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Abstract— The present study presents the design, analysis 

and optimization of I-shaped fuselage floor beam by using 

finite element analysis. In this paper, mainly concerned 

composite component as CFRP (carbon fibre reinforced 

plastic) for the floor/cross beam and I-cross sectional floor 

beam with different shapes of cutouts such as circles and 

ellipses in the web of floor beam for the optimization of it to 

reduce structural weight of the Aircraft. A static linear 

analysis is done for the floor beam and obtained maximum 

equivalent stress is lesser than yield stress and hence the 

designed model is safe and it gives better efficiency. Further, 

Modal analysis is also done for the I-beam to found different 

modes with corresponding natural frequencies under free 

vibrations and conclude that the life of it is higher. 
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I. INTRODUCTION 

An airplane is a complex structure, but a very efficient man 0 

made flying machine. The Airplane structure is the most 

obvious example where functional necessities demands very 

less weight and stronger structures. An efficient 0structural 

component must have three primary attributes namely, the 

capability to perform its 0intended function, sufficient service 

life and with the ability of being produced at 0reasonable 

cost. To begin with the fuselage in the aircraft, it is a major 

structure of any airplane. It is a 0tunnel kind structure 

enclosed from both ends and 0accommodates travelers, 

control unit, cargo, accessories and other 0equipments. In few 

aircrafts, this also gives accommodation space for the power 

plant. The Fuselage is the-combination of more structural 

members. On the basis of 0structural members, essentially 

there are two types of fuselages are very dominant. First one 

is truss type fuselage which-is the rigid frame combination 

of beams, struts and other bars and second one is 

monocoque type which consists of formers, frame 

assemblies, bulkheads, stringers, skin and longerons. Thus, 

both have a general structural-member which is very-

predominant for the fuselage-known as floor-beam.  

Floor beam or cross beam is a structural-part which 

is utilized as floor-space to travelers, cargo,-control 0units, 

accessories-and other-equipment. The floor beam which is 

fixed to the fuselage skin by the 0attachment bracket. Here, 

the floor-beam has selected of I-shape and connection 

provided to 0fuselage with attachment bracket and other 

methods of joining. In this project, the design of aircraft 

floor beam which is optimized design for the improved 

strength, 0manufacturing ability, reduced cost and weight 

reduction. Floor/cross 0beams are part of a 0redundant floor 

structure that supports the traveler 0seats, galleys, lavatories, 

etc. 

 
Fig. 1: Fuselage Cross Beam with junctions (connections) in 

the Passenger Aircraft 

The cross beams are supported at the ends by the 

frames and are further 0supported by two floor 0stanchions as 

shown in Figure 1. Seat tracks run over the floor beams and 

attach to the floor beam 0upper chords or beam webs. The 

seat tracks are 0attached to the floor beams to transfer the 

loads from seats, etc. to the beams and to ensure that the 

floor beams work together to carry the applied loads. There 

are also 0intercostals that run fore and aft between the floor 

beams and their purpose is to carry locally applied loads 

from 0galleys, etc. The floor 0grid (floor beams plus seat 

tracks) is covered by floor panels that attach to the 0seat 

tracks0 and may attach to the 0floor beam upper chords. The 

floor panels serve as the shear diaphragm that carries the 

further crash loads out to the side of the fuselage. 

II. LITERATURE SURVEY 

Ruhani Thakur, et al. [1], in this paper, they examine stress 

analysis of I-cross sectional Fuselage floor beam. Current 

days, due to increase in development of airplane industry, 

passenger airplanes are made to carry more passengers to 

transport longer distance. The fuselage floor beam which 

directly bears the weight being carried must be strong and 

be able to withstand loads and the cyclic loads. This is the 

main reason for introduction of I-beam with longerons in 

fuselage floor. We examine this floor beam and studied 

whether it is feasible or not. 

Rahul Sharma, et al., [2], was published their paper 

on Design-Modification 0and Analysis for an 0Attachment 

Bracket of airplane Fuselage Floor-Beam. The Floor-beam 

which has I-shaped Cross section. The total weight 

transmitted by-the cross beam to singles0bracket is 

evaluated to-be 180 kg. The scope of the project is-that 

present-configuration requires to be re-designed in order to 

get 0strength to the floor beam. The main objective could be 

on the manufacturability, cost and weight-reduction. 

Validate-the selected optimized design by theoretical-

calculation. 

Jeffrey H. Wood. et al., [3], 2010 Patent 

US7775478B2, have introduced the floor/cross beam 

assembly0, systems and associated0 methods. A floor beam 

assembly, systems and method for 0installing cross/floor 

beams are provided within the 0aircraft structure. According 

to one embodiment, a floor/cross beam0assembly for 
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installing cross/floor beams is 0provided within the 0aircraft 

structure.  

III. PROBLEM DESCRIPTION 

After the comprehensive study of the literature, a number of 

ways have been observed in the selection of appropriate 

material and cross-section for the floor beam. 

The main problem identified from the literature 

review is that increased weight and less stiffness of the 

existing floor beam made of aluminum due to its metallic 

structure and its strength properties. In order to reduce 

structural weight and improve the efficiency of the floor 

beam, the CFRP composite material and I shaped cross-

section with circular and elliptical cut-outs are made in the 

web of the floor beam is selected. 

IV. FLOOR BEAM LOADS 

Floor loads are generated by: 

Items of mass supported by the floor 

Above the floor below the floor 

 Passengers            - Cargo nets 

 Seats/baggage       - Air stairs 

 Galleys                  - Body fuel tanks 

 Lavatories             - Auxiliary waste water tanks 

 Closets            -Auxiliary portable water tanks 

A. Frame Distortion 

Monocoque frame distortion0 induces loads into the 0floor 

beam. This distortion0 may results from aircraft body 

pressure0 loads, or lower lobe cargo loads.  

B. Decompression 

Area pressure loads0 due to rapid decompression0 are applied 

to the floor representing0 various decompression conditions. 

In this paper, by considering above load factors; A 

load of 16000N and Bending moment 9000 N-m has been 

applied simultaneously on cross section of the floor beam 

and these are taken from Deutsche Airbus Load diagrams. 

[12] 

V. MATERIAL PROPERTIES 

Material = CFRP (Carbon Fibre Reinforced Plastics) 

Density, 𝜌   = 1500 Kg/𝑚3 

Youngs moduls, E  =1500 MPa 

Poisson’s Ratio (𝜗) = 0.28 

Yield stress (𝜎𝑦)                = 200 MPa 

UTS (𝜎𝑢𝑡)  = 550 MPa. [10] 

VI. DIMENSIONS 

The CFRTP floor beam that should replace the current 

aluminium C56 part should have similar outer 

dimensions:[7] 

 Overall length:  5550 mm, 

 Hieght:   201 mm, 

 Flange width:  25 mm,  

 Strut attachment:  2125mm from the midpoint. 

And all remaining dimensions has to be taken from 

Reference. [7] 

VII. THEORITICAL FORMULAS 

 
Fig. 2: I-shaped Beam 

A. Bending Stress 

 σb =
Mb

I
. y                       (1) 

Where, 

𝑀𝑏= Bending moment 

I = moment of inertia of the c/s about the Neutral axis 

𝑦 = centroid position of the symmetric I-cross sectional 

beam 

B. Moment of Inertia 

I =
1

12
[bh3 − bh1

3 + th1
3]               (2) 

C. Shear Stress 

𝜏 =
𝑉𝑄

𝐼𝑡
                                                 (3) 

Where, V= F = load on the Floor beam 

Q = is the top (or bottom) portion of the member’s cross-

sectional area 

Q = Ay 

A = area of the flange 

I = moment of inertia of the c/s about the Neutral axis 

t = Thickness of the flange of I beam 

D. Factor of Safety 

According to Von-mises theory; for bi-axial stress state; 
σy

2

n2 = σ1
2 + σ2

2 − σ1σ2                         (4) 

VIII. STATIC LINEAR ANALYSIS OF BASELINE FLOOR BEAM 

 
Fig. 3: CAD model of Baseline Floor beam without cut-outs 

 
Fig. 4: FE model of baseline floor beam 
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IX. STATIC LINEAR ANALYSIS OF FLOOR BEAM WITH CUT-

OUTS 

 
Fig. 5: The whole assembly of optimized 3D CAD model 

 
Fig. 6: FE model of floor beam with cut-outs 

Finite element model of the Fuselage Floor beam is created 

using ANSYS Workbench 14.5. A total of 50172 number of 

elements with 185512 number of  nodes are used in the 

mesh to create the finite element model of the Baseline floor 

beam. The Figure 5 shows the 3D meshed model of the 

Fuselage Floor beam assembly.  

 
Fig. 7: Boundary Conditions 

The load 16000N is applied uniformely on the 

upper flange of the I sectional floor beam by fixing both 

ends and the values of load taken from Deutsche Airbus 

load diagrams[7]. 

X. RESULTS AND DISCUSSION 

A. Static Structural Analysis Results for Baseline Floor 

Beam without Cut-Outs 

 
Fig. 8: Equivalent (Von-Mises) stresses of Baseline Floor 

beam 

 
Fig. 9: Total deformation of Baseline Floor beam 

 
Fig. 10: Maximum shear stress of Baseline Floor beam 

 
Fig. 11: Maximum Bending stress of Baseline Floor beam 
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Cross-               

section 
Particulars ANSYS Theoretical 

% 

error 

I-

shape 

 

 

Max. Bending 

stress, MPa 
21 19.59 6.71 

Max. Shearing 

stress, MPa 
8.14 3.5 57 

F.o.S, (n) 13 9.75 25 

Maximum 

equivalent 

stress, MPa 

15.375  

Table 1: Static Linear Analysis Results for Baseline Floor 

Beam 
The baseline structure of the floor beam is taken from the 

aluminium C56 Aircraft and the dimensions of the floor 

beam are taken to generate the CAD model using UG NX8 

[7]. The model of the baseline floor beam structure is 

analyzed to find the maximum stress (Von-Mises stress) 

under given load 16000N and concluded that obtained 

maximum equivalent (Von-Mises) stress (15.375MPa) is 

less than the Yield stress (200MPa) of the CFRP composite 

material and hence the Designed CFRP Floor beam is safe 

under given applied load conditions and also found the 

bending and shear stresses, these are then validated 

theoretically by using the suitable formulas. 

 
Fig. 12: Equivalent (Von-Mises) stresses 

 
Fig. 13: Static Total deformation 

B. Static Structural Analysis Results for I-Cross Sectional 

Floor Beam with Cut-Outs 

Cross-section Particulars ANSYS 

I-shape 

Maximum equivalent stress, MPa 13.2 

Total deformation, mm 40 

Factor of safety, n 29 

 

Table 2: Static Linear Analysis Results for Fuselage Floor 

Beam with Cut-Outs 

Optimization is done by making cut-outs like ellipses, holes 

in the web of the floor beam to reduce the mass of floor 

beam which in turn leads to reduces the weight of the 

aircraft structure and also replace the current aluminium 

C56 floor beam by future CFRP floor beam in order to 

obtain better performance as well as to reduces the weight of 

the aircraft structure.  

The optimized floor beam model is then statically 

analyzed to find the maximum stress (Von-Mises stress) 

under given load conditions and concluded that the obtained 

maximum Von-Mises stress is below the allowable or yield 

stress (200MPa) and hence the designed optimized CFRP 

Floor beam is safe under given applied load conditions and 

also the total deformation is found as shown in the table 2. 

C. Modal analysis results under free vibration for I-cross 

sectional floor beam with cut-outs 

 
a) First mode                    b) second mode 

 
c) Third mode                   d) fourth mode 

 
e) Fifth mode                     f) Sixth mode 

Fig. 14: Six different modal frequencies 

Sl. No. Number of modes Frequency, Hz 

1 1 6.53 × 10−2 

2 2 7.333 

3 3 9.0976 

4 4 11.507 

5 5 11.695 

6 6 13.598 

Table 3: Modal Analysis Results for I-Cross Sectional Floor 

Beam with Cut-Outs 
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The table shows the six various natural frequencies 

for six different modes under free vibrational conditions and 

these natural frequencies are increases from initial mode to 

next mode. 

Modal analysis is used to 0determine a structure’s 

vibration 0characteristics, natural 0frequencies and mode 

shapes. It is the most 0fundamental of all dynamic analysis 

types and is generally the starting point for the other. The 

natural 0frequency is the rate at which an object vibrates 

when it is not disturbed by an outside force or free vibration. 

Each 0degree of freedom of an object has its own natural 

frequency. 

Mainly, the modal analysis is carried out to find the 

different modal frequencies under vibrating conditions 

based on which, it can be evaluated whether the designed 

model  is  safe or not. Here, the designed floor beam is safe 

under free vibrating conditions because all the obtained 

modal frequencies should not exceeded the maximum 

vibrating conditions. And also the life of the floor beam is 

higher under these conditions.  

XI. CONCLUSION 

The following conclusions were obtained from the analysis 

and optimization of floor beam.  

 Static structural analysis is carried out for the CFRP 

Floor beam in the passenger Aircraft to find the von-

mises stresses and deformations. The maximum von-

mises stress obtained under given load conditions from 

the analysis is less than yield strength of the chosen 

material. Therefore the designed fuselage CFRP floor 

beam is safe under given load. 

 Dynamic analysis is carried out for the CFRP floor 

beam to find different initial critical modes and 

corresponding natural bending frequencies under 

vibrational conditions and it gives long life under these 

free vibrational loads.  

 Optimization is done by making cut-outs like ellipse, 

holes in the web of the floor beam to reduce the weight 

of floor beam which in turn leads to reduce the weight 

of the aircraft structure and also replace the current 

aluminium C56 floor beam by future CFRP floor beam 

in order to obtain better performance due to its higher 

stiffness and higher weight to strength ratios and also 

reduces the weight of the aircraft structure.  
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