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Analytical Evaluations of the Retrofit Performances of
Concrete Wall Structures Subjected to Blast Load

Ho Jin Kim"*, Jin Won Nam", Sung Bae Kim", Jang Ho Kim", and Keun Joo Byunl)

YSchool of Civil and Environmental Engineering, Yonsei University, Seoul 120-749, Korea

ABSTRACT In case of retrofitting a concrete structure subjected to blast load by using retrofit materials such as FRP (fiber-reinforced
polymer), appropriate ductility as well as raising stiffhess must be obtained. But the previous approximate and simplified models, which have
been generally used in the design and analysis of structures subjected to blast load, cannot accurately consider effects on retrofit materials.
Problems on the accuracy and reliability of analysis results have also been pointed out. In addition, as the response of concrete and rein-
forcement on dynamic load is different from that on static load, it is not appropriate to use material properties defined in the previous static
or quasi-static conditions to in calculating the response on the blast load. In this study, therefore, an accurate HFPB (high fidelity physics
based) finite element analysis technique, which includes material models considering strength increase, and strain rate etfect on blast load with
very fast loading velocity, has been suggested using LS-DYNA, an explicit analysis program. Through the suggested analysis technique, the
behavior on the blast load of retrofitted concrete walls using CERP (carbon fiber-reinforced polymer) and GFRP (glass fiber-reinforced poly-
mer) have been analyzed, and the retrofit capacity analysis has also been carried out by comparing with the analysis results of a wall without
retrofit. As a result of the analysis, the retrofit capacity showing an approximate 26~28% reduction of maximum deflection, according to the
retrofit, was confirmed, and it is judged that the suggested analysis technique can be effectively applicable in evaluating the effectiveness of

retrofit materials and techniques.

Keywords blast load, fiber-reinforced polymer composite, retrofit performance, high fidelity physics based analysis, concrete wall
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(b) Peak blast pressure distribution
Fig. 3 Calculations of blast loads
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Table 1 Input parameters in material models
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Table 2 Descriptions of analysis model

Boundary condition| All fixed

Rebar spacing 100 mm

Width 3,000 mm Rebar area 1.3 em’
Height 3,600mm| Concrete strength 21 MPa
Thickness 150 mm | Yield strength of rebar |300 MPa
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Table 3 Material properties of FRPs
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Table 4 Summary of analysis results

Contents Condition CFRP GFRP
x  |155 (1,055) 102
1 layer "
Max. stress y 90 (1,040) 101
(MPa) X 89 59
2 layers
y 52 58
X 0.0028 0.0038
1 layer
Max. strain y 0.0280 0.0220
(MPa) X 0.0016 0.0022
2 layers :
y 0.0160 0.0130
Max. Before retrofit > 275 mm
displacement | 1 layer retrofit 196 mm 203 mm
(mm) 2 layers retrofit 169 mm 175 mm
* Local concentration around boundary area
0.03
=9
g Ultimate stain of GFRP
'g 0.02
oy
£
et N
S oo
£
8
> 1
layer
0.00
CFRP retrofit GFRP retrofit

Fig. 10 Strain comparisons according to retrofit layer
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