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■ Recent Earthquake Damage for R/C structures

■ Conventional Seismic Retrofit Tech

・falling of spalling 
concrete
・much repair cost

Non-structural 
wall damages

Activity is interrupted 
due to retrofit works

Noise・
vibration・dust ・short construction period

・small noise and vibration

・damage reduction

■ Required Tech.

・max response reduction

■ Required Seismic Retrofit Effects

AIJ Tohoku Branch : The 2011 Tohoku EQ damage investigation 
report, 2013.5

Demolished R/C condo. satisfied current code 
due to Non-structural walls damage
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Background

without post-installed anchors



Purpose

■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
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Utilize Precast Ultra high strength Fiber Concrete
（UFC） wall panel
Structural test was done considering followings;
①Improve horizontal deformability of frame
②Reduce damage of non-structural RC walls
③Control collapse mechanism

標準配合粉体標準配合粉体

UFCUFCの構成材料の構成材料

鋼繊維鋼繊維

減水剤減水剤

Steel Fiber
Pre-mixed Powder

Water-reducing
Admixture

Components of UFC



1/2

60mm

30N/mm2 (計画時)

断面 350mm×350mm

主筋 16-D16(SD345)

帯筋 2-D10(SD295A)@50, pw=0.811%

端部縦筋 2列-D13(SD295A)シングル

縦筋 D6(SD295A)@100シングル, pw=0.533%

横筋 D6(SD295A)@100シングル, pw=0.533

断面 250mm×350mm

主筋 上5-D16(SD345), 下3-D16(SD345)

あばら筋 2-D10(SD295A)@50, pw=1.14

端部横筋 2列-D13(SD295A)シングル

縦筋 D6(SD295A)@100シングル, pw=0.533

横筋 D6(SD295A)@100シングル, pw=0.533

端部縦筋 2列-D10(SD390)シングル

縦筋 D6(SD295A)@100シングル, pw=0.533

横筋 D6(SD295A)@100シングル, pw=0.533

厚さ 30mm

圧縮強度 200N/mm2 (計画時)

側柱0.075、中柱0.15

コンクリート圧縮強度

柱軸力比

補強パネル

腰壁
垂れ壁

方立壁

柱
壁
付
き
柱

縮尺

壁厚

梁
壁
付
き
梁

Typical government office：2 story+2span
Non-structural RC walls
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UFC Panel

Axial force ratio

Cross-section

Main bar
Shear reinfo.
Edge bar

Vertical
Horizontal

Cross-section
Main bar

Shear reinfo.

Edge bar
Vertical 

Horizontal

Edge bar

Vertical 
Horizontal
Thickness

Compressive strength

30Mpa in design

200Mpa in design

Outside 0.075, Inside 0.15

2-D13(SD295) single layer

D6(SD295)@100 single layer, pv=0.533%
D6(SD295)@100 single layer, ph=0.533%

T5-D16(SD345), B3-D16(SD345)

D6(SD295)@100 single layer, ph=0.533%

D6(SD295)@100 single layer, pv=0.533%
2-D13(SD295) single layer

D6(SD295)@100 single layer, pv=0.533%

D6(SD295)@100 single layer, ph=0.533%

2-D10(SD390) single layer



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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Concrete Compressive 
strength 

Story (N/mm2) 
Top story 38.2 
2nd story 36.8 
1st story 39.8 

UFC 

Compressive 
strength 

Flexural 
strength 

Young’s 
Modulus Non-

shrinkage 
mortar 

Compressive 
strength 

Tensile 
strength 

Young’s 
Modulus 

(N/mm2) (N/mm2) (kN/mm2) (N/mm2) (N/mm2) (kN/mm2) 
220 38.3 54.0 106 8.86 30.7 

 

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

Reinforcing bars Diameter Grade 
Yield 

strength 
Young’s 
Modulus 

Components (N/mm2) (kN/mm2) 
Main bar for beam & column D16 SD345 391 191 

Edge bar for wing, standing and 
hanging walls D13 SD295A 338 182 

Edge bar for center walls D10 SD390 402 187 
Shear reinforcement D10 SD295A 350 180 

Bar of walls D6 SD295A 346 185 
 



Loading and Measurement Plan

8

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

変
形

角
（

r
ad
.
）

加力ステップ

±1/1600
±1/800

±1/400

×2回

±1/200

×2回

±1/100

×2回

±1/50

×2回

+1/33

St
or

y 
D

rif
t A

ng
le

 [r
ad

.]

Loading steps

19
5

13
0

15
5

30
0

30
020

0

North South：Strain gauge of main bar
 for beam and column
：Strain gauge of shear reinfo.
 for beam and column

：Strain gauge of vertical
 reinfo.for wall
：Strain gauge of horizontal rainfo.
 for wall

40 70

35
5

90
5

14
5

25
5

50
0

40
0

175 175

40
20

5
50

15
75

754 1200 696
190130

30 95

35
0

90
0

15
0

225 225



Test Results︓Seismic Retrofit Effects1
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■Observed Effects1︓
①improve maximum strength
②improve ductility（around R=1％）



Test Results︓Seismic Retrofit Effects2
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正加力負加力 正加力負加力

(a) Retrofitted (b) Non-Retrofitted

R=0.5%

R=1.0%

R=2.0%

■ 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)

Retrofit specimen Non-Retrofit specimen

R=1/33
Damage of UFC panel

After Loading



Test Results︓Seismic Retrofit Effects3
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R=0.5%

R=1.0%

R=2.0%

■ Observed Effects3︓
①Change of yielding distribution（Collapse Mechanism Control 02）

Change of 
yielding 
distribution by 
UFC rotational 
behavior

Change of 
yielding position 
of main bars at 
1st story column 

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

(a) Retrofitted (b) Non-Retrofitted



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

Seismic Retrofit Effect1︓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.



Test Results Non-retrofitted Specimen
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Test Results Retrofitted Specimen

14



Crack states
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