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Overview

ÅShock tube testing of concrete columns

ÅResponse of columns with and without seismic detailing

ÅRetrofit of columns with FRP for ductility and for strength

ÅFRP bond under high strain rates



Shock Tube Testing 

Facility

Explosive Simulation



Shock Waves

ÅInstantaneous rise 
to maximum

ÅExponential decay

ÅShort duration

Properties



Shock Tube Induced Shock Waves

Time, t (ms)
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Shock Tube Reflected Pressure

CONWEP 238 kg TNT @ 30 m

ÅNear 
instantaneous 
rise time

ÅExponential 
decay over very 
short duration

Pressure vs 
Time



Load Transferring Device

ÅCollect pressure

ÅTransfer to column as a UDL

ÅIncrease mass of system

ÅIncrease tributary loaded area

ÅReduce venting and ówrap 
aroundô

Converting Pressure to Load

Sheet metal skin 

attached to transverse 

steel beams

Column



Group 2 Columns ïNon-Seismic Detailing

Experimental Program

ÅControl Column ï2-NS-C

ÅCFRP Jacketed Column ï2-NS-J

ÅLongitudinal CFRP Column ï2-NS-R

ÅLongitudinal and Jacketed CFRP ï2-NS-JR



Group 2 Columns ïSeismic Detailing

Experimental Program

ÅControl Column ï2-S-C

ÅCFRP Jacketed Column ï2-S-J

ÅLongitudinal CFRP Column ï2-S-R

ÅLongitudinal and Jacketed CFRP ï2-S-JR



Details of Columns Tested

Group Name

Cross 

Section 

Width

Cross 

Section 

Height

Longitudinal 

Reinforcement 

Ratio

Spacing of 

Transverse 

Reinforcement

f'c Fy P/Po Retrofit Details

mm mm % mm MPa MPa %

1

1-NS-C 150 100 2.67 50 58 483 35.6 -

1-S-C 150 100 2.67 25 58 483 35.6 -

1-NS-J 150 100 2.67 50 56.2 483 36.7 FRP Jacket

1-S-J 150 100 2.67 25 56.2 483 36.7 FRP Jacket

2

2-NS-C 150 150 1.78 75 69.6 483 25.1 -

2-S-C 150 150 1.78 37.5 69.6 483 25.1 -

2-NS-J 150 150 1.78 75 69.6 483 25.1 FRP Jacket

2-S-J 150 150 1.78 37.5 69.6 483 25.1 FRP Jacket

2-NS-R 150 150 1.78 75 69.6 483 25.1 FRP Reinforcement

2-S-R 150 150 1.78 37.5 69.6 483 25.1 FRP Reinforcement

2-NS-JR 150 150 1.78 75 69.6 483 25.1 FRP Jacket and Reinforcement

2-S-JR 150 150 1.78 37.5 69.6 483 25.1 FRP Jacket and Reinforcement

3

3-NS-C 150 150 1.78 75 49.5 497 31.3 -

3-NS-W 150 150 1.78 150 49.5 497 34.7 Prestressed Steel Jacket

3-NS-CB 150 150 1.78 75 49.5 497 34.7 Compression Brace

3-NS-TB1 150 150 1.78 75 49.5 497 34.7 Tension Brace

3-NS-TB2 150 150 1.78 75 49.5 497 34.7 Tension Brace

3-NS-TB3 150 150 1.78 75 49.5 497 11.6 Tension Brace



Control Columns

Non-Seismic 

Column

Seismic 

Column



Control Columns
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ÅSimilar response in elastic tests

ÅBar buckling prevention with seismic detailing

ÅMinimal core concrete loss with seismic


