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Structural Safety Analysis of Newly Developed Roof-Typed Falling
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Abstract : Road is typically constructed along ridge area of mountain because of topographical and economic rea-
sons. Therefore, road may face lots of open cut slope which can easily cause rock falling. This study evaluates the
structural safety of newly developed falling rock protection system which has a roof deck plate. The structural per-
formance under self-weight, snow load and load from falling rock was investigated using a finite element numerical
analysis method. From the analysis results, the H-beam space was limited not to exceed 2.2m. The deck plate was
also safe under the examined loading condition. A hinge and connection in the system were investigated through
detailed numerical modelling and analysis. The results showed that the hinge was safe enough and that the con-

nection should strengthened with appropriate stiffeners.
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Fig. 1. Falling rock accidents in Korea,
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(a)Front view
Fig. 2. Design of roof~typed falling rock protection system,
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(b) Side view
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Fig. 3. Detail of deck plate,
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Table 1. Shape of rocks and equivalent friction coefficient
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Table 2. Weight and talling height relationship corresponding

to B0kJ
e T

kN tonf m
100 10.2 0.6
90 92 0.7
70 7.1 0.9
60 6.1 1.0
50 5.1 1.2
20 20 30
10 1.0 60

5 05 12.0
3 03 200
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(c) beam-stress
Fig. 6. Results of structural analysis,

(d) moment
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Table 3, Stresses when load was applied at outer beam

AF A7 m) | 2L EMPa) | 3838 MPa) | PR
12 163 190 7%
2.0 173 190 110%
22 186 190 102%
23 193 190 98%
24 200 190 95%

Table 4, Stresses when load was applied middle beam

AF A m) | $AASEMPa) | HEEHMP) | R
12 95 190 200%
2.0 145 190 131%
24 162 190 117%
29 188 190 101%
30 192 190 | w%

T LhAAa X O A1

Fig. 7. Roof deck plate structural analysis model,

Table 5. Stress occurred at roof deck plate
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(b) bending stress distribution

(c) bearing stress distribution
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Table 6. Displacements and rotations from structural analysis
from Section 3.2 (Unit: m & deg.)

40

DX | Dy) | D@ | R R{y) R(z)

front side | -0.17 |0.000246 |0.029465|-0.00739 | -0.03049 | -0.00562

rear side | -0.17 |0.0002210.033328|-0.01035 |-0.011262 | -0.00987

Fig. 9. Detailed model for hinge and pin,
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Fig. 11. Detailed model for connection area,
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(b) Detail A
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Table 7. Displacements and rotations from structural analysis
from Section 3.2 (Unit: m & deg.)

D) | Diy) | D& | Rx) | Ry) | Rz

front side |-0.08797 |0.014974 -0.0504 |-0.00429 |-0.02136 -0.00314
rear side |-0.0952110.002635| 0.02338 |-0.00301 | 0.00604 |-0.00449
lower side|-0.045860.002988-0.00016 |-0.00097 |-0.01354 |-0.00112

A )

(c) Shear stress parallel to pin axis (d) Shear stress perpendicular to pin axis
Fig. 10. Results of detailed structural analysis for hinge and pin,

(c) Detail B
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(a) Principal stress (b) Bearing stress
Fig. 12. Results of structural analysis for Detail A in Fig, 11(a).

SUMRERANRE:

(a) Principal stress (b) Bearing stress
Fig. 13. Results of structural analysis for detail B in Fig, 11(a).
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