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Fragility Function According to Failure Mode for Lightly Reinforced

Concrete Columns
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/] ABSTRACT /

Many older reinforced concrete (RC) buildings were constructed and designed with only gravity loads in mind. Columns in those buildings
have insufficient reinforcement details that do not satisfy the requirements specified in current seismic design standards. This study aims to
develop drift-based fragility functions for lightly RC columns. For this purpose, a database of 193 lightly RC columns was constructed to
determine central and dispersion values of drift ratios for individual damage states. Additionally, to develop more accurate fragility functions
of the columns, the failure mode of RC columns was incorporated into fragility functions. The classification procedure for column failure
mode is proposed in this study. Fragility functions for older RC columns are constructed according to four different damage states. The main
variables of the fragility functions proposed in this study are column properties and failure mode.

Key words: Lightly reinforced concrete column, Damage state, Fragility function, Failure mode
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Table 2. Probability of RC column failing in shear and flexure failure

Flexure failure Shear failure
Reference Range
Num, of specimens Probability Num, of specimens Probability
a/d<20UV,/V, =105 1 1% 24 61%
Zhu et al.[16]
a/d>20NV,/V, <1.05 85 99% 15 39%
V.V, >06 1 13% 32 82%
ASCE 41-17[27]
V[V, <06 75 87% 7 18%
a/d<1.77U p, <0.012U V,/V, >0.73 4 5% 34 87%
This study
a/d > 177N p >0012N V,/V, <0.73 82 95% 5 13%
Table 3. Summary of the central and dispersion values of the drift ratio according to failure mode
. Num, of specimens
Failure mode Damage state . Hy Ty & my Hing Oing
in DS,
DS, 99 0.34 0.59 1.73 0.31 -1.17 0.45
Flexure failure DS, 99 0.68 0.35 0.51 0.62 -0.48 0.45
(99) DS, 92 1.58 1.00 0.54 1.66 0.51 0.47
DS, 88 3.83 7.03 1.83 3.37 1.21 0.51
DS, 80 0.37 0.57 1.54 0.33 -1.10 0.45
Shear failure DS, 80 0.78 0.38 0.49 0.63 -0.46 0.66
(80) DS, 73 1.65 0.74 0.45 1.54 0.43 0.38
DS, 44 2.99 3.74 1.25 264 0.97 0.50
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7. Notation

* V, : shear force demand when the column reaches its flexural

strength (1)

* V, : shear strength of column
* A, : minimum column sectional area (60000 mm?)
* V,, :shear force at the onset of the first visible crack was estimated

based on their cyclic curve
7, - effective yield strength which is defined by ASCE 41 (2017)

o,

* V. : capping strength (incidence of strength and stiffhess deterioration)

* K :initial secant stiffness to yield strength

* & : standard normal cumulative distribution function (CDF)

* 1, - mean of 1Ind

* 0, - standard deviation of 1nf

* &, (=a,/p,) : ratio of the standard deviation to the mean of 6

* D, .. - maximum distance difference between the empirical cumulative
distribution and the theoretical cumulative distribution

*D

critical *

: critical limit for distance at a given significance level
/ ALl 2/
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