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/ ABSTRACT /

This study is the compared seismic performance that are difference between the performance of structures on various site classes and
beam-column connection. this analysis model was designed the previous earthquake load. To compare the performance levels of the
structure was subjected to nonlinear static and nonlinear dynamic analysis. Nonlinear analysis was used to The Perform 3D program.
Nonlinear static analysis was compared with the performance point and Nonlinear dynamic analysis was compared the drift ratio(%).
Analysis results, the soft site class of the displacement was more increase than rock site classes of the displacement. Also The smaller the

displacement was increased beam-column connection stiffness.
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Fig. 1. Since 2000-2013, the Korea earthquake records(KMA 2013)
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Table 1. Required Performance Level of Korea Infrastructure Safety

Damage patterns Definition

Immediate Occupancy : 10 Seismic Special grade

Life Safety : LS Seismic I grade

Collapse Prevent : CP Seismic I grade

Collapse risk -

Table 2. Expected Damage and performance levels on the drift
ratio of structure

Immediate
Occupancy : 10

Collapse

Elements Type Prevention : CP

Life Safety : LS

buckling of braces.| braces yield or

Primary | Many braces and | buckle. but many

Braced Connection fail. | connection fail
Steel

Minor yielding or
buckling of braces.

Frames | Secondary | same as Primary |same as Primary| same as Primary

2% transient or | 1.5% transient, 0.5% transient,

Drift 2% permanent | 0.5% permanent | negligible permanent
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Fig. 5. Plan and Elevation of the Analysis Model

Table 3. Model Properties
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Table 4. Shear Modulus on the Site Classes

Member Story Location | Naming Member Size
1—oF Exterior SC1 H-388x402x15%15
Interior SC2 H-350%350x12%19

Site Class | Density(kN/m®) 322 ?:rit:/l\(li\;z) Shea(er\;:;julus
SA type 20.58 1500 472211
SB type 20.58 760 1212.22
SC type 20.58 360 271.99
SD type 17.64 180 58.28
SE type 15.68 90 12.95

Exterior SC11 H-350x350%12x19

Column 3~4F

Interior SC12 H-350x350%12x19

Exterior SC21 H-344x348x10x16

oF Interior SC22 H-304x301x11x17

1~2F All SG1 H-404x201x9x15

Girder 3~4F All SG2 H-404x201x9x15
5F All SG3 H-396x199x7x11

Braces All All BR1 H-200x200%8x%12
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(a) Spring model of the foundation (b) Embeded foundation

Fig. 6. Foundation Model of the Soil stiffness(FEMA356)



Table 5. Foundation stiffness for site class

Site e FEMA356
Class K, g BE,.,,
K,(Nmm) | 3194E+07 | 233 | 7.443E+07
tys;fe K, (N/mm) 3.963.E+07 1.38 5.467 E+07
K,(Nmm) | 5312E+13 | 201 1.069.E+14
K,(Nmm) | 8200E+06 | 233 1.911.E407
tySpBe K, (Nmm) | 1.017.E407 138 1.403.E+07
K,(Nmm) | 1.364.E+13 | 201 2744 E+13
K,(Nmm) | 1840E+06 | 233 | 4.287.E+06
tyspce K, (Nmm) | 2283 E+06 138 3.149 E+06
K,(Nmm) | 3060.E+12 | 201 6.158.E+12
K,(Nmm) | 3943E+05 | 233 | 9.187.E+05
tys";e K, (Nmm) | 4.892E+05 138 6.748 E+05
K,(Nmm) | 6.557.E+11 2,01 1.320 E+12
K,(Nmm) | 8762E+04 | 233 | 2.041E+05
tys':e K, (Nmm) | 1.087.E+05 138 1.499.E+05
K,(Nmm) | 1.457.E+11 2,01 2,932 E+11
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Fig. 7. Semi-rigid connection Model of the Beam-Column
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Fig. 8. Semi rigid connection model for Performance
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Fig. 9. Semi-rigid connection rotation stiffness

Table 6. Semi rigid connection design example

Rs | R (N'mm/rad) (E/I;:;) MJ/Me | M((N'-mm) | Oc(rad)
0.5 3.52.E+09 | 7.05.E+09 0.20 5.59E+07 | 1.59E-02
1 7.05.E+09 | 7.05.E+09 0.33 9.31E+07 | 1.32E-02
15 1.06.E+10 | 7.05.E+09 0.43 1.20E+08 | 1.13E-02
2 1.41.E+10 | 7.05.E+09 0.50 1.40E+08 | 9.91E-03
25 1.76.E+10 | 7.05.E+09 0.56 1.55E+08 | 8.81E-03
3 211.E+10 |7.05.E+09 0.60 1.68E+08 | 7.93E-03
35 247.E+10 |7.05.E+09 0.64 1.78E+08 | 7.21E-03
4 2.82.E+10 |7.05.E+09 0.67 1.86E+08 | 6.61E-03
45 3.17.E+10 | 7.05.E+09 0.69 1.93E+08 | 6.10E-03
5 3.52.E+10 | 7.05.E+09 0.71 2.00E+08 | 5.66E-03
18 1.27.E+11 | 7.05.E+09 0.90 2.51E+08 | 1.98E-03
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Table 7. Member criteria

Component

Deformation Controlled

Force Controlled Action

Action
Moment Frames
- Girder Moment Shear
- Column Moment Axial and Shear
- Connection Moment Shear
Shear Wall Moment and Shear Axial
Braced Frames
- Braces Axial -
- Girder - Axial
- Column - Axial
- Shear Link Shear Axial and Moment
Connection All Load All Load

*All Load : Axial + Shear + Moment

Q/Qy

1.0

Fig. 10. Plastic hinge Model(FEMA356)
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Table 8. Steel Structure Modeling Parameters(FEMA356)

Table 9. Using the analysis earthquake data

Modeling Parameters Acceptance Criteria
Plastic rotation Residual Principal
Component strength
(rad.) . 10 member
ratio
a | b c s | cp
Moment Frames
Compact
90 110 16 60
SeCtiOn Yy Yy 06 Yy Yy
Girder Non
Compact | 40, 60, 0.2 |0250,| 20,
section
Compact | gy | 499 | op | 16, | 60,
Column @ section Y Y Y Y
(P/PCL<0.2) Non
Compact | 46, 60, 02 (0250, 26,
section
Compact | 1419 | 17k6 | 02 |0.250 |8k
Colur‘m@ section Py Py Yy Py
(0.2<P/PCL<0.5) Non
Compact | 16, 1.56, 02 [0.256,| 0.50,
section
Column (0.5<P/PCL) Force Controlled Action

Braces in Compression

H Shape, | Shape \0-54 84 \ 02 \0.254,

54,

Top and bottom Clip angle Connection

Flexural failre of angle | 0.042| 0.084 | 0.2 [ 0010 0.025

*kp=1-1.7F/P,
* AC . Axial deformation at expected buckling load
* AT : Axial deformation at expected tensile yielding load

1994, Northridge, Santa

030 1840, El Centro Site, 180 Deg Monica,City Hall Grounds,

Duration of a Vibration(, sec) Duration of a Vibration(T, sec)

(a) EQ 1. Elcentro (b) EQ 2. Northridge

040
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020
g‘ 010
£ 000 b
£ o”
< oz

030 1971, San Femando 8244 Orion Bvd., 180 Deg

040

Duration of a Vibration(T, sec)

(c) EQ 3. San Fernando
Fig. 11. Earthquake data
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o}, ofepE =] A e AHEYglo|ne, o
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wigkslo] Table 103} 2o] Liehjo] Hmglol vl mstict
W3 2k 7| R R 9, SARE S 2710 A
e OF 52 mm o) AR A0 Lhehiton], bl Spxlutel

[e)
g
uhi= OF 56 mm . HS)7H F7H5HE A0 ek,

W7)5 AR A, Sy e SR 2] 45 ok 54
mm 2 9 $ABI o, SeAel uhs oF 58 mmE ¥el7h 27t
Aow ey

Bl pRo] A9 TR Q15 Tl o] AujH o ey,
A o] 2714Ae WAEIR ] thio] 4% ) Rk 27 Tk o
A0 Uehek, PR HEHL] el ol8) 12| Ao] detd
B, o] GAEH: Ao ol ket oo Fig. 13014 1t
Ehd AR 7P Sl Ul o] g, 7MEEr BE Fee XA
R TP A0 JlaH T 5ol LRt A0 R Bolgirt

Beff (%)=5.0 Beff (%)= 10.0

0.45 b Beff (5= 15.0 Beff (5)=20.0
/7 —+—Fixtype —8— Sa Soil
0.40 ’ =350l ——scsol
/7 7’
7 ==y 5d Soil Sse soil

¢ Performance Point

Spectral Acceleration, S,

0.00 10.00 20,00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00
Spectral Displacement, S, (mm)

(a) Procedure A(Rigid Connection)

»»»»» Beff (%)=50 — — —Beff(%)=100

045 Beff (%)= 15.0

— - ~Beff(%)=200
o Fix type. 5a Soil
e 5 Soil e 5 S0l

sd soil Se soil

2
Lo
H
2
&

Spectral Displacement, S, (mm)

(c) Procedure A(Semi-Rigid )

Table 10. Nonlinear static analysis result with soil conditions

Capacity Spectrum Displacement
Method Coefficient Method
Site : Target
Classes Displacement type | Procedure A(mm) displacement(mm)
Rigid | Semiigid | Rigid | Semi-nigid
Model Mokl Model Model
 Seedum | 3004 | 083 | - -
displacement, Sd
Sa Type -
Roof displacement| o> 11 | 5412 | 5108 | 5447
Aroof ' ’ ' ’
Specturm
Sg | displacement, Sd 3916 | 4019 ) )
Type |Roof displacement 52 01 53.48 5206 54.19
Aroof ' ’ ' '
Seedum | 593 | a086 | - .
displacement, Sd
Sc Type Roof displacement
P 52.18 54.03 52.09 54.31
Aroof
Spedum | ao43 | 4020 | - -
displacement, Sd
So Type Roof displacement
P 52.28 53.51 52.74 54.88
Aroof
Seedum | gt | aa0s | - -
displacement, Sd
Se Type Roof displacement
P 5620 | 5818 | 54.95 | 57.14
Aroof
S -s A 418 4.06 2.97 2.97
5 i average 4.12 2.97
6000
5000 Target Displacement sl
4000 —sSe Soil
z
éiﬂﬂﬂ
2000 /
1000 ———
‘ ] 2’0 4‘0 ;0 8’0 1c'm lllm 14‘0 1;0 1;0 200

5000

4500

4000

Base Shear (kN)
e w
g & 8

o
H

Roof Displacement, & o0¢(mm)

(b) Target Displacement(Rigid Connection)

Target Displacement _

|
\
\
i
i
i
i
i
i
i
[
|
[

Fix type
=S Soil
=S S0l
sc soil
e S0l
=t=Se Soil
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40 501 g 70 80

Roof Displacement, A, (mm)

(d) Target Displacement(Semi-Rigid )

Fig. 13. Nonlinear static analysis Result
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Table 110] YERACE Z]WEe] A0 A Hle] 7-2-of Sgddl= Sa W
B ScAINE 7Rl AR SRS 7} LhebgA)a, 1ol 8]
N 2 AG A ARSI 7} P 2 S A B0l 3 4
AIck WPFEE AN S mEle] 9, XiEle] uel WAl 2
S5 S111(%) = Table 1201 Lhebic. FEMA3S6014 Al 2k
SIuIo)o] Tt T o) e BRAGS U, B s page 4
9 571G FEEE Hek, Aok olAe] 5432 1.5% oluje] 5
71919] 4'5-S W3Istofof s, X]ubo] kel QIERPH(LS) A5 A
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Table 11. Nonlinear Dynamic Analysis for Rigid Model with Soil
Conditions

Beam-Column Connection Rigid

Maximum drift ratio(%)
Earthquake| psn | Foed | Sa | S5 | Sc | So | Se (ay()
data tyre | type | type | type | type | type | (o)
(C)] () (c) (d) (e) ()
El Centro 039 | 039 | 0.39 | 0.39 | 046 | 067 | 1.73
Northridge 035 | 035 | 0.35 | 0.34 | 0.33 | 0.36 | 1.05
052 | 052 | 052 | 050 | 047 | 053 | 1.02
0.29
San
Fernando
El Centro 118 | 147 | 147 | 117 | 116 | 1.75 | 1.49
Northridge | . 1 068 | 058 | 057 [ 057 | 051 | 054 [ 092
San 060 | 064 | 062 | 0.44 | 110 | 149 | 250
Fernando
El Centro 148 | 148 | 147 | 148 | 110 | 1.75 | 1.19
Northridge | , , [ 071 [ 071 [ 071 [ 071 [ 073 [ 079 [ 1.12
San 136 | 137 | 134 | 137 | 143 | 182 | 1.34
Fernando

Table 12. Nonlinear Dynamic Analysis for Semi-Rigid Model with
Soil Conditions
Maximum drift ratio(%)

a)/(f
Earthquake| bon [ Fed | S» | Ss | So | So | Se (ay/()

data tye | type | type | type | type | type | (%)
@) (b) © | @ | (e) [0}
El Centro 0.736 | 0.745 | 0.736 | 0.747 | 0.749 | 0.639 | 0.87
Northridge 029 0.303 | 0.338 | 0.338 | 0.336 | 0.327 | 0.394 | 1.30
San 0.385 | 0.385 | 0.386 | 0.389 | 0.404 | 0.603 | 1.57
Fernando
El Centro 0.904 | 0.894 | 0.894 | 0.880 | 0.802 | 1.253 | 1.39
Northridge 03g 0.519 | 0.511 | 0.514 | 0.510 | 0.430 | 0.602 | 1.16
San 1.679 | 1.992 | 1.709 | 2.025 | 1.738 | 1.744 | 1.04
Fernando
El Centro 0.877 | 0.861 | 0.785 | 0.904 | 0.714 | 2.682 | 3.06
Northridge 04g 1.144 | 1146 | 1.142 | 0.823 | 1.180 | 1.102 | 0.96
San 2.005 | 2.009 | 2.031 | 2.014 | 2.036 | 2.097 | 1.05
Fernando
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