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Multi-scale durability mechanics of concrete structures deteriorated by
gel-liquid expansion

Takahashi, Yuya
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In order to predict the structural behavior of reinforced concrete
deteriorated by gel or liquid water expansion, new models are installed to the existing
material-structural coupled calculation system. The chemo-mechanical models for the expansive alkali

silica gel and the volumetric changes due to frozen pore water are developed. As a results, the
integrated calculation system can deal with the durability mechanics of concrete structures
including the problem of combined deterioration of alkali silica reaction and freeze-thaw cycles.
With the developed calculation system, the method to predict the fatigue lives of existing
deteriorated reinforced concrete are proposed with the combination of simulation techniques and
non-destructive testing methods.



1980 1
ASR
2000
( 1 ASR
ASR
( 2
ASR
PC
ASR
ASR
ASR)
TILAURTEH FILAYDHAYEHIE FILAVERE
#ASVELY FINAISYELY TFNh)EERE
[:j ;vu m»)
5. [ R g ™ HHH
e s
w0 2500 200 | FFuheIcED
0 0 . g AR ORIRRE
= Mﬁﬁ[ﬂ] - o 100 H;i;[ﬂ;ﬂn 400
1ASR
Thermodynamic analytical models
5 Water o +
(l)ASR Hydration, Pore pressure content on transpor
[Strength, Pore ] [Water contentl[AIkaIi content ]
ASR-induced expansion | 4~
MuIti-di;;ct';;)r;;l cracks|
and Constitutive laws
Structural calculation scheme
) 2ASR
Load
B5em 7 e )
- s0cm T ’
v 25em 25cm
= 150ecm £
TE-EIEhH
©)) 50 BERE = —
ASR .40 f"ﬁ‘ﬁUU%Hhﬁ ,.--..-"
S, | SRR TG e
30 g ]
e e A
i 20 ]
/ EITOUVEINE
10 (ASR{RZ AT
0
0 0.5 1 1.5 2
(DASR Zh iRt A [mm]
ASR 3
3D
ASR




ASR
ASR

@

ASR
ASR

ASR

ASR
ASR
ASR

| Imm~Lem | |

I 1
AR aggegate

10pum~—~100pm |
ase gelinjection into capillary pores, air ant
Expansion ofice .- y;/}

d cracks
iy

\ Lo ie b NG
| small pores (&% o £
alk | (gel porese-—> " @» Q
ad ki %
(with fwithout 7 Largepores A /\

(capillary paras) "¢

water)
Entrained ar—* |

=" Micro cracks by
gel expansion

Entrainedair

Created ASR gel volume:

NG ASRge

o I <o JRY o,

ASR geland ice occupation in pores:

Abater racking, [11Si0, +2NaOH — Nay,0-nSiO; + H,0)
o [Na,0-nSi0, + mH,0 > Na,0- nsi0, - mH,0|

N Vg roma=[R(Cy F Vg RH.Tcl

Porosity distribution

2Zy 2
8, g-D G [
) Pr=Pc) PL1PSce
= - S.r=1=S(t2) + SC)0[SC52)]
Sice =1=Sice) + SO )IMSC1c2)] - S
ASR aggregate
Tex < Tesn Tog(r)
ASR gel into entrained air: R

Effective volume for expansion:

Hed by 45K gel

av,
B (U= Bsn ) P

Vase_ror ~Vaszopore ~Vasorum

Jeaseastal | - i - i
Y — by Feaeial | OViee =Vies_ror (0. 14~ Vigoum) |

4 ASR-

1.2 1.2
1.0 %mooo o0 0o 1.0
0.8 A Al o 08 0O 08
0.6 Apa o A g
04 m 0 o355 0.4
02 A50-6 0.2
J M B6i-6
0.0 0.0

L

®

Live load deflection [mm]

Deflection (cm)

D

@

ASR )

ASR

o
e}
!

Fatil
FT2-Fatil

===~-ASR2-Fatil
FT2-ASR2-Fatil
——— ASR2-FT2-Fatil

© o
e (o))
! !
LJLEEL I e o o i

o
N
|

0

1E+0

1E+2  1E+4 1E

+6  1E+8 1E+10

Number of Cycles

6 ASR

RC

1.7mm

2
---Experiment
——Reference analysis
1.8 0.10 million eq. cycles
3 million eq. cycles
16 | Llm—=100 million eq. cycles
1.4
1.2
1
0.8 H i
1.E+04 1.E405 1.E+06 1.E+08

1.E+07
m

0.1

7ASR

million cycles 3 million cycles

1.E+09

Number of passage

100 million cycles



ASR
RC

Vol.40 2018 ( )

Yuya Takahashi, Yasushi Tanaka, Koichi

Maekawa  (2018) "Computational Life

Assessment of ASR-damaged RC Decks by

Site-Inspection Data Assimilation” Journa of
Advanced Concrete Technology, 16(1), 46-60

Gong, F, Takahashi, Y. and Maekawa, K.
(2017) "Strong Coupling of Freeze-Thaw Cycle
and Alkai Silica Reaction -Multi-scale
Poro-mechanical Approach to Concrete damages
-* Journal of Advanced Concrete Technology,
15(7), 346-367,

Takahashi, Y., Ogawa, S., Tanaka, Y. and
Maekawa, K. (2016). "Scale-Dependent ASR
Expansion of Concrete and Its Prediction coupled
with Silica Gel Generation and Migration”
Journal of Advanced Concrete Technology, 14(8),
444-463

Takahashi, Y., Ishida, T. (2016). "Modeling of
Chloride Transport Resistance in Cement
Hydrates by Focusing on Nanopores® Journa of
Advanced Concrete Technology, 14(11), 728-738

ASR
Vol.38 No.1 pp.1029-1034 2016,

13

Y. Takahashi, S. Ogawa, Y. Tanaka & K.
Maekawa: Nonlinear coupling models of
alkali-silica reaction and multi-directional
cracked reinforced concrete, Computational
Modelling of Concrete Structures, Proceedings of
the Conference on Computational Modelling of
Concrete and Concrete Structures (EURO-C
2018), pp.353-362, 2018

F. Gong, Y. Takahashi & K. Maekawa
Computational modeling of combined frost
damage and alkali-silica reaction to the durability
of RC bridge decks, Computational Modelling of
Concrete  Structures, Proceedings of the
Conference on Computational Modelling of
Concrete and Concrete Structures (EURO-C
2018), pp.335-344, 2018

Takahashi, Y., Taguchi, R. and Maekawa, K:
Data Assimilation for Performance Assessment
of Existing Structural Concrete damaged by
Alkali  Silica Reactions, Fifteenth East
AsiaPacific ~ Conference  on Structural
Engineering & Construction, pp.1303-1311, Oct.

11-13, 2017

Fuyuan, G, Takahashi, Y. and Maekawa, K:
Modeling of the Expansion under Combined
Freeze-thaw Cycles and Alkali Silica Reaction
for Concrete Material, Fifteenth East Asia-Pacific
Conference on Structural Engineering &
Construction, pp.1312-1319, Oct. 11-13, 2017

Shimpei Ogawa, Yuichiro Tanaka, Yuya
Takahashi, Koichi Maekawa: Effect of Preceding
Cracks on ASR Expansion of Concrete and Its
Poro-Mechanical Modeling, Proceedings of Sixth
Biot Conference on Poromechanics, pp.778-786
9-13 July 2017

Ryo Taguchi, Yuya Takahashi, Koichi
Maekawa: Long-Term Load Bearing Capacity of
Reinforced Concrete Coupled with
Poromechanical Model for Alkali Silica Reaction,
Proceedings of Sixth Biot Conference on
Poromechanics, pp.770-777 9-13 July 2017

Takahashi, Y., Tanaka, Y. and Maekawa,
K.:Multi-scale Fatigue Simulations of RC Bridge
Slabs Subjected to ASR Expansions, Proceedings
of the 7th International Conference of Asian
Concrete Federation, No.28, Oct. 30-Nov. 2,
Hanoi, Vietnam, 2016

ASR

71 \Y,
2016
Takahashi, Y., Tanaka, Y. Maekawa,
K.:Chmo-hygral and poro-mechanical modeling
for ASR and structural performance assessment
of RC bridge decks, Proceedings of 15th
Intenational Conference on Alkali Aggregate
Reaction in Concrete, No.100, 2016
Y. Tanaka, Y. Takahashi and K. Maekawa
Crack-gel interaction on the static and fatigue
failure of ASR-damaged RC dlabs, Proceedings
of 9th International Conference on Fracture
Mechanics of Concrete and Concrete Structures,
FraMCoS-9, 2016
Takahashi, Y., Tanaka, Y. and Magkawa, K.
(2015). Chemo-hygral model for ASR expansion
and its effects on fatigue lives of bridge slabs,
X1l Int. Conf. on Computational Plasticity.
Fundamentals and Applications
Takahashi, Y., Shibata, K., Maruno, M. and
Maekawa, K. (2015). Uniaxial Restraint Tests
under  High-Stress  Conditions and a
Chemo-Hygral Model for ASR Expansion,
CONCREEP 10, Mechanics and Physics of
Creep, Shrinkage and Durability of Concrete and
Concrete Structure
Tanaka, Y., Takahashi, Y. and Maekawa, K.
(2015). Computational Fatigue Life Assessment
of Corroded Reinforced Concrete Beams,
CONCREEP 10, Mechanics and Physics of
Creep, Shrinkage and Durability of Concrete and
Concrete Structure




http://concrete.t_u-tokyo.ac. jp/researc
h/intro/T-j.htm

€Y
TAKAHASHI Yuya

10726805



