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Abstract 
When blocks are supported on a dock, huge reaction forces concentrated at the supports cause structural dam-

age owing to local stress concentrations. Thus, the supports should be arranged to avoid local failure from the 
reaction forces by redistributing those forces. Docking analyses to determine the proper blocks and their support 
arrangements are introduced so that the local stresses are minimized to warrant the safety of the docking supports. 
Local stresses enforced by the support arrangement should be evaluated by finite element analysis (FEA). Howev-
er, it is difficult to consider an accurate 3D geometry of the blocks in the finite element model because the struc-
tural design information is too complicated to determine within several days using the FEA model. This paper 
presents a simplified FE model to evaluate the safety of the arrangement of supports using a simplified grillage 
element. The grillage element can be efficiently used to obrain the reaction forces in docking analysis becasuse 
the reaction forces at the supports are enough to assess the safety of block. Since a simplified grillage model of the 
entire ship cannot accurately calculate the local stresses, an optimized modeling method based on the grillage 
element was introduced. The local reaction forces obtained by the proposed approach and three-dimensional FEA 
were discussed for typical types of ships. It is shown that the reaction forces obtained by the present grillage mod-
el are in reasonably good agreement with the FEA model. 
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1 Introduction 

The semi-tandem erection method is widely applied to the building of huge commercial vessels. A 
new production technique has been attempted to meet the time schedule of erection network, and thus, 
unpredicted structural failures have been encountered. One of these failures occurs during docking and 
results from the enlargement of a ship and its block size. The bottom must have sufficient strength to 
withstand the loads that result from the supports during the docking of the ship. The load concentration 
at the docking supports causes damage to the bottom structure. A ship docking analysis requires a stat-
ic structural analysis to evaluate the structural safety of a ship supported by many pillar structures (Figs. 
1 and 2) inside dry docks or floating docks, rather than under seagoing conditions. A docking analysis 
is not a regulation of a classification society because the docking load is not present in the seagoing 
condition. Nonetheless the docking analysis is required by ship owners. 
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Fig. 1 Sectional view of bottom block supported in a dry dock 

 

 
Fig. 2. Load on keel blocks supported by docking blocks (DNV GL SE, 2015) 

 
To prepare a dry dock, keel blocks are set into position, and lines and men to handle the vessel are 

readied. A qualified dockmaster supervises the operation. Dock-based winches are typically used to 
position the ship in the dock. The most dangerous time in dry-docking occurs when support for the 
ship is not properly arranged because a large vessel’s blocks within the dock are exposed to huge con-
centrated loads on supports because of their self-weight. If the strength of the blocks in the supporting 
position is insufficient, they could be crushed.  
Careful planning and considerable expertise are required to determine the supporting position at the 

bottom of a ship. Both a proper erection network and a dock arrangement of supports can be used to 
avoid a heavy load that may be beyond the allowable strength of the supports. However, in order to 
simulate an optimized dock arrangement, shipyards want to determine dock arrangements and docking 
support plans during the functional design phase prior to the production design phase. 
A 3D FEM based on shell and beam elements can be successfully applied to determine reaction forces 

and local stresses at the supporting points. Choi et al. (2002) suggested a 3D docking analysis that is con-
ducted with existing FE models. Chun et al. (2006) and Chun & Seo (2007) also proposed a shell-based 
finite element model of an entire ship supported by blocks to evaluate the local stress distribution. They 
discussed the causes of structural damage that may occur during the docking process and the reaction force 
distribution affected by the materials of the docking supports. In addition, they suggested a method to es-
timate the allowable reaction force to protect hull structures against damage. 

It is extremely important that supporting blocks conform to the structural members so that the ship is not dam-

aged when its weight is supported by the blocks. To support the hull of the ship at every several meters from the 

bottom of the dry dock, fine-tuning of the supports’ positions can be done by redistributing local reaction forces 

(Jiang et al., 1987). A 3D FEM based on the shell and beam elements is apparently a good tool to assess the im-

pacts of a given docking position on structural safety since ship structures are exactly considered. Its self-weight 

and ballast conditions can be practically considered by the boundary conditions of an FE model. However, it 
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takes more than a month to make a complete 3D FE model of an entire ship to assess docking safety. Although 

3D FE models of the ship are available, it requires a lot of effort to determine the proper positions of the supports 

by redistributing the supporting positions as well as the proper loading and boundary conditions.  

Furthermore, the detailed design of a hull structure has not been accomplished by the time when the docking 

analysis is required. The docking analysis or docking plan is required prior to the release of the detailed structur-

al drawings. Thus, the design period limits the 3D FE model for a docking analysis with regard to the required 

timeline. This study employs two-dimensional grillage elements at an initial design stage, whereby the docking 

supports are easily arranged and the docking position is quickly checked without sufficient design data. By com-

paring the result of grillage model with that of the 3D FE model, a procedure to improve the accuracy of the 

reaction forces at the docking supports is determined.  

2. Three-Dimensional Ship Docking Analysis 

A ship docking analysis is performed to evaluate the structural safety of a ship against a concentrated force at 

docking supports inside a dry or floating dock rather than under seagoing conditions. Therefore, ship docking 

assessments are not usually performed by shipyards. Docking positions that incorporate a dry dock and floating 

dock will be checked based on suggestions in the Lloyd Register of Shipping (LR).  

Lloyd (1983) reported on a simple two-dimensional (2D) grillage analysis of an oil tanker where ship struc-

tures modeled by the beam elements and the grillage model were used to assess the structural safety for given 

docking conditions. Not all structural members could be represented in the grillage model because of the limited 

properties of the beam elements. Only longitudinal girders, transverse web floors, and skin plates were involved 

in the grillage model. The section properties of the elements were specially defined in terms of the spaces be-

tween adjacent girders or floors, the height of double bottoms, thickness of plates, thickness of girders or floors, 

etc. Since this simplified grillage analysis does not determine the stress inside the elements, but does determine 

the reaction forces at the boundary constraints, the strength of the bottom structures and any buckling problems 

were separately investigated against reaction forces at the docking supports (Chun et al., 2006; Chun & Seo, 

2007; Fujikubo, 2005).  

 

 

Fig. 3. Example of 3D docking analysis 
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Fig. 4. Grillage model for 2D docking analysis 

 

The work by Cheng et al. (1995, 2004) and Su (2007) focuses on designing optimal positioning and stiffness 

allocation for docking blocks for a single-ship docking. When docking analysis based on 3D FEA is required, a 

separate docking analysis should be carried out using a global FE model based on the lightship weight and the 

docking plan. Spring elements should be added as boundary conditions to model the docking blocks. The dock-

ing analysis will often be decisive for the dimensioning of the following structural areas: capacity of the double 

bottom structure and support and the shear buckling of floors and girders in the double bottom. For vessels with 

extended flat bottom designs in the aft structure, the docking analysis will provide a good overview of vertical 

deflections. If the analysis shows significant deflections, it may be necessary to add supporting pillars/docking 

blocks under the flat bottom during docking (DNV GL SE, 2015).  

Fig. 3 shows a docking analysis of a containership with a 3D FE model including the positions of the docking 

supports, stress distributions, and reaction forces at the supports. It follows a static elastic analysis procedure 

suggested by the LR (Lloyd, 1983) in which each docking block was modeled by a spring element. The docking 

load conditions included the lightweight of the ship and the ballast load suggested by Lloyd (1993). As the bal-

last water tanks are filled with sea or fresh water to maintain the trim of the ship while launching, the ballast load 

cases should be investigated. Finally, the strength and safety of the docking supports and the bottom structures 

are evaluated from the analysis results, the reaction forces at the supports, and the stress distribution over the 

bottom. The 3D FE model is useful on the condition that detailed design data is available when the docking 

analysis is conducted.   

3. Two-Dimensional Ship-Docking Analysis Model 

In contrast to the 3D FE model, this paper attempts to solve the problem from a more holistic viewpoint in 

practical usage. A simplified grillage of beam provides a feasible optimization solution with the shortest compu-

tation time to the docking arrangement for a series of ships rather than the 3D FE model. The properties of the 

2D grillage model represented by beam elements are determined from the dimensions of the main structural 

members, web floors and transverse bulkheads, and from the longitudinal members of girders, longitudinal bulk-

heads, and the side shell. This is shown in Fig. 4 (Rigo & Rizzuto, 2003). The properties of beam can be identi-

fied from a tank top plan drawing and construction profile drawings at the centerline. The accuracy of this gril-

lage model can accomplished by (1) the load distribution from static docking conditions, (2) the transverse load 

distribution, and (3) the section properties of the beam elements. Results of the simplified 2D docking analysis 

should be adjusted to show good agreement with those of the 3D docking analysis within an allowable range by 

considering the above information. 

 Table 1. Principal dimensions of containership 

Dimension Value 

L.O.A. 294 (m) 

L.B.P 281 (m) 

Breadth 32.26 (m) 

Depth (Molded) 21.5 (m) 

Draft (Molded) 10.78 (m) 
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Fig. 5. Extension of hopper web floor to improve accuracy of transverse load 

 

3.1 Calculation of Load Distribution 

It is assumed that the blocks are deformed by two load conditions: the lightweight distribution of a ship and the 

weight distribution of ballast water. Although these loading conditions may be easily applied to the 3D FE model 

only by defining the density of elements, gravity, acceleration, or distributed loads, the loading conditions should 

be separately computed in order to apply them to the grillage model. The calculation process for the 2D load 

distribution is presented in Fig. 5. This process calculates two load distributions: (1) the lumped longitudinal load 

distribution along the frames, and (2) the transverse uniform distribution along the breadth of each frame from its 

lumped longitudinal load, which is assumed. Two kinds of weight distributions are necessary in the above load 

distribution: a lightweight distribution from a ship design system and a docking condition from trim and stability 

tests. The lightweight distribution data includes self-weight, longitudinal positions, and the longitudinal center of 

gravity of all hull structures and equipment. A trim and stability test determines the weight distribution of the 

fuel oil and the ballast water. Since the load is mainly transferred through the main structural parts, we assume 

that the load is longitudinally lumped at each frame where the web floors and transverse bulkheads are located. 

Thus, the lumped longitudinal load is defined at each frame position. The transverse load is obtained by uniform-

ly distributing the lumped longitudinal load at a frame along the breadth of the frame.  

3.2 Improvement of Transverse Load Distribution 

The transverse load data cannot be obtained easily through the design phase, but many efforts must be made in 

order to collect them from structural drawings. Therefore, two possible methods are considered to determine the 

transverse loads, as shown in Fig. 5. 

(1) Weighted load distribution  

The weighting factors for loads along the transverse position of a frame are adopted to determine the load dis-

tribution. The weight factors can be modified until the load at the side of a ship is larger than at other positions. 

The sum of the weighted load distribution at a frame equals the lumped longitudinal load at the frame. This pro-

cess puts emphasis on the overall load distribution along the breadth of the frame. 

(2) Extension of hopper web floors 

The length of the hopper web floors outside the hopper girder is extended while the transverse load is still uni-

formly distributed, as illustrated in Fig. 5. The sum of the uniformly distributed load at a frame balances the 

lumped longitudinal load at the frame. The lumpued load is determined based on the reaction forces around the 

side shell rather than other positions near the center and midspan of the web floors. It is empirically observed 

that the load due to the lightweight of a ship at the hopper girder is larger than at the center and midspan of the 

web floors. Hence, the distributed load along additional hopper web floors yields an expected load condition. In 

the first method, the number of weighting factors and their values must be determined at all frames or for speci-
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fied spaces of the ship such as the stern, the engine room, the middle body, or the bow. In addition, in the second 

method, the extension length of the hopper web floors must be determined in a fashion similar to the first method. 

In this paper, we employed the second approach to extend the hopper web floors because there are fewer control 

parameters to be determined than in the weighted load distribution approach.  

3.3 Section Properties of Elements in Grillage Model 

Considering the 3D geometry and the structural members, the stiffness of the beam elements should be deter-

mined. Hence, geometrical properties of a section and their moments of inertia are assumed from the geometry 

of the main structures and their subsidiary parts. The initial values of the section properties of the beam elements 

are calculated by the LR method (Lloyd, 1983), and they are adjusted specifically at the stern, the engine room, 

and the bow. This is done using the key plan drawings, such as midship section drawings or construction profile 

drawings at the centerline. Many case studies are necessary to determine the adjusting level since it varies de-

pending on the type of ship.  

4. Case study and validation   

4.1. Application  

The suggested 2D docking grillage model was applied to a 4402 TEU containership. The principal dimensions 

of the ship are listed in Table 1. Fig. 6 shows its grillage model with the designed positions (solid circles) of 

docking supports. By comparing the results or reaction forces at the docking supports with those of a 3D docking 

analysis, the impacts of the extension length of hopper web floors and the section properties of beam elements 

were discussed. 

The four cases for the extension length of the hopper web floors are listed in Table 2. Fig. 7 depicts the reac-

tion forces at the docking supports at Frame 90 and 100, including those of the 3D docking analysis. As previ-

ously predicted, providing extension lengths to the hopper web floors resulted in better agreement with the re-

sults of the 3D analysis at the midspan of the frames as well as at the hopper girder. 

Fig. 8 shows the reaction forces depending on the section properties. “LR” indicates that section properties by 

the LR method were applied without modification and “LR modified” denotes that section properties by the LR 

method were applied with proper modification at the stern, the engine room, and the bow. “3D” stands for the 

3D docking analysis. Both “LR” and “LR Modified” agree well with the 3D results, except for the frames 

around the engine room bulkhead. However, “LR Modified” has a better agreement than “LR.” Although a case 

study of container ship is described, several case studies for LNG carriers, containerships, tankers, and PCTCs 

were conducted and, the proposed grillage approaches to the 2D docking analysis could be successsfully applied 

to the docking analysis. However, a modification rule for the section properties should be established through 

additional case studies. 

 Table 2. Test cases for extension length of hopper web floor 

Case Number Extension Length 

1 50% of Le 

2 100% of Le 

3 200% of Le 

4 300% of Le 

 

 

Fig. 6. Grillage model of containership and designed docking supports 
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Fig. 7. Reaction forces along breadth vs. extended length of hopper web floor 
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Fig. 8. Comparison of reaction forces affected by computation method of section properties  

 

4.2. Development of Integrated Docking Analysis System 

A user-friendly interface for docking analysis running the proposed 2D grillage method is shown in Fig. 9. 

This integrated environment provides the following modeling functions: (1) dimensions of main structural mem-

bers, including frames, girders, web floors, and side shells, (2) generation of grillage model based on the dimen-

sions of structural members, and (3) a plan for the docking supports.   

6. Conclusions 

In this paper, a simplified docking analysis method adopting both grillage and beams was proposed. A simpli-

fied grillage method was developed to overcome the limitations inherent in existing methods of 3D FEA and 

provide an efficient tool for docking arrangement and reaction force analyses. It was shown that the properties of 

the simplified beam and grillage of the simulation tool could be determined from 3D geometry based on the 

concepts inherent to the load distribution. An integrated software was designed so that user input data are kept to 

a minimum and the modeling data for a particular ship, block arrangement, and dock are relatively simple to 

prepare an assessment of the docking safety and the reaction forces. By simplifying the 3D geometry of the en-

tire ship, a particular docking problem can be transformed into a 3D grillage model. This can be accomplished 

with a minimum expenditure of time and effort. Comparative studies have been made of this application because 

it still requires proper calibration and validation of the load distribution and property calculation. Thus, a docking 

analysis can be efficiently performed at an early stage of the design process, and the reaction forces can be iden-

tified early in the design with tolerable accuracy.  
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Fig. 9. Integrated user interface of docking analysis 

 


