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What happens when a high-velocity rifle round impacts dense rubber? In this empirical study, we analyze

live-fire experimental data using 55-grain .223 Full Metal Jacket (FMJ) ammunition shot into a 12-inch

stack of 1-inch ballistic rubber panels. Using hydrodynamic drag modeling, we quantify velocity decay,

kinetic energy dissipation, and structural boundary mechanics. 

1. The Core Experiment: 1-Inch Stacked Panels

In our initial test setup, twelve 12" × 12" × 1" high-density ballistic rubber panels were tightly aligned to form a 12-

inch total target block. A standard .223 Remington FMJ round (muzzle velocity v0 = 3,200 ft/s) was fired into the front

face. 

The round came to a complete rest exactly 6 inches deep—stopping inside the 6th panel. 

Why Doesn't Speed Drop Evenly?

A common misconception is that a projectile loses an equal amount of velocity per inch of material traversed. In

high-density elastic polymers, resistance is dominated by  quadratic drag (Fd ∝ v2). Because kinetic energy

scales with v2, energy loss is linear over distance, causing velocity drop-off to accelerate rapidly near the end of

the bullet's travel path. 

Calculated Panel-by-Panel Velocity & Energy Profile

Panel # Depth Traversed Entry Velocity Velocity Dropped Retained Energy Energy Lost

Panel 1 0" to 1" 3,200 ft/s 291 ft/s (9.1%) 1,032 ft-lbs (82.5%) 219 ft-lbs

Panel 2 1" to 2" 2,909 ft/s 299 ft/s (9.3%) 831 ft-lbs (66.4%) 201 ft-lbs

Panel 3 2" to 3" 2,610 ft/s 348 ft/s (10.9%) 631 ft-lbs (50.4%) 200 ft-lbs

Panel 4 3" to 4" 2,262 ft/s 414 ft/s (12.9%) 430 ft-lbs (34.4%) 201 ft-lbs

Panel 5 4" to 5" 1,848 ft/s 541 ft/s (16.9%) 215 ft-lbs (17.2%) 215 ft-lbs

Panel 6 5" to 6" 1,307 ft/s 1,307 ft/s (40.9%) 0 ft-lbs (0.0%) 215 ft-lbs



Figure 1: Projectile velocity decay curves comparing stacked panels vs. a single solid rubber block.

2. Solid Block vs. Stacked Panels: Boundary Effects

A key research question is whether a single, solid 12-inch block of rubber behaves differently than twelve individual

1-inch panels stacked together. The short answer is yes—the solid block stops the projectile faster.

Physical Mechanisms Driving the Difference:

Hydrostatic Cavitation Pressure: High-speed projectiles generate extreme temporary cavity pressures. In

individual stacked panels, air gaps between panels allow shockwave pressure to vent laterally, reducing

continuous hydrodynamic drag.

Structural Flexure vs. Rigid Shear: Thin 1-inch panels bow forward slightly upon impact before tearing,

converting a portion of the bullet's momentum into panel deflection. A massive solid block resists flexure, forcing

the projectile to shear directly through dense polymer.

Yaw Stabilization Gaps: FMJ projectiles rely on hydrodynamic instablity to yaw (tumble sideways) and expose

maximum surface area. Air gaps between panels temporarily relieve lateral forces, allowing the round to stay

pointed straight longer than it would in solid medium.

Accounting  for  these  boundary  effects,  a  single  solid  block  increases  total  resistance  by  approximately  20%,

reducing total penetration depth from 6.0 inches down to 4.8 inches. 
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Figure 2: Linear kinetic energy dissipation profile through the target medium.

3. Performance in Thin Solid Rubber Barriers

If an application requires thin single-piece solid rubber barriers (e.g., 1", 1.5", or 2" thick), what exit velocities can be

anticipated for a .223 FMJ round entering at 3,200 ft/s? 

Figure 3: Predicted exit speeds across three standard solid rubber panel thicknesses.

Detailed Breakdown of Exit Speeds for Solid Panels:

1.0-Inch Solid Panel: Exits at 2,848 ft/s (slowing down by 352 ft/s or 11%). Retains 79.2% of its initial kinetic

energy (991 ft-lbs).

1.5-Inch Solid Panel: Exits at 2,654 ft/s (slowing down by 546 ft/s or 17%). Retains 68.7% of its initial kinetic

energy (859 ft-lbs).
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2.0-Inch Solid Panel: Exits at 2,443 ft/s (slowing down by 757 ft/s or 24%). Retains 58.3% of its initial kinetic

energy (729 ft-lbs).

4. Summary Findings

The experiment demonstrates that while high-velocity rifle rounds easily defeat thin rubber sheets, thick ballistic

rubber exhibits aggressive deceleration properties. To maximize stopping power per inch, single solid blocks should

always be favored over layered thin panels to avoid pressure venting and elastic flexing losses. 
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