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XODU30HTAIHA CHUJIa

XODU30HTAJIHA CUJIa

CTpaTeI'I/II/I 3d CEMSMNYHO yCWJIBAHE
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Bbnrapcka npaktuka B CEM3MUYHOTO YCUIIBaHe
Ha crpagu cbC cToMaHOOEeTOoHHa Hocella
KOHCTPYKLNS
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CTOMaHODETOHOB KOXYX — Obnrapcka
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CToMaHeH KoXyx — bbnrapcka
npaKkTuka
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CbBpeMEHHN MeTOaM 3a
CEN3MUYHO yCUNBaHe
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OCHOBHU TEXHUKN 32 CEU3MUYHO
ycurnBaHe - 1

IIbnHexxHa cTeHa CToMaHEHH BPb3KU Crenu, oTcTpanu OtnensHe Ha HEHOceIIa
Ha KOJIOHATa CTeHa OT KOJIOHHUTE
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b) Maerasangeia KOVIRHEBC KOXKYX
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OCHOBHU TEXHUKM 32 CEN3MUYHO YCUSIBaHE -

precast panel
(b) Light weight precast wall

2

existing beam or column
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epoxy resir
nimmn | steel frame o
buckling preventive brace
polyethylene steel grout low yield epoxy resin
film tube mortar strengthsteel _— —
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£ teel fréfn
steel = =
tube 3lbra
reinforced  Plate steel : .
concrete tube || e

(c) Buckling preventive
brace system

(d) Steel brace system
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YcunBaHe ¢ NbJIHeXXHa cTeHa
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YcunBaHe ¢ BrpaxXgadHe Ha CTOMaHEHAa

pamka

CHIIICCTBYBAII
OETOH

2) aHkepHU 0OJITOBE B
nepudepHaTa paMka

ALLILIAXIITITIITTITETITETIT

OeToHa
i

bhbdbodandtvadddnadradnanss)

—

JR00IURSPRERRNTL

H
1)ankepu B f
g

ChIIECTBYBAII[A
pamka

;_ IXTIIITIITITTITITINITY
L :jiifffs;>/’tz”’;’ b
& B
h J/”’,/’/<:E§;;;;;: :
e =)
s b1
- ¢
] ol
H -
4

LITALTIITITIIITITYITIIY

X -BpBb3KHU
(Yamamoto 1983)
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CTOMaHEHa paMKa Bpb3Ka CbC

(Yamamoto 1983) cviuecTByBamus 6eTOH

ITTIYTTITTITYIY I TITITIYIY JIOTTTITIIITYYYITYTITITINT ITTIYYTTTYIITYITTYIIIT

I 17N
2 I shear s ..':_r< >—:
: >\/ 3 panel : SN |k
r.l LIIIITIITITITITIIITY r.l 1RILNIIZEITTITIITIY rI TIILIITITITIIITTIIITY X
V -BPB3KHU C
V - BPB3KH1 “shear panel” K - BpB3KH

(Yamamoto 1983)  (Katsumata 1989) (Aoki 1990)

CwbcTtasun gou. .Munes - 10
L3 SR 2012



160 - 250 mm

AHKepupaHe Ha HoBaTa KOHCTPYKUKUA
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beToHMpaHe Ha HoBaTa KOHCTPYKUUSA

I eman 1l eman
Bapuanm 1 Bapuanm 2
Crouecmsysawa Crouwecmsysawya Hecbcoxs.
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[ToBegeHne Ha paMKn, YCUNEHU C
Brpa)kgaHe Ha CT. OeT. cTeHa
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[loBegeHne Ha paMKKU, YCUNEHU CbC
CTOMaHEHU BPBb3KK
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EraxHa cps3Baiia cuia

3aBUCUMOCTMN CcuUNa-rnPeMeCTBaHe Ha
paMKW, YCUITEHU NO Pa3fNYHU
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XUCTEPE3NCHO NOBEAEHNE HA YCUSTEHN PaMKU
(Sugano&Fujimura 1980)
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[TyKHaTUHK B paMKa ycureHa CbC CTOMaHeHa Bpb3ka —
Yamamot0&Kiyota-1983)

CbcTaBun aou. |7|.MM.I'IGB -
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[ToBeaeHMe Ha yCUNEHN PaMKN YCUMNEHU CbC CTOMaHEHU
Bpb3ku (Aoki 1990)
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(c) Tests by Aoki 1990

FIGURE 3.4—BEHAVIOR OF RETROFITTED FRAMES WITH STEEL SYSTEMS

(TESTS BY AOKI 1990)
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YcuneaHe ¢ pamkm ¢ gucunmpalum enemeHTtn (Katsumata —
1989)
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[lpmepun 3a ycuneaHe Ha paMKu, Ypes

Precast Block Wall Buckling Preventive Brace




CensmMmn4Ho ycuneHa yymnuulHa crpaga B
ToKno (CbC CTOMaHEHU BPBH3KW)
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YcunBaHe 4Ypes nsrpaxgaHe Ha HOBU
BbHLUHW KOHCTPYKLUK

——exterior frame

xtenor brace _
ega-frame

CwbcTtasun gou. .Mwunes -
L3 SR_2012



[Tpumepun 3a ycuneaHe 4pes nsrpa)kgaHe
Ha HOBU BBLHLUHU KOHCTPYKLUUN
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CensmMn4Ho ycurnBaHe Ha crpaja Ha
TOKMUCKMNSA yHUBEpCUTET
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CTOMaHOBETOHOBM KOXKYCU — SAMOHCKA NpaKkTuKa
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CTomaHOOETOHOB KOXYX — YBENM4YaBaHe Ha HocellaTa
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KOJIOHA
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~_Cmomarnobemonos

KOJHCYX

KOJOHA

30~50mm 7%
/'l

CwbcTtasun gou. .Munes -

*_Cmomarnobemonos

KOJCYX

L3_SR 2012

26



[loBegeHne Ha KOJTOHU, YCUITEHU CBC
CTOMaHODOETOOHOB KOXYX
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CTOoMaHOBETOHOB KOXYX — YBENMYaBaHe Ha HocellaTa
CMOCODOHOCT Ha orbBaHe
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CTOMaHEHN KOXYCK — SAMOHCKA npakTuka

in 30 mm

Cmomaren

i / KOJHCYX

30 mm

CmomarneH Koducyx 3a
y8enuuasane Ha Hoceuwama
CnOCOOHOC HA Cpsi36aHe

CwcTtasun gou. .Mwunes -

min 30 mm

e

Cmomanen

KOMCYX

Cmomanen KOoacyx 3d
yeeaudaeaHe Ha Hocewama
CNOCOOHOCH HA 02bBAHE

L3_SR 2012

29



Bunoose cToMaHeHU KOXYCH

Cmomanen

3amonorumeawy p-p MPOPUT Coponsanena

C KOMN. CbCBHXA.
3amon. p-p. ¢ J  nanauka
— OMNEHCUPAH
Cmomanen CbCbXBAHE
KOJMCYX
QC@béseawa
o CanBaa ot Cevpzsawa
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| \.\I'\ | ~ |
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KoHCTpynpaHe Ha CTOMaHEHU KOXYCH

nooasaHe Ha

%:361]%01—[0]1%71’!6’61%}
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min 30 mm

CMOMAHEH KOJNCYX /J(?ameapﬂma

/ NAAHKA

—

Tmin 30 mm

CwcTtasun gou. .Mwunes -
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KOXyX C BbrmepoaHN HULLIKU
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KoXycu - npumepu

Carbon Fiber

Jacketing

Steel Jacketing

bCTaBWIJ1T OoU. Vi.lvinnen -
L3_SR 2012
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YcunBaHe Ha €JIEMEHTH pa0OTEIIN Ha OI'bBAaHE U
CpsI3BaHe ¢ KapOOHOBHY HUIIIKHU
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OrpaHn4yaBaHe Ha HanpevyHuTe
aedopmaunm

Axial compressive stress

M
G
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FRP jacket

discontinuous steel stirrups

Congerete unreinforced

Axial strain

CwcTtasun gou. .Mwunes -
L3 SR_2012




XUCTepe3ncHO nNoBegeHne Ha HeycuneHa
N ycuneHa c kKapboHOBU HULLIKX KOJTIOHA
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EraxkHa cpsi3Bama cuiia

Vu(

0

3aBUCUMOCTU cUra-npeMecTBaHe Ha
KONOHW, YCUIEHU C Pa3fNYHN KOXYCH

CTOMaHeH Koxyx (0e3 Higashi, Ohkubo
¢yra B kpaumara) (1977)

= Sasaki (1975)
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MeTogu 3a cem3aMnYHO ycunBaHe Ha crpaau
B6asnpaHn Ha NONMMEPHU MaTepuanm
. / ﬁ Fiber Reinforced Plastic Jacksil '
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XapaKkTepuCcTUKM Ha HAKOM NONMUMEPHMU
mMaTepuann 3a CEM3MMYHO yCuUnNBaHe Ha

crpagm
4000 — Carbon Fiber(CBF)
— Aramid Fiber
— Steel
3000 - — Polyester Belt or Sheet
]
2000 |
o
)
1000 |
o
0 2 4 6 8 10
CwbcTtasun gou. .Munes - Strain (%)
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PaboTHM gmnarpamm Ha ycuneHun npmamMmm c
BbIrNepPOAHN HULLKU U NONUECTEPHN UBULM

— Concrete Prism } — Concrete Prism
— Carbon Fiber Prism 25 Foo o — SRF Prism
| | |
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CTaTn4yeH 3HaKONPOMEHUB EKCNEPUMEHT
C ycuneHa c rnosimectepHn UBnLM KosmoHa




XNcTepes3ncHo noBeaeHne Ha HeycuneHa
N yCUINEHa C NoJsIMeCcTEPHU UBULIN KOMNOHA

Q[kN] — Bare specimen
— SRF Retrofitted Element
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IEl,I/IHaMI/I‘-IeH eKCrnepnmmeHT Ha yCunJieHa C

NnonmMecTepHn nBMUM crpaga
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TexHonormsa Ha 3NbITHEHMETO Ha CEU3MUYHO
yCUNBaHe C MONMIMECTEPHN UBNLM

YCHUBAHCTO IMOJIMCCTCPHATA NBHUIIA

paboTu

N.Munes - 45




YcunBaHe cbC CeEn3aMuUYHa nsonauus

rubber bearing viscous damper

lead core rubber high damping rubber

Seismic Isolation below
Existing Foundation Slab

Seismic isolation at the Top of First
Story Column

CbcTaBun [
L3 SR 2012



YcunBaHe cbC censamMmmnyHa nsonauus
— npumep 1

i
el

- i)
Y = L

Training and
Lodging Building

16-Story SRC Structure

Constructed in 1964

8" story was seismically
isolated at mid-column

Retrofit 1996.8-1997 .4 A~
Isolator at the u"

Middle of Column 3
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YcunBaHe cbC cem3aMmmnyHa nsonauust — npumep

- SEP

A |

o oz ~- & fej o) &
Osaka Central Public Hall .
1L
Constructed in 1918.11 x o . .
Steel frame and brick masonry structures o | U T 955 | e | [ | PO i B 3FL =
Seismically isolated below existing foundation e e G e ©
Brick walls were strengthened with concrete w : RICE aft 2FL %
Construction for retrofit 1999.3-2002.9 mE TENRRE B e B i
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M3nbnHeHne Ha ycuneaHe CbC

1.Roughing existing column 5.Installing isolator
’ il 2.Erecting steel tube 6.Bolting isolator
B 3.Grouting steel tube 7.Fire resistive covering

4.Sawing existing column

Construction Process

Cbctaeun gou. N.Munes - 49
N U



YcuBaHe ¢ Bubporacsuin ycTponcTea
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Type of Dampers and Idealized Load-Displacement Relationships
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Location of Supplemental Damp Buckling Preventive Braces

Friction Damper Steel Yielding Damper
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YcuBaHe ¢ Bubporacsaiim yctpoucTea
— npumep 1
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Steel Elasto-plastic Damper
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YcuBaHe ¢ Bubporacsuin ycTponcTea
— npumep 2
9-story Office Building

SRC 9-story, Basement 2

Constructed in 1971

Construction for retrofit
1997.2-1998.9

Retrofit utilizing
brace dampers with low
yield strength steel

, Construction policy
| No disturbance inside

Nikkei Architecture
1999.8 23

— Inside building
after seismic retrofit
with brace dampers
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LleHa Ha censmunyHuTE ycunBaHus cnopea
AMNOHCKNS oNuT

Concrete Wall Thickening Wall ~ Steel Brace System Concrete Jacket Steel Jacket Carbon Fiber Jacket
PR | L Existing g::::
T Colump
/New New ===
Section Wall Wall e |
| ] Lateral High Flow Welding/ Nonshrink
N
Existing - Rimt Concrete Mortar g;"'”“ Fiber
Wall ¥ . eet
Length 6.0m Length 6.0m Length 6.0m  section 70X700m  Section  70x70em  ggqgion 70X70cm
Height 3.0m Height  3.0m Height 3.0m Height 3.0m Height 3.0m Height  3.0m
_ Thick 20cm Thickness 15cm Member H-200X200 New concrete 10cm Steel 4.5cm Sheet 2layers
Condition D13-@2004 7 1 D13-@200% > T v (s S400)
Cost
104 Yen per 80~100 55~65 170~200 20~30 80~85 85~100
One Portion
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CpoOK 3a U3NbJIHEHNE Ha CEN3MUYHUTE
ycuneBaHus criopeq ArnoHCKUsA onuT
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Concrete Wall Preparation Concreting Curing Finishing Work
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Steel Jacket Erection & Welding  Finishing Work
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Carbon Fiber Preparation Jacketlng Finishing Work

Jacket
S & é
(2 BRsH) W‘*’L‘M 2 ) ..-t‘flﬂ

Cbctaeun gou. N.Munes -
L3 SR 2012

Steel Braces | :
B TL -2 @ml

54



ExcnepumeHT B YACT

CwcTtasun gou. .Mwunes -
L3 SR_2012
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CTaTn4yeH 3HaKOMPOMEHSINB EKCMEPUMEHT CbC
CTOMaHOBOETOHHW KOJSTOHWU, YCUMNEHN C BbINepoaHa ThKaH
(ABrycT-CentemBpu 2003)
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ExcnepumeHTanHa yctaHoBka
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HeycuieH enemMeHT

CbcTaBun aou. |7|.MM.I'IGB -
L3_SR_2012
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EnemMeHT, ycuneH ¢ BbrnepoaHn HULLIKK
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