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SUMMARY 
 
The Institute for Marine Dynamics (IMD) in St. John’s, Newfoundland, in collaboration with the 
Memorial University of Newfoundland (MUN) was awarded a contract to conduct a feasibility 
study to conduct a full-scale experiment to investigate the elastic and ultimate strength and 
behaviour of the full-scale propellers of the Canadian icebreaker Louis S. St. Laurent. The 
purpose of the project is to conduct a large-scale (full-scale) experiment in a laboratory 
environment and collect data to complement full-scale measurements of ice loads on the 
propeller blade during ship trials in 1999. As well, the experimental work will validate the Finite 
Element model of the propeller developed by Fleet Technology Limited under separate contract 
from the Transportation Development Centre. 
 
Phase 1 of the project, the feasibility study, considers the logistics of propeller transportation, 
handling in the laboratory space, design of the test frame, instrumentation and data acquisition 
system, project schedule and budget. 
 
The large-scale experiment will be conducted at the structural laboratory of the Memorial 
University of Newfoundland in St. John’s, Newfoundland. An initial design/analysis of the test 
frame, capable of an estimated load of 3 MN and able to accommodate propellers of 
approximately 15 ft. diameter, and 16 t, has been conducted. As part of the actual testing, the 
detailed design and construction of the test frame will take place. The final frame will be 
structurally analyzed to assure the safety and feasibility of the experiment. The experimental 
setup will allow for measurement of load applied to the propeller blade, blade deflections and 
strain. It is anticipated that the experiment will be conducted on three undamaged propeller 
blades. For safety reasons and to minimize exposure of the non-project personnel to the test 
environment, the experiment will be carried out after normal working hours and/or at times when 
students do not occupy the lab. The required budget for the experimental phase of the project 
has been estimated at CAD$211,417, including a CAD$76,000 in-kind contribution from IMD 
and MUN. The budget includes costs for test frame construction, purchase of transducers, 
assembly of data acquisition system, testing, data analysis and reporting. The experiment can 
be completed within six months or could be split up into two phases, depending on availability of 
funds. 
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SOMMAIRE 
 
Un contrat a été passé avec l’Institut de dynamique marine (IDM), à St. John’s, Terre-Neuve, 
pour la détermination, en collaboration avec la Memorial University of Newfoundland (MUN), de 
la faisabilité d’une expérience en vraie grandeur visant à mesurer la résistance élastique, la 
résistance à la rupture et le comportement des pales des hélices qui équipent le brise-glace 
canadien Louis S. St. Laurent. Le projet prévoit la conduite d’une expérience à grande échelle 
(en vraie grandeur) en laboratoire; il s’agit donc de collecter des données qui compléteront les 
mesures en vraie grandeur des sollicitations de l’hélice par les glaces, prises lors d’essais en 
mer menés en 1999. Aussi, les résultats de cette recherche permettront de valider le modèle à 
éléments finis de l’hélice, mis au point par la société Fleet Technology Limited selon les termes 
d’un contrat distinct du Centre de développement des transports. 
 
La phase 1 de l’étude de faisabilité s’intéresse à la logistique du transport de l’hélice et de sa 
manutention dans les locaux du laboratoire, à la conception du bâti d’essai, au système 
d’instrumentation et d’acquisition de données, à la durée du projet et au budget nécessaire. 
 
L’expérience à grande échelle se déroulera dans le laboratoire de structures de la Memorial 
University of Newfoundland, à St. John’s, Terre-Neuve. Les chercheurs ont terminé une 
première étude conceptuelle du bâti d’essai, prévu pour supporter une charge estimative de  
3 MN et recevoir des hélices d’un diamètre d’environ 15 pi, pesant 16 tonnes. Dans le cadre 
des essais proprement dits, on entreprendra l’étude détaillée et la construction du bâti. Celui-ci 
sera soumis à une analyse structurale, pour vérifier la sécurité et la faisabilité de l’expérience. 
Le montage expérimental permettra de mesurer les sollicitations, la flexion et la déformation des 
pales de l’hélice. Trois pales non endommagées devraient normalement être utilisées pour les 
essais. Par mesure de sécurité et pour éviter le plus possible que des personnes extérieures au 
projet soient exposées à des risques, il a été décidé de faire les essais en dehors des heures 
normales et/ou pendant qu’aucun étudiant ne se trouve dans le laboratoire. Le budget pour la 
phase expérimentale du projet a été estimé à 211 417 $CAN et comprend une contribution non 
monétaire de 76 000 $CAN par l’IDM et par la MUN. Il couvre les coûts du bâti d’essai, l’achat 
des transducteurs, l’assemblage du système d’acquisition de données, les essais, l’analyse des 
données et la production des rapports. Selon la disponibilité des fonds, le projet pourrait être 
achevé en 6 mois ou, encore, il pourrait s’étendre sur deux phases. 
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1 BACKGROUND 

 
Measurements of the blade deflections of a Stone Marine monoblock propeller 
under icebreaking loads were carried out onboard the Louis S. St. Laurent in 
1999.  Based on the as-new measured stiffness of the blades, the corresponding 
ice loads have been computed for deflections within the elastic range of the 
material.  When the trials were carried out, however, at least three of the four 
blades had already experienced some plasticity, two of them to a significant 
degree.   In addition, during the trials some additional plasticity was observed in 
the blades.   
 
Because the loads seen by these blades during icebreaking in multi-year ice 
were high enough to cause plasticity, it is difficult to quantify the ice loads from 
the measured deflections without a better understanding of the post-yield 
behaviour of this material.  It is understood that a small-scale sample of the 
material from one of the failed blades is being tested to examine its post-yield 
behaviour. 
 
As it is understood that at least one damaged propeller of this same type is still 
available in storage at the Canadian Coast Guard’s Dartmouth base, the 
opportunity exists to make post-yield load and deflection measurements on at 
least three intact (unbroken) blades, each of which has experienced a different 
degree of plasticity.  By characterizing the existing deformation before further 
loading and by performing systematic load versus deflection measurements all 
the way through yield to failure, the effect of plasticity on the blade stiffness and 
ultimate load carrying capability can be characterized. 
 
The information that can be obtained from such measurements would 
complement those made on small-scale samples of the material by helping to 
show how the large-scale strength of the material can differ (in general it should 
be lower due to casting flaws) from the small-scale strength.  In addition, such 
measurements can help to quantify the influence of effects, such as work 
hardening, on the stiffness and load carrying ability of bronze material in the 
post-yield regime. 
 

1.1 Current Project Objectives 
 
This report describes the first phase, a feasibility study, of the project to conduct 
a large-scale laboratory experiment to investigate the elastic and ultimate 
strength and behaviour of the full-scale ice-strengthened propeller.  The study 
included the following: 
 
Feasibility analysis.  The propellers are quite massive (see Figure 1). This task 
examined the dimensions, weight and handling of the propeller. The key issues 
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were the cost and safety issues of shipping, and the ability to fit the propeller and 
test frame into the structures lab at Memorial University of Newfoundland (MUN) 
(see Figure 2). 
 
Design of test equipment. The test frame must be capable of supporting the test 
load with considerations for safety. Test loads of approximately 2-3 MN (450,000 
– 670,000 lb.) are expected. MUN currently has a 550,000 lb. actuator. An 
actuator capable of 4+MN together with a load-cell and connection would be 
preferable and will be investigated. (Preliminary investigation has indicated that a 
5.3 MN actuator can be acquired at reasonable cost.) Structural analysis of the 
frame and actuator system was used to verify the design.  
 
Test plan and budgeting. The test schedule, costs, sensors, data acquisition and 
reductions were determined. A detailed cost proposal will be produced for Phase 
2 (construction and assembly of the test frame, implementation of the tests).  
 
 
 

 
Figure 1. Two propellers from the Louis S. St. Laurent (stacked) 
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Figure 2. MUN Structures Lab showing a 600,000 lb. actuator in a frame being 
prepared for a test. The lab has a 3 ft. thick reinforced concrete floor slab with 
anchor points at 2 ft. centres (with access from below). 
 
 

1.2 Experimental Project Objectives 
 
The principal objectives are as follows: 
 

1. Measure the shapes of the load/deflection curves for each of 
several blades that have already experienced different degrees of 
plasticity in service and compare these with the small-scale test 
results for new material of the same type.  This will permit a more 
realistic estimation of the ice loads associated with deflections in 
the plastic regime. 

 
2. Quantify the effect of different initial plastic deformation on 

subsequent stiffness in both the elastic and inelastic regimes, as 
well as on the yield and ultimate strengths. This will help to bind the 
ice loads estimated from deflections of previously yielded blades. 

 
3. Characterize the variability of the blade stiffness and the Ultimate 

Tensile Strength in the post-yield regime due to large-scale effects, 
particularly casting variability and the degree of deformation 
resulting from in-service episodic plasticity. 
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4. Quantify, with large-scale laboratory measurements, the loads 

actually required to cause the blades of an “experienced” ice-going 
propeller of this type to fail.  This should provide a conservative 
lower bound for the ice loads that could be carried by ice-going 
propellers of modern design and materials at a similar scale.  Since 
many (at least a dozen) propellers of this same design and material 
have experienced blade failures on this same vessel, and the 
operating history is well known, this will firmly establish the 
frequency of occurrence of blade loads exceeding this level. 

 
 

1.3 Uniqueness 
 
As far as can be determined, measurements of the actual loads required to 
cause the blades of a full-scale icebreaker propeller that has seen active ice 
service to fail have never been made.  Estimates of the loads to cause the blades 
to fail have always been made based on small-scale strength tests on new 
material and the blade geometry. This is an opportunity to quantify how realistic 
such estimates are. 
 
 

1.4 Required Resources 
 
The laboratory investigation will require two principal resources: 
 

1. The use of a damaged monoblock propeller, ideally one from the Louis 
S. St. Laurent with at least three intact blades that have experienced 
differing degrees of in-service yielding.  This would reveal the 
importance of scale and the extent of previous plastic deformation 
upon section strength for this material. 

2. Access to a laboratory facility capable of applying loads of several 
hundred tons to the propeller specimen, sufficient to cause the unfailed 
blades to fail completely.  Only a few facilities are known to be able to 
readily generate the required loads for such a test and this is being 
investigated further to determine the best venue for such tests. 

 

2 LARGE-SCALE TESTS 

The purpose of this report is to outline the findings of a preliminary study into the 
methods and viability of conducting large structural tests to meet the project 
objectives as outlined in Section 1.2.  Of primary concern was the feasibility of 
performing the proposed tests, both financially and physically. 
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2.1 Feasibility 
 
The physical feasibility of performing these tests is constrained primarily by the 
dimensions of the propeller.  The weight and size of the propeller cause concern 
for the following reasons: 

1. Transportation of the propeller from Halifax to the S. J. Carew 
Building of MUN in St. John’s.  It has been assumed that CCG 
would transport the propeller from Halifax to the Southside Dock in 
St. John’s.  Transport from dockside to the university can be 
performed by a local trucking company. 

 
2. Test setup.  The Structures Laboratory of MUN has ample room to 

perform the required tests; however, the dimensions of the 
propeller limit mobility within the lab. The design of the test frame 
would be such as to limit any unnecessary movement of the 
propeller.  Once installed in the frame upon delivery, the propeller 
should not need to be moved again until completion of the tests.  

3. Performance of the tests. The availability of heavy structural steel 
can facilitate the construction of a test frame that can safely handle 
the expected loads of these tests.  The required load can be 
supplied by a single linear actuator operating at 10,000 psi.   

 
Financially, the major expenses of the project will be associated with the 
fabrication of the test frame. 

2.2 Design of Test Setup 
 
Please refer to the drawings in Appendix A. The test frame consists of four major 
parts.  The base platform, a moment-resisting-member or “shaft” on which the 
propeller is mounted, H-frame subsections for mounting the actuator, and a top 
cross member that also resists the applied bending moment.  Combined, the 
base, H-frames and top cross member create a self-contained frame that 
eliminates the need to transmit the high loads of the test to the floor or exterior 
structure.  The structural members of the frame are I beams designated W310 x 
375.  The size and thickness of other steel members will be determined through 
detailed design and analysis. 

It is intended to make the connections between these components bolted 
connections if design permits.  This would allow easier installation of the 
propeller and facilitate the setup for testing the third blade.  As shown in the 
drawings, the frame is not symmetrical about its centre.  This is so that the 
actuator can be placed directly over the radius of the blade that is to be tested. 
To facilitate testing on a different radius on each blade, it would be more feasible 
in terms of time and energy to move the actuator to an appropriate position than 
to try to move the propeller.  The bolted connections would allow the frame to be 
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removed so the propeller could be turned and the frame reinstalled at the 
appropriate position for testing of the third blade.  

To deform the blades of the propeller in a fashion that would represent the 
deformation of the blades in operation, the load will be applied initially parallel to 
the axis of the propeller shaft.  Once the blade begins to deform, the combination 
of bending and twisting motions will create a load path that will no longer be 
parallel to the propeller shaft.  If the connection were too rigid, lateral loads and 
eccentricities would develop in the actuator and load cell, causing severe error in 
load readings if not damage to the actuator or load cell.  Universal joints, the type 
and design of which are to be determined, would prevent any harmful 
eccentricities developing in the actuator or load cell. 

The stiffness of the test setup must be given special consideration.  The test 
setup has to be fairly stiff to minimize any energy absorbed during the elastic 
loading.  For a frame with insufficient stiffness, the absorbed energy will be 
released at the post-peak (plastic) stage.  As a result, full control of load and 
measurements may not be attained.  The current loading frame is designed 
appropriately with sufficient stiffness.  Consequently, the energy absorbed during 
the elastic loading will be minimal.  The measurements and the load will be 
accurately controlled in the post-peak (plastic) region. 

A detailed preliminary analysis of the test frame concept can be found in 
Appendix B.  For an applied load of 2 MN, the maximum stress in the structure is 
116 MPa and the maximum deflection is 2.3 mm. 

2.3 Test Plan 

2.3.1 Test Implementation 

Testing will be done after regular working hours, with a minimal number of 
personnel present. Given the magnitude of the loads to be used in these tests, 
safety is of utmost concern. Precautions will be taken to ensure the safety of 
those operating the equipment and supervising.  Enclosures, either of the test 
itself or of an area occupied by operators, will be constructed to prevent injury. 

Once setup and calibration are complete, tests will begin by applying a load at a 
specified blade radius.  The load will be recorded along with strain and deflection 
at various points. 
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2.3.2 Data Acquisition 
 

Measuring the displacement of the propeller blade requires measurement in 
possibly three dimensions.  This would make using linear measuring devices 
very difficult if not impossible.  Also, the scale of the tests and the loads involved 
would likely cause a lot of damage to equipment, which would be costly to 
replace.  These obstacles could be overcome by using  non-contact measuring 
methods. Such methods would include photogrammetry or laser tracking.   Laser 
tracking is limited by the scanning speed of the equipment. For a surface the size 
of the propeller blade considered here, the time would be in the order of tens of 
seconds.  Photogrammetry provides a means of non-contact measuring with very 
high accuracy and quick measuring capability.  

The strain developed in the blade upon loading will be measured by strain 
gauges fastened along the chords and radii of the propeller blades.  A maximum 
of 256 gauges can be recorded simultaneously, giving a distribution of the strain 
in the blades. In addition to measuring displacement, photogrammetry could also 
be used to measure strain, which would give a better strain distribution over the 
surface of the blades.  Included in Appendix C is more information on 
photogrammetry.  

The load applied during testing can be measured in different ways.  The most 
common means of monitoring the load as part of the data collection and control 
of the experiment is by using a load cell. Load cells of appropriate magnitude are 
available and calibrated at full scale to 1.2 million lb. or 5.3 million N.  The 
problem with a load cell capable of handling loads of such magnitude is its size, 
weight and cost.  An alternative to using a load cell would be to place a pressure 
transducer in the hydraulic line just as the oil enters the actuator.  This setup 
would require calibration to compensate for frictional losses but could prove to be 
more accurate than using a load cell.  However, there are considerations for 
safety that have to be made when operating at a pressure of 10,000 psi. 

2.4 Safety Concerns for Propeller Test 
 
Loading any part or member to failure always causes concern for safety.  In the 
case of these proposed propeller tests, the strength of the propeller blade and 
the magnitude of the load required to plastically deform it makes safety of utmost 
importance.   

 
The element of the unknown increases the need to exercise extreme caution.  It 
is not known how the blades will fail under extreme loading.  Calculations based 
on geometry and material properties can give only an indication of a possible 
failure mode.  It is a part of these tests to determine what effect flaws in 
manufacturing will have on the final strength of the blades.  These same flaws 
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could cause the blades to fail catastrophically, and given the magnitude of the 
loads there is significant risk to personnel and equipment. 

To complete the proposed tests in a safe manner the following requirements 
must be met: 

1. Minimize the number of people accessing the lab area. 

2. Contain any breakage of the propeller blade or of the test setup 
within the test frame or immediate area. 

3. Keep personnel and equipment as remote as possible. 

Since the lab in which the tests are to be done is part of an academic unit, there 
is too high a risk in performing the tests during regular working hours, as 
students performing undergraduate lab exercises may be present.   High 
pressures, extreme loads and the possibility of broken loose debris require 
containment of possible debris.  An enclosure around the test setup is one 
possibility but this may interfere with the data collection by photogrammetry.  The 
data collection requires clear viewing by multiple cameras that could be blocked 
by a protective structure.  Alternatively, the protective structure could be built 
around a control area housing the control equipment and personnel. 

2.5 Test Schedule 
 
Ideally, the final fabrication and test setup would be done during exam periods 
and between semesters when students do not occupy the labs. 

Since these tests will be done in a working undergraduate laboratory, the 
scheduling will be greatly influenced by the safety considerations of such tests.  If 
there is significant risk in performing the tests, work will have to be done after 
hours so as not to endanger any students working in the laboratory.

 8



3 BUDGET 

DESCRIPTION HRS. RATE 
(CAD$/HR.) TOTAL COST (CAD$)

LABOUR:
Initial Setup
Safety Planning and Setup

Supervising Engineer 20 100.00 2,000.00$                            
Industrial Development Engineer 40 50.00 2,000.00$                            

Student Engineer 40 25.00 1,000.00$                            
Finite Element Analysis of Frame 80 100.00 8,000.00$                            
Test Frame Setup

Supervising Engineer 15 100.00 1,500.00$                            
Industrial Development Engineer 40 50.00 2,000.00$                            

Lab. Technician 42 45.00 1,890.00$                            
Student Engineer 40 25.00 1,000.00$                            

TOTAL: 19,390.00$                          
Test Setup Per Test 3 Tests

Supervising Engineer 10 100.00 1,000.00$         3,000.00$                            
Hydraulics Setup

Lab. Technician 8 45.00 360.00$            1,080.00$                            
Data Acquisition Setup

Lab. Technician 100 45.00 4,500.00$         13,500.00$                          
Industrial Development Engineer 20 50.00 1,000.00$         3,000.00$                            

Student Engineer 40 25.00 1,000.00$         3,000.00$                            
TOTAL: 23,580.00$                          
Testing (after hours)

Technician 5 68.00 340.00$            1,020.00$                            
Industrial Development Engineer 5 75.00 375.00$            1,125.00$                            

Supervising Engineer 4 100.00 400.00$            1,200.00$                            
Student Engineer 5 37.50 187.50$            562.50$                               

TOTAL: 3,907.50$                            
Preliminary Data Analysis and Reporting

Industrial Development Engineer 120 50.00 6,000.00$                            
Student Engineer 120 25.00 3,000.00$                            

Supervising Engineer 60 100.00 6,000.00$                            
Printing Services 250.00$                               

TOTAL: 15,250.00$                          
Post Test Cleanup

Propeller Disposal 2,000.00$                            
Lab. Technician 42 45.00 1,890.00$                            

Industrial Development Engineer 20 50.00 1,000.00$                            
TOTAL: 4,890.00$                            

MATERIALS:
# CAD$/PIECE

Steel and Cables for Lifting Frame $900.00
Strain Gauges 200 15.00 3,000.00$         9,000.00$                            

SUBCONTRACTS
Test Frame Fabrication - Tech. Services 30,000.00$                          
Lifting Frame Fabrication $1,500.00
Propeller Transport -  Local Trucking Co. 2,000.00$                            
Deflection Measurement (estimate) 25,000.00$                          

SUB TOTAL: 135,417.50$                        
IN-KIND CONTRIBUTIONS

HRS. RATE 
(CAD$/HR.)

IMD - Supervising Engineer 200 140.00 28,000.00$                          
MUN - Supervising Engineer 200 100.00 20,000.00$                          
MUN - Test Frame Materials 5,000.00$                            
MUN - Rental of Laboratory 20,000.00$                          
MUN - Rental of Actuators and Load Cells 3,000.00$                            
TOTAL: 76,000.00$                          

GRAND TOTAL 211,417.50$                        

Table 1:  Project Cost Estimate
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4 CONCLUSIONS 
 
The large-scale experiment to measure elastic and ultimate strength and the 
behaviour of the full-scale propeller blades of the Canadian icebreaker Louis S. 
St. Laurent are feasible.  The feasibility study considered logistical problems due 
to size and mass of the propeller, technical problems related to measurement of 
required parameters and safety aspects of the experiment. 
 
The experiment will be conducted at the structural laboratory of the Memorial 
University of Newfoundland in St. John’s, Newfoundland. A custom designed test 
frame will be constructed for the experiment. The frame will be self-contained, so 
that the applied loads will not be transmitted to the structure of the laboratory 
and, once placed, the propeller will not be moved within the frame structure for 
various test setups.  
 
The experiments will be carried out on three blades of a propeller that has been 
removed from service. The measurement will consist of incrementally applied 
loads (estimated maximum value over 600,000 lb), three-dimensional propeller 
blade deflection and strains at 256 locations.  Due to the size and mass of the 
propeller and the considerable applied loads, safety during the experiment is a 
concern. The experiment will be conduced after normal working hours and 
possibly at times when students are not present in the lab. 
 
The estimated budget is CAD$211,500 and includes CAD$76,000 in-kind support 
from the Institute for Marine Dynamic and Memorial University of Newfoundland. 
 
The project will require approximately six to eight months to be completed, and it 
could be conducted in two phases depending on the availability of funds. 
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Appendix B 
 

Test Frame Analysis 
 



 



General Description 
 

This appendix contains the analysis of the proposed test frame.  The analysis has been performed 
with a frame analysis program called 3D-BEAM, which is part of the Nauticus Suite of programs 
produced by det Norske Veritas (DNV).  The objectives of the analysis are: 
� To determine the stress and deformation in the different beams of the test frame. 
� To ensure the overall stability of the frame. 

 
Frame analysis is capable of assessing the overall loads and response (primary stresses and 
response) of a structure, including the overall stresses and deflections.  However, this type of 
analysis does not model local details, such as connections and stress concentrations (secondary 
stresses).  
 
The structural elements of the proposed frame were modelled using a three-dimensional beam 
element with six degrees of freedom at every node – three displacements and three rotations.  The 
analysis takes account of the axial stress, bending stress, stress due to torsion and the associated 
shear stresses.  
 
The boundary conditions are an important aspect of the design and analysis. The frame will 
experience two points of large loads, being at the actuator support (node 13) and in the region of 
the base of the propeller (node 26).  The frame will tend to distort most in the loaded half of the 
frame.  The base of the frame directly under the actuator will tend to pull off the floor, while 
directly under the propeller hub it will be pushed into the floor.  The nodes on the base, under the 
loaded end, are modelled using stiff springs with appropriate stiffness values.  These springs are 
used to simulate a set of 3 tie rods (50 mm diameter and 1 m long), which will be used to anchor 
the end of the frame.   
 
The results of the analysis indicated that the principal stresses, in each member of the proposed 
frame, do not exceed a value of approximately 116 MPa at maximum load. The yield stress of the 
steel used in manufacturing the set-up is 300 MPa.  Consequently, the factor of safety will be 
approximately equal to 2.5.  The maximum deflection at the actuator support, at ultimate load of 2 
MN, is equal to 2.3 mm.  The frame is very stiff. 
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Node Numbers, and boundary conditions 
 

X

Y
Z

1

2

3

4

5

6

7

8

9

10
11

12

13

14

15

16

17

18

19

20

21

22

23

24

25
26

27
28

29

30

31

32

33 34

35

36

37

38

39

40

 
 
 
Beam Numbers and applied loads 
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  Beam information, sorted by BeamNo in ascending order 
Beam Beam Name 

 
Start Node 

 
End Node 

 
Length 
[mm] 

Profile
 

Angle
[°] 

Rigid Start
[mm] 

Rigid End
[mm] 

Hinged at 
Start 

 

Hinged at 
End 

 

Non Linearities

1    1  17  1042.5 2 0.0  0 0    
2    3  18  1042.5 2 0.0  0 0    
3    2  5  500 2 0.0  0 0    
4    3  6  500 2 0.0  0 0    
5    6  5  1600 3 0.0  0 0    
6    4  7  500 2 0.0  0 0    
7    7  8  1600 3 0.0  0 0    
8    8  1  500 2 0.0  0 0    
9    2  34  1825 2 0.0  0 0    
10    9  13  800 2 0.0  0 0    
11    10  35  1825 2 0.0  0 0    
12    1  36  1825 2 0.0  0 0    
13    11  14  800 2 0.0  0 0    
14    12  37  1825 2 0.0  0 0    
15    13  10  800 2 0.0  0 0    
16    14  12  800 2 0.0  0 0    
17    15  24  521.25 2 0.0  0 0    
18    16  22  521.25 2 0.0  0 0    
19    17  25  521.25 2 0.0  0 0    
20    18  23  521.25 2 0.0  0 0    
21    19  2  1042.5 2 0.0  0 0    
22    20  4  1042.5 2 0.0  0 0    
23    19  21  800 3 0.0  0 0    
24    15  27  800 3 0.0  0 0    
25    17  29  800 3 0.0  0 0    
26    21  18  800 3 0.0  0 0    
27    22  20  521.25 2 0.0  0 0    
28    23  16  521.25 2 0.0  0 0    
29    24  19  521.25 2 0.0  0 0    
30    25  15  521.25 2 0.0  0 0    
31    24  26  800 3 0.0  0 0    
32    25  28  800 3 0.0  0 0    
33    26  23  800 3 0.0  0 0    
34    27  16  800 3 0.0  0 0    
35    28  22  800 3 0.0  0 0    
36    29  20  800 3 0.0  0 0    
37    29  28  521.25 4 0.0  0 0    
38    28  27  521.25 4 0.0  0 0    
39    27  26  521.25 4 0.0  0 0    
40    26  21  521.25 4 0.0  0 0    
41    27  30  1825 5 0.0  0 0    
42    31  30  2085 5 0.0  0 0    
43    30  28  1898 5 0.0  0 0    
44    30  26  1898 5 0.0  0 0    
45    3  32  800 2 0.0  0 0    
46    4  33  800 2 0.0  0 0    
47    32  2  800 2 0.0  0 0    
48    33  1  800 2 0.0  0 0    
49    32  21  1042.5 4 0.0  0 0    
50    29  33  1042.5 4 0.0  0 0    
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  Beam information, sorted by BeamNo in ascending order 
Beam Beam Name 

 
Start Node 

 
End Node 

 
Length 
[mm] 

Profile
 

Angle
[°] 

Rigid Start
[mm] 

Rigid End
[mm] 

Hinged at 
Start 

 

Hinged at 
End 

 

Non Linearities

51    34  9  1825 2 0.0  0 0    
52    35  3  1825 2 0.0  0 0    
53    36  11  1825 2 0.0  0 0    
54    37  4  1825 2 0.0  0 0    
55    14  39  1042.5 2 0.0  0 0    
56    38  40  1042.5 2 0.0  0 0    
57    39  38  1042.5 2 0.0  0 0    
58    40  13  1042.5 2 0.0  0 0    
59    39  30  2101.8 2 0.0  0 0    
60    40  30  2101.8 2 0.0  0 0    

 
 
 
Profiles 
Profile Profile Name Type Material Ignore S. C. Profile parameters 

2 main I-section 1 Steel X  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 fz=1.0 
3 cross Box section 1 Steel X  B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0 
4 base I-section 1 Steel X  Bt=328 mm Tt=75 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 fz=1.0 
5 blade General section 1 Steel X  Ax=10000 mm2 Ay=10000 mm2 Az=10000 mm2 Ix=1e+012 mm4 Iy=1e+012 mm4 

Iz=1e+012 mm4 Wx=10000000 mm3 Wy=100000000 mm3 Wz=100000000 mm3 ey=0 
mm ez=0 mm fy=1.0 fz=1.0 

 
 
Profile properties 

Axial Local x-z plane Local x-y plane Shear CentreProfile 

Ax 
[mm2] 

Wx 
[mm3] 

Ix 
[mm4] 

Az 
[mm2] 

Wyt 
[mm3] 

Wyb 
[mm3] 

Iy 
[mm4] 

Ay
[mm2]

Wzt 
[mm3] 

Wzb 
[mm3] 

Iz 
[mm4] 

ey 
[mm]

ez 
[mm]

2 45600 946614 5.2064e+007 10981 5556728 5556728 1.0836e+009 23479 1977965 1977965 3.2439e+008 0 0 
3 21600 2592000 3.1104e+008 12033 2055158 2055158 3.9048e+008 6763 1372800 1372800 1.3728e+008 0 0 
4 52160 1178384 8.8379e+007 11392 7001417 6000451 1.3248e+009 27850 2336579 2336579 3.832e+008 0 5.756 
5 10000 10000000 1e+012 10000 100000000 100000000 1e+012 10000 100000000 100000000 1e+012 0 0 

 
 
 
 
 
 
 
Materials 
Material Material Name E 

[N/mm2] 
Density 
[kg/m3] 

Poisson Thermal Coefficient 
[mm/mm/°C] 

Yield Stress 
[N/mm2] 

1 Steel 210000 7800.0 0.30 1.26e-005 235 
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Abbreviations 
 
Beam information: 
Beam: Beam identification number 
Beam Name: User's beam identification 
Start/End Node: Node numbers for the start and end nodes respectively 
Length: Total length of beam, including possible rigid ends 
Profile: Profile identification number 
Angle: Angle between the profile's z-axis and the plane through the beam and the global Z-axis. Positive for 

clockwise rotation when seen in positive local x-direction. 
Rigid Start/End: Length of possible rigid part of the beam at the start and end ends respectively 
Hinged at Start/End: Possibly defined hinge at the start and end nodes respectively, where hinges are defined as: 
dX, dY, dZ: Hinged with respect to translation in the global X-, Y-, and Z-direction respectively 
rX, rY, rZ: Hinged with respect to rotation about the global X-, Y-, and Z-axis respectively 
Non Linearities: Possibly specified non-linear properties for the beam. For definition see figure below. 
 

Tension only

Compression only

Tension
gap

Compr. gap

Profiles: 
Profile: Profile identification number 
Profile Name: User's profile identification 
Type: Profile type 
Material: Material identification 
Ignore S.C.: If ticked "X", then the program ignores the possible shear centre 

offset for the profile. 
Profile parameters: Input parameters defining the profile. 
 
Profile properties: 
Profile: Profile identification number 
Ax: Axial area (total profile area) 
Wx: Torsion section modulus 
Ix: Torsional moment of inertia 
Az:  Shear area in local z-direction ( Iy tp / Sy ) 
Wyt: Section modulus about local y-axis at top of profile 
Wyb: Section modulus about local y-axis at bottom of profile 
Iy: Moment of inertia about local y-axis 
Ay: Shear area in local y-direction ( Iz tp / Sz ) 
Wzt: Section modulus about local z-axis at top of profile 
Wzb: Section modulus about local z-axis at bottom of profile 
Iz: Moment of inertia about local z-axis 
 Note: Wzt = Wzb = Wz min for all profile types except I - types 
ey: Shear centre distance from vertical neutral axis 
ez: Shear centre distance from horizontal neutral axis 
fy: Shear factor in local y-direction 
fz: Shear factor in local z-direction 
 Note: The shear factor is used for shear stiffness of beam, but not for calculation of shear stress 
Where: 
Sy, Sz: 1st area moment about y- and z- axis respectively 
tp: value for profile thickness depending on profile type 
 
Materials: 
Material: Material identification 
Material Name: User's material identification 
E: Young's Modulus  
Density: Density 
Poisson: Poisson's ratio for transverse contraction 
Thermal Coefficient: Coefficient of thermal expansion 
Yield Stress: Specified yield stress (information only) 
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Node information, sorted by NodeNo in ascending order 

Boundary Conditions Node 
No 

Name 
 

X 
[mm] 

Y 
[mm] 

Z 
[mm] 

X transl Y transl Z transl X rot Y rot Z rot 

1    0  0  0 Fixed Fixed  Fixed Fixed Fixed Fixed 
 

2    4170  0  0 Free Free  Spring, 
4.19e+005 

N/mm 

Free Free Free 
 

3    4170  1600  0 Free Free  Spring, 
4.19e+005 

N/mm 

Free Free Free 
 

4    0  1600  0 Fixed Fixed  Fixed Fixed Fixed Fixed 
 

5    4670  0  0        
 

6    4670  1600  0        
 

7    -500  1600  0 Fixed Fixed  Fixed Fixed Fixed Fixed 
 

8    -500  0  0 Fixed Fixed  Fixed Fixed Fixed Fixed 
 

9    4170  0  3650        
 

10    4170  1600  3650        
 

11    0  0  3650        
 

12    0  1600  3650        
 

13    4170  800  3650        
 

14    0  800  3650        
 

15    2085  0  0        
 

16    2085  1600  0        
 

17    1042.5  0  0        
 

18    3127.5  1600  0        
 

19    3127.5  0  0        
 

20    1042.5  1600  0        
 

21    3127.5  800  0        
 

22    1563.8  1600  0        
 

23    2606.3  1600  0        
 

24    2606.3  0  0        
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Node information, sorted by NodeNo in ascending order 
Boundary Conditions Node 

No 
Name 

 
X 

[mm] 
Y 

[mm] 
Z 

[mm] 
X transl Y transl Z transl X rot Y rot Z rot 

25    1563.8  0  0        
 

26    2606.3  800  0 Free Free  Fixed Free Free Free 
 

27    2085  800  0        
 

28    1563.8  800  0        
29    1042.5  800  0        
30    2085  800  1825        
31    4170  800  1825        
32    4170  800  0 Free Free  Spring, 

4.19e+005 
N/mm 

Free Free Free 

33    0  800  0 Fixed Fixed  Fixed Fixed Fixed Fixed 
34    4170  0  1825        
35    4170  1600  1825        
36    0  0  1825        
37    0  1600  1825        
38    2085  800  3650        
39    1042.5  800  3650        
40    3127.5  800  3650        

 
Abbreviations 
Node No: Node identification number 
Name: User's node identification 
X, Y, Z: Node coordinates in the global coordinate system 
X transl, Y transl, Z transl: Boundary conditions w.r.t. translation along the global axes 
X rot, Y rot, Zrot: Boundary conditions w.r.t. rotation about the global axes 
 
Where: 
Free: The node is free 
Fixed: The node is fixed 
FD: The node has a prescribed displacement or rotation 
Spring: The node is supported by a spring 
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Beams' length and profile information, sorted by BeamNo in ascending order 
Beam Length 

[mm] 
Profile No 

 
Angle 

[°] 
Profile Type

 
Profile Name

 
Profile parameters 

 

1  1042.5  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

2  1042.5  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

3  500  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

4  500  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

5  1600  3  0.0  Box section cross  B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0 
6  500  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
7  1600  3  0.0  Box section cross  B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0 
8  500  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
9  1825  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
10  800  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
11  1825  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
12  1825  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
13  800  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
14  1825  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
15  800  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
16  800  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
17  521.25  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
18  521.25  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
19  521.25  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
20  521.25  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
21  1042.5  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
22  1042.5  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
23  800  3  0.0  Box section cross  B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0 
24  800  3  0.0  Box section cross  B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0 
25  800  3  0.0  Box section cross  B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0 
26  800  3  0.0  Box section cross  B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0 
27  521.25  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
28  521.25  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
29  521.25  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
30  521.25  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
31  800  3  0.0  Box section cross  B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0 
32  800  3  0.0  Box section cross  B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0 
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Beams' length and profile information, sorted by BeamNo in ascending order 
Beam Length 

[mm] 
Profile No 

 
Angle 

[°] 
Profile Type

 
Profile Name

 
Profile parameters 

 

33  800  3  0.0  Box section cross  B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0 
34  800  3  0.0  Box section cross  B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0 
35  800  3  0.0  Box section cross  B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0 
36  800  3  0.0  Box section cross  B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0 
37  521.25  4  0.0  I-section base  Bt=328 mm Tt=75 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
38  521.25  4  0.0  I-section base  Bt=328 mm Tt=75 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
39  521.25  4  0.0  I-section base  Bt=328 mm Tt=75 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
40  521.25  4  0.0  I-section base  Bt=328 mm Tt=75 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 

fz=1.0 
41  1825  5  0.0  General section blade  Ax=10000 mm2 Ay=10000 mm2 Az=10000 mm2 Ix=1e+012 mm4 Iy=1e+012 

mm4 Iz=1e+012 mm4 Wx=10000000 mm3 Wy=100000000 mm3 
Wz=100000000 mm3 ey=0 mm ez=0 mm fy=1.0 fz=1.0 

42  2085  5  0.0  General section blade  Ax=10000 mm2 Ay=10000 mm2 Az=10000 mm2 Ix=1e+012 mm4 Iy=1e+012 
mm4 Iz=1e+012 mm4 Wx=10000000 mm3 Wy=100000000 mm3 
Wz=100000000 mm3 ey=0 mm ez=0 mm fy=1.0 fz=1.0 

43  1898  5  0.0  General section blade  Ax=10000 mm2 Ay=10000 mm2 Az=10000 mm2 Ix=1e+012 mm4 Iy=1e+012 
mm4 Iz=1e+012 mm4 Wx=10000000 mm3 Wy=100000000 mm3 
Wz=100000000 mm3 ey=0 mm ez=0 mm fy=1.0 fz=1.0 

44  1898  5  0.0  General section blade  Ax=10000 mm2 Ay=10000 mm2 Az=10000 mm2 Ix=1e+012 mm4 Iy=1e+012 
mm4 Iz=1e+012 mm4 Wx=10000000 mm3 Wy=100000000 mm3 
Wz=100000000 mm3 ey=0 mm ez=0 mm fy=1.0 fz=1.0 

45  800  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

46  800  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

47  800  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

48  800  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

49  1042.5  4  0.0  I-section base  Bt=328 mm Tt=75 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

50  1042.5  4  0.0  I-section base  Bt=328 mm Tt=75 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

51  1825  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

52  1825  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

53  1825  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

54  1825  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

55  1042.5  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

56  1042.5  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

57  1042.5  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

58  1042.5  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

59  2101.8  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 

60  2101.8  2  0.0  I-section main  Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0 
fz=1.0 
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Abbreviations 
Beam: Beam identification number 
Length: Total length of beam, including possible rigid ends 
Profile No: Profile identification number 
Angle: Angle between the profile's z-axis and the plane through the beam and the global Z-axis. Positive for 

clockwise rotation when seen i positive local x-direction. 
Profile Type: Profile type 
Profile Name: User's profile identification 
Profile parameters: Input parameters defining the profile. 
 

B-11 



 

Beam Loads in local coordinate system, sorted by BeamNo in ascending order 
Distributed Loads Temperature Loads Beam 

No 
Py1 

[N/mm] 
Pz1 

[N/mm] 
Px2 

[N/mm] 
Py2 

[N/mm] 
Pz2 

[N/mm] 
Gy 

[°C/mm] 
Gz 

[°C/mm] 
Temperature 

[°C] 

1 0 0 -3.486 0 -3.486    
2 0 0 -3.486 0 0 -3.486   
3 0 0 -3.5 0 0 -3.5    
4 0 0 -3.486 0 0 -3.486    
5 0 -2 0 0 -2    
6 0 0 -3.486 0 -3.486    
7 0 0 -2 0 0 -2   
8 0 0 -3.486 0 0 -3.486    

-3.486 0 0 -3.486 0 0    
10 0 0 0 0 -3.486    
11 3.486 0 0 3.486 0    
12 -3.486 0 0 -3.486 0 0   
13 0 0 -3.486 0 0 -3.486    
14 0 0 3.486 0 0    
15 0 0 -3.486 

Px1 
[N/mm] 

0 
 

0 
0 

 

9 
-3.486 

0 
 

3.486 
0 0 -3.486    

16 0 0 -3.486 0 0 -3.486    
17 0 0 -2 0 0 -2    
18 0 0 -3.486 0 0 -3.486    
19 0 0 -3.486 0 0 -3.486    
20 0 0 -3.486 0 0 -3.486    
21 0 0 -3.486 0 0 -3.486    
22 0 0 -3.486 0 0 -3.486    
23 0 0 -2 0 0 -2    
24 0 0 -2 0 0 -2    
25 0 0 -2 0 0 -2    
26 0 0 -2 0 0 -2    
27 0 0 -3.486 0 0 -3.486    
28 0 0 -3.486 0 0 -3.486    
29 0 0 -3.486 0 0 -3.486    
30 0 0 -3.486 0 0 -3.486    
31 0 0 -2 0 0 -2    
32 0 0 -2 0 0 -2    
33 0 0 -2 0 0 -2    
34 0 0 -2 0 0 -2    
35 0 0 -2 0 0 -2    
36 0 0 -2 0 0 -2    
37 0 0 -3.5 0 0 -3.5    
38 0 0 -3.5 0 0 -3.5    
39 0 0 -3.5 0 0 -3.5    
40 0 0 -3.5 0 0 -3.5    
45 0 0 -3.5 0 0 -3.5    
46 0 0 -3.5 0 0 -3.5    
47 0 0 -3.5 0 0 -3.5    
48 0 0 -3.5 0 0 -3.5    
49 0 0 -3.5 0 0 -3.5    
50 0 0 -3.5 0 0 -3.5    
51 -3.486 0 0 -3.486 0 0    
52 3.486 0 0 3.486 0 0    
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Beam Loads in local coordinate system, sorted by BeamNo in ascending order 
Distributed Loads Temperature Loads Beam 

No 
Px1 

[N/mm] 
Py1 

[N/mm] 
Pz1 

[N/mm] 
Px2 

[N/mm] 
Py2 

[N/mm] 
Pz2 

[N/mm] 
Gy 

[°C/mm] 
Gz 

[°C/mm] 
Temperature 

[°C] 

53 -3.486 0 0 -3.486 0 0    
54 3.486 0 0 3.486 0 0    

 
Abbreviations 
Beam No: Beam identification number 
Px1, Px2: Load intensity in local x-direction at the start and end ends of the beam respectively 
Py1, Py2: Load intensity in local y-direction at the start and end ends of the beam respectively 
Pz1, Pz2: Load intensity in local z-direction at the start and end ends of the beam respectively 
Gy, Gz: Temperature gradients in local y- and z-directions 
Temperature: Mean temperature. NB! Any non-zero value is regarded as a temperature load 
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Node Loads in global coordinate system, sorted by NodeNo in ascending order 
Node No Px 

[N] 
Py 
[N] 

Pz 
[N] 

Mx 
[Nmm] 

My 
[Nmm] 

Mz 
[Nmm] 

13 0 0 2000000 0 0 0 
30 0 0 150000 0 0 0 
31 0 0 -2000000 0 0 0 

 
Abbreviations 
Node No: Node identification number 
Px, Py, Pz: Node load in global X-, Y-, and Z- direction 
Mx, My, Mz: Node moment about global X-, Y-, and Z- axis (positive for right-handed screw) 
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Forces, Moments and Deflections, signed values, sorted by BeamNo in ascending order 
Beam 

No. 
Nx 
[N] 

Qy 
[N] 

Qz 
[N] 

Mx 
[Nmm] 

My 
[Nmm] 

Mz 
[Nmm] 

δ 
[mm] 

δx 
[mm] 

δy 
[mm] 

δz 
[mm] 

1  10724  677  -113944  1319779 -67414449 -476105 0.20049 0.0011675 -0.00032607 0.20049 
2  28032  1574  -195978  -495147 121794498 -1046448 0.78392 0.0084061 -0.0011691 0.78388 
3  1  3887  3348  2788810 1227948 1901965 0.85333 0.0084112 0.0007129 0.85329 
4  -1  -3887  3345  -2785051 1245302 -1900465 0.85284 0.008406 -0.00065832 0.85279 
5  -3887  -1  -1602  -8378 -3426932 43231 0.85333 0.0084112 0.0007129 0.85329 
6  0  0  872  0 72625 0 0.00012532 0 0 -0.00012532 
7  0  0  1600  0 426667 0 0.0010747 0 0 -0.0010747 
8  0  0  -872  0 72625 0 0.00012532 0 0 -0.00012532 
9  783178  -16565  37090  -204218 121260343 23961079 1.2321 0.54993 0.58706 0.9333 

10  16565  37090  -792329  -14119535 578554295 -29468085 3.0466 1.983 0.0027645 2.3129 
11  789486  16541  -37112  204834 -53610291 -54148912 2.1651 1.8751 0.0041464 1.0824 
12  -67241  1766  27121  -144058 96213074 2101528 0.63988 0.6392 -0.026806 -0.012209 
13  -1766  27121  54517  -2776840 -38152484 -21552362 2.0431 2.0404 0.0010984 -0.10514 
14  -60945  -1797  -27106  145499 -46694017 4398528 1.9613 1.9612 0.00094822 -0.02323 
15  16541  -37112  792275  14119894 578555576 -29485110 3.0466 1.983 0.0027645 2.3129 
16  -1797  -27106  -54583  2774807 -38152419 -21539465 2.0431 2.0404 0.0010984 -0.10514 
17  21588  2765  -2288  -1026034 -49109643 823109 0.16717 0.0040102 4.2097e-005 0.16712 
18  17300  2975  31128  2517574 7924630 -776761 0.21222 0.0018899 7.0089e-005 0.21222 
19  13313  2348  -26650  -944104 49389393 -733602 0.21519 0.0017291 -0.00027256 0.21519 
20  24778  2344  -60842  2079475 -93226726 -627930 0.27927 0.0053544 -0.00015433 0.27922 
21  28030  1560  -195766  499242 121694007 -1037494 0.78469 0.0084111 0.001209 0.78465 
22  10714  658  -113650  -1324261 -67086503 -469473 0.19961 0.0011664 0.00026525 0.1996 
23  -773  -3240  131508  18614648 -101991360 1375196 0.28095 0.0053596 0.00011783 0.2809 
24  -207  -4265  30294  41500135 -22099016 1808450 0.16578 0.0028351 -4.7526e-006 0.16576 
25  1672  -2589  -90712  13506002 69665365 1104278 0.45199 -0.0072014 -3.1236e-005 0.45193 
26  -770  3254  -131502  -18631226 -101986768 1380594 0.27927 0.0053544 -0.00015433 0.27922 
27  13290  2339  -26360  938334 49285205 -727367 0.21386 0.001709 0.00020089 0.21385 
28  21569  2770  -2664  1025305 -49315305 827588 0.16517 0.0040056 -0.00010915 0.16512 
29  24790  2333  -60624  -2076060 -93010237 -627876 0.28095 0.0053596 0.00011783 0.2809 
30  17323  2973  30866  -2522461 8005727 -780139 0.2137 0.0018922 -0.00015215 0.21369 
31  -432  -3202  56519  44821544 -45625093 1355286 0.16717 0.0040102 4.2097e-005 0.16712 
32  624  -4010  -59115  41383667 45073938 1705163 0.37587 -0.011048 -4.2071e-005 0.37571 
33  -425  3209  -56360  -44826631 -45502374 1357627 0.16517 0.0040056 -0.00010915 0.16512 
34  -206  4268  -30159  -41487800 -21994647 1810329 0.16385 0.0028316 -7.7577e-005 0.16383 
35  636  4010  59088  -41360574 45051314 1706612 0.37587 -0.011048 -4.2071e-005 0.37571 
36  1681  2576  90708  -13480848 69663514 1099284 0.45199 -0.0072014 -3.1236e-005 0.45193 
37  -80830  21  -629197  -5664 689723223 -10781 0.48193 -0.0086438 -3.7168e-005 0.48185 
38  3717  14  -699973  -16 184397281 -3700 0.37587 -0.011048 -4.2071e-005 0.37571 
39  97005  -2  -1037861  -5 -273259762 -711 0.085436 -0.010871 -4.1311e-005 0.084742 
40  24635  -13  -593687  -932 -694612584 -5869 0.117 -0.0054928 -2.4752e-005 -0.11687 
41  -393316  18  -101821  4869 726467705 104359 2.2911 2.2766 0.0016904 -0.25707 
42  0  0  2000000  0 4170000000 0 8.6364 2.2766 0.0017152 -8.3309 
43  21936  -19  -102534  7499 1147063870 67963 2.2911 2.2766 0.0016904 -0.25707 
44  -967179  18  207646  -37821 -1445618325 117789 2.2911 2.2766 0.0016904 -0.25707 
45  -14228  -9080  -248995  791279 -202012062 -4111928 0.78392 0.0084061 -0.0011691 0.78388 
46  0  0  -1400  0 186667 0 0.0003321 0 0 -0.0003321 
47  -14238  9061  248934  -794284 -202008403 -4105391 0.78469 0.0084111 0.001209 0.78465 
48  0  0  -1400  0 186667 0 0.0003321 0 0 -0.0003321 
49  18141  10  -337526  3660 -348382910 -6537 0.36947 -0.003356 1.9553e-005 0.36946 
50  -75666  -12  -445953  -3813 335242951 -7992 0.45199 -0.0072014 -3.1236e-005 0.45193 
51  789540  -16565  37090  -204218 53570404 54193014 2.1659 1.8756 0.0013806 1.0832 
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Forces, Moments and Deflections, signed values, sorted by BeamNo in ascending order 
Beam 

No. 
Nx 
[N] 

Qy 
[N] 

Qz 
[N] 

Mx 
[Nmm] 

My 
[Nmm] 

Mz 
[Nmm] 

δ 
[mm] 

δx 
[mm] 

δy 
[mm] 

δz 
[mm] 

52  783124  16541  -37112  204834 -121340475 -23961430 1.23 0.54941 -0.58428 0.93252 
53  -60879  1766  27121  -144058 46718117 -4345579 1.9623 1.9622 0.0012459 -0.023205 
54  -67307  -1797  -27106  145499 -96162842 -2160753 0.63959 0.63886 0.027827 -0.012221 
55  54227  -31  103522  65 -113473814 19143 2.0774 2.0463 0.0018289 -0.35816 
56  -253684  4  140571  -348 -261527038 14677 2.0636 2.0187 0.0023312 -0.42838 
57  -253684  4  140571  -348 -114981313 19247 2.0774 2.0463 0.0018289 -0.35816 
58  -74203  24  -415396  -1281 -404811374 -17025 3.0466 1.983 0.0027645 2.3129 
59  120557  35  285741  114 455522377 73397 2.5551 2.5536 0.0020256 -0.088956 
60  571781  -20  -119920  1047 -395327723 -40307 2.7619 2.7241 0.0022152 -0.4549 

 
Abbreviations 
Nx: Axial force (Positive gives tension) 
Qy: Shear force in local y-direction (Positive rotates an isolated piece clockwise) 
Qz:  Shear force in local z-direction (Positive rotates an isolated piece counter-clockwise) 
Mx: Torsional moment (Positive produces a right-handed screw) 
My: Bending moment about local y-axis (Positive gives tension at local positive Z-axis side of profile) 
Mz:  Bending moment about local z-axis (Positive gives tension at local positive Y-axis side of profile) 
δ: Maximum total deflection of beam (√(δx

2 + δy
2 + δz

2 ) 
δx , δy , δz : Maximum deflection of beam in global X-, Y-, and Z- directions 
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Beam Stresses,  values, sorted by SigMy in descending order 
Beam No. σNx 

[N/mm2] 
τQy 

[N/mm2] 
τQz 

[N/mm2] 
τMx 

[N/mm2] 
σMy 

[N/mm2] 
σMz 

[N/mm2] 
σNy 

[N/mm2] 
σNz 

[N/mm2] 

40  0  0  52  0 116 0 116 0 
37  2  0  55  0 115 0 116 2 
15  0  2  72  15 104 15 104 15 
10  0  2  72  15 104 15 104 15 
59  3  0  26  0 82 0 85 3 
58  2  0  38  0 73 0 74 2 
60  13  0  11  0 71 0 84 13 
49  0  0  30  0 58 0 58 0 
50  1  0  39  0 56 0 57 1 
23  0  0  11  7 50 1 50 1 
26  0  0  11  7 50 1 50 1 
56  6  0  13  0 47 0 53 6 
39  2  0  91  0 46 0 47 2 
42  0  0  200  0 42 0 42 0 
45  0  0  23  1 36 2 37 2 
47  0  0  23  1 36 2 37 2 
25  0  0  8  5 34 1 34 1 
36  0  0  8  5 34 1 34 1 
38  0  0  61  0 31 0 31 0 
31  0  0  5  17 22 1 22 1 
33  0  0  5  17 22 1 22 1 
32  0  1  5  16 22 1 22 1 
35  0  1  5  16 22 1 22 1 
2  1  0  18  1 22 1 23 1 
21  1  0  18  1 22 1 23 1 
52  17  1  3  0 22 12 39 20 
9  17  1  3  0 22 12 39 29 
57  6  0  13  0 21 0 26 6 
55  1  0  9  0 20 0 22 1 
12  1  0  2  0 17 1 19 2 
54  1  0  2  0 17 1 19 3 
20  1  0  6  2 17 0 17 1 
29  1  0  6  2 17 0 17 1 
44  97  0  21  0 14 0 111 97 
1  0  0  10  1 12 0 12 0 
22  0  0  10  1 12 0 12 0 
43  2  0  10  0 11 0 14 2 
24  0  1  3  16 11 1 11 1 
34  0  1  3  16 11 1 11 1 
11  17  1  3  0 10 27 27 10 
51  17  1  3  0 10 27 27 45 
19  0  0  2  1 9 0 9 1 
28  0  0  0  1 9 0 9 1 
27  0  0  2  1 9 0 9 1 
17  0  0  0  1 9 0 9 1 
53  1  0  2  0 8 2 10 3 
14  1  0  2  0 8 2 10 1 
41  39  0  10  0 7 0 47 39 
13  0  1  5  3 7 11 7 11 
16  0  1  5  3 7 11 7 11 
5  0  0  0  0 2 0 2 0 
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Beam Stresses,  values, sorted by SigMy in descending order 
Beam No. σNx 

[N/mm2] 
τQy 

[N/mm2] 
τQz 

[N/mm2] 
τMx 

[N/mm2] 
σMy 

[N/mm2] 
σMz 

[N/mm2] 
σNy 

[N/mm2] 
σNz 

[N/mm2] 

30  0  0  3  3 1 0 2 1 
18  0  0  3  3 1 0 2 1 
4  0  0  0  3 0 1 0 1 
3  0  0  0  3 0 1 0 1 
7  0  0  0  0 0 0 0 0 
46  0  0  0  0 0 0 0 0 
48  0  0  0  0 0 0 0 0 
6  0  0  0  0 0 0 0 0 
8  0  0  0  0 0 0 0 0 

 

 
Abbreviations 

Principal stresses: 
σNx: Axial stress (Nx/Ax) 
τMx: Torsional stress (Mx/Wx) 
τQy: Shear stress in local y-direction (Qy/Ay) 
τQz: Shear stress in local z-direction (Qz/Az) 
σMy: Bending stress about local y-axis (My/Wy) 
σMz:  Bending stress about local z-axis (Mz/Wz) 

Stress combinations: 
σNy: Normal stress in local xz-plane, max of (σNx  ± σMy ) 
σNz: Normal stress in local xy-plane, max of (σNx  ± σMz ) 

Where: 
Ax: Axial area (total profile area) 
Ay: Shear area in local y-direction ( Iz tp / Sz ) 
Az:  Shear area in local z-direction ( Iy tp / Sy ) 
Wx: Torsion section modulus 
Wy: Minimum section modulus about local y-axis 
Wz:  Minimum section modulus about local z-axis 
Nx: Axial force 
Qy: Shear force in local y-direction 
Qz:  Shear force in local z-direction 
Mx: Torsional moment 
My: Bending moment about local y-axis 
Mz:  Bending moment about local z-axis 
Sy, Sz: 1st area moment about y- and z- axis respectively 
tp: profile thickness value depending on profile type 
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Model with nodes and deflected shape, applied loads and reactions 
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Node Deflections, Reaction Forces and Moments, signed values, sorted by NodeNo in ascending order 
Node 
No. 

δx 
[mm] 

δy 
[mm] 

δz 
[mm] 

rx 
[rad] 

ry 
[rad] 

rz 
[rad] 

Px 
[N] 

Py 
[N] 

Pz 
[N] 

Mx 
[Nmm] 

My 
[Nmm] 

Mz 
[Nmm] 

1  0 0 0 0 0 0 -37845 2443 -40797 -3234641 -28725999 373469 
2  0.0084111 0.001209 0.78465 -0.0003633 -0.0001409 5.66e-006 0 0 -328768 0 0 0 
3  0.0084061 -0.0011691 0.78388 0.0003622 -0.0001415 -5.625e-006 0 0 -328445 0 0 0 
4  0 0 0 0 0 0 -37821 -2455 -40438 3298347 -29003714 -362087 
5  0.0084112 0.0007129 0.85329 -3.167e-005 -0.0001397 -1.167e-006 0 0 0 0 0 0 
6  0.008406 -0.00065832 0.85279 3.103e-005 -0.0001402 1.191e-006 0 0 0 0 0 0 
7  0 0 0 0 0 0 0 0 2472 -426667 -72625 0 
8  0 0 0 0 0 0 0 0 2472 426667 -72625 0 
9  1.8756 0.0013806 1.0832 0.0009206 0.0007184 -0.0001716 0 0 0 0 0 0 

10  1.8751 0.0041464 1.0824 -0.0009217 0.0007185 0.0001722 0 0 0 0 0 0 
11  1.9622 0.0012459 -0.023205 -6.012e-005 0.0007494 -0.000125 0 0 0 0 0 0 
12  1.9612 0.00094822 -0.02323 5.995e-005 0.000749 0.0001263 0 0 0 0 0 0 
13  1.983 0.0027645 2.3129 0 -0.001968 0 0 0 0 0 0 0 
14  2.0404 0.0010984 -0.10514 0 0.0002211 0 0 0 0 0 0 0 
15  0.0028351 -4.7526e-

006 
0.16576 -0.0001025 5.533e-005 2.859e-006 0 0 0 0 0 0 

16  0.0028316 -7.7577e-
005 

0.16383 0.0001001 5.572e-005 -2.846e-006 0 0 0 0 0 0 

17  0.0011675 -0.00032607 0.20049 0.0003272 -4.253e-005 1.888e-006 0 0 0 0 0 0 
18  0.0053544 -0.00015433 0.27922 0.0004849 -0.0002343 -2.167e-006 0 0 0 0 0 0 
19  0.0053596 0.00011783 0.2809 -0.000487 -0.0002338 2.227e-006 0 0 0 0 0 0 
20  0.0011664 0.00026525 0.1996 -0.0003283 -4.173e-005 -1.935e-006 0 0 0 0 0 0 
21  -0.0050825 -1.8527e-

005 
-0.089927 -1.04e-006 0.000359 0 0 0 0 0 0 0 

22  0.0018899 7.0089e-005 0.21222 -0.000212 5.579e-005 -2.836e-006 0 0 0 0 0 0 
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B-20 

Node Deflections, Reaction Forces and Moments, signed values, sorted by NodeNo in ascending order 
Node 
No. 

δx 
[mm] 

δy 
[mm] 

δz 
[mm] 

rx 
[rad] 

ry 
[rad] 

rz 
[rad] 

Px 
[N] 

Py 
[N] 

Pz 
[N] 

Mx 
[Nmm] 

My 
[Nmm] 

Mz 
[Nmm] 

23  0.0040056 -0.00010915 0.16512 0.0002272 -5.638e-005 -2.037e-006 0 0 0 0 0 0 
24  0.0040102 4.2097e-005 0.16712 -0.0002297 -5.622e-005 2.075e-006 0 0 0 0 0 0 
25  0.0018922 -0.00015215 0.21369 0.0002102 5.505e-005 2.818e-006 0 0 0 0 0 0 
26  -0.0062548 -3.4115e-

005 
0 0 0.001371 0 0 0 1323336 0 -0 0 

27  -0.010871 -4.1311e-
005 

0.084742 0 0.001377 0 0 0 0 0 -0 0 

28  -0.011048 -4.2071e-
005 

0.37571 0 0.001373 0 0 0 0 0 -0 0 

29  -0.0072014 -3.1236e-
005 

0.45193 0 0.0003876 0 0 0 0 0 0 0 

30  2.2766 0.0016904 -0.25707 0 0.001382 0 0 0 0 0 -0 0 
31 * 2.2766 0.0017152 -8.3309 0 0.001403 0 0 0 0 0 0 0 
32  -0.003356 1.9553e-005 0.36946 0 -0.000292 0 0 0 -154803 0 0 0 
33  0 0 0 0 0 0 75666 12 -439505 3813 127761515 7992 
34  0.54993 0.58706 0.9333 -0.0001263 0.0005602 -8.297e-005 0 0 0 0 0 0 
35  0.54941 -0.58428 0.93252 0.0001246 0.0005601 8.327e-005 0 0 0 0 0 0 
36  0.6392 -0.026806 -0.012209 1.312e-005 0.0005732 -6.252e-005 0 0 0 0 0 0 
37  0.63886 0.027827 -0.012221 -1.396e-005 0.0005729 6.315e-005 0 0 0 0 0 0 
38  2.0187 0.0023312 -0.42838 0 -0.0002426 0 0 0 0 0 0 0 
39  2.0463 0.0018289 -0.35816 0 -5.154e-005 0 0 0 0 0 0 0 
40  1.9911 0.0025994 0.050578 0 -0.001105 0 0 0 0 0 0 0 

* this deflection is for prop tip and is not structurally relevant 
 
Abbreviations 

δx, δy, δz: Translation in global X-, Y-, and Z- direction 
rx, ry, rz: Rotation about global X-, Y-, and Z- axis (positive for right-handed screw) 
Px, Py, Pz: Reaction force in global X-, Y-, and Z- direction 
Mx, My, Mz: Reaction moment about global X-, Y-, and Z- axis (positive for right-handed screw) 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix C 
 

Equipment Information 
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