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『北陸地方における ASR 問題の解決を目指して』 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

平成２８年９月３０日（金） 
 

 

 

KKR ホテル金沢 
 

 

 

 

      



 

 

金沢大学 SIP シンポジウム 

WG2（ASR 部会）研究報告会 

「北陸地方における ASR 問題の解決を目指して」 
 

１．日 時：平成２８年９月３０日（金）１４時～１７時（13 時 30 分より受付開始） 

２．場 所：ＫＫＲホテル金沢（石川県金沢市大手町２－３２）３階 鳳凰の間 

３．主 催：金沢大学 SIP，共催：北陸道路研究会，北陸 3県コンクリート診断士会 

 

４．プログラム（14 時 00 分～17 時 00 分） 

14:00～14:10 開会挨拶             ［金沢大学教授 鳥居和之］ 

14:10～14:40 特別講演１（講演 25 分，質疑 5分） 

「内部膨張反応の診断と予測」 

［海上・港湾・航空技術研究所 川端雄一郎］ 

14:40～15:10 特別講演２（講演 25 分，質疑 5分） 

「The 15th ICAAR 2016(Brazil,sao-Paulo)における ASR の話題」 

［金沢大学教授 鳥居和之］ 

15:10～15:20 休憩 

 

15:20～16:50 一般発表（各発表 10 分，質疑 5分） 

「各種環境下に曝された ASR 劣化構造物の特徴と使用•環境条件」 

(1)15:20～15:35 北陸自動車道の ASR 劣化構造物の特徴と補修対策 

［(株)野村昌弘の研究所 野村昌弘］ 

(2)15:35～15:50 能登有料道路の ASR 劣化構造物の特徴と補強対策 

［石川県中能登土木総合事務所 津田誠］ 

(3)15:50～16:05 道路橋RC床版のASRの特徴とプレキャストPC床版の技術開発 

［(株)国土開発センター 浦修造］ 

(4)16:05～16:20 プレストレストコンクリートの ASR の特徴と対策 

［(株)ピーエス三菱 青山敏幸］ 

(5)16:20～15:35 道路トンネルの ASR の特徴と対策 

［アルスコンサルタンツ(株) 麻田正弘］ 

(6)16:35～16:50 水利構造物の ASR の特徴と調査診断 

［北陸電力(株) 参納千夏男］ 

16:50～17:00 閉会挨拶           ［(株)ピーエス三菱 小林和弘］ 
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Kawabata et al., 16th ICAAR, 2016
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ASR  
 �r� �� Satoh (2016���8) 

 
Quartzite  

 
 

6 6

Tateyama  Mountains 

  Hokuriku Shin-kansen Line (JR) 

SIP Part 1 :  

7 

 

 Abutment of a viaduct damaged by ASR 
In the Hokuriku District 

Hokuriku District 

It is believed that there are many more structures in the Hokuriku District built in 
the 1970s and ‘80s  that have serious damage caused by ASR. 

The Occurrence of ASR

Toyama Prefecture 

ASR has been 
confirmed 

[ 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%. 

8 

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%) 

Andesite  

Granite  

Cristobarite 

Opal 

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

(Pesimum proportion around 30%) 



9 
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.   10 

 

Advantages of Fly Ash Concrete in ASR Mitigation 

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

       Reaction 
Area 

 

fa-1 

      Fly Ash Particle 

fa-2 
fa-3 

bfs-1 bfs-2 

bfs-3 
Blast-furnace Slag Particle  

Reaction Area 

Points fa-1 fa-2 fa-3 

Ca/Si  
Ratio 

0.05 0.88 1.64 

Points b -1 b -2 b -3 

Ca/Si 
Ratio 

1.39 1.47 1.58 

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.  

KNB TV News (2011.1.24) 

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” .  

Concluding remarks  



Study on ASR Expansion and  
its Suppressing Measures  

of Self-compacting Concrete using 
Sea Water 

Takashi Habuchi, Yuichiro Kawabata,  
Naoya Kawamura, Ryoichi Tanaka,  

Jun Kutsuna, Toru Yamaji  
and Osamu Kiyomiya 

Japan 

SIP PART 2 ( :  
Mix Proportion of Concrete 

Case. 
BFS 

replacement 
level (%) 

Unit weight (kg/m3) 

SW OPC BFS S GR GN Ad1 Ad2 

1 0 175 390 0 860 262 611 6.83 1.56 
2 40 175 234 156 848 262 611 5.34 0.70 
3 50 175 195 195 845 262 611 5.11 0.51 
4 60 175 156 234 842 262 611 4.88 0.31 

 

Target slump flow     : 600  50mm 
Target air content     : 4.5  1.5% 
Water binder ratio     : 45% 
Volume of unit coarse aggregates     : 0.33m3/m3 

Case1 (BFS 0%) 
   Equivalent alkali content ,Na2Oeq = 4.8kg/m3 

Results of Accelerated Test 

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 10 20 30 40 50 60 70 80 90 100

E
xp

an
sio

n 
(%

)

Curing Period (weeks)

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 10 20 30 40 50 60 70 80 90 100

E
xp

an
sio

n 
(%

)

Curing Periods (weeks)

Humid air 1 

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 10 20 30 40 50 60 70 80 90 100

E
xp

an
sio

n 
(%

)

Curing periods (weeks)

Humid air 2 

Sea water 
immersion 

 -●- (1) BFS  0% 
 -●- (2) BFS 40% 
 -●- (3) BFS 50% 
 -●- (4) BFS 60% 

-0.05 
0.00 

0.30 

0.05 
0.10 
0.15 
0.20 
0.25 

Ex
pa

ns
io

n 
(%

) 

-0.05 
0.00 

0.30 

0.05 
0.10 
0.15 
0.20 
0.25 

Ex
pa

ns
io

n 
(%

) 

-0.05 
0.00 

0.30 

0.05 
0.10 
0.15 
0.20 
0.25 

Ex
pa

ns
io

n 
(%

) 

0    10   20   30  40  50   60   70   80  90 100 
Curing periods (weeks) 

0    10   20   30  40  50   60   70   80  90 100 
Curing periods (weeks) 

0    10   20   30  40  50   60   70   80  90 100 
Curing periods (weeks) 

Micro-crack observed 

(without pre-curing) (with pre-curing) 

(with pre-curing) 

Observation Results of ASR Gel 
by Gel-fluorescence Method 

 Case 1 (BFS 0%)        Case 2 (BFS 40%)       Case 3 (BFS 50%)       Case 4 (BFS 60%) 
Humid air 2 

 Case 1 (BFS 0%)        Case 2 (BFS 40%)       Case 3 (BFS 50%)       Case 4 (BFS 60%) 
Sea water immersion 



Results of S�M-��S Analysis 
After �� weeks acceleration of the test� S�M-��S 
analysis was performed for the specimens of Humid air 
2� 

�ean Ca�Si and Ca��Si���� a�o�i� 
ra�ios wi�� ��eir s�andard de�ia�ions 
(�u�id air 2) 

�ean ��a����Si a�o�i� ra�io wi�� 
��eir s�andard de�ia�ions o�  
��dra�es (�u�id air 2) 

0 0.5 1 1.5 2 2.5

�

�

Ca��Si����

Ca�Si

(3) BFS 50% 
      -�e�en� 

(3) BFS 50% 
      -s�ag 

(1) BFS 0% 
      -�e�en� 

0 0.005 0.01 0.015 0.02 0.025

�

�

��a����Si

■ Ca��Si���� 
■ Ca�Si 

■ ��a����Si 

0        0.5      1.0       1.5      2.0      2.5 0        0.5      1.0       1.5      2.0      2.5 

(�lemental analysis by ��S was performed on more than �� spots for each) 

x 0.8 x 2.5 

�onclusions 
ASR e�pansion of self-compacting concrete using sea 
water and its suppressing measures are studied� 
1�ASR e�pansion of this concrete without S�M (��S in 

this study) e�ceeded ��2 �  for each accelerated test� 
2��ven if highly reactive aggregate was used for this 

concrete� by replacement over ���  of cement with 
��S� ASR gel formation and ASR e�pansion was 
remarkably suppressed� 

��Replacement of cement by ��S in the system 
decreases mean �a�Si ratio of �-S-H gel which results 
in increase in alkali uptake in �-S-H gel� 

��Replacement of cement by sufficient amount of ��S 
according to the reactivity of aggregate is effective to 
suppress the ASR e�pansion of this concrete� 

19 19

SIP Part :  
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62.7m 

Expansion small 

Expansion large 

Lake side Mountain side 

-2 More exposure to sunlight 
  

 

 

 

   
 

 

 

 

 

 

 

Expansion small 

-1 Less exposure to sunlight 

Front gate 

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 
ASR
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6.5m 2.5m 

about 2m 

22.7m 

Lake side 
Mountain 
side 

Drilling depth view  
from the side 

EL 1,090.7m 

EL 1,066m 

EL 1,056m 

EL 1,045m 

45.7m Drilling hole 

Construction location plan view 
from above 

Load Cel 

Head of  tendon 

Completion of construction 

Measurement point 

Anchor fixing part 

We set the anchor fixing part close to the bottom portion, and in this way tension 
was applied to the entire structure.  

Metal gate 
plate 

Front gate 

22 

Vertical change in distance over time at the top of the tower 

After countermeasures 
were implemented 

4.7mm/year (2012.6) 

2000.8 (year) 

(mm) 
100 

40 

60 

80 

20 

0 
2015.11 

120 

2.0mm/year 

2000.8 

After countermeasures 
were implemented 

(2012.6) 

(year) 2015.11 2008.8 
0 

10 

20 

30 

40 
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60 
(mm) 

2008.8 

0.7mm/year 

1.0mm/year 

Horizontal change 

Vertical change 

Before 

Before 

Connecting 
bridge 

Connecting 
bridge 

Intake tower 

Intake tower 

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

Horizontal change in distance over time at the top of the tower 

23 

Changes of tension over time 

2012.6 2015.11 
(year) 

(kN) 

2015.4 2014.4 2013.4 

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. 

Load Cel 

24 

      (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 / mm2. 



ASR FOUND IN THAILAND AND TROPICAL 
REGIONS OF SOUTHEAST ASIA 

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

SIP Part 4  

Pile cap Footing  PC Pier column Bridge  

 ASR 9eterioration 9evel of 9ridge 9ootings  

Deterioration Level 

Very severe 
(Many wide cracks) 

Severe 
(Many cracks) 

Moderate 
(Few cracks) 

None 
(No cracks) 

Footing A 
Pier A 

Footing B 
Pier B 

Footing C 
Pier C 

Footing D 
Pier D 

The ASR deterioration level of PC column and  
 PC super structure was generally minor compared 

    with that of RC footing.   
This is due to the microclimate around bridge pier,  

    the temperature, water supply etc.. 
   

9bservations by Polari9ing 9icroScopy 
Sample Footing A 

(Very severe) 
Footing B 
(Severe) 

Footing C 
(Moderate) 

Footing D 
(None) 

Coarse 
aggregate 

(ASR stage) 
Granite mylonite (4) Granite mylonite 

(3) 

Granite mylonite (2) 
Pelitic hornfels (2) 

Limestone (2) 
Chert (2) 

Limestone (2) 

Fine 
aggregate 

(ASR stage) 
Granite (2) Granite (2) Granite (2) Granite (2) 

ASR stage 
of total 

core 

4 3 2 2 

Remarks Much ettringite Much ettringite Much ettringite Much ettringite 



2 mm 

Cement 
Paste Mylonite of Granite Stones  

 gel 

(Footing A) 

0.9mm 

Mylonite of Granite 
Stone 

 gel 

Sand 

Cement 
Paste 

Sand 

Ettringite 

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. 

CONCLUSIONS 

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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