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2 (Quartzite)

& =
0 ASR has been  p, ;iment of a viaduct damaged by ASR
confirmed

: 4 \ In the Hokuriku District

[ Survey of the Ministry of National Highways as of 2004 ]
ASR occurred in 37 bridges out of 300(37/300=12%) in Toyama Prefecture.

> >The national average is 1.2%.

£RKSIP Part 1(REB) :EREFNIERDF, B (k)
The Alkali-Silica Reactivity of Andesitic River
Aggregates
and ASR Mitigation Effect by Using Fine Fly Ashes

Tateyama Mountains

It is believed that there are many more structures in the Hokuriku District built in

The gravels and the sands of the Jyoganji
River in Toyama Prefecture include andesite
particles which contain cristobarite and/or
opal which are reactive components.
(pesimum proportion around 30%)

the 1970s and ‘80s that have serious damage caused by ASR.

It is said the gravels produced in the Jyoganji River are some of the
most reactive in Japan.




Schematic Diagram of Centrifugal Machine in Production of
Fine and High-quality Fly Ashes

Original raw fly ash

4

Fine powder (High-quality fly ash)

I. Rotator

.

Coarse powder

1 C ATr current>

Coarse powder

Physical properties Mineralogical properties(%)
Fly ash type i ine fi
Y P De"S'gy Blameﬁr;eness Quartz | Mullite | Magnetite | Lime | Glass
(g/cm®) (cm?/g)
Original 2.36 3390 54 26.7 2 0.8 65.1
High-quality 243 4780 5 20.6 1 0.2 73.2

[ Advantages of Fly Ash Concrete in ASR Mitigation ]

Expansion behaviors
(Danish method)

Expansion behaviors
(JIS A1146 method)

The physical and chemical properties of fly ash produced are well in line with
the quality standard of the highest level “Class |I” according to JIS A6201.

Points | fa-1 fa-2 fa-3 Points | bfs-1 | bfs-2 | bfs-3
Ca/Si | 0.05 | 0.88 | 1.64 Ca/Si 1.39 | 1.47 | 1.58
Ratio Ratio

1
——0PC ——oPC
0.8 [{—4—FA15% 0.8 |-+ FAI5%
2 =¥ BFS42% = —-BFS42%
€08 £ 08 ///
‘8 B
§ 04 / /)‘ § 04 /
0.2 4 A’///—‘ 02 / /
0 0
0 13 0 13 26
Period (Weeks) Period (Weeks)

It became clear that the ASR expansion of mortars was controlled over the long
term by using high-quality fly ash.

Petrographic observations for thin section of mortars after the JIS A1146
mortar bar test ,(qugrizin microscope in plane-polarized light)

| "; - A 10
BFS 42%

Concluding remarks

In January 2011, a joint-collaborative industry-academia-government research

committee on the “promotion of effective utilization of fly ash concrete in the
Hokuriku district” was set up.

At present, a lot of candidates for the actual use of fly ash concrete in bridge,
culvert and dam structures are being actively investigated.

We would like to propose the know-how for a further effective utilization of fly
ash concrete in the Hokuriku District and other districts, based on the strong
ethic . That is “Local Production for Local Consumption” .




#iRAFSIP PART 2 (B : RILERA (EER)

Mix Proportion of Concrete

Study on ASR Expansion and
its Suppressing Measures
of Self-compacting Concrete using
Sea Water

Target slump flow : 600 = 50mm
Target air content  : 4.5 =+ 1.5%

Takashi Habuchi, Yuichiro Kawabata, R SIEET [ 2 A
. g = Volume of unit coarse aggregates  : 0.33m3/m3
Naoya Kawamura, Ryoichi Tanaka,

H Casel (BFS 0%)
Jun KUtsuna' To_ru Y?majl Equivalent alkali content ,Na,0., = 4.8kg/m3
and Osamu Kiyomiya

BEE]]

Results of Accelerated Test Observation Results of ASR Gel
0.30 ———— 030 ————— by Gel-fluorescence Method

0.25 | Humid air 1 | 0.25 | Humid air 2
0.20 0.20 |_(With pre-curing)

(without pre-curing) _
0.15 = 0.15 ;—Hw

.,J
0.10 ad 0.10 M’/
0.00 U - L LA~ ] 0.00 <_r _,.:’\/—_Q:':»—ﬂ~
0.05 | L] oo0s Ll L[ [

0 10 20 3040 50 60 70 8090100 0 10 20 304050 60 70 8090100 :
Curing periods (weeks) Curing periods (weeks) Case 2 (BFS 40%)  Case 3 (BFS50%)  Case 4 (BFS 60%)

0.30 Humid air 2
0.25 = A —— ~e- (1) BFS 0%
0.20 Sea water | -~ (2) BFS 40%
0.15 immersion _| -e- (3) BFS 50%
0.10 ‘(wilfh pl:e-curing) (4) BFS 60%

|
icro-crack observed

0.05
L d b sds
e ENANE |

0 10 20 30 40 50 60 70 80 90100 Case 1 (BFS 0%)  Case 2 (BFS 40%)  Case 3 (BFS 50%)  Case 4 (BFS 60%)
Curing periods (weeks) Sea water immersion

Expansion (%)
Expansion (%)

Expansion (%)




Results of SCM-L1LS Analysis

After [Tlweeks acceleration of the test(S[M-[15

analysis was performed for the specimens of Humid air
2]

(3) BFS 50%
-Sﬁg

(3) BFS 50% L,
-[aCJen

2.5
% 0.8 X
(1) BFS 0% /

e a (IBCTIEI

0 0.5 1.0 1.5 20 250 0.5 1.0 1.5 20 25

[kan CalSi and CalBi[TITa[@Cid [Ckan TaTIIBI aldCiCrald willl
ralibs willllTl&ir sl@ndard delihlidns [[eir s@ndard deliklidns o]
(Culdid air 2) (Idralés (Cudid air 2)

(Oemental analysis by [T 5 was performed on more than [TIspots for each)

q The Relnforcemeﬁ of an ASR Affected Intake Tower

|ng Post-TenS|oned Tendons

[onclusions

ASR e[ pansion of self-compacting concrete using sea
water and its suppressing measures are studied[]

1[IASR e[ pansion of this concrete without SCM (LS in
this study) e[ teeded [1 for each accelerated test[]

2[ven if highly reactive aggregate was used for this
concrete[ by replacement over [ 111 of cement with
[ITSCASR gel formation and ASR e[ pansion was
remarkably suppressed[]

which results
in increase in alkali uptake in [3S-H gel[]l

according to the reactivity of aggregate is

[1. Displacement Measurement)

[A summary outline of the primary Causes of the Deformation]

(D-2 More exposure to sunlight
Lake side /4 Mountain side

T
7
Expansion small ‘ Expansion large

D-1Less exposure to sunlight

Front gate

\E . =

-Due to the front gate there is less exposure

to sunlight on the lake side concrete.

*The mountain side concrete has more

exposure to sunlight which is believed to be

a large influence on the development of 20

A




[2. Countermeasure to ASR]

Completion of construction

6.5m  2.5m
‘ o EL 1,090.7m
‘ -
[ ‘
L]
= * 45.7m Drilling hole
* —
Metal gate about 2m|
plate *
. EL 1,066m Head of tendon
22.7m
| B— Load Cel
|‘4 ® | <—— Meapurement point EL1,056m
) TR, | Mountain
Lake side . |side
/ EL 1,045my
L]
Front gate ° — Anchor fixing part
- —
S [ ™
o A

Construction location plan view
from above

Drilling depth view
from the side

*We set the anchor fixing part close to the bottom portion, and in this way tension

[3. Effect of the Countermeasure]

After countermeasutes

120 -
(mm) Horizontal change Before |Were implemented
100 |- A'ﬁ‘f Connecting N Ao
& bridge T |
80 — ] 0.7mm/yealr
[ 1
60 Intake}zwir‘ﬁfi] 4.7mm/year (2012.6) !
1
|
40 i
1
20 !
1
1
0 .
2000.8 2008.8 (year) 2015.11
Horizontal change in distance over time at the top of the tower
(mm)6 0 After countermeasures
50 Vertical change Connecting were implemented
i , - brdge « Before
40 ;
1.0mm/; yedt
30 | 1
" ] 20mm/year  (2012.6) i
|
i
10} 1
I 1
I 1
I
000.8 2008.8

. (year) 2015.11
Vertical change in distance over time at the top of the tower

was applied to the entire structure.

[3. Effect of the Countermeasure]

oo

- The effect of the countermeasures has been confirmed at this time.

22

(KN)
1600

1500

1400

1300

I L L 1 L Il l 5 L L L L l L L

2012.6 2013.4 2014.4 2015.4
(year)

1200 2015.11

Changes of tension over time

- Although some variation due to temperature change over a year’ s time and
a slight increase of the load was seen, drastic load changes were not seen.

-We have confirmed that the tensions have been stabilized. 23

Conclusion

(1) Although an inclination was confirmed on the intake
tower, it has been shown that this is because of the
difference in the ASR expansion due to the difference in
environmental conditions and structural conditions at the
different parts of the tower structure.

(2) As a method for controlling the deformation of the intake
tower caused by ASR, the method of using a PC anchor was
adopted. Consequently it was possible to effectively
suppress the deformation from the applied force of 0.2 _
0.3N/ mm?Z,

24
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ASR FOUND IN THAILAND AND TROPICAL

REGIONS OF SOUTHEAST ASIA

Shinichi Hirono, Yoko Ando, Tomomi Sato, Kazuo Yamada,
Hiroyuki Kagimoto, Kazuyuki Torii

ASR [eterioration [evel of Lridge [ootings

-

Pile cap(Footing)

RRXIEY

ASR in Bridge Pier of Expressway in Bangkok

PC Pier column (Bridge)

“Ibservations by Polariling [licroScopy

Deterioration Level

Very severe Severe Moderate None
(Many wide cracks) (Many cracks) (Few cracks) (No cracks)
Footing A Footing B Footing C Footing D
Pier A Pier B Pier C Pier D

% ¢=68mm Concrete Cores
Taken from the bridge pier constructed in1998

* The ASR deterioration level of PC column and
PC super structure was generally minor compared
with that of RC footing.

* This 1s due to the microclimate around bridge pier,
the temperature, water supply etc..

Sample Footing A Footing B Footing C Footing D
P (Very severe) (Severe) (Moderate) (None)
Granite mylonite (2)
Coarse . . Granite mylonite | Pelitic hornfels (2) .
aggregate | Granite mylonite (4) . Limestone (2)
(ASR 3) Limestone (2)
stage)
Chert (2)
Fine
aggregate Granite (2) Granite (2) Granite (2) Granite (2)
(ASR stage)
ASR stage x/.
of total e i - -
core ‘/—\;: _\ — ~ ~
Remarks | Much ettringite | Much ettringite | Much ettringite | Much ettringite

ASR Deterioration is mainly caused by mylonite contained in Granite

stones.




Cement
Paste

CONCLUSIONS

» From relationships between ASR degree in each rock type and
damage levels of concrete structures, it was assumed that ASR in
granite mylonite dominantly contributed to the deterioration of
structures.

» In all footing samples, much ettringite was found. Samples with
advanced ASR bore more, because it had grown inside cracks
caused by ASR. Therefore, there is no evidence to suggest that
ettringite formation contributed to the deterioration.

» Minor ASR was found along with amorphous or low crystallized
products from altered mica in granitic fine aggregate. This is
attributed to weathering under hot and humid climate. Therefore,
weathered rocks in tropical regions contain potentially ASR
reactive aggregates.

» Occurrence of ASR in tropical regions was considered to be
characteristic as a relatively rapid reaction due to late-expansive
minerals and weathering that might produce opal.
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