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Lessons from 2016 Kumamoto EQ

« Safety is still the most critical issue.

* People want to use their buildings continuously
after EQ’s without losing any building functions.

— Intermediate or severe damage to structural
and non-structural elements cannot be
accepted anymore.
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Current design issues
(Evolutlon of PBEE methodology)
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Evaluation of minor/intermediate damages
of RC buildings
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Continual functionality
using real scale five-story RC buildings

The experiment was conducted by NILIM
and BRI.

Tokyo Tech was one of three universities
v, who collaborated with them.

From Tokyo tec
Mr. Eko Yuniarsyah
Mr. F. Kitamura

Prof. H. Watanqgﬁ'o INSTITUTE OF TECHNOLOGY
Prof. S. Kono




Objectives
set up by Tokyo Tech

* Simulate the behavior of a 5-story building
specimen with FE analysis.

. Simulate damages

————————————————————————————————————————————————————————

————————————————————————————————————————————————————————

— area of cover spalling
— extent of concrete crushing
— extent of rebar yielding/bucking/fracturing
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Specimen 8

The experiment was conducted by NILIM and BRI. Tokyo Tech was one of
three universities who collaborated with them. (Papers in WCEE 2017)
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500mm Specimen
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Crack distributions
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mCrack measgrement
Crack-width
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Summary of recorded cracks
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— crack length ratio (%)
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Numerical model
using FEM Program "FINAL”
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FEM Results
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Base shear force — Roof drift relation
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Base shear force, Q (kN)

FEM Results

Member level
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Flexural crack simulation

1. Spacing (Number of cracks)
- CEB-FIP Mode! Code

2. Width

- Use axial strain of FEM

3. Length

- Flexural analysis based on FEM

Pursuing Excellence
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Flexural crack simulation

1. Spacing

Crack spacing formula (CEB-FIP 1978) = i ISpacing

S
Srm = 2 (CS + 1—}(’)) + klkzﬂ

s, ,=mean crack spacing, c,=clear concrete co%r, S,=maximum spacing
between longitudinal bars, k,=factor that takes into account bond properties
of reinforcing bar=0.4 for deformed bars,k,=factor that takes into account
strain gradient, k,=0.25(¢,+¢,)/¢,, €, and €, correspond to the largest and
smallest concrete tensile strain, dby=longitudinal bar diameter, py=ratio of the
area of reinforcement effectively bonded to the concrete to the cross-sectional
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Flexural crack simulation

2. Width

2\ The crack width of the /i-the crack, w;, in a
Srm region (from h, to S, +h,) is expressed as:

Srm W; = j Eyy dz

hi
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>E—><—><

Assumption: axial strain is caused by
Srm cracks but not concrete (concrete does not
deform).
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Flexural crack simulation 19
— — 2. Width
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Flexural crack simulation
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Flexural crack simulation

3. Length

Et

1 th (=0. 0Tmm

V Wer:crack width
v Ar
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Wer-visible: minimum visible crac

Xn: neutral axis depth(mm)
Lmin: invisible crack length(mm)
Lcr: Visible crack length(mm)
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Flexural crack simulation

3. Length

(detour ing&meander ing)

L
a, = ﬁ (horizontal to diagonal)

L; -Horizontal projection

L,:Real crack length

L, Distance between two points
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Procedure flow

Nonlinear Finite Element Analysis

CEB-FIP 1978 Axial strain distribution
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Flexural crack simulation 24
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Flexural crack simulation

Final resu

ts
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Coordinate conversion
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Summary of Experiment and
Simulation

Flexural crack
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28
Summary of crack evaluation

* |In order to assess damage states of reparability
limit state, cracks were numerically simulated
and compared to the test results for the five
story RC building.

— Crack width and spacing were well simulated for peak points but
not so for unloaded points.

— Crack length was simulated from FEM results by considering
limit visible width.

— Finally, computed crack length ratio agreed with experimental
results.

Pursuing Excellence TOKYD INSTITUTE OF TECHNOLOGY
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Design concept for safety limit state 29

(1981 Design Standard)

Building response

X Collapse

@® Target
Strength
dependent
resistance

/& Required performance
' Ductility
dependent
/ resistance

=" Low seismic <
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Lateral load

TaKyl Drift
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Damage Evaluation of Reinforced Concrete Members with Nonlinear Finite Element Analysis
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Shear Crack Width and Shear Drift Component in RC Beams with High Strength Transverse Rebars

@® Introduction
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This study provides a better understanding of
earthquake damage on RC structures, and contributes
to the development of low damage structural system

and resilient structures. TOKYD INSTITUTE OF TECH
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Kamo River, Kyoto
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Damage to RC Structures
at Kumamoto Earthquake, 2015
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Kumamoto

roKkyd TECH—

Pursuing Excellence

TOKYO INSTITUTE OF TECHNOLOGY



37

Uto municipal office
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Kumamoto
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New call from the society

 How to make a quick recovery after EQ’s
with losing no/minor loss of building
functions.

TOKYO INSTITUTE OF TECHNOLOGY
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Base shear force, Q (kN)
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FEM Results

Member level (Q-6 relation)
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FEM Results 43

Member level (deformation decomposition)
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Flexural crack simulation

2. Width

Relation between residual crack width (Wr)
and peak crack width (Wp)

Wr=oWp
0=0.23(Column), 0.43(Wall,), 0.60(Beam)

TOKYO INSTITUTE OF TECHNOLOGY
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Flexural crack simulation

2. Width
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Flexural crack simulation
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Flexural crack simulation

3. Length
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Crack length = Ly, X a1 X a,
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