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/] ABSTRACT /

Nonlinear analysis for seismic performance evaluation of existing building usually takes 4~5 times more than linear analysis based on KBC
code. To obtain accurate results from the nonlinear analysis, there are a lot of things to be considered for nonlinear analysis modeling. For
example, reinforcing layout, applied load and seismic details affect behavior of structural members for the existing building.
Engineer-oriented computerized system was developed for engineers to evaluate effective seismic performance of existing buildings with
abiding by seismic design principles. Using the engineer-oriented program, seismic performance evaluation of reinforced concrete
building was performed. Nonlinear hinge properties were applied with real time multiple consideration such as section layout, section
analysis result, applied load and performance levels. As a result, the building was evaluated to satisfy LS(Life Safety) performance level.
A comparison between engineer-oriented and program-oriented results is presented to show how important the role of structural engineer

is for seismic performance evaluation of existing buildings.
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Fig. 1. Vertical Element Nonlinear Property Producing Algorithm
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I Element Section Check

= Material Strength
= Element Section Size
= Reinforcing Detail

( vertical & horizontal )

P 1% Review

| Section Analysis

PM curve, M-@ curve
Applied Load( Axial, Shear )

I Failure Mechanism

Deformation-controlled action
Force-controlled action

l* _______________ 319 Review

Nonlinear Properties

Hinge Properties( a, b, ¢ )
Performance Level( 10, LS, CP )

l¢ _______________ 4" Review

I Nonlinear Analysis Software

_—
General Procedure

(Step by Step One way)
Englneer-Onented Procedure
(Integrated Review)

Computerized

. System

Fig. 2. Engineer-oriented Computerized System
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Fig. 3. Horizontal Element Nonlinear Property Producing Algorithm
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Table 1. Building Outline

Target Building ‘D’ library
Use Education/Research Facility

Gross Floor Area 3470 n?
Building Area 1163 m’

Story B1F ~ 4F
Height 14.9m

Structure Reinforced Concrete Structure
Year of Completion 1981

G5A G12

6,800 | 6,800 | 6,800 | 6,800 | 6,800 | 6,800

40,800

Fig. 4. Typical Plan(1st Floor)
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QAL 2 27} mA o 24 Al A 0 & 2 815134(7.5 kN/m?)
o] AHgHIL 9L, o= |2:g 0] T A% e ulsl o 2 Feie 7
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Table 2. Seismic Design Criteria

Category Application
Seismic Zone Factor S$=0.22
Site Class S,
Building Importance Importance(1)_(School)
Risk Category |
Importance Factor(l ;) 1.2
Respond Modification Coefficient(R) 3

Reinforced Concrete Moment Frame

Lateral Resisting System

Table 3. Gravity Load

Use Dead Load(kN/m?) | Live Load(kN/m?)
Library -3.99 -7.5
1F Lobby -3.99 -4.0
1F Toilet -4.38 -3.0
" Dy Room, Lowge | 798 28
2F Hall -3.99 -4.0
2F Toilet -4.38 -3.0
2F Gallery -3.99 -5.0
2F Office A -3.99 -25
2F Office B -6.19 -25
2F Lecture Room -3.99 -3.0
2F Digital Reference Room -3.99 4.0
3F Lecture Room -3.99 -3.0
3F Reading Room -3.99 -3.0
3F Hall -3.99 -4.0
Roof Top(Lounge) -6.14 -3.0
Roof Top(Holding No Access) -6.14 -1.0
Water Tank -6.14 -7.0
Stairs -6.44 -3.0

Table 4. Material Strength

Material Design Strength Applied Strength
Concrete 21 MPa 18 MPa
Reinforcement 240 MPa 240 MPa
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Fig. 5. Response Spectrum
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Table 5. Seismic Performance Objectives

R'Siggt:gggy of DB level(2/3 of the MCE level)
Special Immediately Occupancy
I Life Safety
il Collapse Prevention

Table 6. Effective Stiffness

Component | Bending Stiffness| Shear Stiffness | Axial Stiffness
Beam 0.5, 04EA, -
Column
(Axial foce ratio 0.7E.l, 04E A, EA,
more than 0.5)
Column
(Axial force ratio 0.5, 04EA,, EA,
less than 0.3)
Q
Qy
b
a
1.0 5 c
IO LS C
N D E| Ic
B or A

Fig. 6. Plastic Hinge Property Definition
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Table 7. Typical Nonlinear Property Type(Vertical Element)

Table 8. Typical Nonlinear Property Type(Horizontal Element)

Type 1 ‘ Type 2 Type 1 Type 2
500 w0 o o | |
Section Shape § | 5019 4 g 8.019 Shape
350 350
—— Section 350x600 350x600 250x600
Section Size 400 x 400 , 500 x 500 Size
Seismic Detail Non-seismic Detail (Hoop lap = 300 mm) SSIStm_IIC Non-seismic Detail (Hoop lap = 100~300 mm)
Axial Force Ratio Low(0.1~0.3) High(0.5) etal
Effective Stiffness 0.5l 07l ’ Ejbard) Equal Different Different
-en
Failure Mode Flexural Shear Aooled
. ppie Low High ;
los | icp llo/Ls/CP Force
0.0042| | 0.0052 10.0005 X
. Failure
Nonlinear Property Flexural Shear Flexural&Shear
| Mode
|
| :_%% %%125:. :):Zos 10 0.0015 CP
- LS 0.002 |';0.003
s
. Lo ! [ 10 0.0015TCP
— H]LHZ]/?)]-}\ﬂ7I— &‘l% 7/10 % 7}H 9»11_4— 7]‘5"‘] H]/\ ‘Cé_éﬂl . 10 0.0015\!' {|cP Ls 0002 0.003
o 2 58 e, SRR A9 10-50%2) SeAulol el 7 Propery aostion
: 1 Io/Ls CP
XS th2 7 283519t Table 6). E3F == 7| gHEA 9] RHIES = s LS 0.002 I: 0.003 0.005! :0.015
_ 0.0058 0.0079 0.0139
o= S WA o] wieh Vpglell Fake 71 thieell 59 A= I
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(a) Vertical Element(Column)
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(b) Horizontal Element(Girder)

Fig. 7. Grouping
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Fig. 8. Risk Region Prediction

Table 9. Eigenvalue Analysis of Elastic/Nonlinear Model

Mode H1 dir. H2 dir.
No. Mass(%) Sum(%) Mass(%) Sum(%)
Elastic 1 0.11 0.11 65.59 65.59
Model 2 78.85 78.96 0.59 66.18
Nonlinear 1 0.65 0.65 75.44 75.44
Model 2 78.23 78.88 0.66 76.10
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Table 10. Effective Stiffness

Design Apparent Over Strength Ratio
H1 2105kN 3660kN 1.74
H2 2105kN 3570kN 1.70
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3} 2= QJti(Table 10).
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Table 11. Result of Seismic Performance Evaluation

Performance
Category Objectives H1 dir. H2 dir.
at DE Level
Structural .
Member Life Safety OK OK
Allowable Story 0.7% 0.4671% 0.5544%
Drift (Life Safety) (OK) (OK)
2 RCHTIE S22 HUZV Aol tiste] LS(Life Safety) <ol 4]
1.02 9] Qe AL 9ok, e 244 gHo] §Ig 79wt 1
227
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Table 12. Typical Nonlinear Property Comparison
Column Girder 1 Girder 2
500 -
— t
Section 8
Shape g 8-D19
350
Section Size 500x500 350x600
Engineer | Program | [&J-end | Engineer | Program l-end Engineer | Program J-end Engineer | Program
Failure Failure Failure | Flexural& Failure | Flexural&
Mode Shear Flexural Mode Shear Flexural Mode Shear Flexural Mode Shear Flexural
Seismic Non Seismic Seismic Non Seismic Seismic Non Seismic Seismic Non Seismic
Acceptance | Detail | Seismic Detail Seismic Detail Seismic Detail Seismic
Criteria + 0.0015 0.005 + 0.0015 0.005 + 0.005 0.005
10 0.0005 0.0025 10 - 0.0015 0.005 10 - 0.0015 0.005 10 - 0.005 0.005
+ 0.002 0.01 + 0.002 0.01 + 0.005 0.01
LS 0.0005 0.0075 | LS I 0.002 0.01 LS - 0.002 0.01 LS - 0.0065 0.01
+ 0.003 0.02 + 0.003 0.02 + 0.015 0.02
cP 0.0005 0.015 CP 0.003 0.02 cP - 0.003 0.02 cP - 0.0135 0.02
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Fig. 11. Nonlinear Pushover Curve Comparison
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