
Analysis of ship construction designed for restricted production facilities at SME 
 

Yordan Denev1, Lichko Naydenov1 

Technical University of Varna1 

E-mail: denev_92@abv.bg, lichko_naidenov@abv.bg 

 
Abstract: The paper presents the design and construction process of a series of four multipurpose ships for SME shipyard with some 

restrictions in production facilities. This process is based on software that is available free or the some tasks could be subcontracted by 

SME. The main dimensions are optimized by the system “Expert” and hull forms are generated by PolyCAD. Due to the restriction  in the 
production facilities the ships are with the same breadth and for additional unification the depth is also equal. Three different hull structure 

topologies are evaluated by MARS2000 software and modeled by AVEVA Marine design software. The analysis includes evaluation of man-
hours for construction of parallel mid-body of the all variants. The analysis takes into account the restricted preassembly space and human 

recourse, lifting capacity of building crane, geometry of building slipway etc.  Some conclusions for labor intensity and influence of series 
function are made based on the presented data.  
Keywords: CONCEPTUAL DESIGN, MULTIPURPOSE SHIP, MIDSHIP SECTION, PARALLEL MID-BODY PART, SME, RESTRICTED 

PRODUCTION FACILITIES 

 

1. Introduction 

Restricted production facilities are mainly characteristic of 

small and medium sized shipyards (SME). The restrictions can be 
geometrical and functional. The geometrical are connected with 

dimensions of production hall, length and breadth of slipway while 
functional production restriction are mainly connected with lifting 

capacity of assembly and building cranes, lifting capacity of 

floating docks service slipways. The authors in [ 1]analyzed 
possibilities of shipbuilding in restricted production facilities. The 

authors presented two option of building technology. Option 1- ship 
hull will be performed on the building berth of the floating dock and 

option 2 ship hull will be performed on building berth which is part 
of launching complex. Additional analyses [ 2] of ship performance 

accounting for SME shipyard building limitations shown that the 
designed ships with a constrained breadth, due to shipyard build ing 

limitations, don’t lead to a considerable reduction of the ship 

performance, and in some cases the ship performance may be even 
better than the one of the ships with unrestricted breadth.  The 

recently finished study     [ 3] analyzes the influence of the equal 
depth and breadth of a series of four multipurpose ships on the ship 

features and how this changes the productivity of the SME. The 
positive and negative effects of additional steel weight, increased 

cargo volume and gross tonnage and improved intact stability are in 

the range of less than 5%. 

The present study evaluates the series effect at construction of a 
series of ships with the same midship section and different length of 

the parallel mid-body (PMB) that could lead to a more significant 
increase in the productivity of SMEs. The study is presented as a 

part of the overall ship design and construction process in 
conditions of SME. 

2. Conceptual design 

The ship design process together with the used software is 
presented on Fig. 1. During the conceptual design two free available 

computer programs could be used. The “Expert” system [  4] is 
designed to determine the main dimensions and main characteristics 

of the ship after optimization of CAPEX, OPEX or RFR. The 
PolyCAD (https://www.polycad.co.uk/) provides surface modelling 

capability for hull forms using mathematical curve and surface 
entities and parametric hull generation. 

 

 

Fig. 1. Scheme of the design process 

The “Expert” system was used to determine the main 
dimensions of a series of multipurpose ships with deadweight 5000 

– 8000 tDW= The ships are with restricted breadth (B) equal to 16 
m due to limitation of production facility of SME.Table 1 presents 

the main dimensions of the ships. 

Table 1. Main dimensions of series of multipurpose ships 

DW, t 5000 6000 7000 8000 

L, m 88.63 106.6 120.62 135.06 

B, m 16 16 16 16 

d, m 7.08 6.88 6.67 6.57 

D, m 8.81 8.93 9.03 9.17 

L/B 5.54 6.66 7.54 8.44 

B/d 2.26 2.33 2.4 2.44 

L/D 10.06 11.93 13.36 14.73 

Cb 0.69 0.721 0.772 0.812 

Lp, m 3.0 7.7 33.0 61.7 

 

The hull forms are generated by the parametric hull generation 
module of PolyCAD with the same depth (D) equal to 9.17 m. The 

PMB of the ship is adjusted to obtain the volume displacement of 

the ship. The values of PMB  (Lp) are shown in the Table 1 and hull 
forms in Fig. 2. 

 

 

Fig. 2. Generated hull form o50000 tDW (up) and 8000 tDW (down) 
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3. Steel structure

The structural assessment is carried out by MARS2000 software

(also free available from BV1) and based on [ 5]. Design 

characteristics of ship construction are related with providing of 
ship strength thoughtout ship life cycle. The software offers 

calculation of geometric properties, evaluation of hull girder 
strength, ultimate strength and local strength and assessment of 

transverse cross‐sections and transverse bulkheads throughout ship 

length. 
Three ships are so-called “box shaped” shop type with double 

side. Three different structures scheme are developed and evaluates 

by MARS 2000: 

 Scheme 1: girder frame system in double bottom and flat

strip in side sections (Scheme 1 of midship section in 

MARS2000Fig. 3); 

 Scheme 2: bulb frame system in double bottom and flat strip

in side section 

 Scheme 3: bulb frame system in double bottom and  side
section  

Fig. 3. Scheme 1 of midship section in MARS2000 

Fig. 4. Midship section with girder frame system in double bottom and flat 

strip in side section 

1 https://marine-offshore.bureauveritas.com/mars-2000-2d-ship-

structural-assessment-software 

Fig. 5. Midship section with bulb frame system in double bottom and flat 

strip in side section 

Fig. 6. Midship section with bulb frame system in double bottom and  side 

section 

The detailed design of ship structure is carried out by AVEVA 
Marine. Fig. 4 to Fig. 6 present a part of PMB with three of the 

considered schemes. 

The most important operations for steel structures are cutting 
and welding. Comparison of the characteristics of a block length of 

7.8m according to the three schemes of structure are shown in 

Table 2. 

Table 2. Cutting and welding length and total weight 

Item Scheme 1 Scheme 2 Scheme 3 

Cutting length, m 1505.56 1067.8 1041.41 

Welding length, m 2041.02 1552.59 1087.52 

Weight, t 108.68 105.14 97.67 

At Scheme 1 the floors are located every three spacing in 

double bottom stopped at each one girder. In this system is 
absolutely necessary girders plate to be cutted in small pieces and 

fitted in appropriate place in ship construction. This is the reason for 

high value of cutting and welding length respectively. In other two 
schemes of construction the cutting is applied to the bulb profile 

cut-out and openings in bottom and double side. The welding length 
is about 35-45% longer than the cutting length. The reason is 
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obvious, the welding in ship construction is done on both side of 
construction elements. 

Comparing the all mentioned characteristics the most suitable 

one is presented in Scheme 3. This scheme is considered in the next 
analysis. 

4. Estimation of man-hours for parallel mid-body 

for series of ships 

Taking into account the Scheme 3 of midship hull structure the 
man-hours for construction of PMB  of the series of four MPV in 

the above mentioned range are estimated. The unit mass of the hull 

structure is 12.209/t.m, calculated by AVEVA model. 

The length (Lp) and weight (Wp) of PMB as man-hours for its 
construction (MHp) for four ships (variants) are presented in Table 

3. The value of MHp is calculated taking into account coefficient of 
productivity (k) that depends on technological level of shipyard, and 

it is adopted to be 0.12 mh/t.  

Table 3. Characteristics of parallel mid-body for the ships 

Var DW, t Lp, m Wp, t MHp,mh 

1 5000 3.00 36.626 4.395 

2 6000 7.70 94.007 11.281 

3 7000 33.00 402.889 48.347 

4 8000 61.70 753.280 90.394 

 

Construction of PMB with the same breadth, depth and 
geometry of structure elements (although the sheets can be of 

different thicknesses) could be considered as can be considered as 
high- volume production and for it to apply the series function (fs) 

defined in the shipbuilding  [ 6]. The function is defined as: 

(1) 𝑓𝑠 = −0.1483𝐿𝑛 𝑛 + 0.9995  ,  

where: n = number of the ship in the series.  

The man-hours for ship series are reduced by function fs. 

For estimation of man-hours for construction of PMB of a ship 
from the analyzed series MPV, we propose the following formulas: 

(2) ∆𝐿𝑝 = 𝐿𝑝 − 𝐿𝑝
(0)

 

where:  Lp = length of PMB of the ship under the estimation; 𝐿𝑝
(0)

 = 

the length of the PMB of the first ship in the series; 

(3) if ∆𝐿𝑝 ≤ 0   then     𝑀𝐻𝑝
(𝑠)

=  𝑀𝐻𝑝
(𝑖)

∗ 𝑓𝑠(𝑟)  r>1 

where: 𝑀𝐻𝑝
(𝑠)

=  = man-hours for construction of PMB for the ship 

considered as a series ship; 𝑀𝐻𝑝
(𝑖)

  = man-hours for construaction as 

individual ship (last column of Table 3); 𝑓𝑠(𝑟) = series function 

with serial number r. 

(4) if ∆𝐿𝑝 > 0 : 𝑀𝐻𝑝
(𝑠)

= 𝑀𝐻𝑝
(0)

∗ 𝑓𝑠 𝑟 + 𝑘  𝑊𝑝 −𝑊𝑝
(0)

  , r>1 

where: 𝑀𝐻𝑝
(0)

=  = man-hours for construction of PMB for the first 

ship in the series; 𝑊𝑝 ,𝑊𝑝
(0)

  = weight of PMB for actual and the 

first ship in the series. 

Formulas (1) to (4) are used to calculate the reduction of man-
hours for construction of PMB for different ships and different 

scenarios. The scenarios differ in who is the first ship in the series. 

The reduction in the man-hours for construction of PMB for all 
ships depending of the first ship in the series and corresponding 

serial number is presented on Fig. 7 to Fig. 10. As one can expected 

the biggest reduction is for the ship with 5000 tDW that has the 
shortest PMB. Independent of the first ship in the series, for the ship 

the original series function is applicable. For the biggest ship, the 
reduction is smaller and once again depends on which is the first 

ship in the series.  

 

 

Fig. 7. Reduction in MH for construction of PMD of 5000 tDW ship 

 

 

Fig. 8. Reduction in MH for construction of PMD of 6000 tDW ship 

 

 

Fig. 9. Reduction in MH for construction of PMD of 7000 tDW ship 

 

 

Fig. 10. Reduction in MH for construction of PMD of 8000 tDW ship 
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All relations are very well approximated by logarithmic 
regression type. 

The m- permutations of n elements is calculated by 
𝑛!

 𝑛 −𝑚 ! . In our case m = n = 4 that gives 24 permutations. For 

all of them, the relation between the minimum and maximum value 
of MH is 0.79 for the first 3 ships and 0.89 for the last one. 

5. Conclusions 

The paper deals with restricted production facilities in the 
shipyard which is mainly characteristic of small and medium sized 

enterprises. Taking into account such limitation a conceptual design 
and detail structure design of PMB of a series of four MPV in the 

range of  5000 – 8000 tDW is presented. The ships are with the 
same breadth and depth, transversal section, internal arrangement 

transverse and longitudinal frame spacing.  

Based on developed hull form three schemes of hull structures 

were analysed. The most competitive concerning weight, cutting 
and welding length is the third scheme i.e. bulb frame system in 

double bottom and side section.  

The accepted unification in main dimensions and hull structures 
permits implementation od series function for reduction of man-

hours in construction of PMB of the ship taking into account the 
first ship in the series and serial number of the next ships. 

The reduction of man-hours for construction of PMB varies 

between 11% and 21%. The results can be more accurate if in (4) 

the value of  𝑀𝐻𝑝
(0)

  and k is taken from the real construction in the 

SME. 
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