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Assessment of Building Vulnerability Curve Subjected to
Debris-Flow

Choi, Seung Hun*, Ham, Hee Jung™, and Lee, Sungsu™*

Abstract

In this study, the vulnerability curves for masonry and concrete frame buildings are assessed based on building fragility curves
for the debris-flow caused by landslides on mountain slopes. The First-Order Second-Moment (FOSM) method is used to estimate
the building fragility curve (expressed as probability of damage exceedance) subjected to debris-flow. In this method, the horizontal
displacement of a building impacted by debris-flow and the statistics of resistance (i.e., building displacement) following four different
damage states (i.e., slight, moderate, extensive, and complete) are utilized to estimate the building fragility curve. The building
vulnerability curves (expressed as mean probability of damage) were evaluated based on the estimated building fragility curve and
corresponding mean damage ratio for each damage state and were verified by calculating the root mean square error with datasets
obtained from post-disaster damage assessment. In this study, the effects of structural material, type, and height on the building
vulnerability curves were also studied. All vulnerability curves of buildings estimated in this study were fitted and databased using
parameters of the log-normal cumulative distribution function and can be used to measure the performance of buildings in debris-flow
prone areas as well as to provide information for risk and loss assessment.
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Table 1. Approaches for Developing Fragility and Vulnerability Curves (Schultz et al., 2010)

Classification

Definition

Judgmental Approach .
judgmental.

Fragility and vulnerability curves based on some form of expert opinion is classified as

Empirical Approach

Empirical fragility and vulnerability curves are based on observational data documenting the
performance of structures under a variety of loads.

Analytical Approach

Analytical fragility and vulnerability curves are based on analytical or numerical models that
characterize the performance limit state of the structure.

Hybrid Approach
limitations.

A hybrid approach for developing fragility and vulnerability curves use a combination of
two or more of the approaches described above in an attempt to supplement their various
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Table 2. Analytical Method for Modeling Fragility and
Vulnerability Curves (Schultz et al., 2010)

Classification Definition

- First-order second-moment
FOSM - Method is based on well-known
approximations.

- First-order reliability method
- Extends first-order approximation

FORM methods to handle non-normal basic
random variables.
- Second-order reliability method
SORM - Extends first-order approximation

methods to address nonlinear limit state
equations.
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Table 3. Approximated Mass of Structural Systems

Classification Mass (kg) Per Story
Concrete 800
Masonry 670

Steel 620
Wood 220
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Table 4. Distribution Ratio of Building Structure in South Korea
(NEMA, 2009)

Classification Ratio (%)
Masonry 43.64
Concrete 19.09
Steel 12.78
Steel Framed Reinforced Concrete 0.49
Wood 21.83
etc. 2.17




Table 5. Median Value and Log-standard Deviation of Building Displacement Used in Seismic Fragility Curves (NEMA, 2009)

Median Value (mm) and Log-standard Deviation of Building
Classification Story Displacement Following Four Different Damage States
Slight Moderate Extensive Complete
URM URML Unreinforced Masonry | 1~2 12.0 (0.56) 24.0 (0.59) 40.0 (0.66) 60.0 (0.69)
URMM Bearing Walls 3+ 18.0 (0.51) 36.0 (0.52) 60.0 (0.59) 90.0 (0.64)
CIL1 1~2 34.4 (0.71) 55.1 (0.72) 110.1 (0.77) 220.3 (0.81)
- Cl1L2 Concrete Moment 3~5 57.3 (0.66) 91.6 (0.71) 183.3 (0.75) 366.5 (0.80)
CIM Frame 6~15 121.1 (0.59) 193.8 (0.65) 387.5 (0.70) 775.0 (0.77)
CIH 16+ | 148.1 (0.53) 237.0 (0.60) 473.9 (0.65) 947.8 (0.72)
C2L1 12 8.7 (0.52) 17.5 (0.71) 116.4 (0.82) 232.8 (0.83)
C2L.2 Concrete Frame with 75 75 15.0 (0.47) 30.0 (0.60) 200.0 (0.81) 400.0 (0.82)
© C2M Unreinforced Masonry 6~15 25.6 (0.54) 51.2 (0.64) 341.5 (0.80) 683.0 (0.83)
Infill Walls
C2H 16+ 31.2 (0.54) 62.4 (0.51) 415.8 (0.81) 831.7 (0.82)
C3L1 1~2 9.8 (0.50) 19.5 (0.59) 39.0 (0.67) 78.0 (0.74)
C3L2 3~5 19.5 (0.49) 39.0 (0.56) 78.0 (0.62) 156.0 (0.74)
C3 Concrete Shear Walls
C3M 6~15 39.0 (0.52) 78.0 (0.52) 156.0 (0.62) 312.0 (0.70)
C3H 16+ 47.6 (0.53) 95.1 (0.49) 190.2 (0.56) 380.5 (0.69)
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Table 6. Mean Damage Ratios to Convert to Vulnerability Curve
from Fragility Curve

Damage
State

Mean
Damage
Ratio

Definition

Complete

1.0 -

Partly or totally destroyed
Evacuation necessary
Complete reconstruction

Extensive

0.8

Partly destroyed

Loss of parts of external and
internal walls

Failure of building openings
Evacuation necessary
Reconstruction of destroyed parts

Moderate

0.5 -

Affected by structural stability
Cracks in the external walls

Partial failure of building openings
Infiltration of mud-water mixture or
water

Damage to internal contents of the
building

Slight

0.1 -

Not affected by structure stability
Abrasion of the external walls
Partial crack of building windows
Infiltration of fine mud-water mixture
or water

Damage to some internal contents of
the building

None

No damage
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Table 7. Parameters of Log-Normal Cumulative Distribution
Function for Building Vulnerability Curves Subjected to
Debris-Flow

Parameters of Log-normal
) ) Cumulative Distribution
Classification Story Function
Mp &r
URML 1~2 0.277 0.822
URM
URMM 3+ 0.485 0.772
CILI 1~2 1.513 1.051
cl CI1L2 3~5 1.683 1.038
CIM 6~15 1.947 0.957
CIH 16+ 1.947 0.957
C2L1 1~2 0.921 1.726
© C2L2 3~5 1.100 1.780
C2M 6~15 1.100 1.780
C2H 16+ 1.100 1.780
C3L1 1~2 0.698 0.990
o C3L2 3~5 1.057 0.927
C3M 6~15 1.264 0.928
C3H 16+ 1.264 0.928
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Fig. 2. Building Vulnerability Curves of Unreinforced Masonry
Bearing Walls (URML and URMM)

BHEdEE FeHO Ho 1S Ug
W Aotk Fig. 20l Hol= ule} o] BEXF dl50] 2
MNY 749 25 oJ31Q1 URML AZFE-L oF 69%, 3% oldR!
URMM 552 9F 61%2] £35S Helth v, EY
7 35l 6 MNY 73-%- URML AZFE-2 °F 97%, URMM
ASEL 96%= AR &48ES Btk o8 F3ly
TR ZAFAGHURM) 2 A" AZELS BEXF 3}
o] 6 MN ©|3td 74-¢- URML®] URMME LT} okt A&
RIT F o, EARF 3F50] 6 MN o3 7d-5-oll=

F5 BARlel £YHEOl AABIRE AT F Utk

i
o
&

n
L

3.1.2 232 E AZF=9| FUY =zM

Fig. 38 B4R O3t 238E RAEZXHCHE T4
H A5ES] FHESEE FHY AP F44E UERd
Zlo|th. Fig. 33 o] EARF 3sl%o] 2 MN¥ 749 CIL],
CIL2, CIM¥} CIH =22 57} ool uje} oF 22%,
17%, 10%2] S35 Hddl uet AEEo] ASY4SE
EXF tisle] FHeket A1e 1% 4= k. I8t ofe}
EANRF 350l 6 MNY 785 2F 60%, 54%, 43%= 3152
Z7te) A E3EE0] AY APH o= Frlehe As

18 5 9k,

-
-

Probability of Failure
o o o o
» o (=] ~
T . T T
~

~
. ~
S
D SEEERN
LR
N
\
\
\
L . . L

o
w
:
~
N
.

o
[N}
T
~
~.

L

—ciL1
- = ciL2 _
=-=-C1Mand C1H
| [ [ I

0 2 4 6 8 10 12 14 16 18 20
Debris-Flow Impact Force (MN)

o
e
T
~
S

o
Iy
D

Fig. 3. Building Vulnerability Curves of Concrete Moment
Frame (C1L1, CIL2, CIM, and C1H)
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Fig. 4. Building Vulnerability Curves of Concrete Frame
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Table 8. Comparison of the Probability of Failure of Building Vulnerability Curve and Historical Damage Data

. . . Historical Damage Data
Vulnerability Curve Assessed in This Study .
. . (Choi, 2013; Kang, 2016)
Classification - - RMSE (%)
Debris-Flow Impact .. . Debris-Flow Impact .
Probability of Failure Damage Ratio
Force (MN) Force (MN)
1.67 0.61 1.67 0.60
URML 2.90 0.83 2.90 0.80 0.19
8.00 0.99 8.00 1.00
2.19 0.43 2.19 0.40
C2M 0.30
2.67 0.47 2.67 0.50
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