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INTRODUCTION

The main focus of this study walse effect of a fullblast wave orightweight nonstructural
componentsgh as window glazing. Both the positive and negative phases of the blast pulse were
considered. Previously, structural analysis models considered only the positive phase of the blast
load. The structural response is defined by the peak positive and negative values of the pressure, the
durations of these pressure phases,thachaturalperiod ofthe structureThe parameters that
governthe shape of the pulse are the distance between the blast source and the structure, and the
energy dissipated ithe explosion (i.e., equivaledtNT charge weight). A typical blast pressure

pulse rises quite abruptly topeak value, drops to a partial vacuum, and then returns to ambient
pressure. Test data showed that, in case of failure, glazing could be either pushed into the building
or pulled out of its frame. This could be possible if the relative characteristics of the full pulse, with
respect to thelynamic characteristics dhe structure, can excite different types of structural
responses. That requires a numerical tool to show that under certain conditions the glazing can be
pulled out of the structure in the direction opposite to the incoming blast.

APPROACH

Modeling the response of ligtight panels under blast loads involves two fundamental parts: The
evaluation of the structural response, and the use of an adequate failure criterion for the assessment
of breakage. Further, the evaluation of the response involves two different parts: The behavior of
the panel subjected to a dynamic pulse (blast loading), and the blast loading itself.

For the lightweight panel, two windoglass sizesvere selected for the parametric study. The
selected dimensions were common sizes found in the market. Therefore, the possible effect of blast
on conventional hlding glazing was analyzed. Such sizes were 1,397 x 1,448 x 9.63 mm, with an
aspect ratio of approximately one, and 1,524 x 2,438 x 6.4 mm, with aspect ratio 0.625. The failure
prediction model of Beason and Morgan (1984) was used with the values m=6, and k=4.40E-25
in.°Ib. ® for the parameters representing the glass flaws. These parameters correspond to in-service
glass (approximately after 25 years of service).

Two sizeswere selected for the explosive source: 10 Kg, and 100 Kg TNT. Scaled distances were
taken in a range from zero to 100 ft/(f5s) , representing relatively alodearexplosions,
respectively. A linear model was choserrépresent thelynamic system, and the stresses in the
glass plate.
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DYNAMIC ANALYSIS RESPONSE OF THE GLASS PLATE

A linear SDOF system without damping was used to model the response of the glass plates, which
followed the approach of Biggs (1964). The equivalent system was selected so that the deflection
of the concentrated mass was the same as the deflection at the central point of the glass plate. The
boundary conditions were selected fully simply supported.

The values ofhe peak positive and negative pressures, and duration of the positive and negative

phase pulses were takéom Drake et al. (1989). The pulse was modeled linearly, as shown in
Figure 1.
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Figure 1: Pulse Shape

Mathematica (Wolfram, 1991) was used foe nunerical solution ofthe following differential
equation representing the dynamic response of the plate:

K, M & K, K x= K,_ K1)

Where M, is the total mass of the plate, K, is the actual stiffness of the plate, F(t), the actual load-
time function, the factors\K ,K , Kvere defined by Biggs (1964), a#&l and x are the acceleration
and displacement of the equivalesystem respectivelyDamping wasnot considered in this
approach.

The general approach presentedlioposhenko and Woinowski-Krieger (1959) was used for the
calculation of the stresses in the plate. The model does not consider geometric nonlinearity and shear
stresses, and it resulted in the following equations for the peak stresses:

6M 6M
(ox)max = ?X and (0 y)max = hzy




Inwhich h represents the thickness of the plate. The flexural moments M, and M were calculated
at the center of the plate, as a function of the central deflection, w.

A glass failure prediction model developed by Beason and Morgan (1984) was used to compute the
failure probability of the plates. The failure probability can be expressed as

P=1-¢°

In which B is a functiorthat reflects theisk of failure. The strength ajlassdepends on the
magnitude and duration of the surfdeasile stresses ihe plate, the surface area of fhlate
exposed to tensile stressid the geometries and orientations of the surface flHwesisk function,
B, includes these factors.

Using the solution ofhe maximum principaktress athe center of the plateas expressed as a
function of the displacement at the same location:

(0 )max = ¢ (W)

In which ¢ is a linear function of thdisplacement ahe center of the plate, af@,), .. is the

maximum principal stress at the center of the plate. With the dynamic response of the plate w(t) an
equivalent constant stress of the same duration of the structural pulse in the sense given by Beason
and Morgan (1984) was calculated.
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In which {,; is the duration of the structural respogsgis the equivalent stress and n is 16. In the

same fashion (Timoshenlkand Woinowski-Krieger, 1959)the maximum principaktress at the
center of the plate can be expressed fametion of a constant uniform load that would produce
such stress. Thereforéhe simplified formulationfor rectangular plates proposed by Beason and
Morgan(1984) can hesed. Such simplified formulation was used for both the positive and negative
pulses of the structural response.

APPLICATION AND RESULTS

Traditionally only the positive pulse load has been considered for the response analysis of structures
subjected to blast loads. The purpose of this paper is to show that this approach is not valid when
considering light elements, such as window glass.

No test data aravailable forthe validation ofthe casesimulated in this study. However, the
effectiveness of this approach can be shown by comparison with results from Blastop (Meyers et al.,
1994). Thalifferences between Blastop and the method developed in this study are summarized in



Table 1, and representative for eeme glass panels results are compared in Tables 2 and 3. The
comparison showthat the present approach carow outward failure (i.e., opposite to the blast
direction). This cannot be achieved with Blastop. Otherwise, the data compare well.

Table 1: Comparison Between Blastop and the Present Model.

ltem

Blastop

Model used in this study

Geometric considerations

Considers the geometric
nonlinear response of the glg
plate.

SS

Linear resistance analysis.

phase.

The plate issimply supported| The plate is simply supported.
Support Conditions with some slide atlarge

deflections.
Damping Uses a damping factor of 2%. Does not consider damping.
Blast Pulse Does not include the negatiye Includes the negative phase.

Failure Criterion

Allowable stress with normgd
distribution ofthe properties

|l

of glass.

Beason and Morgan (198

A)




Table 2: Comparison of Results for an Explosion Source of 100 Kg TNT

STRUCTURE OF ASPECT RATIO ONE

Blastop Present Model
’ Max. Prob. Prob. Max. Prob. Prob.
[ft/Ib*3 deflection failure failure deflection failure failure
[in.] inward outward [in.] inward outward
20 2.88 1.000 3.80 1.00 NA
30 2.20 1.000 2.87 1.00 NA
40 1.94 1.000 2.25 0.99 NA
50 1.54 0.974 1.92 0.97 NA
60 1.21 0.514 NONE 1.62 0.71 0.71
70 1.00 0.175 1.31 0.48 0.48
80 0.94 0.117 1.10 0.32 0.29
90 0.84 0.055 0.99 0.24 0.20
100 0.77 0.031 0.88 0.16 0.12

NA - Not applicable.



Table 3: Comparison of Results for an Explosion Source of 10 Kg TNT

STRUCTURE OF ASPECT RATIO ONE
Blastop Present Model
’ Max. Prob. Prob. Max. Prob. Prob.
[ft/Ib*3 deflection failure failure deflection failure failure
[in.] inward outward [in.] inward outward
20 1.56 0.980 2.20 0.80 1.00
30 1.13 0.360 1.70 0.64 1.00
40 1.23 0.560 1.40 0.56 0.96
50 0.94 0.120 1.20 0.40 0.90
60 0.82 0.050 NONE 1.00 0.26 0.70
70 0.63 0.020 0.85 0.12 0.46
80 0.59 0.012 0.70 0.06 0.32
90 0.54 0.010 0.60 0.04 0.24
100 0.52 0.008 0.55 0.02 0.14
CONCLUSIONS

It can be concluded that, under certain conditions, the negative phase of the blast pulse causes the
lightweight panel to be pulled out of its frame. That behavior can be achieved only for relatively
small overpressure values, when the partial vacuum increases its relative importance. That could be
possible for small charges exploding near the structure, or for large charges detonated further away
from it. The behavior of a given panel under a relatively small blast load is totally different from the
behavior under a relatively large blast load. In fact, for a given panel, the difference between the
maximum displacement in the direction opposite to the blast and that in the blast direction changes
with different values othe blast load. Therefordghe relative characteristics of the panel, with
respect to thexplosion, govern the behavior of the system. It is known from structural dynamics
that a representative parameter of that behavior is the ratio betweklaghduration and the

natural period othe structure (t/T). Onmay find, for any explosion source and panel size, a t/T
range for which the displacement opposite to the blast direction dominates. Unfortunately, such t/T
ranges are not constant, evendt@sspanels othe same characteristics. That is caused by the
change of pulse shape for different values of the explosive weight. Therefore, t/T cannot be used to
define the general panel response.
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