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Topics
1. 20 Storied Moment —Frame Building Subjected to
Long Period and Long Duration Ground Motion

Cooperation Study of Obayashi, Kajima, Kobori, Shimizu, Taisei,
Takenaka, and BRI: (2010-2012)

Project of servicing the architectural standard, Thema 27-1,
Sponsored by MLIT (Ex%4)

2. 6 Storied Wall-Frame Building Subjected to
Observed Ground Motion at Kobe in 1995

Cooperation Study of Obayashi, Kajima, Kobori, Shimizu, Taisei,
Takenaka, Kyoto University, and NIED: (2010-2012)

Project Title: Special Project for Reducing Vulnerability for Urban
Mega Earthquake Disasters, Sub-Pro 2: Maintenance and Recovery
of Functionality in Urban Infrastructures, Quantification of Collapse
Margins in Reinforced Concrete Buildings,

Sponsored by MEXT (3X#}#&)

View of Specimens

Topic 2: Low ise RC ]
MEXT’s Project (%l &
Tested in 2015, Jan.

Common Testing Facility

Topic 1: High Rise RC
E-DEFENSE of NIED

MLIT’s Project E3 &

Tested in 2012, Aug. 3

Aim of Shaking Table Test

» Reproducing of Past Phenomena

— Response and Damage of Past Buildings for
Kobe Earthquake

* Verification
— Design Codes or Concepts
— Structural Detailing, etc.

* Finding of New (Future) Phenomena

— Response and Damage of Current Buildings
for Long Period Ground Motions

Topics 2 and 1

Topics 1 and 2

Contents of Topic 1: High Rise RC

Objective B#Y
Specimen E&{AX
Input Motions A iK%
Test Results EERfER
Analysis T
Conclusions £&&
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Object
To Grasp Precision of the Current Analytical Methods for
Predicting Behavior of High Rise Reinforced Concrete Building
Subjected to Long Period and Long Duration Ground Motions
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anm SSPONSE  prediction | Frame Analysis, etc
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Yoo Measuring e
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Action= Shaking
ction= Table Test / Current Design Criteria
Design | Maximum Input
Range | Drift Angle
In 1/200 25 kine
Long Period and Long In 17100 50 kine
Duration Ground Motions Over 1/507? Very Large
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Specimen Specimen Additional Steel Weight

20 Storied, ¥4-Scaled Model, 3 X 2 spans,
Moment-Resisting Frame

Total Height = 15m Prototype Building:

Designed in late 1990’s

High Strength Material: = ; »
Concrete: Fc=30 to 60N/mm2 Column: 225 x 225mm I
Main Rebar: cy=495 N/mm2
Hoop Rebar: cy=695 N/mm2

Total Weight: 5000kN approximately
Including Foundation and Protectors
Total Floor Weight: 3600KN approximately it §

Including Additional Steel Weight = #7 Siob Thickness
7 i ; 80mm

Shaking Program and Summarized Results Test Results: Damage Inspection
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Static Analysis: Frame Analysis for Capacity

For Usual Analysis (Partial Slab Width Considered =0.1L)
Under Drift Angle R=1/100: Good Estimation
Over Drift Angle R=1/100: Conservative Estimation

1500 Story Shear [kN] 1500 Story. Shear:[kN]
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Usual Full Slab Width Considered
13

Static Analysis: Frame Analysis

500 Testi32 35 ®]  Post Analysis
553/'5'5;' 200% Full Slab Width Considered

s " Usual Analysis

Capacity Estimation
Usual Analysis: Conservative

° =i Post Analysis: Good
_ ...... i PP BEEFIL|-
— B&®F | | For Before-Yielding = Current
5 15— 30 Design Range
BRI [om] Usual Analysis is Useful

Frame Analysis

Static Analysis: FEM
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From Detail Discussion of FEM Results:

Tensile and Compression Slab Contributions for Beam Capacity
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Dynamic Analysis
Storv Drift Anqle D|str|but|on
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For Large Deformation Range,
Capacity: Analysis < Test and Drift: Analysis < Test

Dynamic Analysis
Why Small Loop Area?
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Employed Hysteresis Rule  Dyrift Angle R - Equivalent Damping Factor

Heq Relationship of Previous Tests
17

Conclusion

1. Test

-Shaking Table Test of ¥4 Scaled and 20 Storied
Reinforced Concrete Building

-Long Period and Long Duration Ground Motions

-Maximum Response Story Drift Angle R of 1/35

2. Analysis

*Good Evaluation through Current Analysis
Methods for Small to Medium Response

-Insufficient Evaluation for Large Response

+Slab Contribution and Hysteretic Damping are
Discussed
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Contents of TopiC 2 1. program 3@ Program
N > 2. Specimen HER{K .
= 3. Input Motions A 71iE % #Outline
v 4. Test Results EERH#ER Shaking Table Test for Grasping
5. Analysis AT Collapse Behavior of Typical RC
6. Conclusions E&&h

Buildings Locating in Japanese
Dark Brown: Protection Frame Usual Urban Area

@ Specimen = = E >
Scale:30%(1/3.33) ~ : ”H‘}
Weight: almost 320ton (Stub:120t) _ T ik

Elevation:6 Story (Story Height: 900mm Total Helght almost
6.5m)

Plan:3 x 2 Spans(Span Length: 1.8m)
Concrete:Fc30, Rebar: SD295 and SD345

‘o Many Stuﬁé for
gl This Test
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Pre-Test Analysis Employing FEM

@ Collapse Process

Pre-Test Analysis

@ Maximum Capacity
Predicted Capacity
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Story She P
1600 5081 Designed
i Capacity
Code Required / a
Capacity (CB=0. e ‘(CB—0.83)

O H f e P B H H
P / /
4 /),/ R=1/2
:é"f il
Y.~

-800 _
: —— 140%-2(120-140-140 3;&#%)
-1600 o
--------- 100%(70-100-120 35&#5)
‘ —_— 2 o P #5BAT(1F)
-Wall Shear Failure; Column Flexural Failure '2400-36 ‘ -1‘8 ‘ o 18 3 5 72
25 Story Drift [mm] 26
Test Results: 15t Story -Wall Direction- Test Results: 15t Story -Wwall Direction-
DAY1[ 55% ] DAY1[ ]
~ DAY2[ ] ~ DAY3[ ] ~ DAY2[ 100%] ~ DAY3[ ]
1 —17200"
o a0 | —— HEEIBRIR(FEM) ] SO0 oo |— mmAEEM) | R0
b —— #1-7(JMARF55%) | 106 // (N —— #2-5(JMABE100%) |
ol _
19 ICode Required 5 j 1000
Capacity (CB=0.55)
0 ; 0
41000 / ,,,,,,,, Input Wave: | -1000 7~ 78 Input Wave: ,
: : : = JMA Kobe : : : JMA Kobe
: : // : : : : : : : : :
-2000 -+ % : % ‘ : ey -2000 |- ; : ; ; : e
_‘__/‘-/‘ ‘ ‘Story Dl'l‘ﬂ [mm] ‘ _‘__/‘-/‘ : ‘ ‘Story Dl'l‘ﬂ [mm] ‘
60 -45 -30 -15 00 15 30 45 60 27 60 -45 -30 -15 00 15 30 45 60 28

Test Results: 15t Story -Wwall Direction-
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]
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Test Results: 15t Story -Wwall Direction-
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JR Takatori120%]
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Damage
@ 1st Story

RS @

X4EW60J:UX1EW60”)7:71J"
BEAHLL=>hLhORE

7R

FiEAm

X3(EW90)
Shear Failure of Shear Walls o
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Damage
&2 Story
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Shear Fallure of Shear Walls BEAm
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Slit Wall Damage by Contact beyond Gap of Slit
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Video
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Video
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Conclusion

For code-required level of input motion,
damage of the structure is slight, and
continuous use is available.
For repeated inputs before maximum capacity,
deterioration of structural performance is slight.
Test value of maximum capacity is
almost twice of code-required level.
Collapse process during earthquakes is well grasped,
acquiring a lot of physical and mechanical data.
Pre-test analysis by FEM can predict
over-all behavior of the specimen
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Thank You for Your Attention
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