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Alkali-Silica Reactivity of Andesite in Noto Peninsula and Monitoring
of Expansion Behavior of Concrete Bridge Piers

Kazutoshi Okuyama * and Kazuyuki Torm ™

*

A large number of bridge piers in Japan, which were mostly constructed in the 1970s or 1980s, are suffering from
serious damages caused by alkali-silica reaction (ASR). The concrete using reactive andesite successively expanded
for more than 30years, leading to the serious damage of structural elements of bridge pier. In the case study of
Kashima Bridge in Ishikawa Prefecture, the degree of deterioration of bridge pier due to ASR was investigated by
both visual inspection of cracking and non-destructive testing. Furthermore, the mechanical properties of concrete
and the degree of fracture of steel bars were examined for the purpose of strengthening design of bridge pier. Based
on the classification of ASR deterioration level of each element, the steel plate bonding was adopted for the column,
after the pillow beam had been totally reconstructed. This paper describes the mineralogical properties of reactive
andesite used in concrete and the mechanical properties of concrete cores taken from bridge pier. Furthermore,
monitoring and strengthening methods applied for Kashima Bridge pier are introduced together with non-destructive
testing by means of ultrasonic wave inspection. In the maintenance of this bridge, a monitoring using crack sensors
has been successfully applied in order to ensure the daily safety of bridge.
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Fig. 1 Over-view of Kashima Bridge before strengthening.

~ Noto Peninsula

Fig. 2 Location of Kashima Bridge in Noto expressway.
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Fig. 3 XRD pattern of andesite used.
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Fig. 4 Polarization microscope photograph of andesite used in Kashima Bridge.
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Table 1 Results of alkali-silica reactivity of andesite used.

Sc(mmol/1) 289
Chemical method Re(mmol/1) 109
(JIS A 1145) Sc/Re 2.63
Evaluation | Deleterious
Expansion(%) 0.20
Ms:rm A 1IA5 Evaluation | Deleterious
Expansion(%%) 0.55
methed | ASEM.C-1250 Evaluation | Deleterious
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Table 2 Results of mechanical properties of cores taken

from RC pier.
Compressive Elastic Pulse
Element strength modulus Ec/fc velocity
(N/mm’) (kN/mm’) (m/sec)
Column’ 29.0 12.7 438 4150
Pillow beam 19.5 6.1 313 3980

" Cores takes from column near ground.
" Cores takes from center of pillow beam.
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Fig. 5 Expansion behaviors of cores stored in fog room.
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Fig. 7 Schematic diagram of cracking of pillow beam.

Fig. 8 Cracks and Peeling off of concrete at end of
cantilever.

A R IEE B OREN E, Fig. 10 ICHFARER,
Fig. 11 ICHERROME 2 2 h2iund. BERIEIE
WL, 3000m/s ~ 4000m/s DHPHIZ H > 7=, BEW
REET XX =2 53 SN BB OhdLfiliiL, ASR
DOHAIZE F EVRNEIZY 7 P32 A6 TV



984

Q:Ultrasonic wave measurement point

Fig. 9 Ultrasonic wave measurement points of pillow beam.
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Fig. 10 Changes in ultrasonic wave velocity of pillow beam.
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Fig. 11 Result of measurement by ultrasonic wave method.
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Fig. 12 Variations in crack width of RC pier and abutment.
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Table 3 Chemical compositions of steel bar with fracture. (mass%)

Si Mn P S

Cr

Mo Ni Cu Al

028 | 0.18 | 0.73 | 0.018 | 0.026

0.18

0.01 | 0.10 | 0.45 | 0.002 ]0.0103
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Fig. 13 Fracture of steel bars in Kashima bridge.

Outside at bending

) i \ II ¢
| Third cracking *
? T

0.5mm

First cracking

Inside at bending

Fig. 14 Schematic diagram of fractured cross section
of steel bar.
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Fig. 15 SEM photograph of first and second cracking area.
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Fig. 16 SEM photograph of second cracking area.
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Fig. 18 Demolishing all old concrete of pillow beam.
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Fig. 19 Crack width of column after strengthening.

B4 B ENEHTHS. ASRBHOZWD—>T
& BE MR BRI FAB I L~ T i
AHETH DB Z L hR LT, X512, ASR BILAEIORSF
FRIZEWT, £ ) Y2k DBRORRE A 10ET
BZENENTHBZENHL P ST,

AR A T 5124720 T w720, BT
FERTPRI BT, A HARBRMRT R I, WERS
TR 22 T 25 H R 22 FRAE QN RIE LB & v 4 — 1
PHEZRICEGH N2 L 7

Z £ X ™

1) Japan Society of Civil Engineers, “State-of-the-Art Report on
the countermeasures for the damage due to alkali-silica
reaction”, pp.I-26-1-65 (2005).

2) Y. Kubo, O. Ikemoto, T. Nakamura and K. Torii, “Experimental
study of fracture of reinforcsd steel bar in concrete struc-
tures due to alkali-silica expansion”, Proceedings of 6th
CANMET/ACI Int. Conf. on Durability of Concrete, pp.637-652
(2003).

3) K. Kuzume, S. Matsumoto, T. Minami and T. Miyagawa,
“Experimental study on breaking down of steel bars in concrete
structures affected by alkali-silica reaction”, Proceedings of
12th Int. Conf. on Alkali-Aggregate Reaction in Concrete,
Vol.2, pp.1283-1288 (2004).

4) K. Torii, “Strengthening and repair methods of RC piers
deteriorated by alkali-silica reaction”, Proceedings of Int.
Seminar on Road Construction Materials, pp.43-53 (2003).

5) K. Torii, C. Sannoh, Y. Kubo and Y. Ohasi, “Serious damages
of ASR affected RC bridge piers and their strengthening
techniques”, Proceedings of 12th Int. Conf. on Alkali-
Aggregate Reaction in Concrete, Vol.2, pp.1283-1288 (2004).

6) K Torii, K. Okuyama, K. Kuzume and T. Sasatani, “Monitoring
and strengthening methods of bridge pier seriously damaged
by alkali-silica reaction”, proceedings of CONSEC'07, Vol.1,
pp.787-794 (2007).

7) K. Torii, “Deterioration of concrete structures due to de-icing
saits and rehabilitation techniques”, cement & concrete,
No.635, pp.40-46 (2000).

8) K. Torii, M. Nomura and A. Honda, “Petrographic features
of alkali-silica reactive aggregates in Hokuriku district and
compatibility between various test methods determining
alkali-silica reactivity of aggregate”, Journals of Japan Society of
Civil Engineers, No.767/ V-64, pp.185-197 (2004).

9) E. Poulsem, T. S. Hansen and H. E. Sorensen, “Release of
alkalis from felder in concrete and mortar”, Proceedings of
5th CANMET/ACI Int. Conf. on Durability of Concrete,
Vol.2, pp.807-824 (2000).

10) K. Ishii,Y. Okuda, S. Tanigawa and K. Torii, “ASR mitiga-
tion-effect of repair and retrofitting methods against ASR
damaged reinforced concrete columns”, Concrete Journal,
Vol.43, No.7, pp.42-50 (2005).

11) K. Torii, T. Tarui, T. Daidai and T. Hirano, “A study on ASR
affected concrete structures in Noto peninsula”, Proceedings
of the Japan Concrete Institute, Vol.28, No.1, pp.779-784
(2006).



