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Development of Analysis Models and Seismic Performance Evaluation
of Seismic Retrofit Systems with Self-Centering Capacity
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Development of Analytical Model and Seismic Retrofit of a Seismic Retrofit System with Self-
Centering Capacity

1. External prestressed precast concrete frames (EPPCF)
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Fig. 1 External pre-stressed precast concrete frames
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Fig. 3 Force-displacement relationship of tendons before and after gap opening
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1.2 Analysis modeling

® TendonQ| stress-strain 2t
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Figure 4.8: A theoretical stress-strain curve proposed for Grade 270 prestressing

strands by Mattock [4.12].

Fig. 4 Stress-strain relationship of tendons
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Posttensioning tendon
Yield strength, f, 1,757 MPa’
Initial stress after losses, f; 820 MPa"



Post-Tension tendon
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Rotational spring of the connection between

the beamand colum

Moment (kN.m)
&

Diameter of tendon = 0.5 inch

No. of tendons/ beam (at center) = 3.0

The decompression force (start of gap) =(820*1000 kN/m2)x(3.8*10%)x(0.6/2)(1000)= 94.0 kN.m

The yield strength = (1720*1000 kN/m2) X (3.8*10*) x (0.6/2)(1000)= 196.0 kN.m

The corresponding strain at start of gap is assumed very small (0.00002)

The corresponding strain at start of tendon yield is (0.01); tendon Diameter=0.5 inch and
Number of tendons =3
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Rotational spring of the connection between
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Fig. Moment-Rotational relation of the spring between the beam and column
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Fig. Preloaded PC AX| M XL ZOAS] AMTIX| 23
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Bare Frame model
Earthquake records Max. Disp. (mm) Residual Disp. (mm) SHHR (%)
Kern County 200 131 1.8
Tabas 125 15 1.45
Cape Mendocino 150 5 1.45
Landers 175 50 1.75
Retrofitted Frame
Earthquake records Max. Disp. (mm) Residual Disp. (mm) S (%)
Kern County 110 0 1.1
Tabas 90 0 1.1
Cape Mendocino 105 0 1.05
Landers 70 0 1.1
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3D MODELING
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(3) 6-bay 3.8 cm’ tendons
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(4) 6-bay 7.6 cm’ tendons
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(5) 9-bay 3.8 cm’ tendons
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(6) 9-bay 7.6 cm’ tendons
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2. Preloaded Viscous Dampers with Cables

21 7|=9 78

ellicona uid

Fig. 1 DCS(Damped Cable System) 143 5l AX| At
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2.2 ofj M mElzEl
® DCso| B-B| A
ky — k)x
Fre(t) = kax(1) + %

k1 and k2 are the stiffness before and after reaching pretension FO, and R = curvature exponent
(=~5).
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= 2/o| EbMB T} St

o - O 7 =20

rir

® DCS A|AHEIZ SAP 2000 oSfj AR El
® DCS A|AHIOl BMDIEHL viscous damperE LIEIL{= dashpotl} prestressed

cable2 LIEfLH+= multi-linear springe HEZ A3l HEH 7tsg
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— | - / ~
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50, | / /f/ *’ %
of 1 yi -
50
\/\/\ 100, 7 // ] J
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Fig. 3 A|2A &l SAP 2000 offA] 2 &t
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® DCS A|AE9| 8 - B9l 77
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Felum Paried
200yaars
1 D00 yeads
2500years

Spectral Acceleration (g)

Period (sec)

2.4 sl MZAq}
Parameters used for retrofitting the structure
e Area of cable A, =900 mm’
*  Preload =200 kN
* K2 for spring damper = 6500 kN/m
+ KI=15K2
»  Damping coefficient ( C ) = 150 kN(m/s)"

e a=0.15
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® Pushover curve
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—— DCS frame

700 A A
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400 - S

300 - o —l
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100 4 /

Base shear (kN)

0 ¥ , . |
0 50 100 150 200
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® Plastic hinge at ultimate strength
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(a) Kern County earthquake
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Max Dis (mm)
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o A[Zo|E siMZLt xCHSEel Hl
Bare Frame model
Earthquake records Max. Disp. (mm) Residual Disp. MISDR (%)
(mm)
Kern County 2294 131 2.12
Tabas 164.2 43 1.70
Cape Mendocino 129 8 1.52
Landers 178 70 1.77
Damped Cable System Frame
Earthquake records Max. Disp. (mm) Residual Disp. MISDR (%)
(mm)
Kern County 70.0 0 1.0
Tabas 66.4 0 0.81
Cape Mendocino 57.7 1 0.86
Landers 78.0 0 0.94
- DCSE MA|g = HTfMe U ACh B2 W9 (MISDR)ZL LA o, 1AL
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® Parametric study

e Area of cables

e Pretension

»  Damping coefficient = 200 kN(m/s)* (constant)

90
80
70
60
50
40
30

Max. Disp. (mm)

20
10

1.4

1.2

0.8

MISDR(%)

0.6

0.4

0.2

—a— 200 kN (Preload)

—a— 100 kM [Preload)

500 1000 1500 2000

Cable sectional area (mm?)

—a— 200 kN (Preload)

—a— 100 kM (Preload)

500 1000 1500 2000

Cable sectional area (mm?)

e Area of cables 1050 mm® (Constant)

* Pretension (variable)

*  Damping coefficient (variable)
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* Two sets of cables attached to two, three, and four bays of the structure
2
e Area of cable = 1800mm

*  Damping coefficient = 200kN(m/s)
*  Preload = 250kN
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2.6 3D structure
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. Two sets of cables attached to three bays of the structure

. Area of cable = 2100mm?” (stiffness side), 2300mm? (flexible side)
. Damping coefficient = 200kN(m/s)a

. Preload = 400kN

T o 2 =:

Area of cable = 2400mm?>

. Damping coefficient = 200kN(m/s)a

. Preload = 400kN
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