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Vulnerability Assessment of Steel-Framed Buildings under Debris Flow
Based on Korean Standard Design Documents
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Abstract — This study evaluated the debris flow vulnerability of steel-framed rural houses based on standard design documents
using finite element analysis. Due to limitations in existing assessment methods, failure criteria from FEMA and NDMI (2023)
were applied, and strain-based vulnerability scores were calculated. Regression analysis was performed to derive vulnerability
curves according to debris flow intensity. Comparison with actual damage cases confirmed the effectiveness of the proposed
approach, which is expected to contribute to improved debris flow risk mitigation strategies.
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(b) Two-story building

Fig. 1. Aerial view of steel framed buildings

Table 1. Specifications of structural members

Model Member Section Material
One-story SC1 0-130x130%9 $8275
building SG1 C-200x90%x8x13.5 SS275
1-SC1 H-250x250x9x14 | SHN275
2-SG1 | H-350x175x7x11 SHN275
Two-story | 2-SB1 | H-300x150x6.5x9 | SHN275
building 2-SB2 H-350%175x7x11 SHN275
2-SCG1 | H-350x175x7x11 SHN275
R-SG1 | H-300x150x6.5x9 | SHN275
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(c) 2nd floor plan of two-story building
Fig. 2. Structural floor plans
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Table 2. Specimen combinations by grade and diameter

(a) Elastic properties

Young’s modulus (MPa) Poisson’s ratio

210,000 0.3

(b) Plastic properties

Yield stress (MPa) Plastic strain
275 0
410 0.18
Stress,
fy
fy
& €, Str;in, €

Fig. 4. Bilinear work-hardening model
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Shear connection

(b) Detail of stiffener

(c) Steel-framed building

(d) Constraint-rigid body
Fig. 5. FEA modeling of steel-framed building
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(a) One-story building without slab (b) Two-story building without slab

Fig. 9. Analysis result of 100% debris flow

Table 3. FEMA based failure criteria for steel-framed building (low-storeis)

0.02 0.0013 0

(c) One-story building with slab

Failure mode

Structural Slight Moderate Extensive Complete
damage Minor cracks in some Cracks in Permanent deformation of | 8 % of the wall area is
connection connection structural members damaged
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Fig. 10. Strain-based scoring zone

Table 4. Area of the deformed element

Strain rate
Structure type @ @ Fallgre
(between gy | (over gu) Hoels
and eu)
(a)
One-story building 20.3 % 19.5% Complete
without slab
(b)
Two-story building 1.2% - Slight
without slab
(©)
One-stroy building 17.9 % 16.9 % Complete
with slab
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