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1 INTRODUCTION 

This deliverable is the background document for the floor vibration analysis (FVA) tool 
developed in Task 4.2. The FVA tool consists of two parts: (1) the calculation engine 
which has been developed and reported in D4.2 and (2) a GUI (graphic user interface) 
which allows users to use the calculation engine to define the problem and check results.  

This background document provides instructions on how to use the GUI and a 
complementary validation study of the tool by comparing against the results of the SCI 
vibration consultancy service using the commercial FE package ANSYS. 
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2 FVA TOOL USER MANUAL 

2.1 Download and preparation 

The FVA tool can be downloaded from https://steel-sci.com/strobe.html .   

2.1.1 Software structure 

After the unzip, the file and folder of the tool should be shown as below: 

 

Figure 2.1 Folder and file structural of FVA tool 

Their function and usage are explained below: 

• CalculiX [folder]: this folder contains the open source FE package CalculiX and 
all its libraries 

• dat [folder]: this folder contains the data files used by the vibration calculation 
engine 

• gui [folder]: this folder contains functions and libraries used by the GUI (graphic 
user interface) 

• lib [folder]: this folder contains the function and tools used by the vibration 
calculation engine 

• src [folder]: this folder contains the functions for vibration analysis in accordance 
with SCI Publication P3541.  

• _input_data.json: this is the input file for the calculation engine (over-written by 
the GUI before each analysis begins) 

• FVA_engine.exe: this is the executable of the vibration calculation engine 
(reported as D4.22)  

• FVA_tool_GUI.exe: this is the user interface of the FVA tool. Click this to start the 
FVA tool.  

After the analysis is completed, all results are stored in the file with extension [*.rst]. 
Contour plot of vibration response factors can be found in files ending with [*.png].  

https://steel-sci.com/strobe.html
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Note that all old analysis and results files will be deleted each time a new analysis is 
started. Please save all files into a different folder if the user wishes to keep copies of 
previous results files.  

The software should be extracted to, and run from, a location with a file path not 
incorporating spaces (“ “).  

e.g. “C:\User\Documents\TestFolder\”, not “C:\User\Documents\Test Folder\” 

It is recommended that the software be extracted to the user’s “Desktop” to avoid any 
errors associated with the file path. 

2.1.2 Pre-required actions 

Before using the FVA tool for vibration analysis, the following actions need to be taken 
to enable the open source FE package CalculiX to run. 

(1) Make sure the system anti-virus software or firewall will NOT block the [ccx.exe] 
and [cgx.exe] in the CalculiX folder. They are the CalculiX FE solver and the pre- 
and post-processor.  

(2) When running the analysis for the first time, the software terminal may ask the 
user for permission to make a ‘system call’. If this occurs, the user should type 
the letter ‘e’ into the command window and press the ‘Return’ key to enable the 
system calls and continue the analysis. 

2.2 Use GUI for vibration analysis 

The GUI of the FVA tool is shown in Figure 2.2. It can be divided into two parts: the input 
area and output area.  
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Figure 2.2 FVA tool GUI 
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2.2.1 General input 

The floor can be defined using the following floor inputs. Each parameter is defined as 
below.  

Table 2.1 Floor input parameters 

Job ID Give a name to the current job/case 

No. of Bays, nx Number of bays in the x-direction, parallel to the direction of 
the primary beam, max = 33 

No. of Bays, ny Number of bays in the y-direction, parallel to the direction of 
the secondary beam, max = 33 

Span of Primary Beam, Lx 
(m) 

Length of primary beam 

Span of Secondary Beam, Ly 
(m) 

Length of secondary beam 

Height of Storey, H (m) Storey height  

Secondary beams Location of secondary beams 

Dead load (kN/m2) Dead load, excluding the concrete floor self-weight 

Imposed load (kN/m2) Imposed (live) load 

No. of modes, N Number of modal modes to be included in the analysis, 
default = 30 

Damping ratio, ζ  Damping ratio of the floor, default = 0.03 (3%).  

1.1% - for completely bare floors or floors where only a small 
number of furnishings are present 

3.3% - for fully fitted out and furnished floors in normal use 

4.5% - for a floor where the designer is confident that 
partitions will be appropriately located to interrupt the 
relevant modes(s) of vibration, i.e. the partition lines are 
perpendicular to the main vibrating elements of the critical 
mode shape3

. 
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2.2.2 Floor section 

Two options are available to define composite floor sections: 

(1) Standard section: use proprietary decking Comflor produced by TATA Steel3. The 
user is required to select the profile type, steel profile thickness and total slab 
height from dropdown lists 

(2) Custom section: for any other floor sections, it is possible to define the floor 
section by using the parameters tabulated in Table 2.2 

 

Table 2.2 Custom floor section parameters 

tp Steel decking profile thickness [mm] 

yep Decking neutral axis position (measured from bottom) [mm] 

Ap Steel decking cross section area per unit width [mm2/m] 

Ip Moment of inertia [cm4/m] 

hp Height of the steel profile [mm] 

wp Steel profile weight [kN/m2] 

h Slab height [mm] 

Vc Concrete volume [m3/m2] 

 

2.2.3 Beam section 

Three options are available to define the section for primary and secondary beams.  

(1) Standard: select from a list of hot-rolled UB sections 

(2) Auto-select: use the optimisation engine (developed in Task 4.1) to select the 
lowest weight section automatically. The steel grade is needed before running 
the optimisation engine.  

(3) Custom: it is possible define the width, depth and plate thickness of an I beam 
directly. Section geometric parameters are defined as below. 

Table 2.3 Custom beam section parameters 

H Section depth B Section width 

tw Web thickness tf Flange thickness 
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2.2.4 Column section 

Select the column section from a list of standard UC sections. The default section is set 
to “UC 305 x 305 x 283”. 

2.2.5 Run the vibration analysis 

After all input parameters and sections are defined, click the “Generate Input File” to 
update the input file “_input_data.json”. Then click “calculate” to start the vibration 
analysis.  

The input file has to be updated each time an input parameter is changed.  

2.2.6 Check output results 

Click the “Read Results” to load the results and contour plot of the response factors. The 
acceptance value of the steady-state and transient response factors is 8 for normal office 
floors1. 

“Clear Results” is used to remove all results data from the GUI.   

2.2.7 Open and save 

The input files can be saved for later use.  

The “Reset” button will reset all general input parameters to default values.  
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3 VALIDATION 

The calculation engine of the FVA tool is reported in D4.2, accompanied by a brief 
validation for a limited number of floor designs. This section presents a comprehensive 
comparison between the FVA tool and SCI vibration analysis practice, which uses 
ANSYS, hereafter referred to as SCI/ANSYS.  

The validation study matrix consists of the following floor design parameters:  

Primary beam span (m):  7.2, 9.0, 9.75, 10.2 

Secondary beam span (m):  6, 7.5, 9, 12, 15 

Position of secondary beams: mid-span, third points 

Bay arrangement (nx × ny): 1×2, 1×4, 2×1, 2×2, 2×4, 4×2, 4×4 

Decking profile: Comflor 51+ with thickness of 0.9, 1.0 and 1.2 

Total slab depth (mm): 120, 130, 140, 150, 200 

Floor load: 2.5 kN/m2 + 0.8 kN/m2 for normal office 

There are in total 28 cases in this study. The matrix table and vibration analysis results 
are presented in Appendix A .  

The source of excitation is assumed to be walking activities with a maximum pace 
frequency of 2.2 Hz as in a normal office environment.   

3.1 Response factor vs. fundamental frequency 

The response analysis of the FVA tool follows the recommended methods in P354, and 
hence is in accordance with  SCI/ANSYS practice. Maximum steady-state and transient 
response factors are plotted against the fundamental frequency of all 28 floor designs in 
Figure 3.1 and Figure 3.2. The highest steady-state response factors occur around the 
fundamental frequency of 8 Hz while highest transient response factors occur around 12 
Hz.  

These results are consistent with the statements in Section 6.3 of P354 that for low 
frequency floors (where the fundamental frequency is lower than 10 Hz), both the steady-
state response and transient response need to be checked, as the higher frequencies of 
the floor may results in the transient response being greater than the steady-state. For 
high frequency floors, only the transient response needs to be checked. It is worth 
pointing out that in the FVA tool both steady-state and transient response are calculated 
and checked, regardless of the floor frequency.  

In Figure 3.1 and Figure 3.2, case IDs are shown next to the data point to help to 
understand the comparison. The discrepancies in the response and frequency of each 
case between the two tools are visualised. The FVA tool predicted the same trends as 
the SCI/ANSYS method for both steady-state and transient responses. Results produced 
by both tools are in reasonably good agreement.  
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Figure 3.1 Steady-state response factor (SSRF) vs. fundamental frequency of the 
floor  

 

 

Figure 3.2 Transient response factor (TRRF) vs. fundamental frequency of the floor  

3.2 Sensitivity study 

The sensitivity of response factors to the fundamental frequency is examined in the 
previous section 3.1. The response factors’ sensitivity to other parameters (bay 
arrangement, span length and total slab depth) is investigated here. This sensitivity is 
used to compare the FVA tool against SCI/ANSYS method. 
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Figure 3.3 shows the sensitivity of response factors to the bay arrangement. The floor 
designs have two secondary beams located at third points. The total slab depth remains 
at 130 mm. Response factors decrease when the number of bays increase while the 
difference between the FVA tool and the SCI/ANSYS method broadly remains the same.  

  
(a) Steady-state (b) Transient 

Figure 3.3 Sensitivity of response factors to floor arrangement (nx × ny), secondary 
beam at third point 

Figure 3.4 also shows the sensitivity of response factors to the bay arrangement. The 
floor design in this case has only one secondary beam at mid-span. The total slab depth 
remains at 130 mm. Response factors decrease when the number of bays increase as 
well. The difference between the FVA tool and the SCI/ANSYS method also broadly 
remains the same. 

  
(a) Steady-state (b) Transient 

Figure 3.4 Sensitivity of response factors to floor arrangement (nx × ny), secondary 
beam at mid-span 

The sensitivity of response factors to the primary beam span is shown in Figure 3.5. 
These cases have two secondary beams at third points, 130 mm total slab depth and a 
2 by 4 bay arrangement. Steady-state response factors increase when the length of 
primary beams increase while the transient response factors roughly remain constant. 
The difference between the FVA tool and the SCI/ANSYS method broadly remains the 
same for all primary span lengths.  
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(a) Steady-state (b) Transient 

Figure 3.5 Sensitivity of response factors to primary beam span (Lx) 

Figure 3.6 shows the sensitivity of response factors to the secondary beam span. These 
cases have two secondary beams at third points, 130 mm total slab depth and a 2 by 4 
bay arrangement. 

Steady-state response factors increase at first when the span length increases but start 
to decrease when the secondary beam length increases further. The fundamental 
frequency of each model at different span length are shown next to the data point. It can 
be observed that the increase of response factors is due to resonance between the floor 
and the 4th harmonic of the walking activity with fp = 2.2 Hz (2.2 × 4 = 8.8 Hz). The 
transient response factors decrease when the secondary beam becomes longer.  

The difference between the FVA tool and SCI/ANSYS method remains broadly constant 
for all beam lengths. The exception is the span length of 9m (case 17, see Appendix A 
for more details). The steady-state response predicted by the FVA tool (5.67) is 
approximately 40% lower than that predicted by the SCI/ANSYS method (9.86) although 
the fundamental frequencies predicted by these two are in good agreement (8.6 Hz 
compares with 8.4 Hz). This is likely due to the high sensitivity of the steady-state 
response factor to fundamental frequency around 8 Hz (as shown in Figure 3.1). A small 
change of the frequency can lead to considerable difference in steady response factors 
(it is likely that a higher steady-state response factor would occur between 9 and 12 m 
for the FVA tool between the frequency 8.6 Hz to 6.5 Hz). This particular case is expected 
to rarely occur as there are other cases whose fundamental frequency are also around 
8 Hz but the comparison of response factors is more favourable.  

  
(a) Steady-state (b) Transient 

Figure 3.6 Sensitivity of response factors to secondary beam span (Ly) 
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The sensitivity of response factors to total slab depth is shown in Figure 3.7. Both steady-
state and transient response factors decrease when the total slab depth increases. The 
results predicted by the FVA tool are closer to the SCI/ANSYS method as the slab 
becomes deeper.  

  
(a) Steady-state (b) Transient 

Figure 3.7 Sensitivity of response factors to total slab depth 

The results and comparison of sensitivity shown in this section illustrate that the 
response factor predicted by the FVA tool matches closely to that predicted by  
SCI/ANSYS practice. The difference in the response factors is mainly due to the finite 
element technology chosen in the FE model. The FE package CalculiX used in the FVA 
tool uses 3D solid elements to model the floor and beams, while in ANSYS the model 
uses shell and beam elements.   

3.3 Compensation factor for FVA tool 

Ratios of response factors and fundamental frequencies are plotted in Figure 3.8 to 
quantitatively analyse the difference in results between the FVA tool and SCI/ANSYS 
tool.  

The x and y-axis are defined as: 

Response factor ratio = RFFVA / RFSCI/ANSYS 

Frequency ratio = f1, FVA / f1, SCI/ANSYS 

The differences in the fundamental frequency of all 28 cases are within ±10%. The 
differences in response factors are within 20% and in general those predicted by the FVA 
tool are smaller than that by the SCI/ANSYS method. This is mainly attributed to the solid 
finite element model adopted by the FVA tool, which is stiffer than the beam and shell 
finite element model used in ANSYS. Stiffer floor models lead to higher modal 
frequencies, and hence generally lower response factors.  

The modal frequency and maximum mass normalised mode amplitude of the first 10 
modes of all 28 floor models are compared and presented in Appendix B. Overall, the 
results from the FVA tool closely match with that from the SCI/ANSYS method. The small 
discrepancies of frequencies and mode amplitudes cumulatively contribute to the 
difference of the final response factors.  

Large discrepancies between the fundamental frequencies can be observed in a few 
cases (such as case 2 or 9). However, because these discrepancies occur at relatively 
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high frequencies (more than twice the fundamental frequency, i.e. the 1st frequency), 
they do not make a significant contribution to the floor response to a walking activity. 

 

Figure 3.8 Comparison of response factors between FVA tool and SCI/ANSYS 
method (with case ID shown) 

The recommendations for response analysis using FE techniques in P354 assumes that 
the exciting force is applied at the most responsive location on the floor even though the 
walking path will only pass across this point briefly. This is a conservative assumption 
which is illustrated by the validation of the FE method in Appendix A of P354.  

P354 presents a comparison of analysis method with measurements. Ten office and 
operating theatre floors were tested and the response measured. The predicted and 
measured first (fundamental) mode frequencies and response factors are compared and 
shown in Figure 3.9. It is shown that in almost all cases the predicted results are 
conservative relative to the test results. The large amount of conservatism for some 
floors is a result of partitions restricting certain modes from being active and hence the 
assumption about modal analysis becoming too conservative, or differences in the 
excitation and response points used in the test and in the analysis.  
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Figure 3.9 Comparison of finite element analysis results with test results for (a) first 
mode frequency and (b) response factor [Appendix A, P354] 

Given that finite element analysis predictions are, in general, conservative compared to 
test results, a difference of up to 20% between the results from the FVA tool and 
SCI/ANSYS method is deemed to be acceptable.  

However, in order for the results predicted by the FVA tool to have the same level of 
conservativism as SCI/ANSYS practice, a compensation factor of 1.25 can be used to 
increase the response factor predicted by the FVA tool.  

Compensation factor for FVA tool: fc = 1/0.8 = 1.25  

RFFVA, adjusted = fc× RFFVA 

The FVA tool does not include this compensation factor. Instead, the designer needs to 
apply engineering judgement in order to decide whether to use it on a case by case 
basis. 
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Appendix A VALIDATION MATRIX AND RESULTS 
 

 

Case ID nx x ny Lx Ly spc pribeam secbeam floor h wf FVA SCI/ANSYS ratio FVA SCI/ANSYS ratio FVA SCI/ANSYS ratio

1 1x2 7.2 6 3 UKB 406x140x46 UKB 254x102x22 ComFlor 51+ 0.9 130 2.5+0.8 12.16 12.07 1.007 2.23 2.52 0.89 10.49 11.37 0.92

2 1x4 7.2 6 3 UKB 406x140x46 UKB 254x102x22 ComFlor 51+ 0.9 130 2.5+0.8 12.02 11.95 1.006 2.18 2.47 0.88 10.41 11.40 0.91

3 2x1 7.2 6 3 UKB 406x140x46 UKB 254x102x22 ComFlor 51+ 0.9 130 2.5+0.8 11.97 12.27 0.976 2.33 2.45 0.95 10.34 11.00 0.94

4 2x2 7.2 6 3 UKB 406x140x46 UKB 254x102x22 ComFlor 51+ 0.9 130 2.5+0.8 11.61 11.70 0.992 2.18 2.51 0.87 9.03 10.33 0.87

5 2x4 7.2 6 3 UKB 406x140x46 UKB 254x102x22 ComFlor 51+ 0.9 130 2.5+0.8 11.42 11.79 0.968 2.06 2.42 0.85 9.02 10.35 0.87

6 4x2 7.2 6 3 UKB 406x140x46 UKB 254x102x22 ComFlor 51+ 0.9 130 2.5+0.8 11.34 11.72 0.968 2.09 2.44 0.86 8.93 10.23 0.87

7 4x4 7.2 6 3 UKB 406x140x46 UKB 254x102x22 ComFlor 51+ 0.9 130 2.5+0.8 11.14 11.55 0.965 1.99 2.29 0.87 8.98 10.11 0.89

8 1x2 7.2 6 2 UKB 356x171x45 UKB 305x102x25 ComFlor 51+ 1.2 130 2.5+0.8 11.77 11.36 1.036 2.27 2.58 0.88 9.86 9.39 1.05

9 1x4 7.2 6 2 UKB 356x171x45 UKB 305x102x25 ComFlor 51+ 1.2 130 2.5+0.8 11.67 11.06 1.055 2.22 2.60 0.85 9.85 9.56 1.03

10 2x1 7.2 6 2 UKB 356x171x45 UKB 305x102x25 ComFlor 51+ 1.2 130 2.5+0.8 11.80 12.00 0.983 2.35 2.52 0.93 9.94 10.13 0.98

11 2x2 7.2 6 2 UKB 356x171x45 UKB 305x102x25 ComFlor 51+ 1.2 130 2.5+0.8 11.48 11.73 0.979 2.28 2.65 0.86 8.95 8.95 1.00

12 2x4 7.2 6 2 UKB 356x171x45 UKB 305x102x25 ComFlor 51+ 1.2 130 2.5+0.8 11.29 11.45 0.986 2.18 2.63 0.83 8.94 9.01 0.99

13 4x2 7.2 6 2 UKB 356x171x45 UKB 305x102x25 ComFlor 51+ 1.2 130 2.5+0.8 11.29 11.49 0.983 2.17 2.58 0.84 8.90 8.87 1.00

14 4x4 7.2 6 2 UKB 356x171x45 UKB 305x102x25 ComFlor 51+ 1.2 130 2.5+0.8 11.09 11.31 0.981 2.07 2.53 0.82 8.90 8.92 1.00

15 2x4 7.2 6 3 UKB 406x140x46 UKB 254x102x22 ComFlor 51+ 0.9 130 2.5+0.8 11.42 11.79 0.968 2.06 2.42 0.85 9.02 10.35 0.87

16 2x4 7.2 7.5 3 UKB 457x152x52 UKB 305x102x28 ComFlor 51+ 0.9 130 2.5+0.8 9.30 9.29 1.001 3.96 5.16 0.77 7.37 8.95 0.82

17 2x4 7.2 9 3 UKB 457x152x60 UKB 406x140x39 ComFlor 51+ 0.9 130 2.5+0.8 8.59 8.39 1.024 5.67 9.86 0.58 6.17 7.59 0.81

18 2x4 7.2 12 3 UKB 457x191x67 UKB 457x152x60 ComFlor 51+ 0.9 130 2.5+0.8 6.54 6.28 1.041 6.54 7.31 0.89 4.89 6.10 0.80

19 2x4 7.2 15 3 UKB 610x178x82 UKB 610x178x82 ComFlor 51+ 0.9 130 2.5+0.8 5.80 5.59 1.038 4.74 5.71 0.83 3.69 4.18 0.88

20 2x4 7.2 7.5 3 UKB 457x152x52 UKB 305x102x28 ComFlor 51+ 0.9 130 2.5+0.8 9.30 9.29 1.001 3.96 5.16 0.77 7.37 8.95 0.82

21 2x4 9 7.5 3 UKB 610x178x82 UKB 356x127x33 ComFlor 51+ 1.0 130 2.5+0.8 9.21 9.31 0.990 4.47 5.35 0.84 7.20 8.66 0.83

22 2x4 9.75 7.5 3 UKB 533x210x82 UKB 356x127x33 ComFlor 51+ 1.2 130 2.5+0.8 8.68 8.79 0.988 11.86 12.95 0.92 7.61 8.89 0.86

23 2x4 10.8 7.5 3 UKB 610x229x101 UKB 356x127x33 ComFlor 51+ 1.2 130 2.5+0.8 8.27 7.86 1.052 11.97 14.11 0.85 7.53 8.86 0.85

24 2x4 7.2 6 3 UKB 406x140x46 UKB 254x102x22 ComFlor 51+ 0.9 120 2.5+0.8 11.21 11.45 0.979 2.44 2.94 0.83 9.88 11.90 0.83

25 2x4 7.2 6 3 UKB 406x140x46 UKB 254x102x22 ComFlor 51+ 0.9 130 2.5+0.8 11.42 11.79 0.968 2.06 2.42 0.85 9.02 10.35 0.87

26 2x4 7.2 6 3 UKB 406x140x46 UKB 254x102x22 ComFlor 51+ 0.9 140 2.5+0.8 11.65 12.56 0.928 1.75 2.02 0.87 8.19 8.96 0.91

27 2x4 7.2 6 3 UKB 457x152x52 UKB 254x102x22 ComFlor 51+ 0.9 150 2.5+0.8 12.00 12.66 0.948 1.39 1.50 0.93 7.01 7.75 0.90

28 2x4 7.2 6 3 UKB 406x178x54 UKB 305x102x25 ComFlor 51+ 0.9 200 2.5+0.8 14.03 12.74 1.102 0.61 0.74 0.83 3.80 3.71 1.02

SSRF TRRFf1 [Hz]
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Appendix B FREQUENCY AND MODE SHAPE 
AMPLITUDE 

CCX – FE solver used by FVA tool (CalculiX) 

ANSYS – FE package used by SCI vibrational consultant practice 

 

Case 1 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.1 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 1 

Case 2 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.2 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 2 
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Case 3 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.3 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 3 

 

Case 4 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.4 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 4 
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Case 5 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.5 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 5 

 

Case 6 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.6 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 6 
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Case 7 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.7 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 7 

 

Case 8 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.8 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 8 
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Case 9 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.9 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 9 

 

Case 10 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.10 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 10 
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Case 11 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.11 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 11 

 

Case 12 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.12 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 12 
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Case 13 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.13 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 13 

Case 14 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.14 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 14 
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Case 15 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.15 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 15 

 

Case 16 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.16 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 16 
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Case 17 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.17 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 17 

 

Case 18 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.18 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 18 
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Case 19 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.19 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 19 

 

Case 20 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.20 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 20 
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Case 21 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.21 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 21 

 

Case 22 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.22 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 22 
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Case 23 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.23 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 2 

 

Case 24 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.24 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 24 
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Case 25 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.25 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 25 

 

Case 26 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.26 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 26 
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Case 27 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.27 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 27 

 

Case 28 

 

  
(a) Frequency (b) Max. mass normalised amplitude 

Figure B.28 Comparison of frequency and mass normalised amplitude between FVA 
tool (CCX) and SCI/ANSYS method (ANSYS) for the first ten modes of 
case 28 

 

 

 

 

 


