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1. Introduction
The solutions considered in the design of river ships are 

hardly influencing the ships’ behaviour during the assembling 
by welding and during the function of the ship. The design 
should offer to the ship appropriate mechanical resistance, 
but maintaining a functional elasticity of all the sections 
considered together in a ship. The welding of the base material 
can be considered as a thermal aggression applied from the 
outside to the material. That thermal aggression produces 
internal stress of the material and specific deformations. 
Finally, a modification of the dimension and geometry of the 
welding components occurs. If the joint has low elasticity, 
then the modifications could lead to cold cracking. Any crack 
means damaging, maybe even destroying the joint. Due to the 
external loading applied by the waves, wind, driving manner, 
cargo (solid or liquid) any ship requests elasticity during its 
function [1]. The elasticity of a complex structure, as the ship 
is, it is not simple to calculate or estimate. That is because 
of the complex geometry, because of the stiffening solution 
and because of the 3D orientation of the welds. Usually, the 
evaluation of the stiffness begins with specific calculations 
applied to a small component of the ship. That will decrease 
the complexity of the equations involved in the calculations 
and it increases the precision of the results.

Within the paper it is presented a study of the influence of the 
structure type on the stiffness of the bulkhead of a river ship. The 
study consists of the elaboration of geometrical model which 
will be simulated and analysed, by using the finite elements 
method, in specific conditions of loading. The task of the study 
is the analysing of the intensity of restraint of an element of 
the structure, which is a part of the bulkhead wall. The most 
important action during building the bulkhead is its erection by 
welding. Because of that, the paper will present the evolution 
of the intensity of restraint during the welding together of two 
panels of the wall.

2. Intensity of restraint method
The intensity of restraint method has been developed to 

characterise the mechanical load in a welded joint [2-5]. As 
is well known the local heating that is produced in a welding 
process is developing shrinkage and stress inside the welded 
joint [5-6]. The shrinkage due to welding could increase when 
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the local restraint of the plates that will be welded increases. 
These two conditions, heating and restraining, can produce 
modification of dimensions and deformations that could become 
critical for the welded structure.

Within the locally heated region the material expands 
transversally and longitudinally related to the welding direction. 
That causes a certain contraction of the gap. Longitudinal to 
the welding direction, the surrounding cold material provides 
restraints that can produce stresses and deformations. During 
cooling, the solidified metal and the expanded and heat-affected 
region attempt to contract. The contraction is limited by the 
surrounding cold metal and the restrained contraction results 
in tensile stress.

The stress inside weld depends on many factors. Two of 
those factors are the welded joint shrinkage and the stiffness 
of the welded joint. The force per unit of weld length required 
to produce a unit transverse groove edge displacement defines 
the intensity of restraint (figure 1).

Figure 1. Geometrical elements used to  
calculate the intensity of restraint.

The simulation of the modification produced by the welding 
process consists in the application of an external force, Fext, 
which is similar to the force produced by the welding. Such force 
acts in the middle of the groove shoulder, is not punctual one, 
but uniformly distributed on the surface which is the shoulder 
of the groove and it creates a displacement of each component 
of the groove. The displacement is on y direction and in figure 1 
appears as Δy. The opposition of the material to the external 
force is considered as intensity of restraint and the indicator 
can be calculated in FEM analysis. 

Ry = Fext / (2×w×∆y)		         		  (1)

in which w is the width of the shoulder’s surface. It is clear that 
the intensity of restraint is expressed in kN/mm2, if the external 
force is expressed in kN and the dimensions are expressed in 
mm.
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The stress inside weld is longitudinal and transversal. In 
addition, at common welding processes at steel structures, 
the transverse contraction at the weld surface is normally 
larger than in the weld root. This causes a weld angular joint 
distortion. Furthermore, the movement of the heat source in the 
welding direction produces an angular distortion perpendicular 
to welding direction and weld cross section. Altogether the 
respective restrained distortions may create weld cracks. 

3.  Geometrical model of the bulkhead and its 
simulation by using FEM method

The study of the most used designing solutions of the 
bulkheads (figure 2) helped in the designing of a model of the 
bulkhead. That element has a relative high stiffness because of 
the necessity to have a good resistance during exploitation. As 
already presented, a high stiffness means a high cold cracking 
susceptibility. Accepting that causality it has been used the 
element in the analysing of the evolution of the intensity of 
restraint.

Figure 2. Common shape of the bulkheads walls.

Figure 3 shows the model of the proposed to study element. 
The accepted dimensions are the same as in the real case. The 
element models the connection (at the bottom level) between 
two volume sections of a ship.

To have an appropriate FEM analysis of the model, it had 
been performed a few initial simulations of the restrictions to 
decrease the error of the analysing. Plus, the geometry of the 
model had been analysed in 2D and 3D conception. From this 
point of view it had been revealed that a 2D analysing involves 
high errors, up to 30%. Because of that the geometrical model 
that was used in analysing was a 3D model. Regarding the 
restriction of the model and regarding the characteristics of 
the analysing it should be mentioned that specific conditions 
were used and they will be presented next. The restrictions 
of the movement were applied to 4 added compression bars 
(figure 4); the compression bars were meant to model the limited 
movement of the extremities of the compartment as part of a 
big and complex structure which the ship is. The application of 
the force inside the groove was according to the real situation 
that was given by the used active head. The welding groove 
was considered to be according to the real groove existing 
on the ship. The displacement given by the compression bars 
were corrected when apply in the calculation of the intensity 
of restraint (figure 4).

Figure 3. Geometrical model to simulate.

Fig. 4 Geometrical model connected with compression bars (a.) 
and the displacement error given by the compression bars (b.)
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The finite elements that were used in analysing were 
tetrahedral: Solid Tet 10 node 92.

The results of the calculation of the intensity of restraint for 
the both method, experimental and FEM analysing are presented 
in figure 4.

4.  Results and discussions 
FEM analysis offered evolution of the intensity of restraint 

during the welding of the elements dedicated to the stiffening 
of the bulkhead (figure 5). 

Figure 5. Intensity of restraint as calculated b 
y FEM simulation.

The applied FEM analysis permits the estimation of the 
evolution of low complexity welded structure stiffness. To 
have the information on that evolution, offers to the designer 
the possibility to choose the most appropriate type of structure 
during the design of a ship, in order to create a resistant and 
elastic welded structure.

The graph of figure 5, which was built by using the 
results that were obtained in the FEM simulation, reveals an 
increasing of the intensity of restraint during assembling by 
welding, from 0 up to 14 kN/mm.mm. The increasing of the 
intensity of restraint has four domains. In the first domain the 
evolution is almost linear when the number of the stiffeners 
was uniformly increased. That increasing leads to a decreasing 
of the assembling elasticity and to an increasing of the cold 
cracking susceptibility.

Figure 5 shows in the blue area, an almost linear increasing of 
the intensity of restraint, for a uniform evolution of the building 
(building by adding new stiffeners on a plane structure). The 
sharp increasing has a slope that depends on the thickness of 
the stiffeners, on the density of the stiffeners and on the type of 
the weld. The last value of the blue area is out of the previous 
evolutions. That means that the welding of the transversal panels 

of the bottom compartment is not bringing the same stiffness as 
the longitudinal bulkheads are. The slope of the increasing of 
the stiffness is lower in the case of the welding of the transverse 
stiffeners. In the blue area the increasing of the stiffness is from 
2 to 7 kN/mm.mm.

The next area, the red one, is related to the first welding pass. 
The increasing of the intensity of restraint is similar, in values, 
as the mounting of the stiffeners (about 5 kN/mm.mm), but the 
increasing rate is slower. The filling of the groove is presented 
by the yellow area, which shows lower increasing of the intensity 
of restraint: from 12.5 to 14 kN/mm.mm. That means that the 
root pass brings double stiffness comparing to the rest of the 
4 welding passes

The green area is related to the welding in blocks of 100 
mm length, all 5 passes being done. That manner of welding 
(by replacing the 5 passes with 5 blocks of complete weld) 
shows a lower intensity of restraint. The maximum obtained 
value is comparable to the value obtained after the full root 
pass (red area).

In the same time, important displacement of the groove were 
revealed by the analysis.

Figure 6. Displacement occurred due to loading.

Figure 7. Deformation by welding sequence.
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5. Conclusions
FEM analysis can be applied to evaluate the intensity of 

restraint for a welded structure and subsequently the stiffness 
of that structure.

The main conclusion is that the stiffening using the 
longitudinal bulkheads is bringing almost the same influence 
on the stiffness as the welding of the bottom plates is doing.

Another important conclusion is that the thickness of the 
bottom plates is a main factor that influences the intensity of 
restraint of those plates. A high thickness of the plates is hardly 
reducing the elasticity of the ship and creates the conditions for 
cold cracking process.

A third parameter that influences the intensity of restraint is 
the free of stiffeners length of the groove, where the force is 
applied. The increasing of that part of the groove decreases the 
intensity of restraint so decreases the stiffness of the structure. 
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