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Abstract. The longitudinal bulkhead also plays an essential rule in dividing the cargo hold into
several compartments. Besides, the longitudinal bulkhead is one of the construction elements
which to strengthen the longitudinal strength of the ship, and it is always used primarily for a
tanker. In the present study, the effect of the longitudinal bulkhead is investigated to the
longitudinal strength under a vertical longitudinal bending moment. Two ships of double-hull
tankers are considered having the same dimension but different for the number of longitudinal
bulkheads. The force rotation is applied one side, and the other side is constrained. The result
obtained by the numerical method is compared to the analytical method. It is observed that double
bulkheads have larger longitudinal strength than a single bulkhead.

1. Introduction

The longitudinal bulkhead is one of tm-nost essential aspect for ship construction, especially for
tankers. The longitudinal bulkhead also plays an essential role in the longitudinal strength and reduces
the movement of liquid inside the cargo tank. The analysis of longitudinal strength considering
longitudinalgulkhead for tanker is minimal. Campanile [1] investigated the collision damage on an oil
tanker and bulk carrier considering the [ACS deterministic modelgggainst GOALDS/IMO database
statistics for collision events, substantiating the probabilistic model. Statistical properties of hull girder
residual strength were determined onte Carlo simulation, based on random generation of damage
dimensions and a modified form, to account for neutral axis rotation and ilibrium of horizontal
bending moment due to cross-section asymmetry after collision events. Reliability analysis was
performed to investigate the incidence of collision penetration depth and height statistical prop s
on hull girder sagging'hogging failure probabilities. The progressive collapse analysis of local
elements and the ultimate strength of the ship was conducted by Muis Alie [2]. The probabilistic
characteristic of the hull girder target safety level of a Suezmax tanker derived from a cost-benefit
analysis was assessed by Guia [3]. The target safety level was obtained considering as risk control
option the change in the cross-section scantlings of the tanker and its effect on risk reduction
expressed by the total expected cost of the hull girder failure. The effect of initial imperfections and
corrosion wastage on the age-related strength degradation of the bulk carrier was studied by Van [4], a
simplified method was also proposed to determine the ultimate vertica bending moment of ship hull
girder subjected to initial imperfections and corrosion wastage. The experimental and finite element
simulation studies on scaled double-hull side structures quasi-statically punched at the mid-span by
conical ang knife-edge indenters to examine their fracture behaviors, and energy dissipation
ontent from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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mechanism was done by Zhang [5]. The gnpliﬁed approach tgmhe ultimate hull girder strength of
asymmetrically damaged ships was conducted by Muis Alie [6]. Relial analysis of an oil tanker in
intact conditions was performed by Campanile [7] to investigate the Incidence of load combination
methods @ hull girder sagging/hogging time-variant failure probability.

Also, a new procedure to determine EBE datum based on box girder Finite Element Analysis (FEA)
results were presented by Downes [8], the simple box gi collapse test results were compared with
FEA results of same box girders. Also, the assessment of the ultimate residual strength of framax-
class double-hull oil tanker damaged in the collision was done by Parunov [9], taking the in Bnce of
the rotation of the neutral axis and performed by imposing appropriate boundary condition. Reliable
and suitable FE modeling in the explicit dynamic method, which could keep th@jbalance of the
acceptable accurate results and computation resources, was performed by Xu [10]. The influence of
geometrical imperfection modes on the ultimate strength of a ship’s hull was studied by Estefen [11]
with a focus on the buckling behavior of stiffened panels tha?'nitiated the structural hull failure, using
a numerical model of a Suezmax L?(er and performed finite element method considering both
geometric and material nonlinearities. A simplified analytical method to examine the energy absorbing
mechanism ouble-hull ship structures subjected to a flat edge indenter was conducted by Liu and
Soares [12]. To validate the method, a numerical simulation was conducted on a structural module
derived from an experimental scaled stiffened panel. Among them, the influence of longitudinal
bulkhead to the longitudinal stregggh, particularly for tanker, are not clearly described. refore, the
present study is to analyze the eftect of the longitudinal bulkhead to the longitudinal strength of a
double hull tanker.

2 Modeling

A double hull tanker with single and double longitudinal bulkheads is represented in Figs. | and 2.
The single longitudinal bulkhead is located at the centerline while the double longitudinal bulkheads
are placed between two side girders perpendicular of the vertical direction.

-------------------

Figure 1. Single longitudinal bulkhead.

The previous studies had been analyzed for the ultimate strength considering the cross-section of
the ship, for example (Muis Alie, i]; Tekgoz, [13] and Campanile, [1]). The cross-section was
assumed to remain plane taking the translation and rotation of the neutral axis position. The breadth
and depth of the ship are constant. There are six girders in double bottom construction for the single
longitudinal bulkhead.g@n the other hand, eight girders in double bottom construction for double
longitudinal bulkhead. In the present study, the longitudinal strength of double hull tanker considering
the longitudinal bulkhead is conducted under hogging and sagging conditions.

[
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Figure 2. Double longitudinal bulkhead.

The finite element model, load, and boundary conditions are illustrated in Figs 3 and 4,
respectively. The cross-se@on is modeled by shell element, both single and double longitudinal
Ikheads. The application of the finite element method was also used to analyze the ultimate stren,
of the ship’s hull girder, such as (Kim, [14]; Cui, [15]; Xu, [10]). The Multi-Point Constrained 1s
applied to both sides of the cross-section. One side is given force rotation, and the other side is

constrained.

Figure 3. Finite element model.

Figure 4. Load and boundary condition.
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3. Results a iscussions

The ultimate strength of ship hull girder, especially for double hull tanker considering the influence of
longitudinal bulkhead, has been conducted using the numerical method, and those results are
compared to the analytical method. Figs. 5 and 6 show the comparison of the longitudinal strength for
single and double longitudinal bulkhead obtained by the numerical and analytical method under
hogging condition.
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Figure 5. Comparison of longitudinal strength between FEM and Analytical method for single
longitudinal bulkhead.
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Figure 6. Comparison of longitudinal strength between FEM and Analytical method for double
longitudinal bulkhead.

The reductions of the comparison of the longitudinal strength for single and double longitudinal
bulkhead obtained by the numerical and analytical method under hogging condition are 1.13 and 1.09,
respectively. It is observed that the longitudinal strength produced by the numericalggnethod, both
single and double longitudinal bulkhead is larger than the analytical method. Such kind of the ultimate
residual strength of double hull tanker had been analyzed, but those for damaged cases, for example,
collision or grounding where the damages were asymmetrically position (Muis Alie, [6] and Parunov,
[9]). Both translation and rotation of the neutral axis were taken into account.

Figure 7 and 8 describe the comparison of the longitudinal strength between single and double
longitudinal bulkheads produced by numerical and analytical methods. The comparison reduction of
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the longitudinal strength between single and double longitudinal bulkheads is 1.12 produced by the
analytical method under hogging condition. In the case of the comparison reduction for longitudinal
strength obtained by numerical method between single and double longitudianl bulkhead is 1.09 under
hogging condition.
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Figure 7. Comparison of longitudinal strength single and double longitudinal bulkhead produced by
analytical method.
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Figure 8. Comparison of longitudinal strength single and double longitudinal bulkhead produced by
numerical method.

It is described that the longitudinal strength of double longitudinal bulkheads is a larger produced
both numerical and analytical method than longitudinal strength for single longitudinal bulkhead
obtained both numerical and analytical method under hogging condition. The longitudinal strength of
double longitudinal bulkheads is larger than single longitudinal bulkheads for four kinds of the
comparison under hogging condition, neither for the numerical method nor analytical method. This
also may be caused by the bottom construction where the number of girders between the cross-section
of single and double longitudinal bulkheads is totally different from one another.

The longitudinal strength of single and double longitudinal bulkheads are also performed under
sagging condition. Figure 9 and 10 express the comparison of the longitudinal strength between the
numerical and analytical method of single and double longitudinal bulkheads under sagging condition.
The comparison of the longitudinal strength for single and double longitudinal bulkheads obtained by
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the numerical method is larger than an analytical one. The reduction of longitudinal strength, both
single and double longitudinal bulkheads between numerical and analytical methods are 1.08 and
1.008, respectively.
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Figure 9. Comparison of longitudinal strength Eween FEM and Analytical method for single
longitudinal bulkhead.
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Figure 10. Comparison of longitudinal strength between FEM and Analytical method for single
longitudinal bulkhead.

The reduction comparison of the longitudinal strength between numerical and analytical methods,
both single and double longitudinal bulkheads, are shown in Figs 11 and 12, respectively. The
numerical method shows that the curve is not a smooth line. This probably due to the cross-section at

deck part since the ship is under sagging condition.

e reduction of the longitudinal strength bet the numerical method and the analytical method is
1.08 for a single longitudinal bulkhead, while the reduction of the longitudinal strength between the
numerical method and analytical method is 1.008 for double longitudinal bulkheads. According to
Figure 11 and 12 that the longitudinal strength of double bulkheads is larger than single longitudinal
bulkhead numerical and analytical methods under sagging condition. This confirms that double
longitudinal bulkheads are stronger than a single longitudinal bulkhead.

This should be stated that the longitudinal strength of double longitudinal bulkheads is larger than
single longitudinal bulkheads for four kinds of the comparison under sagging condition, neither for the
numerical method nor analytical method.
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The influence of longitudinal bulkhead for the analytical and numerical method is about 10.7% and
7.7%, respectively, under hogging condition. In the case of the sagging condition, the influences are
about 5.5% and 11.8%, respectively.
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Figure 11. Comparison of longitudinal strength single and double longitudinal bulkhead produced by
analytical method.

Curvature x 107 {mm’y

0.5 04 03 02 0.1 {

===~ Single FEM v,

Double FEM 1,

Moment x 10" (W)

Figure 12. Comparison of longitudinal strength single and double longitudinal bulkhead produced by
numerical method.

4. Conclusion

The longitudinal strength analysis of double-hull tankers has been performed using the numerical and
analytical method for single and double longitudinal bulkheads under hogging and sagging conditions.
The results obtained both two methods are compared with one another. The following conclusions can
be drawn. For the case of the subject ships taken in this study, the inﬂuen{?of the longitudinal
bulkhead to longitudinal strength is about 10.7% and 7.7%, respectively, under hogging condition. In
case sagging condition, the influences are about 5.5% and 11.8%.
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