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Investigation of the concrete foundation of the old living hut built in 1969
at Syowa Station, Antarctica

Takayuki Hirai', Masaaki Naito?, Yoshinori Ohi?, Toshihiro Otani*

and Kaoru Kurono®

Abstract: Concrete specimens taken from the pier of the concrete foundation of
the old living hut built in 1969 at Syowa Station, Antarctica, were brought back to
Japan for investigation of deterioration conditions. This concrete was made by mixing
alumina cement brought from Japan with gravel, sand, and water removed from melt-
ed snow, all taken from the surface ground of East Ongul Island on which Syowa Sta-
tion is located, and by placing and shaping it into permanent form. The pier concrete
is examined by composition analysis, compressive strength test and neutralization
depth measurement of the cored sample. Transformation of the hydration products of
alumina cement, from CAH;, to C3AHg¢ and AH;, was found to be completed. The
maximum neutralization depth was found to be 26 mm. In addition, the compressive
strength decreased by 22% from the time of construction as judged from a specimen at
construction time. Based on these observations, deterioration of the concrete is in
progress, but not to the extent that either its strength or durability is a problem with
regard to serviceability.
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Fig. 1. Residence building at Syowa Station.
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Fig. 2. The pier of the concrete foundation. Fig. 3. Bar arrangement drawing.
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Table 1. Material ratio in concrete: plan and actual ratio.

7 A h ke M
BIHEF A (kg/m?) 139 350 794 1157
FEhtih A (AL 1.0 35 5.0
HEE F R A (kg/m?) 120 299 827 1218

JEEMOMBES L OHRHE, ZOEFORPIIBTHFICH 2 2 2 L ATFET, o
AT WELAIPRE T b BT RE 2 & 9 IZEkET S 7z CRILL,  1983).
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FIARIAFI L AT B B4~ 7V B OMEN SR 728F L 1P, B L OFHITKEZRHEL T,
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Table 2.  Analysis methods.
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Fig. 4. Analysis result of outside concrete by X-ray diffraction microscopy.
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Fig. 5. Analysis result of inside concrete by X-ray diffraction microscopy.
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Table 3.  Results of the chemical analysis.

(H %)
Pt UAE| HLEER [ TIVIFEX b

SiO, 523 47.8 4-5

AL O3 16.7 18.3 40-45
Fe,03 6.4 7.1 12-17

TiO, 0.93 1.1 2

Cr,03 0.02 0.03 n.d.

7ZrO, 0.05 0.05 n.d.

CaO 8.9 10.8 34-37

MgO 2.1 1.7 <05

Na,O 2.5 2.5 <0.2

K,O 22 1.9 <03

P,0s 0.18 0.16 <0.2

C 0.45 0.31 n.d.
Ig.Loss 6.5 8.1 n.d.

0
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Fig. 6. Relationship between the transformation of alumina cement and its strength.
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Fig. 7. The pier of the concrete foundation after core boring.
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Table 4.  The neutralization ration.

WAV b7 2 B REARV R 2 8RR A EE A TIAT Y Y
AP AV (AT 7 30-40%) (AT 7 #)60%) A
1.0 0.6 1.4 22 17 1.9

®5 327U = b OB

Table 5.  Results of the compression test.

BRI o o A BHEPEAR L
No. (g/em?) (N/mm?) (KN/mm?)

1 2.49 14.90 22.06

2 2.49 18.79 17.75

3 233 20.75 23.05

4 2.35 19.40 2275

5 2.38 18.65 19.61

6 237 16.79 15.30

o 2.40 18.21 20.09

Fo6 JEMUEAEIC X B g AR DR

Table 6.  Secular change of the presumed compressive strength by the nondestructive test method.

Ey/iKia 1969 1972 1978 1990 1997 1998
e A H 0 3 9 21 28 29
HEE TR (N/mm?) 28.9 26.5 25.5 275 26.5 24.6

SREELE (%) 100 91.7 88.2 95.2 91.7 85.1
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Fig. 8. Intensity of compressive stress-intensity of compressive strain curve.
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