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Nano composite 
materials

Traditional composite 
materials

Materials to use
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 In
s materialsmaterials

• E-glass, S-glass or Carbon fibers in
•Epoxy
• Polyurethane

•XGnP-Nylon 6,6
• XGnP-Polyurea
• POSS-Polyurea
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ne • Polyurethane
• Polyurea
•Vinyl ester
•Polyethylene
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Blast loading: Detonation of X lb of TNT
Retrofit technique: Back retrofitting
Retrofitted Material: 1.Exfoliated Graphite Nanoplatelets (xGnP)  2.E-glass/epoxy

Cases study
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16 bricks

15 
bricks

LOOKING FOR:
Evaluate the damage 

in the  system

In
au

gu
of

 th
e 

En
gi

ne

X
10 cm

5 cm

Brick dimension
1/3 scale
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First trial assumption: all materials are linear elastic

Concrete Brick Properties

Material properties
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s Modulus of 

Elasticity (E), 
GPa

Poison’s ratio 
(v)

Density 
(g/cm 3)

19.70 0.25 2.44

xGnP Properties
Modulus of Poison’s ratio Density 
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Elasticity (E), 
GPa

(v)
y

(g/cm 3)

6.00 0.34 1.265
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No retrofitting  

Retrofitting with xGnP
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20lb TNT 

Mid-point Displacement
Fail.Retrofitting with xGnP

5m 3m

2m
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100lb TNT 9m 7m 6m
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Fail.

Mid-point Pressure-displacement curves
Retrofitting with xGnP

20lb TNT 5m 3m 2m
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Fail.

20lb TNT 

Retrofitting with xGnP Pressure-time history
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100lb TNT 

9m 7m 6m
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20lb TNT 

Mid-point Displacement
Fail.

Retrofitting with E-glass/epoxy   
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20lb TNT 

Fail.
Retrofitting with E-glass/epoxy   

Mid-point Pressure-displacement curves
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100lb TNT 

3.5m
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Fail.
Retrofitting with E-glass/epoxy   

Pressure-time history
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Post fail re

ur
al

 In
te

rn
at

io
na

l C
on

f
ee

rin
g 

M
ec

ha
ni

cs
 In

s Post-failure 
Analysis

1. Damage (P-I) curve

2 Minimum stand off distance
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2.Minimum stand off distance
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Blast: range to damage
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xGnP (back retrofitting)

E-glass/epoxy (back retrofitting)
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Detonation of 20lb TNT @3m

Results comparison
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Midpoint displacement (mm) Reaction forces (N)

xGnP E‐glass/epoxy
xGnP E‐glass/epoxy

bottom top  bottom top 

49.76 42.17

Fx (N) 65.5333 393.7439 165.4223 672.8111

Fy (N) 126.4871 4461.285 334.3672 5596.003

Fz (N) 298.631 2136.085 1746.201 1915.167
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Remarks/Conclusions

It is important to develop physics-based 
models to better understand and engineer
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s models to better understand and engineer 
nano structured materials for desired 
properties.
Successful retrofit not necessarily always 
mean protecting the member.
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ne Hybrid rigid-soft or in some cases 
functionally graded materials may be a 
choice.
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