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Reinforced-concrete columns severely damaged in
the Northridge earthquake,
Champagne Towers, Santa Monica, CA.
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Parking structure that collapsed during the . | Y’} ‘
1994 Northridge earthquake,California :
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Shear failure at perimeter of frame leg—base plate

solidly welded connection,
Oviatt Library Annex Building

.
Cracks in 4-in.-thick base plates during the %
Northridge earthquake,

Oviatt Library Annex Building
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It is estimated that 80% of hospital structures in California are of the moment
frame—shear wall type of construction

, a bad design arrangement to resist a strong earthquake.
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FEMA = Federal Emergency Management Agency

ool Gl o i il

NEHRP = National Earthquake Hazard Reduction Program
dil; g pdy s als by (FEMA L )

AT C = Applied Technology Council
2,25 Sl 5! 8 ezl

ASCE = American Society Civil Engineer s30T Ol e (3lastia oz

SEl = Structure Engineer Institute s yol 83 Leo (guontin dassega
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FEMA 273 oeee
NEHRP GUIDELINES FOR THE SEISMIC REHABILITATION OF BUILDINGS o0
FEMA 274 °
NEHRP COMMENTARY ON THE GUIDELINES FOR THE SEISMIC REHABILITATION

OF BUILDINGS

FEMA 310

Seismic Evaluation Handbook

FEMA 356
PRESTANDARD AND COMMENTARY FOR THE SEISMIC REHABILITATION OF
BUILDINGS

FEMA 440

Improvement of Nonlinear Static Seismic Analyses Procedures.

FEMA 451
Instructional Materials Complementing FEMA 451, Design Examples

ATC-40
Seismic Evaluation and Retrofit of Concrete Buildings

ATC-58

Development of Performance-based Earthquake Design Guidelines, 2002.
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 FRP sheets Properties

+ high tensile strength, WSS Ssglaat
+ high strength-to-weight ratio,  sL; 039 4 cwslie couit
+ immunity to corrosion, Soos3 by 33 craslt
+ ease and speed of installation g iy § ol +

+ available in various dimensions sy caliza slalyst

- lose strength under high temperatures,  Yi glos s cuaglin cbl-
- behave linear elastic until failure, Sizean8 U Jas Sl
- high initial cost 55 4yl caayd-

77



FRPALI b jne

(RS L)

Aduds calld)

Aua) ) Ll

Lal ) 9 (S il
Lal ) g A il

Different FRP products

lll‘.k\ﬂ

-------------

L A

0 g
- .. = =T
Ny il

q-n -Q

Sty
il p R



=S8 Cy 9 CeusS b

=S5 (9 Adud Gl

S 3 (rdy 9 el - s L)

— . -

S8 (L 9 el l-Aded GL)

Sand blasted
Deformed :&L "#( FRP rods
GFRP rods :

by

KA

Deformed ____ ||
CFRP rod

Different superficial manufacturing of FRP bars. 79



FRP sl 5leslanal U o s (6l =

o 4355 b ol oS 5 )leo 3 EES ko3l g 0091 ol 415 FRP sl a¥ g1,
Ao LS 995 311y a5 5590 5 ySlee Wil (S ol

s lpsound 0,5 o b 15l 09 sobol L5 5 o gedane fasl wals HCs! 6l
g 055 Blo ly b (o0 &Sl 42 )LSG (S e @ Gy U o
Dg o0 o8liwl YU Cwoglio b como 7 (sleiMo

A Cugh Ao o (ol 1w 0gl (o0 A g ool Cawdl i b Tl Wy oo 0
aigy 3l oolaiwl b (o 05S 30&5 iy e )0 Wb oulp ol oy (o0 yealy sl
23y 69y Sl (6 4359 9 09 (oo 2l (w3 Jol (5 Y g ool Blo Iouzme rhaw (oS o3
WY SO gl g Y oSS glp aiSowe Sgii SN jo g yu (w1 g (0 onililgs
9 iy sl Jolm sl puia 4 5l O g0 jo g 1yl SWN 59y 0 w3y 3 S0
Do 2] Cug 4 398 i i 4 SLI yailews

Bilwo ¥ o ol (59 Yaoro (b Ol 5l onls 152 Ca jamols” a6l 9 Caled o
L Yaoro 45 (pl 09l plnil Cdoy il (A5 J5oS (398 Jolpo oll 5o ogiem 2] 3
e () @oF b abl ewile b Y o lgp Al je050 U dgdieme plxil lho Cond
00,5 4z )L Cu jemlS

80



Protective Coating

2nd Resin Coating

Carbon Fiber

Ist Resin Coat

Epoxy Putty Filler

Primer

Concrete Substrate o
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Y s FRP Cu)ysmlS Cilua guad 4ulia Jgan 0000
Material Elastic Modules Tensile Failure Loss of
(GPA) Strength Deformation Strength under
Permanent

Loads

Glass FRP 50 1700 - 2100 3% 60 %
Aramid FRP 65 -120 1700 - 2100 2-3% 50 %
Carbon FRP 135-190 1700 - 2100 1-1.5% 15 %

Steel 200 220 - 400 0.2 % -
(yield deformation)
3000 —

Straus (MPa)

-
-
-
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Cutting column

View of isolator before column below cast

178



Completed isolator installation atop
interior column

%’_
Isolator

installed in exterior wall
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