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Engineering geological characteristics of basalt residual soils in Leizhou Peninsula

ZHANG Xian-wei" 2, KONG Ling-wei', ZANG Meng*

(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of
Sciences, Wuhan 430071, China; 2. Key Laboratory of Geotechnical and Underground Engineering of Ministry of Education, Tongji
University, Shanghai 200092, China)

Abstract: The basalt residual soil in Leizhou Peninsula is special regional soil. Comprehensive and systematic evaluation of
engineering geological characteristics of the basalt residual soil can provide a certain theoretical support for its engineering
investigation and construction. It is formed from the basalt by a long period of weathering and laterization, and the soil particles
in the upper layer are smaller than those in the lower layer. Its clay mineral is mainly kaolin, furthermore, it contains more free
iron oxide and free aluminium oxide. Its microstructure is mainly clot and flocculation structure, and the pores with a size of
greater than 1 pm are more than 70% of the total porosity. The basalt residual soil has poor physical properties of high porosity,
low density, high liquid limit and possesses better mechanical properties of high strength because of special composition and
microstructure. The basalt residual soil has small expansibility, great shrinkage, insignificant tamping compatibility, and poor
water resistance, and its mechanical properties are deteriorated significantly after immersion in water. And the basalt residual
soil is more sensitive to the environmental factors such as temperature and humidity. The cementing materials of skeleton will
dehydrate and exhibit aging in hot and wet climate, and thus their structural strength is weakened and microstructure is
disturbed and damaged. The soils after immersion show serious disintegration and large collapsible deformation. Therefore,
geotechnical engineers should pay close attention to engineering disasters due to strong shrinkage and meteoric water.
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1.50 2.50m pH 5.0 3
15cm 40 cm
10mm 30 mm 50 m?/g
113 129 m*g
14.63 13.25 meq/100g
4
Ay 043 0.64
X 1
3
5% 3 a SEM
<19
2 3 b 3 d
Si0, AlLO; Fe,03
Fe
SiO, Al
AlL,O3; Fe,03 FeO
MgO Na,0O K20 90% —
1X
Table 1 Results of material phase of basalt residual soils (total soils)
/m AL
Qtz 1l Mnt Kin Gbs Hem
1.50 2.00 15.53 12.33 4.07 49.53 14.33 6.96
2.00 2.50 17.59 10.72 4.83 46.79 10.63 6.71
Qtz 1l Mnt Kin Gbs Hem
2
Table 2 Chemical compositions of basalt residual soils
o w(B)/% sio, SO,
Si0, Fe,0; FeO ALO; TiO, MnO CaO MgO NaO K,O 1% ALOs R0,
150 200 3300 1785 098 3052 175 011 021 0.17 0.09 0.05 1525 1.84 1.39
200 250 3234 1776 095 30.02 175 0.09 015 0.10 0.10 0.10 16.62 1.83 1.33
15.00 60.30 4.90 6.60 16.45 0.40 325 436 130 140 1.00 6.23 5.23
3

Table 3 Analytical results of chemical compositions of basalt residual soils

pH 1% (CEC)meq/100g 1% 1% 1% /(m?/g) I(m?/g)
1.50 2.00 5.0 0.34 14.63 0.02 0.13 0.06 129 56.22
2.00 2.50 5.1 0.15 13.25 0.05 0.09 0.06 113 52.20

4
Table 4 Oxygenates content of basalt residual soils
1% (Fed/Fet)
fm 1% 1%

1.50 2.00 10.69 4.36 1.36 16.41 1.02 56.77 9.54
2.00 2.50 11.03 5.23 1.45 17.71 1.36 58.95 12.33
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Fig. 4 Pore size distribution curves of basalt residual soils
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Table 5 Indexes of physical properties of basalt residual soils

wi%  pl(gem®) pgd(gem®) G e W /% W,/% I I, S/%
36.12 1.60 1.13 2.77 1.33 57.00 2930 019 2500 74.16
41.36 1.63 1.19 2.79 151 65.00 3200 031 3570 79.15
37.50 1.62 1.17 2.774 1.36 61.93 30.5 0.22 3143 76.42
37.00 1.62 1.17 2.78 131 52.00 2800  0.07 21.00 76.32
42.10 1.66 1.21 2.84 1.43 64.00 3700 042 316  79.43
38.09 1.64 1.18 2.80 1.37 58.01 3110 027 2691  78.48

k/(10°cm-s™) 50 kPa
(20
) 0efl%  Ocpl% 5%  16,/% ca 0% 18,/% Cy
2.30 45.00 30.60 5.20 9.60 5.20 1436 2600  0.60
9.00 90.00 41.00 0 632 10.8 6.32 16.35  31.00  0.71
5.83 77.70 35.47 5.71 1006  5.71 1536 2767  0.66

5 10 5
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Fig. 6 Grain-size distribution curves of basalt residual soils
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Table 6 Mechanical indexes of basalt residual soils
CU
q./kPa
/N63-5 al'Z/MPail ES/M Pa Ceu Peu C'a ¢Icu Ceu Peu C'eu (/’Icu
/kPa /() [kPa /() [kPa /() [kPa I(®)
14.3 0.39 6.06 87.69 68.00 433 2155 583 2125 325 20.66 47.7 20.67
100 [
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m 40| —x— EMEATBEF 1K)
30 f —a— FORFE(FIBEF 1K)
20 f —o— FRFE(FRIEF2K)
10 —+— FERPE(TFIBERRR)
0 J
0.1 1 10 100 1000 10000
B [A) /min
9

Fig. 9 Disintegrating curves of basalt residual soils under different conditions
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Table 7 Evaluation of collapse of basalt residual soils
22] [23]
% (a) BRBREWT (b) BRI
1.75 Slight 0.0175 " "
345  Moderate  0.0345 N LT
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