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Performance Evaluation and Proposal on Standard Establishment
of the Bollard Through Impact Analysis
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Abstract

Recently damage of structures and loss of life by terrorism are internationally increasing. Among these terror that have a
possibility to can happen in korea and that can caused lot of human life loss is the vehicle terror. To prevent the vehicle
terror, the anti-ram barriers are needed. But domestic standard about anti-ram barriers are not clear. So, in this study, we
will utilize and analyze the vehicle impact to evaluate the efficiency of the domestic bollard and suggest the installation
standard of those. In Korea, granite, elastic, steel and stainless bollard are used. The performance of those bollard is not
available. Elastic bollard couldn't stop the vehicle, and the others just could stop the vehicle only at the speed under
10kph. Therefore, set the variable to reinforce, and evaluate the defence efficiency of bollard. As a result, granite and elastic
bollard was not suitable for the anti-ram barriers. Performance of steel bollard increased as thickness grew. So steel bollard
should must be thicker than 10T. And the concrete compressive strength effected insignificantly on the defence efficiency, so
more than 24MPa compressive concrete be used. Performance of stainless bollard increased as thickness grew. So stainless

bollard should must be thicker than 13T.
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(Fig. 1) Vehicle used in terrorism
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(Fig. 2) Vehicle model of 1996 Dodge
Grand Caravan
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$10-20 (Table 1) Material property of granite
R ) ial property of grani
! T Quantity Granite Unit
! Mass density 2626 kg/m"3
! Young's modulus 54 GPa
| Poisson’s ratio 027 -
i § Tensile limit 71 MPa
'i‘_ - |2 ‘l‘ - Shear limit 404 MPa
[ _I' 1 Fracture toughness 200 J/m™2
! Shear retention factor 0.1 -
| Viscosity 0.717 MPa
' DO A - A ive vi
! Compressive yield 163 MPa
| strength
i (- 9:cm)
NN\ —_
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MA) Bole EaH0] 22 AMLE, TAAe (Table 2) Material property of EPDM
739 SEAAISF 52.59GPa, TEolH] 0153 2t Quantity Granite Unit
SHAPS} 1997). old HAE i Z=a9 Mass density 1100 kg/m"3
ellA 38317] 9181 MAT_BRITTLE_DAMAGE Poisson’s ratio 0.499 -
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(Table 4) Material property of SUS304

(Table 3> Material property of concrete & steel pipe

Quantity Granite Unit
Mass density 7930 kg/m”"3
Young's modulus 190 GPa
Poisson'’s ratio 03 -

Mass Young’s | Poisson's
Material & Strength 3. EFIEC] gt
density | Modulus | ratio
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(Table 5) Performance of anti-ram barriers
(ASTM F 2656-07)

Typical test vehicle(weight) Kinetic
energy
Rating | Speed | Test range | kef-m(103)
Pickup truck (P) (2300kgf)
27.3kph
PU10 10mph and less 24
274 -
2 20mph 4
P2 Oph | 43 dieph ’
435 -
PU30 30mph 60.9Kph 212
PUO | 40mph | b 377
75.5kph '
75.6 ~
PUS0 50mph 91.6kph 589
91.7kph -
60mph :
PU60 bove 84.8
P standard (x = distance required to stop)
P1 =< 1lm
P2 1.0Im=<z< ™m
P3 7.0Im =< z < 30m
P4 = 30m
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(Fig. 9) Example of impact analysis result
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(Fig. 10) Vehicle speed change with time
after granite bollard impact
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(Fig. 11) Vehicle speed change with time
after elastic bollard impact
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(Fig. 12) Vehicle speed change with time
after steel bollard impact
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(Fig. 13) Vehicle speed change with time
after stainless bollard impact
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(Table 6) Impact analysis results of steel bollard

Velocity | Velocity
) before after
Variable ) ]
mmpact impact
(ph) | (ph)
3T 30 12.55
Steel 5T 40 14.26
pipe 75T 50 15
10T 60 20.61
24MPa 30 1255
Concrete
compressive | 2/MPa 30 1311
stren
gh 30MPa 40 26.04
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(Fig. 15) Correlation between concrete
compressive strength and kinetic energy
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(Table 7) Impact analysis results of stainless bollard

Velocity | Velocity
(kph) (kph)
3T 30 12,55
Steel 5T 40 14.26
pipe 75T 50 15
10T 60 2061
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