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SUMMARY

In the context of an overall structural reliability study for a reactor
containment located in the F.R. Germany the external load case aircraft impact
is investigated. Previous investigations have been based on deterministic
evaluations of the load time history. However, a close analysis of the input
parameters, such as the mass distribution, the stiffness of the aircraft, the
impact velocity and the impact angle reveal their random properties. This in
turn leads to a stochastic load time history the parameters of which have been
determined in this study. In other words, the randomness of the input para-
meters are introduced in the calculation of the load time history and their
influence with regard to the load magnitude and frequency content is deter-
mined. The statistical parameters such as the mean values and. the standard
deviation of the mechanical properties are evaluated directly from tﬁe design
plans of the manufacturer for the aircraft Phantom F4-F. This includes rup-
ture loads, mass distributions etc.. The probability distributions of the
crash velocity and impact angle are based on a thorough statistical evalua-
tion of the crash histories of the airplane under consideration. Reference

was made only to crashes which occurred in the F.R. Germany.



1. Introduction

German licensing procedures require the containment structures of nuclear
power plants to resist impact loads which result from airplane crash [1].%
A probabilistic study investigating the frequency of occurrence of such an
event for the Federal Republic of Germany [2] seems - in view of the well
known "Farmer Criterion" [3] - to justify this requirement. A conditional
load-time-function, i.e. given the event, has been suggested in [4,5] which
is based on the assumption of the structural rigidity, i.e. the interaction
between loading and structural response is neglected. The actual load-time-
function is then calculated utilizing the approach by Riera [6], i.e. by
linearly adding the force resulting from the deformation of the oncoming
object and the momentum of its mass. In [4,5] the input parameters for the
model such as impact velocity, angle of attack, mass distribution and stiff-
ness of the aircraft have been estimated on a deterministic basis as upper
bounds. However, a more detailed analysis - such as presented here - shows,
that these parameters reveal random properties which must not be neglected
to obtain realistic results. This consideration is of importance both with
respect to the structural data of the airplane and its crash characteristic.
It results in a load-time-function with random behavior.

The information will be ultimately required for the determination of the
conditional reliability, i.e. the probability of survival of the containment
given the event [7].

2. Structural Data of the Phantom F4-F-Aircraft

2.1 Cross Sectional Areas

This information is needed to determine the ultimate load of each cross
section and has been calculated by evaluating mean values and standard devia-
tions of each of the 13 representative cross sections of the structure [8].
Not included are all additional components attached to the structure, as they
are assumed to generate their own impact being detached within the first
5 or 10 ms after impact.

Figure (1) shows the structure considered with the 13 representative
cross sections. The mean value of the ultimate load, i.e. crushing load, is
calculated by multiplying the mean of the area with the ultimate strength of
the material. As the area is the result of a sum of a number of elements,
the normal distribution was chosen to model the variable. The coefficient
of variation was calculated to be 10 % so the standard deviation of each
cross section could be determined. The ultimate strength was calculated from
stress-strain-diagrams, considering that these diagrams represent a fractile
of the distribution,and the high loading rate. Fig. (2) shows the mean value

* In F.R. Germany the Phantom F4-F Airplane was chosen as design criterion.
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function of the crushing load.

2.2 Mass Distribution

The mass distribution of the structural parts has been obtained from
pertinent structural information supplied by the manufacturer. The maximum
value function is shown in Fig. (3). The manufacturer allows a coefficient
of variation of 10 % for structural parts, but this variation may be neglected
in view of the variable mass, i.e. the mass of fuel depending on the duration
of the flight before the crash, which has a more significant effect. Therefore
the mass distribution is divided into two parts, i.e. the structural mass and
the variable mass. The calculation of the actual mass can be carried out in
context with the evaluation of actual aircraft crash data, which provide
information about the variable mass.

3. Evaluation of Aircraft Crash Data

This evaluation refers only to plane crash occurrences of "Phantom" jets
operated by the German Armed Forces within the area of the Federal Republic.
The total mass, velocities of the aircrafts prior to the crash,and the crash
angle have been analysed. Given the total mass the percentage of variable
mass is calculated. The mean and standard deviation have been evaluated.

A censored normal distribution fit to data assures that the physical upper
and lower bounds are not exceeded. The information about the angle of attack
includes the largest uncertainty. In this context it should be noted that
even if the angle of the flight path is known there is still uncertainty with
respect to the angle between flight path and aircraft axis (Fig. 4). In addi-
tion to this, the attention should be drawn to the fact that physical models
cannot take into account an angle of impact larger than the angle of friction.
Since the aim of this analysis is to provide information for a reliability
study in which the normal impact will be most relevant for the probability

of failure,the angle is taken as a deterministic value, i.e. only normal
impact is considered keeping in mind, however, that the determination of the
angle of attack needs further investigation.

The distribution of the velocity prior to the crash can be described more
accurately. However, the velocity data were divided into two groups - one
group contains crash velocities during flights at low altitude (<457. m),
the other group includes crash velocities during flights above this level.
The "typical" Phantom crash is a crash at low altitude because of too low
velocity for necessary maneuvers, so that only these data were used.

4. Method of Analysis

4,1 Physical Model
The physical model used in this analysis is the model suggested by
Riera [6] in which it is assumed that the force at time T is equal to the
sum of the crushing load of the cross section being deformed and the momentum
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of the corresponding mass. The impacting missile is deformed continually,
one cross section after the other,and rigid plastic material behavior is
assumed. If the impact angle is smaller than the angle of friction, a reduc-
tion of the mass during impact due to tearing off of aircraft components is

considered.

4.2 Input Data
The input data for this physical model; mass distribution, impact veloci-

ty and stiffness behavior of the aircraft are random variables, depending on
material properties, flight maneuver that causes the crash,and time after
take off.
The following properties were evaluated for the input parameter distri-
butions:
- Velocity: mean X = 130 m/s;standard deviation s = 47 m/s; lognormally distri-
buted with shifted parameters

Total mass: M = 17019 kg; s = 1505 kg

normally distributed (censored)

Crushing load: M according to Fig. 2; coefficient of variation = 12 %;

normally distributed (censored)
- Angle of impact: deterministic value: 90°

4.3 Method of Solution

Referring to the "Riera Model" the load-time-function can be expressed

in the following form:

F(t) = PB{x(t)) + p(x(t)) vZ(t) (1)

where PB(x(t)) is the crushing load of the cross section x(t), ulx(t)) is

the corresponding mass density,and v(t) is the velocity. As PB and u are
functions of random variables - and therefore random variablesthemselves -
and the initial velocity v(0) is also considered a random variable the
analytical solution for this type of problem becomes intractable. Therefore
an approximate solution in terms of a Monte Carlo Simulation has been applied.
The number of simulations is controlled by the convergence of the mean value
of the load-time-function.

5. Results

Fig. 5 shows the mean value of the load-time-function obtained from
1500 samples, i.e. simulations. It has a steep ramp for the first 40 msnthen
decreases in two steps until T = 85 ms with a small angle and then with a
large angle. The total duration is 130 ms. The simulation converges already
at a sample size of 500.

The maximum of the mean load-time-function.is 24.2 MN, the standard devia-
tion 17.7 MN. An analysis of the distribution of the load-time-function
at the time of the maximum peak reveals that an Extreme Value of Type II
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distribution shows the best fit to the simulated data. It should be mentioned
at this point that the lognormal distribution shows also a rather good fit.
The mean time T of the maximum Force is 74 ms and the standard deviation

is 22 ms.

6. Discussion of Results

The analysis of the various input data shows considerable statistical
scatter, so that the large coefficient of variation of 73% for the distri-
butioﬁ of the loads at the time of the maximum value of the mean can be
reasonably explained. The effect of the mass distribution and the impact
velocity influences the duration of the impact and the maximum force most
significantly.

The coefficient of variation of the distribution of the time at which the
maximum load occurs is 30 %. This is a quite large value and has considerable
influence on the frequency content of the load=time=function.
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Fig. 1: Aircraft structure, representative cross sections
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