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Quantitative Damage Index of RC Columns with Non—seismic Details
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Abstract

In this paper, the quantitative damage index for reinforced concrete (RC) columns with non-seismic details were presented. They
are necessary to carry out the postearthquake safety evaluation of RC buildings under 5 stories without seismic details. The static
cyclic test of the RC frame sub-assemblage that was an one span and actual-sized was first conducted. The specimen collapsed by
the shear failure after flexural yielding of a column, lots of cracks on the surfaces of columns and beam-column joints and the
cover concrete splitting at the bottom of columns occurred. The damage levels of these kinds of columns with non-seismic details
were classified to five based on the load-displacement relationship by the test result. The residual story drift ratios and crack
widths were then adapted as the quantitative index to evaluate the damage limit states because those values were comparatively
easy to measure right after earthquakes. The highest one among the residual story drift ratios under the similar maximum story
drift ratio decided on the residual story drift ratio of each damage limit state. On the other hand, the lowest and average ones
among the respective residual shear and flexural widths under the similar maximum story drift ratio decided on the residual shear
and flexural widths of each damage limit state, respectively. These values for each damage limit state resulted in being smaller
than those by the international damage evaluation guidelines that are for seismically designed members under the same

deformations.
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Nations USA Japan
G Guidelines for Performance
. SEAOC Vision 2000 ATC58 Postea'rthquake Safety' Evaluation of Earthquake
Guidelines (Moehle et al., 2004, Hanburger Evaluation and Retrofit . o
(SEAOC, 1995) et al., 2004) (JBDPA. 2001) Resistance RC Buildings
' (AIJ, 2004)
* Seismic design * Seismic design * Postearthquake safety .. .
Purposes ... . N . . * Seismic design
* Seismic evaluation * Seismic evaluation evaluation
Objectives |+ Structural members * Structural members  Structural members ) Stru'ctural members
* Structures * Stories
Damage * Maximum story drift ratio « Crack width
Evaluation | Quantitative |* Maximum story drift ratio * Residual story drift ratio . . . .
. . . R . ¢ Crack width * Maximum story drift ratio
damage index |* Residual story drift ratio * Replacement, Downtime, . . .
* Residual story drift ratio
Casualty rate
* Seismic capacity reduction
Residual seismic _ e Maximum deformation, factor (Hysteretic energy) _
evaluation Hysteretic energy * Residual seismic capacity
ratio
Table 2 Comparison of quantitative damage index
Guidelines for Performance Evaluation of SEAOC Vision 2000
Earthquake Resistance RC Buildings (AlJ, 2004) (SEAOC, 1995)
A - Damage
Story drift ratio| Residual crack | Performance Story drift ratio (%)
Damage level .
(%) width (mm) level Maximum Residual
Full}y 0.2 « Elastic response
1 0.5 0.2 operational
. ~ * Flexural cracking
Operational 0.5 - - — -
« Minor local yielding at a few locations
I 1.0 0.2~1 ¢ Shear cracking
Life safe 15 05 » Some residual strength and stiffness left in all stories
11T 1.33 1~2 « Spalling of cover concrete
v 20 Near collapse o5 o5 « Little residual stiffness -and strength, but load bearing
columns and walls function
v > 20 Collapse > 25 >95 |0 Steel fractures
» Compressive cracking of core concrete
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Fig. 3 Frame specimen (unit : mm)

Table 3 Section properties of specimen

Members Column Beam
Section (width X depth) 400 X 400 mm 350 X 550 mm
Longitudinal reinforcement 6-D16 i:g;g
Transverse reinforcement D10@300 D10@300
Steel type SD400
Steel yield strength 400 MPa
Concrete compressive strength 21 MPa
Axial load 120 kN -

Table 4 Concrete properties

Compressive strength Tensile strength Flastic modulus
[MPa] [MPa] [MPa]

23.3 5.83 22,701
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Table 5 Steel properties

Type Yield strength Tensile strength Elastic modulus
[MPal [MPal [MPa]
HD10 398.2 487.6 182,099
HD16 436.1 554.2 190,378
HD22 429.3 554.1 188,080

Table 6 Structural properties of members

Members Column Beam
M, (kNm) 99 (198) 311
Q,, kN) 72 (144) 214
Q, kN) 197 (394) 242

¥ () @ Sum of two columns
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Table 7 Maximum story drift ratio of damage limit state

I I 1T v \4

Damage index - -
Slight | Moderate | Extensive | Complete | Collapse

Maximum story
drift ratio of 1/200 1/100 1/67 1/50 > 1/50
damage limit state
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Table 8 Residual story drift ratio of damage limit state

I I m v \

Damage index - -
Slight | Moderate | Extensive | Complete | Collapse

Residual story drift
ratio of damage 1/1000 1/333 1/200 1/125 | > 1/125
limit state
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Table 9 Residual crack width of damage limit state

I I I vV \

Damage index - -
Slight | Moderate | Extensive | Complete | Collapse

Crack width of | Flexural| 0.2 0.5 1.5 2.0 > 20
damage limit
state (mm) Shear 0 0.2 0.5 1.0 > 1.0

Specimen loaded by the story drift r:

Lateral load(kN)

Storv drift ratio(%o)

Fig. 14 Comparison of lateral load—displacement relationships
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