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Outline

> The need for designing Protective Structures

> Previous ALE studies

> Current CONWEP study for RC slabs

> Comparison of classical civilian design versus 
Protective Engineering design for RC floor 
slabs

> Conclusions



Why do We Need “Protective Engineering” 
for Structures?



El Nogal Social Club Building Car Park Internal 
Explosion: Bogota, Colombia (2003)



Shock Waves of the HE Blast Phenomenon



Previous Work Using Arbitrary Lagrangian
Eulerian (ALE) Approach in LS-Dyna



Joint Work with the Turkish Armored Vehicle 
Manufacturer Otokar Corp. (2009-2011)



OTOKAR Corp. – NATO Mine Blast Simulation 
with LS-Dyna ALE Approach



Validation Example: Single Slab Experiment



Validation Example: CONWEP Approach



Case Study: Sample “Table Frame” with a 
Single Reinforced Concrete Slab



Truegrid Text-based Meshing Approach Used 
(Ouch!)



Truegrid Text-based Meshing Approach Used 
(Ouch!)



Steel Reinforcement Configurations



Material Data and LS-Dyna Modeling 
Approaches



Parametric Study Results: Civilian Design



Parametric Study Results: Protective Design



Blast Uplift Parametric Study with 80 kg TNT 
at 2.00 Meters of Stand-off Distance

Civilian Design Protective Design



Civilian Design: 80 kg TNT Rups=0.12



Civilian Design: 80 kg TNT rups=0.12



Civilian Design: 80 kg TNT rups=0.12



Civilian Design: 80 kg TNT rups=0.12



Protective Design: 80 kg TNT rups=0.12



Conclusions

• Protective Engineering design approach does make a
difference in the uplift blast response of reinforced concrete
slabs due to the placement of continuous upper and lower
reinforcing rebars. The civilian design provides a poor
performance as the blast situation is not taken into account
in the development of civilian codes.

• The current Protective Engineering design codes and
recommendations manuals do not take the rebar rupture
strain into account. A literature survey has shown that
reinforcing rebars have a garden variety of rupture strains
ranging between 0.12 and 0.24. The rupture strain has a
significant influence on the membrane action of the slab,
which in turn directly determines the uplift blast
performance. All slabs examined in this study failed in a
membrane mode.

• Future work will involve the investigation of support
strengthening with increased section dimensions. The slabs
failed first at the supports, followed by rupture failure in
the mid-span.
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Further Information
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