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This report is one of a group of Ship Structure Committee Reports

which describes the SL-7 Instrumentation Program. This program, a jointly

funded undertaking of Sea-Land Service, Inc., the American Bureau of Shipping
‘and the Ship Structure Committee, represents an excellent example of coop-
eration between private industry, regulatory authority and government. The
goal of the program is to advance understanding of the performance of ships'
hull structures and the effectiveness of the amalytical and experimental
methods used in their design. While the experiments and analyses of the
program are keyed to the SL-7 Containership and a considerable body of data
will be developed relating specifically to that ship, the conclusions of the
program will be completely general, and thus applicable to any surface ship
structure,

The program includes measurement of hull stresses, accelerations
and environmental and operating data on the $S Sea-Land MclLean, development
and installation of a microwave radar wavemeter for measuring the seaway
encountered by the vessel, a wave tank model study and a theoretical hydro-
dynamic analysis which relate to the wave induced loads, a structural model .
study and a finite element structural analysis which relate to the structural
response, and installation. of long term stress recorders on each of the eight
vessels of the class. In addition, work is underway to develop the initial
correlations of the results of the several program elements,

Results of each of the program elements will be published as Ship
Structure Committee Reports and each of the reports relating to this program
will be identified by an SL- designation along with the usual SSC- number.
A list of all of the SL- reports published to date is included on the back
cover of this report.
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ABSTRACT

The entire SL-7 container vessel hull structure is analyzed by
the DAISY finite element computer program. The ship, loaded with con-
tainers, placed in oblique quasi-static regular waves, is subject . to com-
bined vertical, lateral and torsional loads. Stress distributions par-
ticularly in the deck region are presented and investigated from the anal-
ysis using the reduced element substructure feature in the program. Fine
mesh analyses are also presented at different Tocations of the ship. The
computed stresses are discussed in connection with the placement of strain
gages instrumentation on the "SEA-LAND McLEAN".
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CHAPTER T

Introduction

The finite element analysis of the entire hull structure of
the SL-7 container ship is an effort towards better understanding
of the response of container ships in an obligue seaway.

With hatch openings approaching 85% of the ship's beam, the
torsional rigidity of the container ship's hull girder is con-
siderably different from that of the traditionzl cargo ship whose
torsional rigidity was approximated by the assumption of a closed
box hull girder cross section. Further, the abrupt changes in
deck stiffrness at the engine room housing and at the closed ends
of the vessel may accentuate longitudinal stresses due to the
warping restraint present at these locations. Numerocus guestions
and speculations were raised concerning the stress level and/or
deformations at various locations of the deck structure., Accord-
ingly, the reduced element substructure technigue is used in the
finite element modelling of these areas of concern., (1), (3)%,

The reduced element substructure approach can briefly be
described as a local analysis of a refined model within the over-
all anaiysis. An automatic process for reducing the interactive
freedoms between the substructure and the rest of the structure
using interpolation functions is employed. The more refined
local model is integrated within the computation of the coverall
ship analysis and local results can be automatically generated,
The procedure is comparable to finite element substructuring,
with the exception that the desirable feature of interpclation
of boundary displacements is automatically provided for. This
feature is most useful in the transition region between a fine
and coarse grid, wherein interpolation ensures displacement
compatibility between adjacent elements. (3). Chapter II de-
scribes the ship modelling in further detail.

The general purpose finite element structural program DAISY
(Bisplacement Automated Integrated SYstem) is the nucleus of the
ship structural analysis package (4), (5). It calculates the
nodal point deflections and element stresses of the idealized
structure subject te the idealized loadings at the nodes.

The loadings and structural idealizations are carried out
with the help of preprocessor programs listed below in the order
of their use: (8).

¥ Numbers in brackets denote references at end of text.



Preprocessor Programs

1.

SHIP MOMENT - with the vessel's lines, steel, fuel and
cargo weight distributions, and wave profile specified,
the program performs a static balance of the vessel to
determine sinkage and trim. Vertical shear and bending
moments are calculated, and for a vessel in oblique waves,
inertia loads are introduced so that guasi-static values
of lateral and torsional moments are obtained.

EXAM - generates the finite element structural model of
the hull structure. Using few inputs with the SHIPMOM
outputs of draft, trim and wave profile, EXAM also auto-
matically calculates the hydrostatic pressures at node
points in the model.

EXPLOT - provides a CALCOMP line plot of the model gener-
ated by EXAM. The plots are two-dimensional and indicate
nodal points and freedom patterns, as well as the elements.
Plots of any or all of the structural portions of the
vessel can be made.

LOADER - takes the EXAM output and rearranges it in a
manner suitable for the DAISY program. It calculates the
statically consistent nodal point loads from the nodal
pressures provided by EXAM. It also calculates the weight
of the individual structural elements and translates them
into nodal point loads.

Stress plotting is carried out by a postprocessor program

called "STRPLOT®. It generates CALCOMP plots of the DAISY

calculated stresses, either as principal stresses or coordinate

stresses.



CHAPTER TI

LOADINGS AND STRUCTURAL MODELLING

Loading on the Vessel

Forces acting on the vessel consist of its own steel weight,
‘inertia forces, fuel, cargo weight, and sea way loads., The steel
and cargo weights are well defined. Steel weights are automati-
cally calculated from the geometric properties of the structural
elements used in the model, The fuel loads are distributed on
the tank bottom nodes. The container weights are represented as
concentrated point loads acting on the double bottom and cross
deck members, at the container corner locations. Inertia loads
are estimated from the mass distribution of the vessel, and are
applied so as to place the vessel in dynamic equilibrium. The
sea loads are computed from the program SHIPMOM for the ship
poised statically on a wave. Although this static calculation
is admittedly highly idealized, a comparison had been made of the
longitudinal strength calculations for the vessel fully loaded by
static and dynamic methods. For the latter, the strip theoxry
calculations as described by Grim (2) are used for comparison.
Using a half wave height of 1.01 AC4  where A is the wavelength
in feet, and calculating the longitudinal bending moments for
various wavelengths and headings, both methods of calculation
indicated the same critical loading condition., The condition that
the vessel is heading 60° to a wave of one~half the ship length
(wave crest amidships) produced the critical loading, Figure 1.
In general, the static values are usually on the high side. How-
ever, an eguivalent static simulation which produces the same
magnitudes of sea loadings, considering some of the dynamic ef-
fects, seems a proper approximation for the time being.

Although the number of loading conditicns that can be han-
dled by the DAISY program is virtually unlimited, only a selected
number of conditions were used in the DAISY analysis in view cf
the time and manpower required to analyze the computed results of
each. The number of load conditions for the SL-7 container ship
was six. For all conditions, the vessel waz considered to carry
a full load of fuel and containers, and only the vessel's load-
ing and wave configuration were varied. Among the conditions
analyzed by the DAISY program were the head wave and still-water
condition, as well as several cases with the vessel headed 60°
to various waves. :
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FIGURE 1 - WAVE GEQOMETRY

A h ML
First loading case 246,95 w (810 £t} 8.972 m {(29.43 ft) c.9
Second loading case 192.073m (630 £t) 8.112 m (26.81 ft) 0.7

Two loading conditiocns vielded the highest deck stress
values. The first loading case considers the vessel in a
sinusocidal hogging wave of heicht 8.972 m (29.43 ft.) and a
length of 246.95 m (810 ft.), A/ =0.9, directed at &0
degrees from the ship's heading. This wave produced hull
girder moment wvalues egual to 75% of Grim's maximum vertical
kending wave resultant value. The second loading case
represented the vessel in a hegging wave of height 8.112 m
(26.61 ft.) and a length of 192.073 m {630 ft.),%/L = 0.7,
directed at 60 degrees from the ship's heading. The wave-
produced hull girder moment values are equal in magnitude to
Grim's maximum vertical bending wave resultant value. Shear’
ferce and moment diagrams for these loadings are shown in
Figures 2 and 3. Since the actual loadings applied con the
finite element model are discrete, these curves do not

represent the exact way the model is loaded but it would rather
serve in visualizing the force and moment distribution along
the ship and help in interpreting the computer results.

One difficulty that arises in this container ship analysis

is that of the unsymmetrical sea loads on the vessel cross
section due to an coblique wave, This necessitates the sepa-
ration of the total loading into two components: one symmetric
and the other anti-svimmetric, provided that appropriate boundary
conditions are applied at the vessel centerline plane. The
symmetric and anti-symmetric components of the sea load are
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illustrated on Figure 4. The symmetric components of the sea
load would result in vertical shears and bendirg moments to be
applied to the hull girder. The result of the anti-symmetric
component is to cause only lateral and torsional bending of the
-hull girder. The partitioning of the total loading into the
two components is automatically performed in the EXAM program.
To obtain port and starboard side results, the DAISY program
must be run twice with only one half of the ship modeled: once
with symmetric loads and symmetric centerline nodal boundary
freedoms and again with anti-symmetrical freedoms. The nodal
displacements and element stresses must then be super-imposed
accordingly to obtain port and starboard side results,

The use of symmetry and anti-symmetry is not necessary if
both port and starboard sides of the vessel are modeled, How-
ever, to include both sides in the model increases the bandwidth®
of the master stiffness matrix and the number c¢f unknown dis-
placements by a factor of two and hence the computer solution

. time by a factor ranging between 6 and 8.
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STRUCTURAL MODELLING

'

In order to fully represent the structural response of
the hull girder to a torsional loading such as that due to
the action of an oblique wave, it is necessary to model the
complete 3-dimensional hull girder from bow to stern. Figures .
5 and 6 show the general arrangements and a typical section
of the containership.

To perform the analysis of the primary structure, one
half of the entire hull,with the longitudinal centerline
plane being the plane of structural symmetry, is idealized
as a three dimensional finite element model using a variable
size mesh. In the processcof automatic generation of the
elements, the triangular flat plate elements are generated
so that their plane surfaces are oriented to best fit the
actual plate curvature. As an illustration to the coarse
mesh generation, Figure 7 shows some of the generated ele-
ments in the shell, deck bottom and other major structural
parts. (It is not intended to show the nodal numbers and
the element symbols in such reduced scale).

Based on proposed strain gauge locations, different sub-
structure models were employed at 23 different areas per one-—
half of the structure as shown in Figure 8, All the sub-
structures are located in the deck mainly because the contain=-
er vessel deck is subjected to higher deformations and
stresses than other regions of the stxucture.
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FIGURE 5 - SL-7 GENERAL ARRANGEMENT
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FICURE 8 - SUBSTRUCTURE LAYOUT

Three substructure modules form the basic configuration
for all substructures employed in the ship model. One
module contains a portion of the side wing box; another
module contains a part of the transverse box betwesen hatches,
and the third module contains parts of the side wing box and
transverse wing bhox at hatch corner, Figure 9,

--S!DE WING BOX

TVPE A

FIGURE 9 - SUBSTRUCTURE
MODULES

TRAMSVERSE B0X

The philoscphy kehind the use ¢of the reduced element sub-
structure technique is to eliminate the need for fine grids,
remodelling of specific portions of the structure, and their
costly computer reruns. The ideal use of this technigue would
be in 2 ship with repetitive forms of substructures in such a
way that the grid modelling of one is usable for the others with
minimum changes in some element characteristics or dimensions.
This is not the case in SL-7 container ship. BRecause of the
fineness of the hull structure, it was necessary to have twalve
different substructure models. With such large numbers of sub-
structures of variable dimensions and forms, it was uneconomical
to use a very f£ine grid to represent all structural details.
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chosen mesh is believed to give a fair indication as to

the stress level in the substructure. Also it would be enough
to represent the true stiffness of its major structural members.
The reduced element substructure which indicates high stress
levels has been remodeled with very fine grids in order to
obtain detailed stress distributions. Here all structural mem-

bers are

considered in the fine grid models. The table on page 1l

provides more information about the problem size and the type of
elements employed in the analyses.
BOUNDARY SUPPORTS

The ship is supported at three points as shown. The sup-

ports are essential to prevent rigid body movement.

FR 10 FR 78 yov FR 242

Ship frame number 78 178 242
Symmetrical loading ' v =20 w=20 v=0
Anti-symmetrical loading u=20 v =20 u=20
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TABLE OF SL-7 FINITE ELEMENT MODELS

FINITE ELEMENT MODELS

TYPE OF FINITE NUMBER OF [NUMBER OF
ELEMENTS USED ELEMENTS |[UNKNOWNS
A. WHOLE STRUCTURAL MODEL (Fig. 7) Eccentric beams, or- 4570 5233
One-half ship model including all thotropic triangular
master nodes of the reduced element bending elements, iso-
substructure. tropic triangular bend
. ing elements and bars.
SUBSTRUCTURE: (Figs. 8, 9, 10) ’
Transverse box girder, Frame 2 Isotropic triangular 102 268
bending elements and
bars.
Transverse box girder, Frames 4, 5, 6, 8,
17, 21, 23, 25, 27, 29, 31, edch " 140 338
Substructure 14B " 386 208
9A " 263 631
9B " 386 204
75 " 263 630
7B " 384 899
8A " 242 584
B " 372 889
12a " 319 742
12R " 329 79X
13a " 218 536
B. FINE MESH MODELS (Figs. 11, 12)
MODEL 1 Frames 176 to 182 Membrane quadrilat- 976 1617
eral and triangular
elements and accen-
tric beams
MODEL 2 Frames 142 to 146 Membrane quadrilat- 805 1663
' eral and triangular
elements, eccentric
beams and isotropie
triangular bending
elements
MODEL 3 Frames 151 to 160 Membrane quadrilat- 204 339
’ eral elements and
eccentric beams
MODEL 4 Frames 186 to 194 Membrane cuadrilat- 204 339

eral elements and
eccentric beams
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. CHAPTER 71T

RESULTS AND DISCUSSION

DISPLACEMENTS

Figure 13 illustrates the overall displacements cf the
deck for the first loading case.

The top view shows the vertical and longitudinal dis-
placement components of the container ship main deck center-
line, alsoc the longitudinal displacement of the ship's side -
lines at selective frames, namely, ship frames 46, 160, 186
and 282, 1In the first curve, the vertical compeonent of the
displacement is due to pure longitudinal vertical bending
of the ship hull girder. The longitudinal component is due
to both vertical and torsional deformation of the hull.

The second group of curves shows the resultant displace-

ment due to torsional warping and lateral bending deformation
of both deck side lines of the ship. It is clear that the
iongitudinal displacement of both sides are aimost negligible,
near midship.

The bottom view shows the displacements for the upper
deck at the centerline and the ship's sides. The distortion
of hatch diagonals has been calculated, and the initial
diagonal lengths for the idealized structure are tzbulated.
For the first loading case, the maximum distortion is found
to be at the second hatch opening forward of the engine room.
The deformation gradually decreases towards the forward hatch.
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Figure 14 shows the local deformation of the transverse
box girders at ship frame 160. It shows the total deformation
of the transverse box substructure at frame 160 and the decom-
posed deformation of the edge AA to symmetric and anti-sym-
metric components. The deflected shape is plotted relative to
a midpoint on the box top. This allows us to visualize the
substructure end distortions and the symmetric deformation
due to shear lag in the transverse Dbox.

Figure 15 shows an exaggerated view of the transverse
box frame 178 with the hatch cover. Because of the scale
difference, the angular deformation does not represent the
true values. As expected, the S shaped distortion is c¢lear.

A 4
!
) A
ULPEFSRMED I
LikE AL !
OF TrE
» = |
B Box

/ ANTISYMME TRIC
! DEFLECTION

MAIN DECK ¢

i _ STMMETRIC
\ DEFLECTION

e

O 2 4 e M
e e = ]

FIGURE 14 - DEFORMATION OF TRANSVERSE BOX Fr. 160 -
First Loading Case
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FIGURE 15 - DEFORMATION OF TRANSYERSE BOX Fr. 178 -
First Loading Case

STRESSES

in running such extensive analyses by the finite element
methed, immense quantities cof stresses are produced. Th
stresses at selective locations of the ghip are examined and
gsome of these locations ccincide with the location of the
strain gages installed on the container ship for full scale
measurement, The cther locations are chosen for reasoning
the znalysis. The interpretation of the computer resulis
are focused on the first loading case., The second loading
case is chosen whenever its results would better serve the
purpose of the analysis,

=

Verification of the stress results creates a problem
since there is no similar analysis or existing measurerents
presently avallable for comparisen for this shlp. The only
cption left is to analyze the computer resvlis in licht of

wral response under

the understanding ©f the structure's ge
simple forms of lcadings. In this casze
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pure longitudinal bending stress (due to symmetrical
lcadings only) = 1/2 (element stress results in
specific direction port side + element stress results
in the same direction starboard side).

The remaining anti-symmetric stresses includes both
warping and lateral stresses.

In order to separate the warping stress from lateral
stresses, lateral stresses are cbtained simply by dividing
the lateral bending moment wvalue from the loading curve by
the corresponding modulus section assuming the stress
distribution as predicted by the slementary beam theory,
FPigure 16. This assumption is werified by the results
shown Figure 20.

in

Where triangular
averaged for each two
when possible to help

elements are used, the stresses were
adjacent triangles. Curves are fitted
in viswalizing the stress distribution.
General Ship Response to Combined Longitudinal,
Torsional Moments.

Lateral and

As previously discussed, the non-symmetric loads on the ship's
sides are broken into symmetric and anti-symmetric components about
the ship's centerline. This makes it possible to analyze one half
of the ship. Accordingly, the total stresses are a superposition
of the symmetric and anti-symmetric components as shown in Figure
16.
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Figure 16 shows predicted stress distributions based upon
general structural response of a simple prismatic hull girder.
Although we do not expect to have exact similar response from
the finite element structural model, the stress distribution
should generally have the same trend as those predicted above.
Exceptions could be made for the stress distributions around
the side wing boxes since the predicted stress distributions do
not include many structural members as used in the substructure
analysis.

SUBSTRUCTURE GENERAIL RESPONSE

Within the three types of substructures described before,
(Figures 8, 9), types A and B contain high stress values. To
reason the stress form around the substructure wing box, the
elementary beam theory is used neglecting stresses due to local
effects. The longitudinal stress distribution then takes the
form as shown in Figure 17.

R

Total Longltudinel

Streszses
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TTTTTITITTY

d
jx
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Becondary Vertical Secondary Lateral
Bending Stresses Bendlng Stresses
in the Box in the Box

FIGURE 17 - WING BOX RESPONSES DUE TO BENDING
MOMENT COMPONENTS
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Due to local effects, the actual stress distribution will
not be linear. The box corner rigidity provides restraint at
the edges of each of the four plate panels. This will cause a
little rise in stress values near box corners, and the actual
distribution will be nonlinear as shown by the dotted line in
Figure 17.

Different stress components are presented at various
locations of the ship as designated by ship frame numbers,

Section Frame 222 Figures 18 through 23

Section Frame 222 lies in an area of high vertical and
lateral bending moments but the torsional moment is very small.
The stresses of the deck side boxes are obtained from the re-
sult of substructure 8A. Side shell and bottom plating results
are obtained from the coarse mesh analysis.

The longitudinal stresses due to combined loading is plot-
ted for both port and starboard sides of the ship, Figure 18,
in order to compare the stress components with those predicted
before. The stresses due to pure vertical bending loads (sym-
metric loading case), and those due to combined lateral and
torsional loads (anti-symmetrical loading case), are plotted
in Figures 19 and 20 respectively. The finite element results
on Figure 19 are confirmed by elementary beam theory calcula-
tions by using the bending moment value from Figure 2 and the
calculated section modulus at Frame 222. Discrepancies are
noticed in the results of the double bottom. In the finite
element model the cargo and fuel loads are directly applied on
the double bottom., The secondary stresses, defined as the
stresses due to local hold loadings, are not accounted for in
beam calculation and is believed to be a major cause of such
discrepancies.

1

Figures 21, 22 and 23 represent the corresponding shear
stress values for the total symmetric and anti-symmetric lon-
gitudinal loadings, respectively, for the first loading case.
The anti-symmetric shear component, Figure 23, is very small
relative to the shear induced by longitudinal vertical bending
of the ship. )
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FIGURE 23 - SHEAR STRESSES DUE TO ANTISYMMETRICAL
LOADINGS OF SECTION FRAME 222 .
(MAINLY DUE TO LATERAL BENDING LOADS)
(FIRST LOADING CASE})

FIGURE 22 - SHEAR STRESSES DUE TO VERTICAL BENDING
LOADS OF SECTION FRAME 222
{SYMMETRIC LOADING)
(FIRST LOADING CASE)
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Section Frames 156-158. Figures 24, 25.

This section is subjected to high values of combined moments
for the second loading case. The presented stresses are taken
from fine mesh analysis of Model 3 (Fig. 1ll). They correspond
to the anti-symmetric component of the loadings. The stresses
are resolved into two components corresponding to lateral bend-
ing (Figure 24) and torsion (Figure 25) respectively. For pure
lateral bending (lateral shearing forces included), the stress
components are obtained by utilizing the elementary beam theory.
For pure torsion, the total computed values of warping and
shear stresses for anti-symmetric loadings, less those shown in
Figure 24, are plotted in Figure 25. It is worth noting that
the distribution of torsional moment, as shown on the top
of Figure 25, is arbitrarily referred to the base line of the
vessel. This does not represent the true torsional moment
on this section of the ship, but it serves the purpose of
demonstrating the procedure of interpretation of the stresses
without tackling the cguestion of the exact location of the
. shear center for this type of vessel.

Section Frames 188-192. Figure 26.

The presented stresses here are taken from the fine mesh

analysis of Model 4 (Fig. 11) running between frames 186 and

- 194, The computed longitudinal and shear stresses in the
deck and side shell platings between Fr. 188-192 due to wave
induced vertical moment and shearing force are plotted in
Figure 26. The top diagram shows the distribution of loadings
along the length of the vessel. It is interesting to note that
the longitudinal stresses computed by means of both the finite
element technigues and the elementary beam theory are in good
agreement. This seems to confirm the validity of the beam
approach for calculating the hull girder bending stresses for
this type of vessel. The agreement is less for the shear stress
distributions, which may be attributed to local bending not
counted for in the beam approach.

Deck Wing Box Forward to Engine Room Housing Frames 142-150,

Figures 27 through 31.

Tn the overall analysis of the ship, this part of the
structure is modelled as substructure 14B. In the subsequent
fine mesh analysis the portion from frames 142 to 146 is
remodelled as shown in Fig. 11 as Model 2,
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The computed longitudinal.and shear stress components
in the main deck plating near Fr. 143 corresponding to the
wave-induced vertical bending are shown in Figqure 30. The
stress components due to lateral bending and torsion are
shown in Figure 31, It can be seen that the distribution of
longitudinal stress c¢omponents away from the hatch corner,
due to pure wave-induced vertical bending, may “be considered
uniform, (Fig. 30), and those corresponding to lateral bend-
ing and torsion may be represented by a straight line (Fig.31).

Wing Box-Transverse Box Connection at Frame 178. Figures 32

through 40,

This portion of the deck structure is connected by two
sub-structures, 9aA and 9B, Figures 8, 10, and fine mesh model
1, Fig. 11.

Figures 33 and 34 show the longitudinal stress dlstrlbu—
tion of substructure 9A.

Figure 35 shows the fine mesh results of a part of the
deck structure running between ship frames 176 and 182, The
stress distribution on the deck is generally uniform at two
locations, namely, frames 177 and 180-1/2. The longitudinal
stress distribution around the wing box cross section is plot-
ted, Figure 36, and compared with the stress results of sub-
structure 9B at the same location. The stress pattern is as
predicted in Figure 17,

Figure 37 shows the stress distribution around two
sections of the transverse box. The Aransverse stresses
obtained are the resultant. of the two following components
as illustrated in Fig. 32,

SYM.
TOTAL ANTI=5YM

FIGURE 32 - STRESS RESOLUTION OF TRANSVERSE BOX,
FR 178
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Section B-B
Transverse Stresses
at 3' 8" Off Hetch Corner

Jectlion A-A-
Transverse Stiressss
at Hatich Corner

FIGURE 37 - TRANSVERSE BOX AT FR 178, PORT SIDE
FIRST LOADING CASE
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The symmetriﬂ regsponse 1s beliewved to be due to shear
leced in the transverse box due to vertical bending

=

The computed transverse stresses in the transverse box
at Sectiocn B, Fig. 33, {corresponding to anti-symmetric load-
ingg}, are plotcted in Figs. 38 and 39. In order to decOompose

the stresses into uniform axial aznd bending stress Ccomponents,
the distribution of the computed values is approximated by a
straight line. The decomposition process is illustrated in
those figures. The relationships between those stress compo-
nents and the corresponding distortions of the hatch corner,
obtained from the whole ship analvsis are shown in Figure 40.

‘It should be nected that pure vertical hending alsoc causes
small distortion cof hatch openings due to shear lag and secon-
dary bending.

For a maximum verticzl bending moment of 350,000 t-m,
{1,148,000 ton. ft.) the distortion of hatch opening near mid-
chip is found to be ‘52 = 0.25 em, (0.10 inch) ﬁgv =0.126 cm,

{0.05 inch). For the definition of ﬁ%z and §;yf

Figure 40,

STRESS DISTRIRUTION IN CONNECTION WITH STRAIN GAUGE INSTRUMEN -~
TATION. '

The following are comments on the results chtained for
the first loading case in the areas where strain gauges are
installed on the "Sea-Land Mclean” container ship.

A+ frame 143, the longitudinal stresses in the main deck
of the wing box are generally uniform, and the proposed twWo
strain gauge rosettes are adequzate to obtain the mean stress
value. Shear stresses are expected to be small in this arez.’
&t the hatch corner, the third rosette is expected to pick up
a relatively high shear stress value yvet small longitudinal
stresses, Figures 30, 31.

At frame 226, similar sets of strain gauge rosettes aze
installed with the exception of two more rosettes at the hatch
corner of the 2djacent hatch. The computed stresses in this
area show a similar pattern to those at frame 143. The stress
magnitudes however, are much less, Figures 41, &2,
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Tn connection with the proposed so called "stress" gages
atr Fr. 186 1/4, port and starboard, (Ref. 9), the peak~to-peak
vertical and lateral bending stresses which are in the order of
1,400 Kg/cm2 (20,000 pgi) and 900 Kg/cm2 (13,000 psi}, respec-
tively, might be expected 1if the vessel would experience severe
seas during the instrumentation period. It is expected that no
significant warping stress will be recordeé at this section
because it is so close to the zero-twist point of the vessel.

At frame 259, a very coarse grid is used in this area.
However, from the coarse mesh results, Figures 43, 44, and due
to similarity in structural configuration to that location at
frame 226, it is expected that the stress pattern will be the
same.

There is no detail grid emploved in the transverse box
iocation, frames 78-80, 1%4-1%96 and 242-244, Since the second
hatch forward of the engine room experienced the maximum hatch
diagenal distortion, a portion of the transverse box frames
178-180 is included in fine mesh, model 1. The results are
discussed previously, Figures 36 through 40,

E k)

242
r. 258
274
230

T

FIGURE 43 - COARSE MESH DECK STRESSES (KG/CMZ)g STARBOARD SIDE, FIRST
LOADING CASE
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Substructure 13-2A, figures 45 through 47, iz at the for-
ward hatch between frames 282 and 290. Strain gages are ine
stalled at frame 290 mainly to measure the warping strain in
this area. The rigid forward structure is believed to nroduce
high torsional restraint. The maximum anti-symmetric stresses
obtained near frame 290 are about 83 Kq/cmz {1180 psi) for the
first loading case (port side) and about 94 Kg/em2 (1337 esi)
for the second leading case.

The hichest anti-symmetric stresseg however, are cbtained
near frame 143 where the maximum value for the second lcading
case, port side, is about 550 Kg/cm2 (9243 psi}. These values
include the lateral bending stress component and probably the
local effects of the hatch corner. However away from the
hatch corner, the anti-symmetric stress at frame 147 is about
300 Kg/cm? (4266 psi) and at frame 287 about 70 Kg/cm?2
(995 psi). Different torsional moment distributicns mey lead
to different comparative stress figures.

Figures 45 through 48 show more stress results for sub-
structure 9B, and substructure 8A near frame 225, where the
deck opening is reduced.
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It is worth noting that the substructuring of the deck lo-
cations was based on early proposed strain gage placement. How-
ever, in a later stage of the SI-7 instrumentation program and
after the computer calculations were completed, more gages were
assigned in locations not covered by substructures or fine
mesh models. (Compare instrumentation plan (7} with sub-
structure layout, Figure 8, and fine mesh models, Figure 11).
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CHAPTER IV

CONCLUSIONS AND COMMENTS

Local deformation due to the non-prismatic nature of the
structure and the deck openings c¢an cause considerable
increase in the total stress level as observed in the
inner bulkhead plating of substructure 14-B, Figure 27.

A relationship between hatch distortion and the trans-
verse box stress -values is introduced. The finite element
stress distribution in this area suggested the linearity
of the stress pattern. This approach is to be verified by
the experimental results when available.

The Navier Beam Hypothesis as applied to the open deck box
girder appears to be adequate in predicting the primary
response of the container ship under vertical bending
moments.

Interpretations of the stress results at the locations of
some strain gages on the "Sea-Land McLean” are made. Early
output .of the finite element results had helped in the
determination of the final location of some gages.

For the first lcading case, the following noteworthy values
have been observed from the finite element calculations:

a. Zero twisting angle is found near midship frame 190.

b. The maximum diagonal hatch distortion amounted to
2.4 cms. (0.94 inch), in the second hatch forward of
the engine room compartment.

c. In deck areas where substructures were not employed,
the maximum longitudinal stresses attained are about
1400 Kg/em® (19,900 psi) on the port side and about
1300 Kg/cm? (18,486 psi) on the starboard side.

d. On the side shell platings the maximum longitudinal
stresses obtained are in the neighborhood of 2000
Kg/cm? (28,440 psi) between frames 210 and 242.

e. A particular region of high stresses is found in the
main deck forward of the engine room housing, frames
142-144. The maximum longitudinal stress at frame 143
is 2750 Kg/em? (39,105 psi).
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