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Abstract— Structural joints are the critical structural 

elements in the airframe structure. To ensure the structural 

integrity of the airframe one has to address all the joints 

first. Stress analysis plays an important role in identifying 

the critical locationsThis project describes about the stress 

analysis of a splice joint in a transportaircraft. Typical splice 

joint panel consisting of skin plates, doubler plate & 

longitudinal stiffener is considered for the study. Aluminium 

alloy 2024-T351material is considered for all the structural 

elements of the panel. A two dimensional finite element-

analysis will be carried out on the splice joint panel. 

Distribution of fasteners loads and local stress field at rivet 

locations will be studied from finite element analysis .This 

paper also describes the modifications required to correct 

the boundary effects of the panel. The global finite element 

analysis of a segment of typical fuselage will be carried out. 

This global finite element analysis results will be bench 

mark for comparing the results from the splice joint panel 

analysis. Repeated finite element analysis will be carried out 

to get the response of the parent structure (fuselage) at the 

joint location. The response of the splice joint will be 

evaluated through finite element analysis. Cabin 

pressurization is one of the critical load cases for the 

fuselage structure Fuselage experiences constant amplitude 

load cycles due to pressurization.The splice joint is one of 

the critical locations for fatigue crack to initiate. In this 

project prediction of fatigue life for crack initiation will be 

carried out at maximum stress location 

Key words:  Splice Joint, Doubler, Stinger, Bulkhead, 

Fatigue, Stress           

I. INTRODUCTION 

The majority of the present aluminum airframe structures 

consist of built upconstruction and also the requirements of 

repair and maintenance dictate a structure of several main 

units held together by fastened joints utilizing many rivets. 

The static strength design of any joint assumes that there is 

sufficient yielding to create a uniform state of stress in every 

net section before failure. When the aircraft is flying above 

2.44 km (8000 ft) altitude the internal pressurization is 

applied to create a sea level atmospheric pressure inside the 

fuselage cabin. As the altitude of the aircraft changes the 

cabin must be pressurized or depressurized respectively to 

maintain the cabin pressure constant, this pressurization 

leads to the cyclic loading on the fuselage structure. 

Therefore this internal pressurization is considered to be 

critical load cases during the design and development of the 

aircraft. In the present work the stress analysis of splice joint 

and fatigue analysis of transport aircraft fuselage carried out 

to check the design for its strength and Fatigue 

characteristics. This is accomplished by using CATIA V5 

R19 for modeling and the model is imported in to MSC-

PATRAN as pre and post Processor while MSC-NASTRAN 

is used as solver. 

II. CHALLENGES IN THE AIRCRAFT INDUSTRY 

The major challenge in today’s ground vehicle industry is to 

overcome the increasing demands of higher performance, 

lower weight, and longer life of components, all this at a 

reasonable cost and in a short period of time. The fuselage 

structure basically consists of skin panels connected directly 

to frames and stringers for longitudinal splices. In 

assembling complex structures like military or commercial 

aircraft, riveted or bolted joints are primarily used as they 

offer many options to the designer. To satisfy fatigue 

requirements, the designer can either keep the stress levels 

below the endurance limit or ensure the slow crack growth 

life of the component is greater than the design service goal 

plus some factor of safety. The latter approach is most 

commonly used and relies on the ability to predict fatigue 

crack growth at fatigue critical locations. Fractographic 

information obtained from teardown and failure analysis of 

retired aircraft indicates that predicting growth of two 

unsymmetrical (different crack length and/or crack depth) 

corner cracks on opposite sides of a fastener hole is 

necessary. Force due to Cabin pressurization can be 

considered as one of the critical load cases for the fuselage 

structure. Fuselage experiences constant amplitude load 

cycles due to pressurization. Splice joints are used for the 

fuselage structure. Typical splice joint panel consisting of 

skin plates, doubler plate& a longitudinal stiffener Cabin 

pressure results in radial growth of the skin and this radial 

growth is resisted by frames and stringers giving local 

bending along the fastener lines. Fuselage skin panels are 

curved and these panels are under biaxial tension loading 

due to cabin pressure. Many modern aircraft are being 

designed to operate at high altitudes, taking advantage of 

that environment. In order to fly at higher altitudes, the 

aircraft must be pressurized. As the altitude of the aircraft 

changes the cabin must be pressurized or depressurized 

respectively to maintain the cabin pressure constant, this 

pressurization and depressurization leads to the cyclic 

loading on the fuselage. Therefore this internal 

pressurization is considered to be critical load cases during 

the design and development of the aircraft.Fatigue failure is 

multi-stage processes that begins with crack initiation, 

propagating with continued cyclic loading and finally, 

rupture of the component or specimen. It is estimated that 

fatigue is responsible for 85% to 90% of all structural 

failures. The main objective of this project is to effectively 

combine the methods involved in fatigue and Finite Element 

Analysis (FEA) to predict the life of a fuselage. Finite 

Element (FE) is used as a tool to create the virtual model of 

the fuselage and perform a linear analysis. The stresses from 

the analysis are then used as input to locate the critical stress 

locations and predict the life expectancy of the fuselage 

under pressurization loads. 
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A. Splice Joint: 

A splice joint is a method of joining two members from one 

end to other.  It is an alternative to other joints such as the 

butt joint and the Scarf joint Splice joints are stronger than 

unreinforced butt joints and have the potential to be stronger 

than a scarf joint. They are more visible than a scarf joint 

but may be preferred when more strength is required. 

Splices are therefore most often used when structural 

elements are required in longer lengths than the available 

material. The most common form of the splice joint is the 

half lap splice, which is common in building construction, 

where it is used to join shorter lengths of timber into longer 

beams. 

B. Fatigue Design: 

Fatigue is defined as the progressive deterioration of the 

strength of a material or structural component during service 

such that failure can occur at much lower stress levels than 

the ultimate stress level. As we have seen, fatigue is a 

dynamic phenomenon which initiates small (micro) cracks 

in the material or component and causes them to grow into 

large (macro) cracks; these, if not detected, can result in 

catastrophic failure. Prior to the mid-1940s little attention 

had been paid to fatigue considerations in the design of 

aircraft structures. It was felt that sufficient static strength 

would eliminate the possibility of fatigue failure. However, 

evidence began to accumulate that several aircraft crashes 

had been caused by fatigue failure. The seriousness of the 

situation was highlighted in the early 1950s by catastrophic 

fatigue failures of two Comet airliners. These were caused 

by the once-per-flight cabin pressurization cycle which 

produced circumferential and longitudinal stresses in the 

fuselage skin. Although these stresses were well below the 

allowable stresses for single cycle loading, stress 

concentrations occurred at the corners of the windows and 

around rivets which raised local stresses considerably above 

the general stress level. Repeated cycles of pressurization 

produced fatigue cracks which propagated disastrously, 

causing an explosion of the fuselage at high altitude.Modern 

airplanes operate in a complex combination of external load 

sources, environments, human elements and economic 

requirements. The primary air- frame components are 

designed to specific static and dynamic loading conditions, 

deformation and functional criteria. Operating service 

loading criteria for design and verification of durability and 

damage tolerance are equally important. 

C. Fatigue Failure-Mechanism: 

Fatigue failure begins with a small crack; the initial crack 

may be so minuteand cannot be detected. The crack usually 

develops at a point of localized stress concentration like 

discontinuity in the material, such as a change in cross 

section, a keyway or a hole. Once a crack is initiated, the 

stress concentration effect become greater and the crack 

propagates. Consequently the stressed are decreases in size, 

the stress increase in magnitude and the crack propagates 

more rapidly. Until finally, the remaining area is unable to 

sustain the load andthe component fails suddenly. Thus 

fatigue loading results in sudden, unwarned failure. 

D. Fatigue Loading: 

Fatigue loading is primarily the type of loading which 

causes cyclic variations in the applied stress or strain on a 

component. Thus any variable loading is basically a fatigue 

loading. Faced with the design of a fatigue sensitive element 

in a machine or structure, a designer is critically interested 

in the fatigue response of engineering materials to various 

loadings that might occur through out the design life of the 

machine under consideration. That is, he or she is interested 

in the effects of various loading spectra and associated stress 

spectra, which will in general be a function of the design 

configuration and the operational use of the machine. 

E. Factors That Affect Fatigue Life: 

Cyclic stress state: Depending on the complexity of the 

geometry and the loading, one or more properties of the 

stress state need to be considered, such as stress amplitude, 

mean stress, biaxiality, in-phase or out-of-phase shear stress, 

and load sequence 

1) Geometry: Notches and variation in cross section 

throughout a part lead to stress concentrations 

where fatigue cracks initiate. 

2) Material Type: Fatigue life, as well as the behavior 

during cyclic loading, varies widely for different 

materials, e.g. composites and polymers differ 

markedly from metals. 

3) Residual stresses: Welding, cutting, casting, and 

other manufacturing processes involving heat or 

deformation can produce high levels of tensile 

residual stress, which decreases the fatigue 

strength. 

4) Size and distribution of internal defects: Casting 

defects such as gas porosity, non-metallic 

inclusions and shrinkage voids can significantly 

reduce fatigue strength. 

5) Direction of loading: For non-isotropic materials, 

fatigue strength depends on the direction of the 

principal stress. 

6) Environment: Environmental conditions can cause 

erosion, corrosion, or gas-phase embrittlement, 

which all affect fatigue life. Corrosion fatigue is a 

problem encountered in many aggressive 

environments. 

7) Temperature: Higher temperatures generally 

decrease fatigue strength. 

F. Cabin Pressurization: 

As the aircraft reaches higher altitude the atmospheric 

pressure will keep decreasing. Therefore as the Aircraft fly 

at higher altitudes, fuselage (passenger cabin) will be 

pressurized for the passenger comfort. When the aircraft is 

flying above 2.44 km (8000 ft) altitude the internal 

pressurization is applied to create a sea level atmospheric 

pressure inside the fuselage cabin. As the altitude of the 

aircraft changes the cabin must be pressurized or 

depressurized respectively to maintain the cabin pressure 

constant, this pressurization and depressurization leads to 

the cyclic loading on the fuselage. Therefore this internal 

pressurization is considered to be critical load cases during 

the design and development of the aircraft. 

Aircraft are flown at high altitudes for two reasons. 

An aircraft flown athigh altitude consumes less fuel for a 

given airspeed than it does for the same speed at a lower 

altitude because the aircraft is more efficient at a high 

altitude, Bad weather and turbulence may be avoided by 

flying in relatively smooth air above the storms. Many 
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modern aircraft are being designed to operate at high 

altitudes, taking advantage of that environment. In order to 

fly at higher altitudes, the aircraft must be pressurized. It is 

important for pilots who fly these aircraft to be familiar with 

the basic operating principles. 

A cabin pressurization system typically maintains a 

cabin pressure altitudeof approximately 2.44 km (8,000 feet) 

at the maximum designed cruising altitude of an aircraft. 

This prevents rapid changes of cabin altitude that may be 

uncomfortable or cause injury to passengers and crew. In 

addition, the pressurization system permits a reasonably fast 

exchange of air from the inside to the outside of the cabin. 

This is necessary to eliminate doors and to remove stale 

air. Table1 shows the change in pressure as change in 

altitude of aircraft 

Altitude 

(ft) 

Altitude 

(km) 

Pressure 

(Psi) 

Pressure 

(kPa) 

Sea level 0 14.7 100.9449 

2000 0.61 13.7 94.0779 

4000 1.22 12.7 87.2109 

6000 1.83 11.8 81.0306 

8000 2.44 10.9 74.8503 

10000 3.05 10.1 69.3567 

12000 3.66 9.4 64.5498 

14000 4.27 8.6 59.0562 

16000 4.88 8 54.936 

18000 5.49 7.3 50.1291 

20000 6.1 6.8 46.6956 

22000 6.71 6.2 42.5754 

24000 7.32 5.7 39.1419 

26000 7.93 5.2 35.7084 

28000 8.54 4.8 32.1916 

30000 9.15 4.4 30.2148 

Table1 

Pressurization of the aircraft cabin is an accepted 

method of protecting occupants against the effects of 

hypoxia. Within a pressurized cabin, occupants can be 

transported comfortably and safely for long periods of time, 

particularly if the cabin altitude is maintained at 2.44 km 

(8,000 feet) or below, where the use of oxygen equipment is 

not required. The flight crew in this type of aircraft must be 

aware of the danger of accidental loss of cabin pressure and 

be prepared to deal with such an emergency whenever it 

occurs. 

III. GEOMETRIC CONFIGURATION OF THE FUSELAGE 

A segment of the fuselage is considered in the current study. 

The structural components of the fuselage are skin, 

bulkhead, Stiffeners and doubler plate . Geometric modeling 

is carried out by using CATIA V5 software. The total length 

of the structure is 4000 mm and diameter is 1175 mm. It 

contains 10 nos Z section (Bulkhead) and 30nos L section 

(Stiffeners).following fig1 shows the geometrical 

configuration,fig2 shows bulkhead,fig3 shows longiron,fig3 

shows doubler plate 

 
Fig. 1 

 
Fig. 2 

 
Fig. 3 

 
Fig. 4 

IV. METHODOLOGY 

Solution by FEM method  

Analytical Investigation  
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Solution by FEM method: The project work involves the 

analysis of the splice joint using software’s 

MSC/NASTRAN & MSC/PATRAN. Also, fatigue 

prediction of splice joint would be carried out 

 Software’s used 

1) MSC/NASTRON  

2) MSC/PATRON 

A two-dimensional finite element-analysis will be carried 

out on the splice joint panel. Distribution of fasteners loads 

and local stress field at rivet locations will be studied from 

finite element analysis. The work also involves the 

modifications required to correct the boundary effects of the 

panel. The global finite element analysis of a segment of 

typical fuselage will be carried out. This global finite 

element analysis results will be bench mark for comparing 

the results from the splice joint panel analysis. Repeated 

finite element analysis will be carried out to get the response 

of the parent structure (fuselage) at the joint location. The 

response of the splice joint will be evaluated through finite 

element analysis. 

V. RESULTS 

Following fig5 shown indicate stress counter and fig6 shows 

displacement counter 

 
Fig. 5 

 
Fig. 6 

Pressure(P

si) 

Maximum 

Stress(Mp

a) 

Mean 

Stress(Mp

a) 

Mean 

Stress(Ks

i) 

Stress 

Ratio(

R) 

6 14.9 7.45 10.64 0 

6.5 17.7 8.85 12.64 0 

7 19.9 9.95 14.21 0 

7.5 22 11 15.71 0 

8 22.6 13.1 17.71 0 

8.5 29.8 14.9 21.28 0 

9 32.1 16.05 22.93 0 

Table: 2 

Mean Stress Stress Ratio Maximum Stress (Table: 2) 

 
Fig. 7 

Typical constant life diagram for un-notched fatigue 

behavior of 2024-T351 Aluminum alloy.fig:7 

 Damage Accumulated 

Pressure(P

si) 

Alternatin

g 

Stress(Mp

a) 

No of 

cycles(

ni) 

No of 

cycles 

to 

Failure 

from 

graph(

Ni) 

Damage 

Accumulat

ed 

di 

6 7.45 32000 
100000

0 
0.032 

6.5 8.85 9000 250000 0.036 

7 9.95 7500 70000 0.10714 

7.5 11 3500 70000 0.05 

8 13.1 3000 40000 0.075 

8.5 14.9 1800 12500 0.144 

9 16.05 1200 25000 0.0048 

 0.49214 

Table 3 

VI. CONCLUSION 

In order to improve the aircraft life and make it defect free, 

stress analysis and fatigue life prediction is carried out on 

aircraft structure through FEM approach. A FEM approach 

is followed by the stress analysis of aircraft structure, the 

internal pressure is one of the main load that the fuselage 

needs to hold. Stress analysis is carried on structure to 

identify maximum stress location in the structure. Local 

analysis is carried out at maximum stress location for fatigue 

life prediction. 

In the project work the following work is carried out, 

1) Segment of transport aircraft fuselage that is splice 

joint is considered for the stress analysis. 

2) Pressurization cycles are considered for the loads. 

3) Maximum stress is observed at splice joint of 

fuselage segment. 

4) A detailed local stress analysis is carried out at 

splice joint to get more accurate results. 



Stress Analysis of a Critical Splice Joint in the Fuselage Structure of an Airframe and Fatigue Life Estimation Due To Pressurization Cycles 

 (IJSRD/Vol. 3/Issue 02/2015/354) 

 

 All rights reserved by www.ijsrd.com 1427 

5) The maximum stress observed on the joint is taken 

as the input for the fatigue life calculation. 

6) S-N based approach is followed for fatigue life 

calculations. 

7) Miner’s rule is used to calculate the accumulative 

damage in the splice joint. 

8) Total damage for the given splice joint is 0.49 

which is less than unity. 

9) Total fatigue life is equal to two times of the life 

cycle. 
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