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Abstract In this study, a nonlinear impact analysis was performed to evaluate the safety and damage of
an eco-pillar debris barrier with a hollow cross-section, which was proposed to improve constructability
and economic efficiency. The construction of concrete eco-pillar debris barriers has increased recently.
However, there are no design standards concerning debris barriers in Korea, and it is difficult to find
a study on performance evaluations in extreme environments. Thus, an analysis of an eco-pillar debris
barrier was done using the rock impact speed, which was estimated from the debris flow velocity. The
diameters of rocks were determined by ETAG 27. The impact position, angles, and rock diameter were
considered as variables. A concrete nonlinear material model was applied, and the estimation of damage
was done by ABAQUS software. As a result, the damage ratio was found to be less than 1.0 at rock
diameters of 0.3 m and 0.5 m, but it was 1.39 when the diameter was 0.7 m. This study could be used

as basic data on impact force in the design of the cross section of an eco-pillar debris barrier.
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Fig. 1. Example of debris flows with rock
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Table 1. Material properties of granite [11]

Type Porosit Cohesive Friction angle
P rosity strength (MPa) (deg)
Granite 0.2 55.1 51.0

AVRVE WY A] H4o] Apbo] FEel 2L o)
o opslng, 7280 &% BAE daAe A1
2 gre 0 % g SERAL veel o] ER
Sh} 2 Aol M= Qhae EXRe} g Bubslo] A
aheio] FEsle Ao deld ZFEAY ojmWat
o 0 9 45% wro= ZgNzon, SAYES 1)
shn 2AE &40z FH0] ANEE AL e
7] 9l 715 SHRERE 2.5 m ol A S 3
A7 7537|2900 AAR0] YEUES} A2 @
A2 st

ghile] A7)} RA FER Q8| Rae|E 7|5
HlAL gl AXA A8 Fme] HH4o] Tejsojof
soe afolE A8HR Y= SUETLARL

ETAG279] #&23=A183 152 gt 453571 7
oA AAlh= A BES o] H%gt 29 3
712 Astedct [12]. ETAG2791AE Table 29+ Zo]
50 kJ &=y Ao tigt 160 kg2 Y43} 100 k] =
offixlof thgt 320 kg9 Y4 B5H7HE Y8l AR
EE AASt Qloh. Aol S5k 49 A4S
0.5 m& AXFSHH, Table 33+ Zo] EA= 167 kg, &
EUAE 52 k] A=, o= 50 kJ FEoU|] o
g Y43t vt £E0|H, olE 7[ECE 03 m ¥
0.7 m9 ¥94< 0.5 m 277 A 1#sto] Fig. 83
ol H-gotoirt. E3 Aol FESH] Mo ApTd 2

7stsos AR AE fe] A E it

o
i

Table 2. Test model of ETAG 27 [12]

Weigh (kg) Impact energy (kJ) Shape of rock
Polyhedron with 26 Faces
160 50 N
]
320 100

Table 3. Weight and impact energy of Rock model

Diameter Weigh (kg) Impact energy (k)
0.3 36 11
0.5 167 52
0.7 460 144

(a)

b
Fig. 8. Impact analysis model according to rock model
(@) 0 deg (b) 45 deg
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