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Background

/_

B Conventional Seismic Retrofit Tech

) B Required Tech.

Noise ° A g

vibration - dust » - short construction period
- small noise and vibration

4 Activity is interrupted
due to retrofit works

/ b without post-installed anchors

B Recent Earthquake Damage for R/C structures

o T »

B Required Seismic Retrofit Effects

- damage reduction

* max response reduction

-.:b_."- ~——— : ¢ .?M.A ' B, B J.;v-' =
Demolished R/C condo. satisfied current code
due to Non-structural walls damage

AlJ Tohoku Branch : The 2011 Tohoku EQ damage investigation

N report, 2013.5 4
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Purpose

B Target : existing medium-rise R/C buildings satisfied
current code

® Development of retrofit technique
1.Reduce maximum EQ response and damage level of members

2.Easy construction work

Utilize Precast Ultra high strength Fiber Concrete
(UFC) wall panel

Structural test was done considering followings; compenents ol IS
(DImprove horizontal deformability of frame
(2Reduce damage of non-structural RC walls

(3Control collapse mechanism

Water-reducing -
Admixture

Pre-mixed Powder |
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Specimen : reinfo. arrangement

Typical government office - 2 story+2span

Scale 1/2
Non-structural RC walls RC wall Thickness 60mm |
Concrete Compressive strenglth 30Mpa in design I
1@( @( fﬂl § | 'Cross.-sectio'n 350mm X 350mm
o — 2 Column | Main bar 16-D16(SD345)
b o 2 Shear reinfo. | 2-Di0(SD295A)@50, pw=0.811% |
B gr 22 :::-,; ::HH%; 3 % Edge bar 2-D13(SD295) single layer
8: g § Wing wall | Vertical D6(SD295)@100 single layer, pv=0.533%
B == 1 i y ) 3 Horizontal | | D6(SD295)@100 single layer, ph=0.533% |
S /}.\ /I,\-(_‘. /%\_\ /?’ i = . Cross-section 250mm X 350mm
o Er e issssﬁlféf § Beam Main bar T5-D16(SD345), B3-D16(SD345)
8: it % % Shear reinfo. 2-D10(SD295A)@50, pw=1.14 |
é i b o \ F. 3 % g%nn%ir;\g Edg.e bar . 2-D13(SD295) single layer :
g § /.\ ;_‘,\\ ~ g |>a g Ve.rtlcal 6(SD295)@100 single layer, pv=0.533%
- g), . e Horizontal D6(SD295)@100 single layer, ph= 0.533%
' i Edge bar 2- D10(SD390) single layer
AL LA L “ll u 1 \r,gca:t”a\r,mvgi;tglar Vertical D6(SD295)@100 single layer, pv=0.533%
l 350750 E%SOOOL 750 850 850750 ?0500(; 750 350Q : section Horizontal |D6 (SD295)@100 single layer, ph= 05330/J
UEG Panel Thickness 30mm
Compressive strength] 200Mpa in design |
Axial force ratio Outside 0.075, Inside 0.15
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Outline of Seismic Retrofit

UFC panels are pasted on the non-structural wall face from one side
using the epoxy resin adhesive

The gaps between beam and UFC panel : high strength non-shrinkage
mortar

The other gaps: epoxy resin
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Used Materials

Steel, Concrete, Epoxy resin adhesive , UFC, High strength non-
shrinkage mortar

. . Yield Young’s 1
Reinforcing bars Diameter Grade strength Modulus Concrete Comp ressive
Components (N/mm®) | (kN/mm?) strength
Main bar for beam & column D16 SD345 391 191 StOI'y (N /mmZ)
Edge bar for wing, standing and D13 SD295A 338 182
hanging walls Top story 38.2
Edge bar for center walls D10 SD390 402 187 od
Shear reinforcement DI0 | SD295A 350 180 2"¢ story 36.8
Bar of walls D6 SD295A 346 185 1 st StOI'y 30 8
Compressive | Flexural | Young’s Compressive | Tensile | Young’s
e strength strength | Modulus thj)l?- strength strength | Modulus
SNrinmKage
(N/mm?) (N/mm?) | (KN/mm?) » & (N/mm?) (N/mm?) | (kN/mm?)
mortar
220 38.3 54.0 106 8.86 30.7
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Loading and Measurement Plan
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South Center North ' 1100 x2E
. Column _. [ 0.02 =1/200 2H
Oil Jack Co[mn Colmn i Oil Jack :\ oo — i]x/g(l)_g(l) 7200 X A AN ]
N A NN o = PN AW.\WANAY

| BRSNS VAV AY

Story Drift Angle [rad.]

) B -0.03
Reaction - —
o u -0.04
o

Wall o 1t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
|Z] [Zl IE E Loading steps

4020550

905
1575
0 40
N

Q.
N
v
N
v
Ny
Vs

/. /. AN / AN / AN
L il il e il ol
To! ’Li) i L( ICD
"‘ AU b4 120 63 I
1750 | 1175 0190130
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for beam and column reinfo.for wall
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Test Results : Seismic Retrofit Effects1
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1200 | | . |
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—non-retrofitted specimen
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Global drift angle(%)

B Observed Effects1 :
@improve maximum strength
(@improve ductility (around R=1%)
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Test Results : Seismic Retrofit Effects2

(a) Retrofitted (b) Non-Retrofitted
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B Observed Effects2 :

1.Reduce non-structural R/C walls damage

2.Change damage distribution due to ultimate flexural strength with
UFC(Collapse Mechanism Control 01) 10
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Test Results : Seismic

Retrofit Effects3

(O Ve stmaintarineam N — (a) Retrofitted (b) Non-Retrofitted
O ooniciiona | A e R=0.5% ¢ i 1] _ -
O - ancing ond hanging walle Change of o-*

1600 _ yielding
1400 distribution by
Z100 | . | UFC rotational
& 1000 behavior
& 800 R=1.0%
% 600 Change of o
= a0 | yielding position

w [ Foser | of mainbarsat [

0 1st story column [o-:

0.0 0.5 1.0 15 2.0 2.5

Global drift angle(%) R=2.0%
—-4. 0

Change of
yielding of
shear reinfo. at
3rd story beam

B Observed Effects3 :

(DChange of yielding distribution (Collapse Mechanism Control 02)

11
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Conclusions

Structural test for 2 story-2span R/C frame retrofitted by
UFC panels was implemented and following knowledge
were obtained.

Seismic Retrofit Effectl : Improvement of deformability
Maximum strength was kept until R=1.0%, strength
deterioration was controlled until R=2.0%.

Seismic Retrofit Effect2 : Reduction of non-structural
wall damage

Damage reduction of retrofitted members at deformation
level around maximum strength was observed.

Seismic Retrofit Effect3 : Collapse mechanism control
Collapse mechanism was changed from story collapse to
overall collapse by the seismic retrofit, story horizontal
deformation distribution was improved.

12
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Test Results Non-retrofitted Specimen
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Test Results Retrofitted Specimen

. mEuamEeEzEs BEZER Building Research Institute



Crack states
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