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ABSTRACT

This paper describes a technique used to characterize the loading and damage
generated by the primary fragments from cased munitions on reinforced concrete
dabs or walls. It has been observed that the damage generated by the fragments,
while usually of secondary importance to the airblast, can in some circumstances
dominate the response. Test observations indicate that fragments from cased
conventional bombs, not only directly load a wall element through momentum
transfer, but also create a substantial amount of damage on the wall’s front face.
This damage may include dlicing of the reinforcement and complete removal of
concrete from the front face to depths beyond the front face reinforcement. Single
fragment tests have aso shown that the momentum transferred is substantially
greater than the fragment momentum prior to impact, due to the significant
amount of concrete debris gected from the impact crater. Equivalent forcing
functions, in terms of pressure versus time, are derived to approximate both the
momentum transfer and the damage generated in the concrete. The calculations
used to demonstrate these techniques were performed with the three-dimensional
Lagrangian finite element code DYNA3D and a specially modified concrete model
which includes the effects of fracture, fracture energy based strain softening, and
strain rate.

FRAGMENT IMPACT TESTS

Figure 1 depicts the type and extent of damage that can occur to a reinforced concrete
dab from the fragments generated by a cased bomb. Measurements of the crater depths are given
in Figure 2.

In tests to measure the effect of single fragments on reinforced concrete dabs, it was
observed that the fragment would create a crater in the slab with a significant amount of concrete
being gected from the impact crater; much of the gectatraveled in a direction normal to the dab
(i.e., in the direction opposite that of the fragment). As a consequence, the amount of impulse
transmitted to the dab was greater than the initial fragment momentum (i.e., fragment plus gecta
momentum). Transmitted impulses of nearly twice the initial fragment momentum have been
observed.
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Figure 1. Pictures of fragment damage of areinforced concrete slab caused by a cased munition.
FINITE ELEMENT ANALYSIS

The Lagrangian, explicit finite element program DYNA3D [1] was used for the analyses.
Explicit time integration allows for very fine discretizations and the modeling of highly transient
loads. Two mesh sizes—0.5 and 1 inch—were used to evaluate mesh sengitivity of the damage
prediction, Figures 3 through 5. If the mesh size is too large, the effect of a single fragment
impact cannot be captured. Three-dimensional solid elements were used for the concrete, and
discrete beam elements modeled the rebar.
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Figure 2. Quantitative measure of fragment damage.
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Figure 4. Undamaged 0.5-inch model.

The nominal concrete strength used in this study is 5,000 psi. The material model used to
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Figure 5. Typical reinforcement layout.



FRAGMENT IMPULSE
Stress (ksi)

A pressure history derived ?

from the measurements of the

momentum  transferred to  a 483-
reinforced concrete slab by a single
fragment is shown in Figure 6. The
impulse of thisload (i.e., 24 psi-sec)
is equivalent to the total impulse
applied to the dab (i.e., nearly two
times the fragment's momentum)

over a time period consistent with | | | = Time
the observed data. 0 33 100 (microseconds
RESULTS Figure 6. Pressure history equivalent of fragment loading.

Figure 7 shows a contour of the damage accumulated in the dab by 10 ms. This plot
indicates the fina shape of the impact crater. Figures 8 through 16 show contours of pressure,
damage, and velocity at 10 s intervals from 10 to 120 nrs.

Assessment of Shock Wave Propagation via Pressure Plots

Figures 8 through 10 show pressure contours which capture the shock wave traveling
through wall (including reversal from compression to tension upon reflection off the back face).
Starting at about 33 s (peak input pressure) it takes about 75 s for the initial two-way passage.

Assessment of Shock Wave Propagation via Damage Plots

Upon arriva of the load, the concrete dab initially deforms elasticaly. Plastic damage
starts accumulating only after 20 s with pronounced softening occurring after 30 ns, as shown in
Figures 11 through 13. The damage keeps increasing until the compression wave decays enough
so that only elastic deformation is present. Hence no increase in plastic damage is seen after
about 60 ns. Additional damage is seen again upon arrival of the reflected tenson wave (after
90 ns). This implies a dependency of the damage on the time history applied and on the dab
thickness.

Assessment of Shock Wave Propagation via Velocity Plots

Velocity contours follow the compression wave. The velocity is amost uniform (rigid
body motion) as soon as the loading phase has been completed (after 100 ns), see Figures 14
through 16.



Momentum Deposition versus Observed Damage

Using momentum deposition nearly twice the
fragment momentum produces a crater consistent with
those observed in single fragment tests.

CONCLUSION

For the concrete constitutive model used in this
paper, proper modeling of fragment impact is obtained,
a least qualitatively, if momentum deposition of
approximately twice that of the fragment momentum is
used to generate an equivalent pressure-history, which
is to be applied to the face of the undamaged slab over
an area equivalent to the area of the fragment.
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Figure8. Pressure fringe plots from 10-40 ns.



(a) 50 . (b) 60 s, © 70ms. (d) 80ns.
Figure 9. Pressure fringe plots from 50-80 ns.

(b) 100 rrs. (c) 110 ns. (d) 120 nrs.
Figure 10. Pressure fringe plots from 90-120.



(@ 10nms. (b) 20 ns. (c) 30nms. (d) 40 ns.
Figure 11. Damage fringe plots from 10-40 ns.

(@ 50 s (b) 60 ns. (c) 70 s (d) 80 ns.
Figure 12. Damage fringe plots from 50-80 ns.




(@ 90 s (b) 100 rrs. (c) 110 ns. (d) 120 nrs.
Figure 13. Damage fringe plots from 90-120 ns.

(@ 10nms. (b) 20 ns. (c) 30nms. (d) 40 ns.
Figure 14. Resultant velocity fringe plots from 10-40 rrs.




(@ 50 s (b) 60 ns. (c) 70 s (d) 80 ns.
Figure 15. Resultant velocity fringe plots from 50-80 rs.

(& 90 ns. (b) 100 ns. (c) 110 nrs. (d) 120 ns.
Figure 16. Resultant velocity fringe plots from 90-120 ns.
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