical Compressive Strength of 
Tee Stiffeners." Experimental Model Basin Report 445, 

February, 1938. 

3. Vasta, J., "Compressive Tests of Ship-Structure Assemblies." 
Experimental Model Basin Report 452, June 1938. 



20 

APPENDIX 

STRAIN GAGE DATA 

The primary purpose of the strain gage data acquisition was to 
obtain a check on the internal distributions of stress from the 
externally applied forces. The Poisson ratio strains for biaxial 
loading were examined as load increments were applied, and the 
bending stresses from the external pressure also were checked. 
In all cases the acquisition of strain data stopped well before failure 
was observed. 

The sketches in Figures A-l through A-5 depict the strain 
gage locations. Strains are summarized in Tables A1 through A5. 

Strain Gages: EA 0.06 - 125 BIT ' 
120 Micro-Measurements 
All Back-to-Back on 
All Grillages 

Fig. A-2 - Specimen 5, Strain Gage 
Locations 

Fig. A-l - Specimen 4, Strain 
Gage Locations 
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Table A3 - Specimen #6, Single Bay Grillage 
N , N Loading and Strains 

X y 

p. 
(U» 

P 

Strata p 

Location« 

Load 
<U>a.) 1 2 S 4 8 6 7 8 9 

0 

000 
Z.000 
4.000 

0 
0 
0 
0 
0 

1,000 
2.000 
4,000 
8,000 

10,000 
12,000 
1),000 
14.000 
18,000 
16,000 
IT,000 

0 

0 
0 
0 

1000 
1800 
2000 
2800 
)000 
)000 
)000 
)000 
)000 
)000 
)000 
)000 
)000 
)000 
)000 
)000 

0 

- 29 
- 70 
-17) 
4 6 
♦ 18 
4 26 
4 )6 
4 48 
4 2) 
. 16 
.107 

-291 
.)82 
•488 
.8)8 

-89) 
-645 
.708 
-790 

0 

. 40 
- 98 
.210 
4 1 
4 4 
4 IS 
4 16 
4 26 
. 10 
. 82 
.168 
-)86 
-498 
•618 
•682 
-748 
-800 
-862 
-681 

0 

4 28 
4 )8 
4 60 
- 47 
- 84 
.116 
.18) 
.188 
-189 
.140 

-109 
. 81 
. 24 

0 
4 II 
4 27 
4 46 
4 68 
4 88 

0 

4 8 
4 21 
4 44 
. 87 
. 89 
.116 
-148 
-176 
.160 
-148 
-117 
. 60 
. )0 

0 
4 18 
4 44 
4 70 
4 94 
41 S 1 

0 

. no 
- 188 
. ))8 
4 16 
4 20 
4 )0 
4 )1 
4 41 
. 48 
- 118 
- 247 
- 807 
. 760 

- 911 
-18284 
-22)0* 

4 
• 
• 

0 

. 47 

. 98 
-117 
4 10 
4 IS 
4 21 
4 27 
4 )8 
. 11 
. 88 
-140 
-)26 
-4)6 
.867 
-624 
.71.8 
•784 
-882 
-625 

0 

4 IS 
4 27 
4 88 
. 56 
- 9) 
-1)0 
-164 
-198 
.172 
-155 
-122 
. 64 
. )4 
4 2 
4 5 
4 27 
4 47 
4 25 
4 45 

0 

4 7 
4 12 
4 26 
. 5) 
. 86 
.110 
-1)9 
.164 
-160 
.18) 
.140 
-126 
.120 
-118 
-107 
-108 
.100 
. 78 
. 66 

0 

0 
. 7 
. 1) 
- 4) 
. 6) 
. 77 
- 97 
.110 
.118 
-120 
-145 

.204 

.2)5 
-27) 
-)00 
.))0 
.)55 
-405 
-440 

Failure Load 18,125 lbs. 
♦Drifting 

Table A4 - Specimen #7, Single Bay Grillage 
Loading and Strains Nx> Ny, p 

Table A5 - Specimen #8, 3 Bay Grillage, 
Machine Loading and Strains 

a Observable Plate Buckling 
b End Panels of End Bays Fully Buckled 

Ultimate Load 12,700 lbs. 



SHIP RESEARCH COMMITTEE 
Maritime Transportation Research lioard ' 

National Academy of Sciences-Nationai Research CouncTf

|V The Ship Research Conaitt^e has technical cognizance of the inter-agenqi]
r* Ship Structure Committee's research program:

PROF. R. A. YAGLE, Chairman, Prof, of Scm. Arohitaoture, V. of IHoMgan 
DR. H. H. ABRAMSON, Viraator, Dapt. of Maoh. Soianoaa. Southnaat Raaaaarcih XnaHtut* 
MR. H. H. BUCKLEY, Chiaf, Struatural Criteria A loada. Ball Aeroayatame Co.
MR. E. L. CRISCUOLO, San. ton-Deatruotiva Teat. Spao., Bca>. Ordnanoa Lab.
DR. N. D. DOTY, Senior Raeaaroh Conaultant. V.S. Steel Corporation 
PROF. J. E. GOLDBERG, Sahool of Bnginaaring^ Purdue Univeraity 

fyi PROF. M. J. HALL, Prof, of Civ. tngr., V. of Illinoia
m. j). E. HERZ, CMaf Struo. Dae. Sngr.. Sun Shipbuilding A Dry Dock Co.
MR. S. E. KAMPSCHAEFER, JR., Manager, Applioation Sngr., ASMCO Steel Corporation 
MR. R. C. STRASSER, Director of Rtaearah. Heuport Beua SkipbuiUing A Dry Dock Co 
CDR R. M. WHITE, USCG, Chief, Applied Sngr. Section, U.S. Coast Guard Academy 
MR. R. H. RUMKE, Executive Secretary, Ship Raaearah Comaittee

■m

'm.

N.

Advisory Group II, "Ship Structural Design" prepared the project prospectus 
and evaluated the proposals for this project:
MR. J. E. HERZ, Chainwm, Chief, Struc. Dee. Sngr., Sun Shipbuilding A Dry Dock Co.
MR. C. M. COX, Aaet. Bov. Arch., Bull Daa. Div., Heuport Reus SHpbuilding A Dry Dock Co 
MR. C. R. CUSHING, President, Cushing A Nordetran, Inc.
PROF. J. E. GOLDBERG, School of Engineering, Purdue University 
PROF. J. R. PAULLIMG, JR., Prof. A Chair, of Dept, of Sav. Arch., V. of California 
MR. D. P. ROSEMAN, Haval Architect, Bydronautics, Inc.
COR R. M. WHITE, USCG, Chiaf, Applied Engr. Suction, V.S. Coast Guard Aoadmy

The SR'193 Project Advisory Committee provided the liaison technical 
dance, and reviewed the project reports with the investigator:

PROF. J. E GOLDBERG, Chairman, Prof, of Civil Engineering, Purdue Univaraity 
PROF. S. T. ROLFE, Civil Engineering Dept., University of Kansas 
MR. JOHN VASTA, Senior Consultant, Litton Systems, Ino. A.M.T.D.

■''pl

.<11
' M, ■ : ■ -IM--':



SHIP STRUCTURE COfWITTEE PUBUOiTIONS

dooumenta are diatributed by the National Teahniaal 
•ffnfoination Service, Springfield, Va. 22151. Theae doa- 

i'^menta have been announced in the Clearinghouae journal 
I J/.5. Government Reeearah & Development Reporta (USGRDR) 

M " under the indicated AD numbera.

*1

SSC-210, Analyaia of Slamming Data from the "S. S. Wolverine State" by J. U. 
Wheaton, C. H. Kano, P. T. Diamant, and F. C. Bailey. 1970.
AD 713196.

SSC-211, Deaign and Installation of a Ship Reaponae Instrumentation System 
Abo<^ the Container Vessel "S. S. Boston" by R. A. Fain, J. Q.
Cragin, and B. H. Schofield. (To be published).

SSC-212, Ship Response Inetrumentation Aboard the Container Vessel "S. S.
Boston": Results from ^he 1st Operational Season in North Atlantia
Service by R. A. Fain, d. Q. Cragin, and B. H. Schofield. 1970.

AD 712186.

|^<jSSC-213, A Guide for Ultrasonic Testing and Evaluation of Veld Flaus by R. A. 
Youshaw. 1970. AD 713202.

SSC-214, Ship Response Instrumentation Aboard the Container Vessel "S. 8,
Boston": Results from Two Operational Seasons in North Atlantie l^^^
Service by J. Q. Cragin. 1970. AD 712187.

SSC-215, A Guide for the Synthesis of Skip Structures Bart One - The Midship 
Bold of a Transversely-Framed Dzy Cargo Ship by Manley St. Denis,
1970. AD 717357. : - J

SSC-216, (To be published). .;v|

SSC-217, Compressive Strength of Ship Bull Girders - Fart I - Onstiffened
Plates by H. Becker, R. Goldman, and J. Pozerycki. 1971. AD 717590.

SSC-218, Deaign Considerations for Alundman Bull Structures: Study of
Aluminum Bulk Carriers by C. J. Altenburg and R. J. Scott. 1971.

SSC-219, Crack Propagation and Arrest in Ship and Other Steels by 6. T.
Hahn, R. G. Hoagland, P. N. Mincer, A. R. Rosenfield, and M. Sarrate. 
1971.

SSC-220i A Limited Suifvey of Ship Structural Damage by S. Hawkins, 6. H.
Levine, and R. Taggart. 1971.

SSC-221, Response o^^the Delta Teat to Specimen Variables by L. J. McGeady.
1971.

SSC-222
fe-'

, CatamarctAs ^ Technological Limits to Siae cdkf 
Deaignnfnformati^n and Procedures by N. M. fteniar and W. P. Chiang. * ^

............




