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ABSTRACT  

Marine propeller is the essential ship propulsion system component from the functional point of view. It can also become 

a safety component in case of storm and heavy weather. For this reason all of the world wide recognized marine 

classification societies acting within the International Association of Classification Societies, IACS (among them Croatian 

Register of Shipping) prescribe their requirements for minimal propeller blade thickness from strength point of view and 

the procedure for its calculation in their Classification Rules.   

Though IACS societies base their calculation procedures for other propulsion system components (e.g. engine crankshaft, 

marine gears, shafting, etc.) upon common approach prescribed in the IACS Unified Requirements publicly available and 

developed together by participation of all IACS societies, this does not apply to the propeller strength calculation 

procedures. Each IACS society has its own approach, though all of them are modelling the same physical phenomenon: 

ship propeller in water stream.  

The aim of this paper is to compare the propeller calculation procedures by various IACS calculation societies, focusing 

on their results validated on a few selected propellers that have been proven in practice. The analysis presents the results 

in a way that it can be concluded whether a certain society underestimates or overestimates the propeller blade thickness. 

These results show that calculation procedures of different IACS societies really provide significantly different results for 

the required thickness of propeller blades, concluding that it will be really important for IACS to put additional effort 

trying to harmonize these calculations, possibly in a form of an IACS Unified Requirement.  

Keywords: Marine propeller strength, IACS Classification Societies, IACS Unified Requirements 

1 INTRODUCTION 

In any ship propulsion system the propeller performs the 

essential function of the system itself: transformation of 

torque, produced by the prime mover, into thrust force. 

Marine propeller, as the most important part of the ship 

propulsion system, is also its essential component from the 

functional point of view, meaning the ship class 

component. The propeller becomes an important safety 

component of the ship in case of storm and heavy weather. 

For these reasons the marine propeller is to satisfy the 

strength criteria. All of the world wide recognized marine 

classification societies gathered in the International 

Association of Classification Societies (IACS), prescribe 

their requirements for the minimal propeller blade 

thickness from strength point of view and the procedure for 

its calculation in their Classification Rules and Guidelines. 

Each society has its own approach, although all of them are 

modelling and verifying the same physical phenomenon: 

ship propeller in water stream.  

The aim of this paper is to compare the propeller 

calculation procedures prescribed by various IACS 

calculation societies, focusing on their results validated on 

a few selected propellers that have been proven in practice, 

in order to find out in what amount different IACS 

classification societies procedures really provide different 

calculation results for the required thickness of propeller 

blades. The basic idea was to provide a basis for the 

consideration of this fact on IACS Machinery Panel and the 

possible need of introducing some more order into this 

topic by developing a future IACS Unified Requirement 

for the marine propeller blade strength calculations, 

resolving thus an unpleasant situation that the same 

engineering component operating in the same physical 

surrounding according to the same physical phenomenon 

has presently to meet so different strength criteria from one 

IACS classification society to another IACS society. The 

proposed unified approach, tidying up the present 

somewhat chaotic approach, will certainly contribute to the 

IACS basic reason for existence, aiming to safer and 

cleaner shipping [1].    

The task is to develop the computer program able to check 

whether the selected designed propeller on the basis of its 

design form, given dimensions, material properties and 

service loading (maximal continuous power and rpm) 

meets the strength criteria of each IACS classification 

societies. These criteria are provided in the Technical 

Rules of these societies, [2]-[14], mostly in the form of 

minimal required thickness of the propeller blade section 
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at various propeller blade radii. The approach by each 

classification societies in form of the formulae from the 

Rules has also been briefly described. The program has 

been developed in Microsoft Excel implementing Visual 

Basic for Applications within it. The reasons for the 

selection of this approach have also been explained. Some 

important issues in the methodology of program developed 

have also been mentioned and briefly explained.  

The next task is to select the proper actual propeller 

examples to test the program and then verify and validate 

the program results. The verification examples are used to 

compare the designed propeller blade thickness at certain 

propeller blade radii with the ones required by the 

Technical Rules of each classification society. For the 

validation example a propeller designed and built half a 

century ago (in 1956) and still operating on the same 

medium size passenger ship has been taken, owing to the 

fact that its strength has successfully been proven in 

practice, no matter what any Technical Rules say about 

this. The verification examples are the propeller of a large 

oil/chemical tanker newly built in accordance with the 

Rules of DNV (Det Norske Veritas) and CRS (Croatian 

Register of Shipping) a decade ago (dually classed 

DNV/CRS) and the propeller of a small patrol boat built 

several years ago and classed by the CRS. Both these 

propellers could also serve as validation examples, 

however the one that has actually been selected for the 

validation is four to three times longer in service without 

any reported problems with respect to the propeller 

strength, performance reduction or even damage. All the 

input data for the propeller blade required thickness 

calculations have been taken from the propeller technical 

documentation (i.e. its classification drawing) 

The results have been obtained by means of the developed 

program and have been showed in a tabular form for each 

of the three ships (the oil/chemical tanker, the patrol ship 

and the passenger ship) separately. The reference is always 

the designed blade thickness, because each of the ships has 

been built in accordance with some classification 

Technical Rules.  

The oil/chemical tanker actual propeller blade thickness 

satisfies rules requirements of five IACS classification 

societies, being significantly over dimensioned by two of 

them.   

The next example of the small patrol ship meets the blade 

thickness criteria of eight IACS classification societies, but 

different ones compared to the previous case. Four of the 

remaining ones consider it under dimensioned by a 

significant amount. The obtained results cannot be even 

compared to the previous ones.  

Validation example of the old medium size passenger ship 

propeller does not meet criteria of only two IACS societies.  

The amount of over dimensioning is found to be very high 

according to the rules of six of the remaining IACS 

societies. Comparison of results with the two verification 

examples appears also to be practically impossible.   

It can be concluded that, though modelling the same 

physical system, calculations of required blade thickness in 

order to meet the stress criteria in accordance with various 

IACS classification societies give significantly different 

results. The results of the required thickness vastly vary 

from one society to another. There is no way to prove 

which one is right and which one is not. Consequently, it is 

concluded that more calculation results for more different 

propellers shall be needed, even in a form of a round-robin 

tests by submitting the same set of propeller documentation 

to various IACS classification societies. This would be the 

recommended way to start the work in the development of 

the propeller blade strength IACS Unified Requirement if 

and when the IACS Machinery Panel finds out that this is 

necessary. Until that time, the situation may happen that 

e.g. several sister ships, being exactly the same in every 

aspect, but classed by different IACS classification 

societies are to meet different criteria for the propeller 

blade strength based upon its thickness. This situation 

would certainly not be a contribution to IACS safer and 

cleaner shipping.      

2 MARINE PROPELLERS AND THEIR 

BLADE STRENGTH CRITERIA 

In propulsion systems of modern ships, the propeller is the 

most common means for the conversion of the rating power 

of the ship prime mover (Diesel engine, steam turbine or 

gas turbine) at the relevant shaft speed (commonly 

expressed in the number of revolutions per minute, rpm) 

into thrust force, which enables the ship to move in fore or 

aft direction, overcoming the ship resistance. There exist 

the three design forms of ship propellers [5]:  

 solid propellers;   

 propellers with attached blades; and  

 controllable pitch propellers. 

The first two forms are commonly referred to and denoted 

as FPP (fixed pitch propeller), while the last form is 

denoted as CPP. A typical 4-bladed solid fixed pitch 

propeller of a large ship during the outfitting phase of the 

newly built ship in a shipyard has been presented in Figure 

1.  

The propeller dimensions that play an important role in the 

calculation of the propeller blades strength are the 

following ones [5]:  

 diameter of the propeller, D [m] 

 mean pitch, H [m] 

 number of blades, Z 

 expanded area ratio, A/A0   

 rake at blade tip, m [m] 

 length of blade sections at 25%, 35%, or 60% 

radius, b0,25; b0,35; b0,60 [m] 

 maximal thickness of blade sections at 25%, 35%, 

or 60% radius, s0,25; s0,35; s0,60 [m] 

Technical rules of certain IACS classification societies 

require also rake angle, skew angle and blade section axial 

area moments of inertia at 25%, 35% and 60% radius to be 

defined for the propeller strength calculation.  
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Figure 1: Typical solid 4-bladed fixed pitch propeller 

immediately after its fitting on its shaft [15] 

Regarding material properties and manufacturing 

procedure it can be pointed out that the material is 

commonly cast aluminum bronze or manganese bronze 

that can be considered homogenous and isotropic for the 

purposes of strength calculations. For this reason, the 

important material properties are Young’s module of 

elasticity, Poisson’s coefficient and its tensile strength.  

Service loading and calculation model can be described 

rather simply, regardless of the complex nature of the 

pressure distribution itself. Thrust force originates from the 

pressure distribution on the suction and pressure side of the 

propeller blade. Actually, difference of these pressures 

integrated over each of the propeller blades gives non-

uniformly distributed surface loading along the blade. The 

strength calculation model of the blade reduces thus 

basically to the bending cantilever beam model with a non-

uniform pressure distribution and non-uniform section 

properties distribution along the blade, which is easily 

solved in any case. Loading is determined upon the power 

transmitted to the propeller and the pertinent propeller 

speed of rotation. No IACS class society requires a more 

detailed model than this one. On the other hand, 

dimensioning of the propeller reduces to determination of 

the propeller blade thickness in the blade root (at 20% or 

25% of propeller radius for a fixed pitch propeller, at 35% 

of radius for a controllable pitch propeller, as well as at 

60% of radius in both cases). The section width is always 

given, due to the fact that it originates from the 

hydrodynamic design of the propeller. It is to be noted that 

the bending stresses are proportional to blade thickness 

squared, as well as the safety factor in this simple model.  

The safety factors are not explicitly expressed, as they are 

included in the reduced material strength that is used in the 

calculation.    

3 METHODS 

Methods are also rather simple, similarly to the calculation 

model itself: take the required thickness formulae from 

each of the IACS classification societies technical rules and 

prepare MS Excel worksheets based upon the rules by 

entering the formulae into Excel, using named variables as 

well as VBA code if necessary. The most important part is 

to prepare and organize the common input data form the 

propeller documentation, as well as to find a way how to 

calculate sectional moments of inertia from the propeller 

profile where needed.  

For illustration only, the Croatian Register of Shipping 

(CRS) calculation formula [5] is briefly described 

hereafter. Propeller blades and their relevant sections are 

presented in Figure 2. Other class societies implement very 

similar formulae, publicly available in [2-4] and [7-14], 

with no need to repeat them hereafter. 

 
Figure 2: Propeller blade sections and basic influence 

quantities in accordance with the CRS rules [5] 

Blade thickness is calculated based upon the following 

formula [5]:  
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where:  

A - coefficient to be determined from the Table 1 

D - propeller diameter, m 

H - propeller mean pitch, m 

m - rake at blade tip, mm 

k - coefficient of ship type and propeller material (7,8 to 

9,2 for ships without ice strengthening) 

z - number of blades 

b - width of the expanded cylindrical section, m 

c - coefficient of centrifugal stresses (0,30 to 0,35 at blade 

root, 0,00 at 60% radius) 

D - propeller diameter, m 

R'm = 0,6Rm +175 N/mm²  but not more than: 

 570 N/mm² – for steel blades, 

 608 N/mm² – for blades of non-ferrous metals. 

Rm -  tensile strength of blades material, N/mm² 

Pp - shaft power at rated output of main engine, kW 

n - revolutions per minute of the propeller, rpm 
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Table 1:  Values of coefficient A for the propeller strength 

calculation according to the CRS rules [5] 

Coefficient 

A, for 

r/R = 

0,20 0,25 0,35 0,60 

 

 

 

 

 

 

 

H/D = 

0,5 152,6 147,3 134,1 85,9 

0,6 143,5 138,8 126,7 82,0 

0,7 135,2 130,9 120,0 78,4 

0,8 127,7 123,8 113,7 75,0 

0,9 121,0 117,4 108,1 71,8 

1,0 115,0 111,8 103,0 68,8 

1,1 109,9 106,8 98,6 66,0 

1,2 105,5 102,5 94,6 63,5 

1,3 101,8 98,9 91,3 61,2 

1,4 99,0 96,1 88,5 59,1 

1,5 96,9 93,9 86,3 57,3 

1,6 95,6 92,5 84,7 55,7 

Note: For controllable pitch propellers H/D shall be 

based on the designed service operation. 
 

The remaining IACS classification societies implement 

similar formulae for the dimensioning of propeller blades, 

i.e. determination of blade thickness at blade root and at 

60% blade radius, but with different designation of 

particular quantities, their values and units. The calculation 

procedures and the formulae are specified in [2]-[4] and 

[7]-[13], so there is no need to present these formulae and 

procedures here. 

Det Norske Veritas (DNV) uses a different approach, as 

specified in [6]. Their calculation has been based upon 

determining of the safety factor as the ratio of fatigue 

strength amplitude and the dynamic stress amplitude. This 

approach does not provide explicit values of required blade 

thickness, so it is not convenient either for dimensioning of 

the propeller, or comparison with other IACS classification 

societies required values.  

Microsoft Excel has been selected for the development of 

the calculation program, owing to the fact that it is easy to 

prepare a formatted report with input and output values. In 

addition to this, implementing named variables provides 

additional functionality, enabling the developer to check 

the entered formulae easily and correctly. VBA code has 

been used to implement formulae that contain e.g. 

polynomial approximations with the relevant coefficients.  

4 RESULTS  

The developed Excel/VBA program, denoted with the 

name S01PropDim_IACS has been prepared and tested by 

the second author within the scope of his work on his 

diploma thesis. The propellers of the three different ships 

have been used to test the program, verify and validate the 

results and comment the difference among all the IACS 

classification society results, except DNV. The basic data 

of the selected ships and their propellers are as follows:  

 Ship A: coastal patrol ship, length 15,48 m; gross 

tonnage (GT) 50; propeller type: solid, 5-bladed; 

diameter 0,83 m; mean pitch 1,08 m; MCR power 

610 kW at propeller speed 1034 rpm;     

 Ship B: oil/chemical tanker, length 187,3 m; gross 

tonnage (GT) 30638; propeller type: solid, 4-

bladed; diameter 6,00 m; mean pitch 4,04 m; MCR 

power 9650 kW at propeller speed 123 rpm; and  

 Ship C: passenger ship, length 37,60 m; gross 

tonnage (GT) 191; propeller type: solid, 3-bladed; 

diameter 1,53 m; mean pitch 1,20 m; MCR power 

450 kW at propeller speed 400 rpm. 

All of the three ships have presently been in service for a 

long time without any reported problems about their 

propellers, so they can all be considered as validation 

examples. However, owing to the fact that the Ship C has 

been longest in operation, for more than a half of a century, 

it has been decided to take ships A and B as verification 

examples and the ship C as validation example.  

The calculation results for all of the three ships (A, B and 

C) have been presented in the following Tables 2 to 7 in 

terms of the actual propeller blade design thickness (in 

mm) at various specified blade sections, as the reference to 

compare required blade thickness by each classification 

societies. This comparison has been presented in absolute 

values (mm) and relative values (per cent deviation from 

the designed thickness).  

5 DISCUSSION 

The absolutely required thicknesses of propeller blades by 

the IACS classification rules, that have been calculated for 

each of the three ships and each classification society rules, 

has been selected as the basis for the comparison of the 

rules requirements.  

The example of the small patrol ship shows that meets the 

criteria of eleven class societies, i.e. all but RMRS. This 

situation may seem correct, however the fact is that IRS 

and LR consider the blade thickness by 29,3% and CCS by 

18% over dimensioned. On the other hand ABS, GL, PRS 

and RMRS rules find the blade thickness at 60% blade 

radius by some 22,6% to 28,2% under dimensioned. These 

results cannot be even compared to the previous ones by 

any means.  

The oil/chemical tanker actual propeller blade thickness at 

25% and 60% of blade radius satisfies rules criteria of eight 

class societies (CRS, ABS, CCS, GL, IRS, NKK and 

RINA), being significantly over dimensioned by ABS 

(18,4%) and CCS (19,5%). The remaining four societies 

find the propeller thickness under dimensioned (e.g. LR by 

19,7% and KRS by 12,3%), showing an extremely large 

variation of the IACS societies requirements in this case.  
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Table 2:  Absolute propeller blade thickness, mm, as 

designed and required for ship A (patrol ship) 

Absolute 

thickness, 

mm 

Section at 

0,25 R 0,35 R 0,60 R 

Designed, t  35,2 29,0 13,6 

Required, t mm mm mm 

CRS 33,7 27,2 14,6 

ABS 30,3 28,6 17,5 

BV 31,4 24,0 13,6 

CCS 29,9 24,9 13,0 

GL 30,6 24,1 14,1 

IRS 27,2 20,4 - 

KRS 31,7 29,0 11,7 

LR 27,3 24,8 24,3 

NKK 30,2 24,7 11,7 

PRS 31,9 27,0 14,5 

RINA 31,4 23,9 13,6 

RMRS 39,1 33,5 18,9 
 

Table 3:  Relative propeller blade thickness, %, required 

compared to designed for ship A (patrol ship) 

Relative 

thickness, %,  

designed to 

required 

Propeller blade section at: 

0,25 R 0,35 R 0,60 R 

CRS 4,7% 6,7% -7,0% 

ABS 16,4% 1,5% -22,6% 

BV 12,2% 21,2% -0,1% 

CCS 18,0% 16,3% 4,2% 

GL 15,2% 20,3% -3,6% 

IRS 29,6% 42,0% - 

KRS 11,2% 0,0% 15,6% 

LR 29,3% 17,0% -44,1% 

NKK 16,8% 17,4% 15,9% 

PRS 10,4% 7,3% -6,8% 

RINA 12,2% 21,4% -0,2% 

RMRS -9,8% -13,5% -28,2% 

 

 

 

 

 

 

 

 

Table 4:  Absolute propeller blade thickness, mm, designed 

and required for ship B (oil/chemical tanker) 

Absolute 

thickness, 

mm 

Section at 

0,25 R 0,35 R 0,60 R 

Designed, t 273,6 228,4 126,1 

Required, t mm mm mm 

CRS 264,8 214,0 116,3 

ABS 231,0 164,9 110,4 

BV 248,1 189,7 110,1 

CCS 229,0 187,0 99,0 

GL 242,3 190,7 112,1 

IRS 273,2 192,8 - 

KRS 311,8 254,8 126,8 

LR 340,8 270,8 138,2 

NKK 266,1 219,4 114,1 

PRS 280,6 238,2 130,0 

RINA 248,1 185,2 108,2 

RMRS 280,1 235,6 122,3 
 

Table 5:  Relative propeller blade thickness, %, required 

compared to designed for ship B (oil/chemical tanker) 

Relative 

thickness, %,  

designed to 

required 

Propeller blade section at: 

0,25 R 0,35 R 0,60 R 

CRS 3,3% 6,7% 8,4% 

ABS 18,4% 38,5% 14,2% 

BV 10,3% 20,4% 14,6% 

CCS 19,5% 22,1% 27,3% 

GL 12,9% 19,8% 12,4% 

IRS 0,2% 18,5% - 

KRS -12,3% -10,4% -0,6% 

LR -19,7% -15,7% -8,8% 

NKK 2,8% 4,1% 10,5% 

PRS -2,5% -4,1% -3,0% 

RINA 10,3% 23,4% 16,5% 

RMRS -2,3% -3,0% 3,1% 
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Validation example of the old medium size passenger ship 

propeller shows that the propeller designed blade thickness 

does not meet LR (by max. 25,3%) and RMRS (by max. 

9,6%) rules criteria. Though almost all the other societies 

criteria have been met, the amount of over dimensioning is 

about 7,0% by KRS to even 34,6% by CCS. This outcome 

cannot be compared at all to the previously presented 

verification examples either. 

Table 6:  Absolute propeller blade thickness, mm, designed 

and required for ship C (passenger ship) 

Absolute 

thickness, 

mm 

Section at 

0,25 R 0,35 R 0,60 R 

Designed, t  62,1 54,9 33,3 

Required, t mm mm mm 

CRS 67,2 54,9 30,7 

ABS 52,3 41,0 26,8 

BV 56,9 44,9 27,6 

CCS 46,1 40,1 24,0 

GL 54,0 45,4 30,4 

IRS 50,9 40,9 - 

KRS 58,1 50,6 27,7 

LR 83,1 67,5 37,2 

NKK 49,2 42,2 22,9 

PRS 57,2 50,6 31,0 

RINA 56,9 44,9 27,6 

RMRS 68,7 61,2 37,7 
 

Table 7:  Relative propeller blade thickness, %, required 

compared to designed for ship C (passenger ship) 

Relative 

thickness, %,  

designed to 

required 

Propeller blade section at: 

0,25 R 0,35 R 0,60 R 

CRS -7,5% 0,0% 8,3% 

ABS 18,8% 34,0% 24,1% 

BV 9,2% 22,4% 20,4% 

CCS 34,6% 36,7% 38,8% 

GL 15,1% 21,0% 9,6% 

IRS 22,0% 34,2% - 

KRS 7,0% 8,5% 20,4% 

LR -25,3% -18,6% -10,4% 

NKK 26,2% 30,0% 45,4% 

PRS 8,6% 8,4% 7,6% 

RINA 9,2% 22,4% 20,4% 

RMRS -9,6% -10,3% -11,6% 

6 CONCLUSION 

The aim of present paper is to investigate whether the same 

real physical system of ship marine propeller has to meet 

different strength criteria with respect to the propeller blade 

thickness when it is calculated in accordance with different 

IACS classification societies and it what amount this 

applies.  

The task was to develop an Excel/VBA program based 

upon the technical rules of each society, within the scope 

of one diploma thesis at the university marine engineering 

master study, as well as to select proper examples to test 

the program.  

The program has been prepared and tested on three selected 

actual real propeller examples of a patrol ship propeller, 

oil/chemical tanker propeller (as verification examples) 

and a passenger ship propeller (as the validation example). 

This was the basis to compare the propeller calculation 

procedures prescribed by the rules of various IACS 

calculation societies, as well as for verifying and validating 

the program results  

One classification society (DNV) had to be left out from 

this analysis, because their technical rules do not present 

stress criteria in a form feasible to dimensioning of the 

propeller based upon its blade thickness.  

In general, the results show a very large variation from one 

ship type to another, as well as from another IACS 

classification society to another. The selected ship types 

are not mutually comparable, but some of the calculated 

required thicknesses show over dimensioning, while the 

other show under dimensioning even for the same ship 

type, but for different section positions. So, it can be 

concluded, even on this small number of ship types tested, 

that the IACS classification societies implement, for the 

same physical propeller, different calculation models, 

obtaining different results. This gives a very inconvenient 

situation for the propeller designer and the classification 

society technical specialist who approves the propeller 

documentation.        

This situation will be proposed for consideration of IACS 

Machinery Panel. Hopefully, the members will recognize 

and support the possible need of introducing some more 

order into this topic, even by developing and introducing 

future IACS Unified Requirement for the marine propeller 

blade strength calculations. The same engineering 

component, operating in the same physical surrounding 

according to the same physical phenomenon, should not be 

subject to so different strength criteria in terms of its 

dimensions from one IACS classification society to 

another. The proposed unified approach, tidying up the 

present situation, will certainly contribute to the IACS 

basic goal of safer and cleaner shipping, as specified in [1]. 

The unified requirement implementation would help the 

technical specialists of IACS societies to avoid possible 

questions asked by propeller designers, or even by state 

attorney officers in case when failure if propeller blade 

jeopardizes human lives at sea.  
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