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Summary 

 

The original Bugatti 100P features a compression panel closing the cut-out in the fuselage 

underneath the wing box. On the reproduction aircraft, this is replaced by a welded steel tube 

structure comprising two compression tubes and two diagonal tubes to carry shear forces. 

The compression tubes are preloaded by tension rods. The maximum pre-tension limit has yet to be 

determined in order to avoid the pre-tension causing in increase in the design load of the 

compression tubes. 

The ultimate load acting on each compression tube is estimated at 2.262 kg or 4.988 lbs. 

It is assumed that  seamless drawn welded carbon steel tube will be used with a minimum yield 

stress of 2800 kg/cm
2
 or 39.800 PSI. 

In this case, the minimum required dimensions of the compression tubes would be a diameter of 34 

mm with a wall thickness of 2mm. Alternatively, tubes of 1.5” diameter with a wall thickness of 

0.065” can be used. Other combinations of diameter and wall thickness may be feasible but this 

would need to be checked for specific dimensions. 

The diagonal tubes forming the shear load path have not been analysed. However, using the same 

dimensions as for the compression tube will provide ample strength in shear. 
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Introduction and purpose of this document 

 

In the original Bugatti 100P aircraft, a shear-compression panel is fitted in the lower centre fuselage 

below the wing box, to restore the load path which is interrupted by the cut-out for the wing spar. 

Although the panel installed on Scotty Wilson’s replica purely has the function of a non-load carrying 

aerodynamic fairing, the need has been identified to provide an alternative shear compression load 

path in order to avoid damage to the fuselage structure in positive G loading conditions.  It has been 

decided to add a welded steel tube structure to absorb both compression and shear loads. 

The primary purpose of this document is to provide a record of the stress calculation resulting in the 

minimum required diameter and wall thickness for the steel tube structure. 

Since the design of the removable, load-carrying compression panel is elegant, intriguing and nothing 

like anything else the author has come across, a secondary purpose of this document is to describe 

the functionality of the panel, its manufacture and its installation for the benefit of those who are 

interested in the works of Ettore Bugatti and Louis de Monge. 
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Description of the shear-compression panel on the original aircraft 

 

Scotty Wilson provided the following description of the compression panel on the original Bugatti 

100P: 

I did find a drawing (294) that depicts the brackets to which the tension rods are affixed. The same 

drawing shows four “pins” in the center of the fuselage cross section that play some unknown role in 

the fuselage/wing attachment scheme: 

  

 

Tension rod supports are outboard; alignment pins / holes are the four in the center. There is no 

evidence these pins or the brackets into which they fit (drawing 295) are threaded, so it is likely they 

are for alignment purposes only. 
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The bulkhead forward of the wing shows evidence of where the locating pins protruded through the 

bulkhead 

  

 

The bulkhead aft of the wing shows evidence of where the locating pins protruded through the 

bulkhead 
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Plane is upside down in this photo. Note opening in fuselage for the wing and the panel that covers 

the opening. 

  

 

Note the tension rod attach fitting and the tension rod with nut. There is an additional strap-type 

fitting slightly above the tension rod that may have been use to secure the lower fuselage panel to the 

fuselage. 

  



7 

 

Functionality of the original lower fuselage structure 

 

The functionality of the original structure is understood to be as follows. 

In positive G loading conditions, either during flight or landing, gravity forces act downward on every 

mass item in the fuselage (blue arrows in the figure below). These so-called inertia forces are reacted 

by the wing with large upward forces acting on the wing-fuselage connection brackets (green 

arrows). In the case of a three-point landing, a smaller upward reaction acts on the tail skid. 

 

The inertia forces acting on the fuselage structure result in internal vertical shear forces and bending 

moments, which vary along the fuselage length. The largest bending moment will generally be found 

near the front spar connection bracket station, since this is roughly where the aircraft’s centre of 

gravity is located. If the fuselage would have an undisturbed elliptical cross-section without any cut-

outs, the resulting tensile and compressive bending stresses would look as shown in the figure 

below.  

 

 

 

 

 

 

 

 

 

However, the cut-out in the fuselage, which is necessary to allow the assembly of the wing to the 

fuselage, reduces to a large extent the structure’s capability to absorb bending loads as well as 

torsion and shear loads. See figure below. Apart from the cut-out weakening the structure at the 

bottom, there is a bolted-on turtle deck to cover the engine bays. Although the turtle deck is clearly 

designed as a load carrying structure which is attached by means of a large number of shear bolts, 

Tension 

Compression 
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the effectiveness of the turtle deck as a load carrying structure is reduced to an unknown extent by 

the flexibility of the shear connections and additional cut-outs for air intakes etc. 

 

If the cut-out in the lower fuselage were not closed by a load carrying member, the resulting bending 

stresses in the fuselage would increase dramatically and look roughly as shown below:  

 

By designing the lower cover as a compression load carrying panel, the stresses in the upper fuselage 

are reduced to roughly what they would be if there was no cut-out. The compression panels carries a 

concentrated load (see figure below). 

 

Tension 

Compression 

Compression 

Tension 
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Although the primary function of the panel is to carry compressive loads, it also needs to carry tensile 

loads (in negative G load cases) and shear (in cases where torsion and lateral shear loads act on the 

fuselage, such as a traversing landing). To design a removable access panel capable of carrying both 

tensile and compressive loads as well as shear is a challenging task which Louis de Monge and Ettore 

Bugatti have solved in an unconventional yet elegant way. 

The panel itself is made from a wooden sandwich skin (no doubt literally cut out of the fuselage 

shell), stiffened by solid wooden stringers as shown in the cross-section below. 

 

The transfer of compression loads from the fuselage to the panel is done in the most efficient 

possible way: by direct surface contact between the edge of the fuselage cut-out and the ends of the 

panel. Tensile loads are absorbed by two tension rods which have the additional function of 

maintaining surface contact between the panel and the fuselage under tensile loading conditions. In 

other words, the tensile rods are tightened to a certain torque value which ensures that the panel is 

pre-loaded in compression even when the aircraft is unloaded (as in zero G conditions). 

The pre-tension should be moderate in order to ensure that the tensile stress in the tension rods is 

reduced to zero when the structure is fully loaded in compression. This will ensure that the pre-

tension does not add to the design compression load in the panel. The required torque (or number of 

turns on the nuts) on the reproduction aircraft must be determined accordingly. 

The shear pins are inserted from the engine bays forward and aft of the wing box. They should be of 

close tolerance fit to ensure the transfer of shear loads from the lower fuselage to the panel. These 

connections are critically loaded especially when the fuselage is loaded in torsion, for instance in case 

one of the engines seizes, or when a lateral reaction force acts on the engines due to a traversing 

landing causing a side load on the fuselage. 

The smaller brackets installed just above the tension rod brackets provide a secondary tensile load 

path in case a nut comes loose on the tension rods. They also help to position the panel from the 

outside of the fuselage when assembling the aircraft. 

  

Shear pins 

Tension rod 

Landing for fairing 

Tension rod 

Stringers 
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The build sequence of the panel on initial construction must ensure the close tolerance fit of the 

panel and could have been as follows: 

• Build the fuselage shell as a complete unit 

• Cut out the section of the shell needed for wing box installation 

• Trim the removed section of the shell to the shape of the compression panel 

• Glue solid wooden inserts (if not already there) to replace the balsa core at the edges of the 

fuselage shell to allow transfer of compressive stresses 

• Cut wooden end frames for the panel and clamp to edges of cut-out in fuselage 

• Drill and ream holes through the panel end frames and the fuselage frames in one operation 

• Glue panel to end frames while they are still clamped to fuselage frames 

• Remove panel with bonded end frames from fuselage 

• Finish holes in fuselage and panel frames by inserting steel bushes and/or brackets 

• Reinstall the panel with shear pins in place 

• Install tension rods and tighten to required torque 

• Install secondary tension brackets 

 

After the initial construction work, which is rather complex (but hey, it’s a Bugatti!), the assembly 

sequence for installing the panel becomes much simpler and can be carried out by a single person 

(removal in reversed order): 

• Locate the panel from outside the fuselage using the secondary tension brackets 

• Install shear pins from the engine bays 

• Install tension rods and tighten to required torque 
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Description of the steel tube structure on the reproduction aircraft 

 

Original drawings of the compression panel only became available when the construction of the 

reproduction was well under way. Due to the complexity of the original solution and the fact that the 

reproduction aircraft will not be loaded to the full capability of the original, a simpler compression 

load path was adopted. It has been decided to simply fit compression tubes around the tension rods; 

see ScottyCAD® sketch  below. 

 

Diagonal tubes welded to the compression tubes will carry shear loads. The tension rod brackets 

which have already been manufactured only need a simple modification as shown in John Lawson’s 

drawing below. 
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The pictures below show where the welded tube structure will be located in the reproduction. 
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Two more pictues of the tension rod structure on the reproduction aircraft 
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Loads acting on the compression tubes 

 

While the analysis of the bending moment in the fuselage is quite simple, the exact analysis of the 

resulting load in the compression tubes is rather more difficult. An assumption will be made to cope 

with this complexity. 

 

The downward inertia forces acting on each mass item forward of the front spar attachment have a 

centre of gravity which is located a distance L ahead of the front spar attachment bracket (see 

picture above). The ultimate compression load Fcomp on the two tubes (or the single compression 

panel) is equal to 

 ����� � �		 
�∑� 

where: 

 n is the load factor 

 j is the safety factor 

H  is the vertical distance between the resultant tensile stresses in the upper fuselage 

shell and the compression load vector in the lower panel or tubes; 

∑mi is the sum of all mass items located forward of the front spar bracket. 

 

Loads acting on the forward fuselage 

The vertical distance between the resultant load vectors in the fuselage depends on the detailed 

stress distribution within the upper fuselage shell and would require a detailed Finite Element 

analysis to predict with any degree of accuracy. For practical reasons however, it is simply estimated  
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H 
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at 

 H = 650 mm. 

It is assumed that this estimate could be off by as much as 30%. In order to cover this uncertainty, a 

minimum reserve factor of RF = 1.3 will be applied when selecting the required dimensions of the 

compression tubes. 

The masses forward of the front spar attachment and their positions along the fuselage axis are listed 

in Appendix A. The total mass including the pilot amounts to 

 ∑� �	431,8 kg. 

The Centre of Gravity of these items, measured from FS 0 (fwd end of the spinner) is: 

 Xcg-fwd = 1916 mm 

The position of the front spar bracket, taken from the picture below, is FS3430. 

 

Hence the moment arm of the inertia loads is 

 L = 3430 – 1916 = 1514 mm 

To finally calculate the ultimate compression load, the load factor and safety factor need to be 

decided on. In the 1930’s, a fighter aircraft would have been designed for a maneuvering load factor 

of n = 6, and the safety factor was j =2. However, since the reproduction  aircraft will not be operated 

at the original design limits, a load factor of  n = 3 is considered sufficient. The present day customary 

safety factor of  j = 1.5 will be used. 

Now the ultimate compression load becomes 

����� � �		 ���� � 3	�	1.5	 	1514650 	�	431,8 � 4,526	�� � 	9,978	!"# 
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Sizing of the compression tubes 

 

For the failure load analysis of the tubes, the Fokker TH3 (Technical Handbook 3) stress manual of 

1938 has been used. The TH3 manual is still being maintained by the Fokker company today, but it no 

longer contains methods for the sizing of tubular structures. The 1938 release of the handbook 

however is part of the original certification basis of the D.XXI fighter, a flying replica of which is 

currently under construction. The manual will be used for the evaluation of changes to the original 

design, and as such it has been indirectly accepted by the Dutch aviation authorities for this 

reproduction aircraft which will receive a restricted certificate of airworthiness. 

The TH3.403 method for calculating failure stress is based on the classical engineering method for 

Euler column buckling analysis. The critical Euler buckling stress of a simply supported column (with 

hinged ends) can be written as 

$�%�& � '( )*
+,       [1] 

where 

 E = material Young’s modulus of elasticity 

 A = cross-sectional area of the column 

 λ = slenderness ratio, - � 

� , with 

 L = length of the column 

 i = radius of gyration, . � /
* , with  

I = column’s moment of inertia in bending. 

The failure stress of carbon steel tubes is plotted in graph TH3.403 shown in Appendix B. The graph 

plots the failure stress of carbon steel tubes under compression in kg/cm
2
 as a function of the 

slenderness ratio λ for a clamping factor n =2. The clamping factor is a multiplier of the buckling 

stress to account for the fact that the ends of the tubes in a typical steeltube structure are not hinged 

but clamped to some extent by the adjoining structure. The graph below shows the buckling stress 

according to TH3.403 in comparison with the classical Euler buckling formula, equation [1]. 
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The graph shows that for higher slenderness ratios, TH3 follows the theoretical result for Euler 

buckling. For slenderness ratios below 150 however, there is a knock down on the TH3 failure stress 

which accounts for local buckling effects which become predominant in shorter tubes with bigger 

diameters. There is written evidence that steel tube column testing was performed at the Fokker 

plant at Veere in The Netherlands during the early 1920s, and before in Schwerin, Germany during 

World War I. There is no doubt that the TH3 results were verified by tests. 

To start the analysis of the Bugatti 100P compression tubes, the correct value of the clamping factor 

needs to be determined. In the stress analysis of the fuselage of the 1936 Fokker D.XXI fighter, only 

two different values are used. For most tubes, n =2 is used. On those tubes which are only supported 

by adjoining structure in a single plane, n =1.1 is used. This situation also applies to the Bugatti, so a 

value of n = 1.1 will be used. 

The following input parameters are now available to select the minimum required tube diameter and 

wall thickness: 

 Tube length:    680 mm 

Ultimate compression load per tube:  2262 kg 

Yield stress of carbon steel:   2800 kg/cm
2
 

 Clamping factor:   1.1 

The calculation of the reserve factor for a single diameter/wall thickness will be shown below. 

For a tube diameter of 34mm and a wall thickness of 2 mm: 

0 � ' 134( 2 30(3400 � 2.011	4( 

5 � 	' 67
342 89 2 7302 89:40,000 � 2.5836	49 
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. � 	;50 � 1.134	4 

- � �. � 60.0 

From Appendix B:   $�%�& � 1525	kg/cm( 

The failure load equals  A�%�& � 0	$�%�& � 3066 kg 

The reserve factor RF is defined as the failure load divided by the ultimate load: 

     B� � CDEE
((E(	 � 1.36 

The diameter and wall thickness chosen in this example (34/2 mm) represents the smallest metric 

tube that meets the requirement that the RF should be greater than 1.3 in order to cover the 

uncertainty in the effective height of the fuselage structure. The table below shows a few dimensions 

in inches that also meet this requirement. 

 

Dia (inch) 

Wall 

thickness 

(inch) 

Radius of 

gyration i 

(cm) 

Length 

(cm) 

Lambda 

(l/i) 

Buckling 

stress 

(kg/cm^2) 

Buckling 

load (kg) 

Reserve 

factor 

1.5 0.065 1,290 68 52,7137 1583 2992 1,32 

1.75 0.065 1,514 68 44,9053 1653 3670 1,62 

2 0.058 1,745 68 38,9742 1714 3912 1,73 

2.25 0.065 1,963 68 34,6399 1762 5072 2,24 

 

The diagonal tubes forming the shear load path have not been analysed. However, using the same 

dimensions as for the compression tube will provide ample strength in shear. 

Conclusions 

The ultimate load acting on each compression tube is estimated at 2.262 kg or 4.988 lbs.  

The minimum required dimensions of the compression tubes are a diameter of 34 mm with a wall 

thickness of 2mm. Alternatively, tubes of 1.5” diameter with a wall thickness of 0.065” can be used. 

Other combinations of diameter and wall thickness may be feasible but this would need to be 

checked for specific dimensions. 

For the diagonal tubes forming the shear load path, the same dimensions as for the compression 

tube will provide ample strength. 
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Appendix A: Forward fuselage mass breakdown 

 

 

 

 

  

Nomenclature Weight (lbs) Arm (mm) Moment (lbs mm)

FWD Fuselage 203,0 1990,00 403970,00

Prop F 12,0 150,00 1800,00

Prop R 12,4 300,00 3720,00

Spinner Cone 5,0 250,00 1250,00

Gearbox 200,0 715,00 143000,00

Drive Shafts 0,0 0,00 0,00

L1 7,8 1304,00 10171,20

L2 8,8 1991,00 17520,80

L3 7,8 3050,00 23790,00

R1 7,8 1304,00 10171,20

R2 8,8 1991,00 17520,80

R3 12,0 2902,00 34824,00

Front Canopy 15,0 1075,00 16125,00

Rear Canopy 14,0 2000,00 28000,00

Seat Pan 3,3 2350,00 7637,50

Seat Back 3,3 2100,00 6930,00

FS 2400 Access Plate 2,3 2000,00 4600,00

Drive Shaft Covers 2,0 2000,00 4000,00

Thrust Plate 5,0 1317,00 6585,00

Engine F 213,8 3086,00 659786,80

Angle Mount Rails 0,0 2902,00 0,00

Mount Plate 1 0,0 3100,00 0,00

Mount Plate 2 0,0 3100,00 0,00

Mount Plate 3 0,0 3100,00 0,00

Mount Plate 4 0,0 3100,00 0,00

Gearbox Oil Pumps 12,0 2500,00 30000,00

Tension Fitting F 1,0 3000,00 3000,00

Pilot/PPE/Chute 195,0 2000,00 390000,00

Total weight fwd of FS 3430 (kg) 952,1 1824402,30

Total weight fwd of FS 3430 (lbs) 431,8

Xcg for weight fwd of 3430 (mm) 1916,3

Moment arm wrt FS 3430 1513,7
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Appendix B: failure stress of steel compression tubes according to 

Fokker TH3.403 of 1938 

 


