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:Chemical equations for ASR (Xis Na or K ) )yJ A00

v R reactive aggregate

| 1Si0, +2XOH — X,0-nSiO, + H,0 ---(a) % Q) AsRogel ool " L

| X,0-nSi0, + mH,0 — X,0-nSiO, -mH,0 (b) A~

: “NK7

ASR rate (i) ASR-gel absorption into capillary pores

R'ASR_X‘ =k- CX‘ Biter Wi VOB =Y wosenanons (c) Washburn equation dipsct,rriebiitziin absorbed

kg = €xp(-1500.0 (1.0 RH)™® ) ----esroeemeneen @) ifi, 200089 22 LT
I 1 4 2 ) stress

k, =exp| 6000.0* T | (e) i |iZ:coef. for gel absorption into CP ri j field

RASR_X' :kRH 'kT .R".;SR_X' -------------------- (f) | :

i) Pressure with partial anisotropy of ASR-gel and

. intrusion into cracks
Generated ASR-gel volume at one time step 1 :
R At-M p‘gzp"f+p’ ______ W
AGel asg_x "B Mgal iy B :
€y = o (8) ~Gelvolume (a) anisotropic pressure by solid phase
gel
Consumed alkali amount pa, = siffness-B:(V,, =V, ) =

CX_.4SR =2.0-AGel,. "Pea ‘1.0E+ 6/Mge;‘"(h) (b) isotropic pressure by liquid phase
Consumed water amount pi= sifﬁ1ess-(1 —B)- (Vm,3 — K) -
Wy sz =84-AGel . -p,, 1.0E+6/M,~()

X % B,:ratio of solid phase in ASR-gel: 0.2

B 1
) 18 g
3 { j R

|

'; By Micheal et al
C&CR, 2013

(b) HPC-A-40 (Field of view: 9567 x 1687 um)
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Gong Fuyuan | 1mm~1cm | J 10um~100um |
ASR aggreglate ASR gel injection into capillgry pores, air anld cracks
Expansion of ice g\,

‘ Small pores £ £5 :

(gel pores)— 0 \%\ Q S

Crack -

(with/without Large DOFES)/; .2 )/
water) (capilary pores) " A& g v
Entrained air Entrained air— "\ Micro craC!(S by
................. gel expansion
Created ASR gel volume:

Na,0;.K,0 ASR gel Absorbwater _Cracking, [nSiO, +2NaOH — Na,O-nSiO, + H,0

/
si0, | I @ 2 % [>% Na,0-nSi0, + mH,0 — Na,0-nSiO, -mH,0

)
\ VASR_TOTAL :I R(CX+ ! I:water ’VRG ! RH ’T )dt

ASR gel and ice occupation in pores:

Porosity distribution Q

v S-S fn = 222 V = ¢S
dinr AS,, -(T,-T) Pasw ASR—>PORE ASR
T L ¥ - - Vice 1o =[(o0 = p) [ PL1PS e
w —I;f v Sasr =17 S(Nagg) + S(Nsp) IN[S(Far )]
| b 7 Sice =1-S(hee ) + S(nee ) IN[S(Nee )] = S
fice < Tasr log(r) ASR aggregate

ASR gel into entrained air:

[ nwnedar | Effective volume for expansion:
filled by ASR gel

dVASR—)AIR

dt = kAIR : (1_ ﬁASR—)AIR)' Pasr * Air

AVASR :VASR_TOTAL _VASR—>PORE _VASR—>A|R§

2t . Jensen etal A\ _ =\ _ (0 1AIr -V )
_ i D ICE ICE_TOTAL . ASR—HAIR/ |
ﬂASR—)AIR _VASR—>AIR I Air R 1984 = - |




Boundary & Temperature Conditions

Level FTC' ASR™ Fatigue TN

1 20 cycles (closed)  0.75mol/L  without water s ‘~E{gswater at top
2 20 cycles (open) 1.5mol/L  water on top i surface
3 150 cycles (open) 3.0mol/L  submerged in water

* Initially saturated, with/without water supply on stop surface
** 180 days of exposure at 40°C, with different initial NaOH

concentration in pore solution

N
ul

=
(92

emperature (°C)
(0]

£-15

‘( ¥ THE UNIVERSITY OF TOKYO

Temperture(C) Temperture(C)
0.0 -4.0
i :
-2 =6
E-4 -8
E—é E—] 0
-8.0 (1) -12.0
Temperture(C) Temperture(C)
0.0 6.0
: :
—-1.5 -4
| E
4.5 -0
E-o.o (1V) E—2.0

O Structural ASR and FTC Damage



Deflection (cm)

Fatigue Life after Coupled Damage

Level FTC® ASR™ Fatigue
1 20 cycles (closed) 0.75mol/L.  without water
2 20 cycles (open) 1.5mol/L  water on top
3 150 cycles (open)  3.0mol/L  submerged in water
HE  HEEFESASR
1 ‘ 1 -
Fatil / ','
0.8 - FT2—Fat|1. 0.8
----- ASR2-Fatil € H
FT2-ASR2-Fatil o /
- r 4 -~ | /]
06 ASR2-FT2-Fatil K c 06 o K
ol 5 ASRJEZE | |/ASR
g v 04 v :
: = ’ Fati2
a 02 g } FT2-Fati2
e J|=m--- ASR2-Fati2
; 3 — FT2-ASR2-Fati2
O III|.|.|||€ L II|.|.||||1 L II|.|.|||||1 III|.|.|||||1 III|.|.|1 O III|.|.|||||§ Illu“‘ IIIu“'._ ASRZ—FTZ—Fatiz
1E+0 1E+2 1E+4 1E+6 1E+8  1E+1C 1E+0 1E+2 1E+4 1E+6 1E+8 1E+10

Number of Cycles

Number of Cycles

€@ FTC damage will reduce the fatigue life, while ASR gel can strengthen the cracked concrete
€ Both damaging (FTC) and strengthening (ASR) effects are enlarged under wet fatigue test

(¥ THE UNIVERSITY OF TOKYO

O Structural ASR and FTC Damage
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