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SUMMARY 
 
The object of this work is to compare the results  of transverse strength’s analysis  of a ship’s hull, obtained from the 
application of  several hypotheses, some of them proposed by naval designers, others proposed by writers. 
We have examined a section of tanker of which, in 1961, the D.I.N. ( Department of Naval Engineering, leaded by 
professor Francesco Spinelli) built a four metres long model. The D.I.N. tested the structure for various loading 
conditions, measuring the response with 180 electric strain gauges. 
We have used the experimental data to value the reliability of the different hypothesis of calculus employing software 
SAP2000 PLUS for the structural analysis. 
The loading condition that we have examined is the full load condition. We have analysed the stresses in the structure, 
both considering  the transverse frame as formed by beams whose effective plate is as wide as 50 times their thickness, 
both schematizing  a principal member of interest with finite elements method.  
Results, different between them, in a specific section considered for the comparison  ( extreme section of the bracket that 
connect central floor with central girder ), show reliability in the hypothesis that rigid ends are used in the computation, 
in order to consider the brackets, and in the case that the structure is schematized with plane elements, as the SHELL, 
that are provided with flexional and membranal stiffness, with these hypotheses, there is a small difference between the 
stresses obtained by calculation and the experimental ones; the difference is accentuated by the consideration that the 
point of calculation is not the experimental check one. 
Calculation with finite elements is arduous, so we consider that a satisfactory approximation is obtained considering the 
transverse frame as formed by rigid ends beams of convenient length which has been calculated using Hughes’ formulae. 
Rotation of the rigid ends beams is considered partly constrained by springs; springs’ rotational stiffness is also  
calculated using Hughes’ formulae. 

 
1. INTRODUCTION 
 

 

The study of ship’s longitudinal strength has been solved 
for years using the beam’s theory, obtaining very realistic 
results. On the contrary, the study of a ship’s transverse 
frame has been performed, in the past, with Cross 
method or with Kani method; external constraints were 
not necessary for these methods, that have been replaced 
today by structural software, for which rigid body 
movements of the section have to be eliminated by 
external constraints, which modify the stresses values at 
least in the constraints’ proximity. 
Therefore the control of the ship’ s transverse strength 
still presents problems that this paper wants to contribute 
to resolve. 
In the past, the Institute of Naval Construction of Naples’ 
University built a tanker’s model in full dimension and 
loaded it in many conditions; stresses were measured and 
calculated in many sections. 
Conclusion was that the results obtained carrying out old 
theoretical methods differed only of 10% from the 
experimental results. 
We want to compare the experimental results with those 
calculated using structural software in order to verify the 
validity of our choice of the constraints. 
In particular we have considered the following 
hypotheses:  
 

• Frame with prismatic beams (not considering 
the end’s brackets), constrained with a simple 

support at the bilge and with double pendulums 
on the diametral plane; 

• Frame with prismatic beams, constrained with a 
spring with vertical stiffness at the bilge and 
with double pendulums on the diametral plane;  

• Frame with prismatic beams, with a simple 
support at the bilge, with a spring with vertical 
stiffness at the longitudinal bulkhead and with 
double pendulums on the diametral plane;  

• Frame with prismatic beams, constrained with a 
spring at the bilge, with a spring at the 
longitudinal bulkhead ( both with only vertical 
stiffness) and with double pendulums on the 
diametral plane;  

• Frame with non-prismatic beams with rigid 
ends, constrained with a spring at the bilge, with 
a spring at the longitudinal bulkhead, with a 
spring with rotational stiffness at any node and 
with double pendulums on the diametral plane. 

 
At the end, using a scheme, in order to eliminate 
mistakes of all previous hypotheses, we have studied the 
central floor of a tanker’s transverse section with FEM 
method, considering beams whose depth is comparable 
with their length and consequently it is not possible to 
use beam’s theory, to calculate stress in conventional 
way.
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2. ANALYSIS OF THE PLANE FRAME  
 
The analysis of the plane frame has been performed 
inserting nine beams and eight nodes in the program 
SAP2000PLUS. 
The frame analysed represents half reinforced section of 
a tanker, which dimensions are: 
 

• Breadth 10 m 
• Length  4 m 
• Depth 6 m 

 
Sections of beams and loads on them are derived from 
Spinelli’s paper. 
We have first assigned the beams’ dimensions and then 
we have assigned the loads, which are a uniform load on 
the bottom (this load represents the keel block’ reactions 
to the weight of experimental structure and replace the 
hydrostatic buoyancy on the bottom) and a load on the 
side, which represents the hydrostatic buoyancy on the 
extern side and the pressure of liquid cargo in the hold on 
the internal side (this cargo refers on full load condition). 
When geometry and loads have been assigned, the   
frame has been analysed for the boundary conditions 
listed in the foregoing paragraph. 
The best scheme of the true case is the scheme that 
considers, as external constraints, a simple support at the 
bilge, a spring at the longitudinal bulkhead and two 
double pendulums one pendulum at the deck and one 
pendulum at the bottom on the diametral plane. 

The simple support removes the rigid body’s vertical 
movements, also if it isn’t in accordance with behaviour 
in seaway.  
The spring’s presence reduces the vertical motions of the 
frame, which are reduced by the bulkhead. 
The spring’s stiffness has been derived considering the 
frame’s weight as the force and its draft as displacement; 
so we have derived a total stiffness, that has been divided 
by the spring’s number, in order to obtain the stiffness of 
the single spring. 
The double pendulums are symmetry’s restraints. 
This scheme has provided the bending moments at the 
nodes, by which we have derived nodal stresses, that has 
been compared with that obtained by Spinelli. Using the 
following scheme we have obtained  the results of the 
table. 
 

 
 

 

 
Node Beam Spinelli’s moments (tcm) SAP moments (tcm) 1 spring Nodal stress (Kg/cm^2) 

1 1_2 662 898 631.9 
 1_3 -662 898 957.3 

2 2_1 110 -632 -444.75 
 2_4 -36 375 483.49 
 2_2' -74 -257 -151.35 

3 3_1 39 -105 -111.94 
 3_5 -26 -47 -50.1 
 3_4 -13 60 400.26 

4 4_2 84 -68 -87.67 
 4_3 -3 -60 -400.26 
 4_6 -81 -5 -6.44 

5 5_3 -793 -1076 -1147.12 
 5_6 793 -1076 -527.45 

6 6_5 -2584 331 162.25 
 6_4 -357 -356 -458.99 
 6_6' 2941 -25 -7.491 

  
With the aim of obtaining a more realistic scheme and in 
order to obtain lesser stresses, we have introduced in the 
analysis the presence of the brackets in their place in the 
reinforced section of hull’s strip of experimental tanker. 

The brackets have been schematized according to 
Hughes’ theory. 
A bracket can be schematized with a spring and a rigid 
end: the first in order to consider the mutual 
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displacements between the two connected beams and the 
latter in order to consider the material’s elasticity. 
The brackets to be introduced are eight and we have 
calculated the length between the flange’s extremity of 
the transverse girder and the extremity of rigid end, then 
it has been possible to estimate the stiffness of any 
springs, employing the Hughes’ formulae.  
The rigid end that represents the bracket must have a 
length  ( rd ), evaluated with the following formula:  
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With: 
 

• 1a : bracket’s side length in the direction of 
rigid end;  

 
• 1h : beam’s depth which has the rigid end 

connected to the node;  
 

• 2a : bracket’s side length perpendicular  to rigid 
end.  

 

Obviously rf dad −= 1  is the distance between the 
bracket’s extremity and the rigid end extremity of the 
beam and we have compared the theoretical and 
experimental stresses on that point . 
The spring’s rotational stiffness has been evaluated with 
the following formula:  
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With: 
 

• G : tangential elasticity modulus; 
 
• wt : mean thickness in the common zone to the 

two beams which join in the node; 
• ih  and jh : horizontal and vertical beams’ 

depths which join in the node;  
• ia  and ja : horizontal and vertical brackets’ 

lengths which join in the node. 
 
 
Stresses calculated after the brackets’ introduction are: 

 
Node Beam Spinelli’s moments (tcm) Nodal stress (Kg/cm^2) Moments with springs (tcm) Brackets stress (Kg/cm^2) 

1 1_2 662 631.9 608 427.86 
  1_3 -662 957.3 547 583.1 

2 2_1 110 -444.75 -249 -175.22 
  2_4 -36 483.49 356 458.9 
  2_2' -74 -151.35 -147 -86.57 

3 3_1 39 -111.94 -137 -146.05 
  3_5 -26 -50.1 -111 -118.33 
  3_4 -13 400.26 -26 -173.44 

4 4_2 84 -87.67 -58 -74.78 
  4_3 -3 -400.26 31 206.8 
  4_6 -81 -6.44 -27 -34.81 

5 5_3 -793 -1147.12 -547 -583.15 
  5_6 793 -527.45 -451 -221.07 

6 6_5 -2584 162.25 220 107.84 
  6_4 -357 -458.99 -411 -529.9 
  6_6' 2941 -7.491 -4 -1.19 

Scheme with brackets is more realistic.  
 
 
3. STRUCTURE SCHEME WITH 
TRIDIMENSIONAL FRAME 
 
 In this paragraph, prosecuting the previous, we 
have analysed the structure with tridimensional frame; 
we have inserted the longitudinal stiffeners in order to  

 
 
 
 
 
study their effects on reinforced frames and in order to 
verify the adequacy of the hypotheses (always accepted 
in the past time) which state that, in the reinforced 
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frames’ analysis, it is reasonable to consider only 
transverse beams, properly loaded.  
We have considered only half of the structure, using  its 
symmetry.  
We have schematized all the longitudinal stiffeners, one 
reinforced frame and one ordinary frame (the ordinary 
frame is composed by only two beams: the side’s girder 
and the girder of the longitudinal bulkhead) spaced of  
0.9 metres.  
So we have obtained the structure reported in the 
following figure: 
 

 
  
We have only considered the load acting on the frame’s 
transverse beams and we have considered unloaded the 
longitudinal stiffeners.  
The beams of the ordinary frame have been considered 
simply supported at the ends, because they aren’t 
connected to the reinforced frame’s beams; on the 
contrary the deck’s stiffeners and the bottom’s stiffeners 
aren’t restrained at the ends; the reinforced frame’s 
beams have been restrained as previously shown. 
We have obtained diagrams of the bending moments on 
reinforced frame’s beams, reported as follows: in the first 
figure there is the diagram of the bending moment on the 
isolated frame and in the second figure there is the 
diagram of the bending moment from the 3D structure 
analysis. 

 

 
 
 

 
 

  
From the previous figures results that diagrams are very 
similar, as numerically appears also by means of the 
following table, in which the bending moments on the 
nodes are reported in t*m, for the two examined cases. 
 
 

Node Moment plane 
frame 

Moment 
tridimensional frame 

2’ 2.57 2.61 
2-1 6.32 6.32 
2-4 3.75 3.72 

 2-2’ 2.57 2.61 
1-2 8.98 8.95 
1-3 8.98 8.95 
3-1 1.05 0.91 
3-4 0.60 0.61 
3-5 0.47 0.29 
4-2 0.68 0.62 
4-3 0.63 0.64 
4-6 0.05 0.02 
5-3 10.76 10.86 
5-6 10.76 10.86 
6-5 3.31 3.36 
6-4 3.56 3.62 
6-6’ 0.25 0.25 
6’ 10 10 

  
 
So it is possible to assert that the traditional hypotheses 
for the analysis of hull’s transverse strength is absolutely 
reliable and that significant differences can exist only if 
we study the stiffeners’ effect on a hull’ s strip which is 
much longer than the one we have examined (for 
example if we consider a hull’s length between two 
bulkheads, we will assume that the stiffeners are clamped 
at their ends and this will probably lead to different 
conclusions; but such study is out of the aim of our 
work).  

 
 

 
 

Session B 114



  

3. THE EFFECT OF END’S BRACKETS 
 
The transverse frame of our ship has been analysed both 
considering the beams with constant dimensions for all 
their length, and equivalent to those of central part, both 
considering, as it is standard procedure in ship 
construction, end’s brackets, which can be of 
considerable dimensions and which exert an influence on 
the joint stiffness and on the stresses estimate in the zone 
in which they are present, which is very important for the 
structural engineer. 
A way to consider this element, suggested by Hughes 
and that is applicable with the FEM software 
SAP2000PLUS, is to regard beams’ rigid ends (in order 
to consider the greater stiffness of beams in the zone in 
which the brackets are present) and to regard beams’ 
rotation in the node partially prevented with a spring of 
appropriate stiffness.  
The rigid end’s introduction implies that the program 
doesn’t calculate the bending moments on their length (in 
fact, since the stiffness, the inertial modulus and the 
elastic modulus are infinite, the stresses are null); it is 
evident that this situation, usually applied also to civil 
engineering structures, is not real, because the brackets, 
which have finite dimensions, have also a finite stiffness 
and the stresses in the zone in which they are present 
aren’t null. 
When considering the central tank’s floor and when 
considering a system of axes with origin at the central 
girder’s bottom end, the bending moment’s curve is 
parabolic with a peak for y (transverse coordinate 
considered positive toward left) equal to zero. 
Also the brackets inertial moment changes parabolic with 
the variation of examined section and with a peak again 
for 0=y . 
From the analysis of bending moment of the floor and of 
the bracket which connects the later to the central girder, 
it is possible to derive the following relations:  
 

( ) )(9935.90396.06236.1 2 tmyyyM +−−=  
for 45.00 ≤≤ y m                                                  (3) 
 

( ) )(0047.00087.00046.0 42 myyyI +−=   
for 45.00 ≤≤ y m                                                  (4) 
 

( ) )(0063.00074.00018.0 32 myyyW +−=   
for 45.00 ≤≤ y m                                                  (5) 
 

( ) ( )
( )yW
yMyx =σ                                                        (6) 

 
In particular for 0=y  and 45.0=y m, that is at the 
bracket’s ends, we derive: 
 
 

 

( ) 2/6.158
0063.0
9935.90 cmkgx ==σ                        (7) 

 

( ) 2/7.289
00333.0
647.945.0 cmkgx ==σ               (8) 

 
Considering the stiffness as finite. 
 
 
And: 
 
 

( ) 2/0
0063.0
00 cmkgx ==σ                                (9) 

 

( ) 2/7.141
00333.0

72.445.0 cmkgx ==σ             (10) 

 
Considering  rigid ends. 
 
Stresses with rigid ends are half lower than those with 
effective stiffness of the brackets; considering that the 
two hypotheses aren’t exactly true (in fact the bracket’s 
stiffness isn’t infinite and the program doesn’t consider 
the variability of bracket’s dimensions); the efficient way 
to consider the diversity of beam’s section is employing a 
FEM scheme.   
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4. CENTRAL FLOOR FEM ANALYSIS 
 
From previous discussion we can say that the efficient 
method to obtain stresses in a transverse frame’s beam 
is to use a FEM scheme. 
This method has been applied to the central floor of our 
tanker, in which we have used triangular, rectangular 
and trapezoidal SHELL elements, as thick those utilized 
on the reference ship, both for membranal and flexional 
behaviour. 
We have considered the connected plate with a breadth 
of 0.48 m and the floor’s upper flanges placed on XZ 
plane, on the contrary the floor’s web is placed on XY 
plane.  

 

 
 
The beam has been considered simply supported on the 
nodes on the central bulkhead (in fact the bending 
moment on the floor, derived from the frame’s complete 
analysis, is zero in that section); the beam’s end on the 
central girder has been considered constrained with 
double pendulums (in fact the bending moment in this 
section from the complete frame’s analysis is parabolic 
with a peak with horizontal tangent). 
We have loaded the beam with the bending moment 
MZ(0.45)=9.647 tm, derived from complete frame’s 
analysis, on the end node of the bracket which connects 
the floor with the central girder. 
So we have obtained a bending moment and a stress 
value in all the nodes.  
In particular on the bracket’s end node (Y=0.45 m), 
which is the 49th node of the complete structure, we 
have derived a  Von Mises σx(0.45)=99.415 kg/cm2. 
This is lower than those obtained in the previous 
paragraph and it is closer to the one obtained 
considering rigid ends which is helpful when being 

considered in the ship’s transverse frame’s analyses, if 
we refer to the more realistic FEM scheme. 
 In order to complete the topic we want to  
compare this value with the experimental one obtained 
using strain gauges on ship’s strip; there isn’t a strain 
gauge where we performed our analysis, so we must 
utilize the mean value of the strain gauges 45A e 45B, 
because our computation node is at half their length. 
The value of strain gauge 45B isn’t available and the 
value of strain gauge 45A is 130 kg/cm2; that is 
comforting because it doesn’t differ too much from the 
calculated one and the difference is probably due to the 
different position of the node considered in the 
computation with respect to the experimental one. 
 
 
5. CONCLUSIONS 
 
We have utilized a structural software to evaluate the 
stresses and the bending moments on the transverse 
frame’s beams of a tanker analysed experimentally by 
Spinelli, in order to obtain stresses on different sections 
of the beams, using strain gauges. 
The structure has been studied both as a plane 
reinforced frame, both as a reinforced and an ordinary 
frame connected by longitudinal stiffeners: resultant 
stresses are the same; then we have analysed a plane 
frame with different external constraints (required to 
eliminate the rigid body movements of the structure) 
and we have deducted that the use of a FEM scheme is 
the more reliable method to obtain realistic conclusions; 
this scheme is very long and laborious, so it can be 
replaced with a plane frame composed of rigid ends 
beams with springs of adequate stiffness. 
The more realistic external constraints are a simple 
support at the bilge, a spring with vertical stiffness at 
the longitudinal bulkhead and a double pendulums at 
the nodes on the diametral plane. 
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