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Maekawa, K. and Fukuura, N.(2014): Nonlinear Modeling of 3D Structural Reinforced Concrete and
Seismic Performance (Chapter 11), Infrastructure Systems for Nuclear Energy, John Wiley & Sons

Univ. of Toronto (2015 Collins) : size-effect of shear mode failure
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Chijiwa, Harada, Maekawa,
Tsuchiya (2015), JSCE.J.
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Back-check of nuclear power plant
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Subway tunnels of Tokyo Metro: safe or not? ;‘éslhggj‘gic'EKO”‘Shi' Tsuchiya, Maekawa
= How to examine the performance? /

Ikenohata

Nezu
station

Lglezmen To be Strengthened for wider
Response method

by code ranges = huge money! 3D full dynamic analysis and

2D FEM To be strengthened but= de;qn IT.]ra.keS bebneflts' K
Zones of strengthening are veritication by mock-up

3D FEM shortened! experiments




2D analysis of underground ducts :Nishigaki and Tsuchiya

Magnified disp.:10 times Shear strain principal strain

N=37 N=37 Fourier Spectrum of response
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10

Large N-value—>large soil deformation induced ->much damaged RC duct
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Quasi-viscos far-field boundary
Soil characteristics: site inspection
Tokyo Metro: Near-field earthquake

estimated around Tokyo

"input acceleration at the base-rock

*FE mesh of tunnels

*N-value
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comparison 2D section Volume averaged principal strain

[u] —2D «===3D
/ 3D effect:
/ Sectional damages
are smoothed and
mutually protected.

70 71 72 73 74 75 76 77 78 79 80
Location from south [m]

Sectiona
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> Bearing capacity of a Rigid Footing (Tatsuoka et al. 1988)

o
o
£
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‘S
©
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(1]
(O]
[-T]
£
©
[]
o
Settlement (S/B) > g
2
g 17
o 70 \ o
"; 60
£ 50
S 40 Experiment []
k‘-’)" 30 Nuerical Simulation
Contour of shear strain Contour of shear strain 5 1
0
at S/B = 6% at S/B = 18% (b) 0.0 50 100 15.0 200
. . Relative settelement (S/B %)
Large Scale Experiment Small Scale Experiment

> Bearing capacity of a Sandy Slope (Huang et al. 1994)

TOYOURA SAND

p— — 182.7
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(110)
(111)

(111)

(100) Tunnel
V
(110)
(111) 3-D Model

Effect of Soil

Web Reinforcement 0.1%, _
Without Soil (>41 cm) Web Reinforcement 0.1%(8.5 cm)
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*» Variation of

Stiffness

The side wall of the Tunnel
was given a web
reinforcement of 0.05% to
make the tunnel more stiff
The change in failure pattern
can be clearly seen

The system fails
approximately 16 cm slip
along the fault line

Higher Stiffness of the
Tunnel leads to a lesser
stable system

Web Reinforcement 0.1% (8.5 cm)

14

Web Reinforcement 0.05% (16 cm)

Web Reinforcement 0.2% (7.6 cm)
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Maekawa, Ishida, Kishi (2008) Multi-scale Modeling of Structural Concrete
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exp by Mitani, Sato, Journal
of ACT 2011

Shear Loading of RC by drying and Sealed Curing

Compressive strength
development

Drying shrinkage of specimen
with aggregate shrinkage (900u)

drying

18

drying

sealed
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Chijiwa, Maekawa (2016), J. ACT
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Kurihara, Chijiwa, Maekawa B IEN BRI EICRIFTRRICIE., STEDRENRH SOOI FE

(2017) J. Advanced Conc.Tech.
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Kurhara ChitwaMackawa &4t IR#fe(L AR ER M ISR L TRIRMICKZ VR BE 525

(2017) J. Advanced Conc.Tech.
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Kiruhara, Chijiwa, Maekawa (2017), J. Advanced
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~ Tsukiyono Bridge Konaru Bridge Fukutani Brldge ' Urado Brldge Ohno,Chijiwa,Suryanto,
Tsukiyono Bridge Konaru Bridge Maekawa (2012), J.of ACT
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S (assuming midspan o Expected in design
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‘é‘ -90 £ 0 Note) 3 time large creep coeff.
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Model mesh

/ Backfilled sand

100 Based on actual
<«—» Structure and material
data
RH:99.99%

—DeS|gn

Surrounding
99. 990 soil settlement 99 990
99 990/

Drying RH: SO|I settlement
shrinkage, || RH: [[99% +drying 99%
creep 60% shrinkage,creep 60%

Deflection (mm)
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N

-15

Deflection of the upper slab

Dry

Tswilsettiement
..

Caselll, |l
simply added

27 4years Measured

>
Mid-span deflection(mm)

soil settlement

00T 0T 1 10 100 10001000000000
Elapsed time after curing(day)

er of cracks

Num
[&)]

Excessive deflection for about 20 years after
construction and cracking but no yielding of steel

3900 Actual crack picture

> a
Nl > a
] et ,

350 3200 ;50

_ Crack Condét(l)on Deflection shape of top slab
—I B350 years (30years after completion)
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M O15years [z
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Crack width(mm) of prediction

Mechanism? >
means of repair and strengthening




HAMVUEINEMN LSS ! -

. 2016, J. ACT 26

shear crack roughiig
crack roug
T X

Zhu, Kunieda,Maekawa E I.:I;';\t.O.pening
J. of ACT, 2016

(2)Use light to check the shadow
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Zhu, Nakarai, Maekawa 2016 J.ACT
Relationship between Load and deflection

Time-dependent deflection

Experiment

Concrete 57 3MPa

strength(35.8" day) ~—
First flexure crack 60KN

First diagonal crack 119-140KN

Final shear failure force 280KN

27

Shear failure

Analysis 240-260KN
56.5MPa

280KN

267KN
(95%)

Around 2hours
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Nikhil and
Maekawa
2017 J.ACT
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Nikhil and Maekawa 2017 Bt ABBIEIZIZEROE—RLHY . s-THERIZ—B . 84

J.ACT
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10°%-107 cycles, lower stress level
single sided, 10-50 years

WA EHEIRIZE WA ). ACT Mishima, An, Tsuchiya, Maekawa
EARTHQUAKE

10-20 cycles, much high strain level (e-defense)
reversed cyclic, 10-60 sec

Maekawa et al. 2006,
Chijiwa et al. 2015
Journal of Advanced Concrete Tech.
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02 r=Vyy Vewe
0 T
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0 1 2 3 4 5 6 7
log N
—

. |

< — 240cm —

normal RC beams without any web
reinforcement

w0 oo BT SR E O BRI AT AR

| «— time integration : A t

0 L

-0.001

-0.002

0,003 <— |ogarithmic time integration : t A(log t)

“0004 [~ -

0005 Lo evolution term: dK=Fdt + Gde - Ftd(logt)+ Gdge

Maekawa, K., Gebreyouhannes, E., Mishima, T. and An, X., Journal of Advanced Concrete Technology, 4(3) 445-457, 2006
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1
0.6
fixed point cyclic shear by FE analysis
‘ ‘ ‘ o
oong - T~ (a
'g 08 EIOA \\G\Dry e)l(perimental results
04: m I
g— 0.6
© Y
'§ 04 0.2 | 0
= —F— - D\.\\EI | Submerged experimental results
c Cyclic moving point shear \:\EL
g 0 | | By FEanalysis | R N
moving experiment by Matsui, et al.0 Perdikalis, et al. A 10° 10 10° 10° | 107
o | fixed pulsating by Perdikalis, et al. A I Cycle
0 2 4 6 8
REKIEKUI TR R IREF
Number of cycles and passages (log N) L. BBKOESIL? ?
LW 5 L] ]

-
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Aggregation on Highway bridge deck

Wheel loading test of RC slab specimen

Aggregation lead
the failure of

/eCimen

Sawn specimen
after loading test

33
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Closure pressure
Positive 9‘ _ﬁ_ B
pressure
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Maekawa et al (2015) J. of Material in Civil Eng., ASCE

Pore pressure inside
closing cracks

¥

Transferred to

cannot see the
forest for the trees”

I (focus on the details, and
Caplllary pores miss the main point: idiom)
large pores located
around interfaces of t

aggregates and
cement paste

\ 4

Cement paste bonding Is
deteriorated.

] “Enqgineers shall see
Cyclic pressure made by borgm o sr A

crack-closure the trees”



Life reduction by stagnant water on the decks 36
BHHAEL EF TEALGUDKERS., FKkOS BT EENTS !

Dry air High cycle loads Reduced
Wet Fracture energy, shear transfer
condition | strength, shear

transfer <:I

Stagnant | Furthermore,

water Erosion, Erosion by
(condensed) | disintegration water pressure

Load level =illegal level

E1TN=1[8] F4TN=1,000[1] FE4TN=30,000[]
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Fujiyama et al. (2011). Pseudo-cracking data assimilation, J. Advanced Concrete
Technology
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@ 2.94 million cycle @ 3.37 million cycle ® 5.42 million cycle

(@) Lower
face

(b) Upper
face

® 5.42million cycle (Referential analysis)
10.0

9.0 —— Referential analysis
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0
1.E+04 1.E+05 1.E+06 1.E+07 1.E+08

—— Assimilation at 200kiro cycles

o ©
N M\N\“

ll".‘

Deflection (mm)

@

Equivalent cycle
(c) Center deflection

Tanaka, Takahashi, Maekawa (2017) Journal of Advanced concrete technology
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® 23.06 million cycle @ 24.04 million cycle ® 31.54 million cycle

(a) Lower
face

(b) Upper
face

10.0 ® 31.5million cycle (Referential analysis)

9.0 ——— Referential analysis
®
8.0

7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

1.E+04 1.E+05 1.E+06 1.E+07 1.E+08

—— Assimilation at 250kiro cycles

Deflection (mm)

Equivalent cycle

(c) Center deflection

Tanaka, Takahashi, Maekawa (2017) Journal of Advanced concrete technology
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JFERVUEINEHDOHEIEH Mechanics of Reinforced Conerete |2

Prof. A. Pimanmas
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Prof. A. Pimanmas
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How about
prediction by Al?
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Condensed water ASR gel Corrosion gel Frozen ice
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RC bridge deck deteriorated by ASR
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Esayas, Maekawa
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Gong, Takahashi, Maekawa (2017) Journal of Advanced Concrete Technology
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