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Multi-Scale & Multi-chemo-physics Modeling&#ft & f@ 47 & D BASE
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1004—F U AB103A— M LR — L&D —F H20DEMHE, 40080 T O—/ L e EH, ¥+
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Knowledge (model) classified into Multi-Scale REVs
Multi-scale model : serial linkage over the multi-scale

Gel pordday,

"
Unhydrated iy Capillry pore <-_>
coment ——

Hydrate product
(C-S-H grain)

After few hour

98 7 6 5
log(rfml)

Inner hydrate

Malure |nteriayer el pore | (~1.6nm)  Gel pore Il (1.6nm~)  Capillary pore
(2.8 thick) POre inside gel grain  Pore among gel grain  Free space for hydrate
e e

lon Transport/Balance Mechanistic development

Electro-Action

Atmospheric

Negatlve/ pore «— Negahve
pressure _y. pressure

'

(1070~ 10%m | [ 102~ 106m | [ 106~ 10%m | [ 102~ 10m | [ 10~ 10%0m | [ 100 ~ 102m |

Molecule’
of water

Gel
grains

AMMIITTRTY
Adsorption

diffusion and convection

(1070~ 10%m | [10°~ 106m\

104~ 10%m | [ 109~ 10"m | [ 10"~ 10°0m |[ 100 ~ 10%2m |

CSH hydrates-Aggregates + Cracks interacting composites

Massive parallel Interface
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TEMOERMATAEEST: BHFPUAOKEULOEHRS

The RC culverts Development situation
e
] L] i
- -
'!;. o Ty = '

+ Keeping lifelines underground - -

~> However...

Excessive deformations, cracks of RC
culverts have been reported.

Top slab seen from the hollow

Cracks of top slabs

(DTo verify the mechanism of excessive deformation of RC culverts
(@To control the long-term deformation & deflection

HBORPER LHRIEER

@

lection at the center of Culvert(mm)

No
shrink,creep

No
i Wet
shrink,creep Wet Dry
settlement 'l n x
ZDesign code M v v

0.01 0.1 1 10 100 1000 10000 gice strain:1000u
4 ¢ Gravity 250
@
3 ISgttIement 600
uy
| | || pe— . Shrinkagel -400u
-5 —‘Deﬂemionm 3
1] o Cm— IR N2
"y ll."-i- -
9 iy o= rmw- TS " = 750
Tih, s \QEEM
# 53
-1 + 3 L
13 = sy ot | LU || e

Wet (@) wet @

Realistic case

- compression
+tension

Total strains

@

Measured tension

NDHIZEEVHREFGER
T20°C s
RF:99%

hrinkage strain and inner RH

Time after curing(day)

001 01 1 10 100 1000 10000
0

Keep sealed at the
inside face after
(3years
@10days

7 Const.

8
8

10 After sealing inside face,

Recovery of deflection is based on the
deflections were recovered

recovery of drying shrinkage owing to
the water supply.

B
2
=2
'
= 7
Effect of sealing inside face D00
£
001 1 100 10000 E600
0 & \ recovery
- o
2800
E 2 N > sealing
= \ Sio00
£, | WLl 100 e T T T
8 | @10days| £ 80
I
£ z
3 JE— 40
= 001 01 1 10 100 1000 10000
s Ay
B
H
%
a

Time after curing(day)

Itis possible to control excessive deformation by non-mechanical
methods to keep sealed on the inner faces.

experiment

Seismic full 3D analysis : disp. At the 2" floor

analysis

In consideration of drying

- iTErn -—| :
i B
e E ' = Magnification of
= o displacement=5
- - - -
- b —
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Effect of drying shrinkage on seismic performance

D -COMS3 link lysi:
ueom Nk analysis 3nd floor (X - Y)displacement

[mm —mm]
7~28 days drying
10% 25%
== ~28 days sealed

E-defense |
initial shrinkage cracking ’ .

Seismic performance of corroded RC

RC column was corroded by keeping at seashore for 4 years,
and then subjected to vertical and cyclic load

Tamp. .

Reprinted from Arasato et al.* Experimental research on seismic "
performance of RC column corroded with exposure to environment -

Since no environmental data is available,
simple environmental data is assumed.

Simulation of RC slabs under high repetition of moving loads

Fixed point pulsating load

Moving wheel-type loading
Load position and d ion fixed

'
06

g e [

08
2 o iy t :
gﬂﬁ % 0.4 ry results
°
8
Sy - o
2 | cyclic moving point shear U%-p. 02 P~
E | by reanaysis - k
z02 T N Submerged experimental results |~

N S S oL 11 11

9 A 5 o
Number of cycles and passages (log N) 10 10 1o 10 Cycle 10

crack = variable pore space

“Structural Concrete incorporating kinematics of ambient water”

P : Pressure in

o Openin
micro-pores Closure Opening

Positive ] Negative
pressure;

Pcr : Pressure
in crack space

Incorporating concrete and pore water : Biot's modeling

Dynamic equilibrium equations for a saturated skeleton | [ Dynamic equilibrium equations for fluid materials in the skeleton

,n\@

lprdo/an s
Secelrson o water (6, w )y
ane esistant forceaxrted by contact with seleton

(@) il i diectons, rom simpe ssumption; without any acceleration (sate movement]
s i 5y~ DA A I

i i i = s A

0 P

Modeling
uséd

Michigan

rallel events

START Governing Equation
[ize, shape, mix proporiions, E
X¢-S-Cu)

nitiat and boundary contions.

+div] =0, =0

: Microstructure computation
: Pore pressure computation

I calculations.
ount of S0 phases nd pore

: 119 oquilibrium and transport
” Determination o equlibrated amount of solid phases and pore
soluion concontration cxcopt Mg by PHREEQC

K on

: Cl equilibrium and transport : Al equilibrium and transport
g T

solution concentation except A by PHREEQC

“Concantration of fre0 Al by DUGOM:

ium and transport

solution concentration except HCO, by PHREEQC.
“Concaniration of fres HCO, by DuCOM

: SO_ equilibrium and transport

~Dotormination of equilirated amount of sl phases and pore
C

- i
solution conceniration except S by PHREEQC
“Goncontration of 90 5i by DUCOM

continue

solution concentration except SO, by PHREEQ

z
jon | O Next lteration

soluton concentratin except OH by PHREEQC
K o
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Remaining fatigue life assessment of existing RC bridge decks
coupled with multi-scale platform

Advice Knowledge of Compile & link
etc./_ engineers J N

Pseudo-cracking metod computatlonal platform

n-.---»

I'site inspection |
simple measurement

Clear output =S-N diagrams
‘ Knowledge of
engmeers

Combination of site inspection data and simulation platform

BRI & D

#
H#:

Quasi-Cracking Method

Converted field of Pseudo-
cracking strain

Conversion of current cracking to strain field

Crack maps by inspection

Users'’ interface for practice
Easy to input data and simple output

_?

)

\

i
L

SHROVE-FAFERE
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IZM A 24 —& =K.
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D s, BIM (Building Information Modeling)
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19705 4% : CADT—44Z4E IGES (Initial Graphics Exchange Specification)

19804 (KNS : A T UV MERBHIICR DO 3RT TS ZMETILOBISEEIA. 150, TC184,
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