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Material
Modulus of 

Elasticity (MPa)
Ultimate  Strength 

(MPa)
Strain at Rupture 

(%)
Polyurea 229.46 13.29 113
Polyurea with xGnP 12.06 4.59 94
Polyurea with POSS 210.56 13.81 116
Jeffamine cured epoxy 640 21.33 87
Tyfo Blastflex-Type 4 7.143 1.07 55
Tyfo LR 281.69 9.29 23
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Wall Number Retrofit Layer Thickness, mm

Wall #1 1.5
Wall #2 1.5
Wall #3 1.8

8��

����


����+
��
���.�
		
	

Wall Number Retrofit Material
Wall #1 Polyurea alone
Wall #2 Polyurea reinforced with xGnP
Wall #3 Polyurea reinforced with POSS
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Material EOS Strength Model Failure Model

Masonry Porous Drucker-Prager
Hydrodynamic tensile 

failure (Pmin)

Mortar Compaction Mo Granular
Hydrodynamic tensile 

failure (Pmin)
Polyurea Linear Johnson-Cook Principal Strain

Polyurea with POSS Linear Johnson-Cook Plastic strain
Polyurea with xGnP Linear Johnson-Cook Principal Strain
Tyfo Blastflex-Type4 Linear Johnson-Cook Principal Strain

Tyfo LR Linear Johnson-Cook Principal Strain
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Wall Number Pressure kPa, (psi)
Impulse (kPa.ms) 

(psi.ms)
Wall #1 208.22 (30.20) 366.80 (53.20)
Wall #2 224.91 (32.62) 496.42 (72.00)
Wall #3 218.91 (31.75) 494.35 (71.70)
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Wall Number
Midpoint deflection at failure mm maximum debris velocity m/s

Experiments Finite element Experiments Finite element

Wall #1 (polyurea) 91.4 102.61 3.86 4.44

Wall #2 (polyurea with xGnP) 76.4 113 7.47 6.14

Wall #3 (polyurea with POSS) 95.65 112 N.A N.A
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Plain polyurea xGnP reinforced polyurea POSS  reinforced polyurea
Mean 27.15 23.12 25.66

Standard deviation 8.29 9.77 9.27
Maximum stress 130.33 141.30 235.05
Minimum stress 0.01 0.00 0.00
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