
























































not very significant. In the case of stress, the contribution is negligible.

For the other three dependent variables the contributions on the average are

about 10 percent of the expected values and as high as 25 percent for the

particle velocity at late times. The contributions are more pronounced for

the soft soil problem.

15. To provide a feeling for the effects of input variability on the

dispersion of particle displacement for the two problems considered, the

results of the probabilistic calculations for surface displacement at

t = 0.15 second are presented in Table 5. This tabulation shows that the
variability in loading modulus Mb obviously contributes most to dispersion
of particle displacement for both of the example problems. The combined

effect of the variabilities in unloading modulus Ml , density p , peak

pressure Po » and decay constant T on the dispersion of particle displace-

ment is small.

Table 5. Individual Contributions to Dispersion of Particle Displacement
Due to Uncertainties in Input Variables (Z = 0.0 ft; t = 0.15 sec)

Soft Soil, a= 0.714 Stiff Soil, a = 0.333
ou | i sy | 4
X, My Si/ui 9K, E[U] My si/ui 3X, E[U]
M 7.0 ksi 0.5 0.29385 63.0 ksi 0.5 0.29738
M, 252.0 ksi 0.5 0.05906 252.0 ksi 0.5 0.05999
P 100.0 1b/ft> 0.1 0.04459 100.0 1b/ft> 0.1 0.04595
P_ 0.1 ksi 0.1 0.08905 0.1 ksi 0.1 0.09175
T 0.05 sec 0L 0.02215 0.05 sec 0.1 0.04232
E[U] = E[U] =
10.92 in. 2+73 1n.
v[u] = vlu] =
0.31661 0.32303
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16. Typical time histories (wave forms) of the expected value and the
coefficient of variation of stress, particle velocity, and particle dis-
placement at Z = 40.0 feet* are portrayed in Figures 1 through 3, respec-
tively. The arrival times for these graphs correspond to E[ta] = 0.0257
second for the stiff soil and E[ta] = 0.0770 second for the soft soil. The
coefficient of variation of the arrival time is a function only of the
variability in the independent variables MD and p and is equal to
U[ta] = 0.2416 for all depths and for both problems considered. The
individual contributions to the dispersion of t, due to uncertainties in
Mo and p are, respectively, 0.2373 and 0.0456. Therefore, the variability
in MO contributes most to the dispersion of the arrival time. It is
interesting to note from Figures 2 and 3 that the coefficients of variation
of particle velocity and particle displacement, V[ﬁ] and U[U], respec-
tively, also increase with increasing time. 1In the case of stress (Figure 1),
the coefficient of variation V[o] initially decreases with time and then
increases at late times (the soft soil history eventually turns upward at
t > 0.2 second). The increase in V[U] with time is important since the
expected value of particle displacement E[U] also increases with time.

17. Information of the type presented in Tables 1 through 5 and
Figures 1 through 3 can be used to perform probabilistic analysis of airblast-
induced ground shock and to construct reliability based safety factors for
blast-resistant design purposes. Assuming that the probability distribution
functions for each of the dependent random variables are roughly bell-shaped,
the normal distribution function can be used to conduct the desired proba-
bility analysis. For example, applying the rule-of-thumb that the proba-

bility that a variable lies within two standard deviation bounds of its mean

is approximately 95 percent to the surface displacement predictions in

* A table of factors for converting non-SI units of measurement to SI (metric)

units is presented on page 3.
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Table 5, it can be stated P[4.006 in. < U < 17.834 in.] = 0.95

for the soft soil and P[0.966 in. < U < 4.493 in.] = 0.95 for the stiff
soil. In the absence of the exact shape of the probability distribution
function one could also use the Chebyshev inequality (Reference 2) for

probability analysis.

22



PART V: CONCLUSIONS

18. The partial derivative method has been used to convert a determi-
nistic analytic solution for stress wave propagation in homogeneous bilinear
hysteretic materials subjected to an exponentially decaying surface airblast
pulse into a numerical probabilistic solution. The probabilistic solution
has been coded and used to conduct sensitivity analyses to rank the relative
effects of input variabilities and uncertainties on the dispersion of output
quantities (stress, particle velocity, and particle displacement). The
analyses indicate that variability in the material loading modulus contributes
most to the dispersion of particle velocity and particle displacement but its
influence decreases with increasing depth. The variabilities in loading
modulus and peak airblast pressure contribute most to the dispersion of peak
stress; the influence of the former increasing with increasing depth and that
of the latter remaining essentially constant with depth. The analyses also
indicate that the coefficient of variation of particle velocity increases
with time whereas the coefficient of variation of stress initially decreases
with time and then increases at later times. At any given depth, of course,
the expected values of stress and particle velocity decrease with time. The
coefficient of variation of particle displacement increases with time, which

is of particular interest since its expected value also increases with time.

23



REFERENCES

1. Salvadori, M. G., Skalak, R., and Weidlinger, P., "Waves and Shocks
in Locking and Dissipative Media,"” Transactions, American Society of Civil

Engineers, Vol 126, Part I, April 1960.

2, Benjamin, J. R. and Cornell, C. A., Probability, Statistics and

Decision for Civil Engineers, McGraw-Hill, Inc., New York, 1970.

3. Haugen, E. B., Probabilistic Approaches to Design, John Wiley & Somns,

Inc., 1968.

4. Mlakar, P. F., "Application of an Implicit Linear Statistical
Analysis to the Estimation of the Resistance of a Reinforced Concrete Beam-
Column," Miscellaneous Paper N-78-7, U. S. Army Engineer Waterways Experiment

Station, CE, Vicksburg, Miss., 1978.

24



APPENDIX A

NOTATION
Co Loading wave speed
C1 Unloading wave speed
E( ] Expectation of a random variable
k Number of standard deviations above and below mean at which the

dependent random variable is evaluated

M Initial loading modulus

Ml Unloading modulus

P(t) Applied surface pressure-time history
Po Peak applied pressure
p[ ] Probability of a random variable
Si Standard deviation of Xi
t Time
t Arrival time = Z/C
a 0
U Particle displacement
U Particle velocity

Peak particle velocity

max
V[ ] Coefficient of variation of a random variable
Var[ | Variance of a random variable
X, Functionally independent random variable
i
¥ Functionally dependent random variable
Z Depth
/MIIMD -1
o Hysteretic parameter = <
VMl/MO + 1
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