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Fig. 3 Histogram of hierarchical drilling sediment type in the study area
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22 IAEMFEE * ’
100 >
> 1 8),
F1 GCZO1 MR LT REARYIBMER
Tab.1 Physical properties of GCZ01
'm 1% /% 1%
0~0.6 21.8~22.6 222 29.4~30.6 30.0 17.0~17.8 17.4 0.38~0.39  0.39
- 0.6~7.6 21.2~294 250  27.6~29.7 29.0 16.5~22.1 20.0 0.15~1.00  0.47
7.6~8.8 45.6 45.6 42.8 42.8 22.2 222 1.14 1.14
8.8~13.0 19.4 19.4 — — — — — —
- - 13.0~23.0 19.5~28.0 229  24.6~41.2 29.2 13.8~21.0 17.3 0.33~0.85  0.49
- 23.0~32.0 — — — — — — — —
®2 GCZO1 MBEIMLHFMR
Tab.2 Mechanical properties of GCZ01
/kPa 1(°) /MPa!
/m
0~0.6 — — — — — —
- 0.6~7.6 14.0~19.0 16.0 22.5~29.8 27.1 0.083~0.386 0.190
7.6~8.8 10.0 10.0 1.0 1.0 0.902 0.902
8.8~13.0 5.0 5.0 35.5 355 0.124 0.124
- - 13.0~23.0 12.0~32.0 20.0 15.0~29.0 22.7 0.167~0.367 0.274
- 23.0~32.0 — — — — — —
®3 GCZ2 BRI HIEARYIRIER
Tab.3 Physical properties of GCZ02
m 1% 1% 1%
0~0.6 17.4~21.8 19.6  27.0~28.7 279 15.8~16.9 164  0.14~0.42 0.28
0.6~3.0 21.6~23.2 224  28.0~28.5 283 19.1~20.4 19.8  0.28~0.35 0.32
3.0~4.1 53.9 53.9 50 50 25.7 25.7 1.16 1.16
4.1~5.6 20.2 20.2 27.4 27.4 20.1 20.1 0.01 0.01
5.6~6.5 — — — — — — — —
- - 6.5~10.5 243~47.8 34.7 28.5~49.7 355 15.6~25.6  20.5 0.42~1.37 0.92
10.5~11.2 — — — — — — — —
11.2~145  20.6~28.8 249  26.8~28.8 27.7 18.4~20.2 19.2  0.26~1.14 0.67
14.5~17.4 — — — — — — — —
17.4~18.0 29.3 29.3 26.2 26.2 15.1 15.1 1.28 1.28
- - 18.0~24.5 — — — — — — — —
24.5~25.0 29.2 29.2 36.4 36.4 20.2 20.2 0.56 0.56
25.0~31.9 — — — — — — — —
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Tab. 4 Mechanical properties of GCZ02
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/kPa 1(°) /MPa™
/m
0~0.6 — — — — — —
0.6~3.0 — — — — 0.149 0.149
3.0~4.1 9.0 9.0 16.5 16.5 — —
4.1~5.6 — — — — 0.093 0.093
5.6~6.5 — — — — — —

- - 6.5~10.5 9.0~11.0 10.0 4.0~17.0 10.5 0.464~1.228 0.749
10.5~11.2 — — — — — —
11.2~14.5 — — — — — _
14.5~17.4 — — — — — —
17.4~18.0 — — — — — —

- - 18.0~24.5 — — — — — —
24.5~25.0 — — — — 0.232 0.232
25.0~31.9 — — — — — —

F5 GCZ09 BB N F MR
Tab.5 Physical properties of GCZ09
m /% 1% /%
0~0.4 22.8~24.0 234 31.8~34.6 332 17.0~19.1 18.1 0.24~0.47  0.36
- - 0.4~12.8  23.0~38.9 26.0 222~509 31.0 13.1~26.0 19.7 0.29~1.29  0.55
- 12.8~25.0 14.9~21.2 18.7 — — — — — —
25.0~26.1 27.6 27.6 30.8 30.8 16.1 16.1 0.78 0.78
- 26.1~28.0 — — — — — — — —
28.0~29.7 26.4~27.7 27.1 27.2~36.0 31.6 154~202 17.8  0.39~1.04 0.72
R6 GCZY BRI L HFMR
Tab. 6 Mechanical properties of GCZ09
/kPa 1(°) /MPa’!
/m
0~0.4 — — — — — —
- - 0.4~12.8 11.0~28.0 16.4 5.0~30.0 22.9 0.099~0.5820.209 0.209
- 12.8~25.0 3.0~5.0 4.0 33.5~37.5 36.0 0.089~0.151 0.109
25.0~26.1 22.0 22.0 15.5 15.5 0.294 0.294

- 26.1~28.0 — — — — — —
28.0~29.7 22.0~28.0 25.0 20.0~21.0 20.5 0.340~0.408 0.374

GCZ01 -

- - - ; (W) (W)
6 , 7.6~8.8 m () (1),
, , 29.0%~30.0%,
45.6%, 30%, 19.4%~ 17.3%~20.0%, 0.39~0.49
28.0% R , 42.8%
> 22.2% 1.14 s
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Tab. 7

Physical properties of GCZ16
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1%

/%

1%

/m
0~0.6 23.7~26.7 252  24.6~248 247  124~12.6 125 091~1.18  1.05
0.6~5.0  23.7~242 240 27.3~284 279  20.0~20.6 203  0.46~0.51  0.49
- - 5.0~9.5 — — — — — — — —
9.5~11.0 34.0 34.0 38.9 38.9 20.2 20.2 0.74 0.74
11.0~11.8 — — — — — — — —
11.8~24.5 18.9~30.1 245 282~343 304 15.1~212 174  0.18~0.96  0.55
24.5~33.0 — — — — — — — —
#8 GCZI6 MIBFEITH LT HEMR
Tab. 8 Mechanical properties of GCZ16
. /kPa 1(°) /MPa!
0~0.6 — — — — — —
0.6~5.0 — — — — — —
- - 5.0~9.5 — — — — — —
9.5~11.0 21.0 21.0 3.0 3.0 0.650 0.650
11.0~11.8 — — — — — —
11.8~24.5 13.0~19.0 16.5 10.0~23.5 17.9 0.262~0.374  0.321
24.5~33.0 — — — — — —
, 0.149
- 0.093 0.749 0.232 MPa’',
- - s 6~10 m
16.0 10.0 5.0 20.0 kPa, 27.1° 14 m
1.0° 35.5° 22.7°, 0.190 0.902
0.124 0.274 MPa' ,
, GCZ09 -
, , 6
, , 30%,
GCZ02 18.7%~27.6%;
- - 30.8%~33.2% 16.1%~19.7% 0.36~0.78,
- - , 15.5°~36.0°,
13 3.0~4.1m 0.151~0.374 MPa ',
, GCZ16 -
GCZ01 - 7
, 19.6%~34.7%; , 24.0%~34.0%;
1.16 17.m 24.7%~ 38.9%
1.28 , , 12.5%~20.3% 0.49~0.7,
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Fig. 4 Ultimate bearing capacity of a single pile with drilling depth variation
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Analysis of the Liaohe Delta sediment engineering geological
characteristics in the Liaohe River
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(1.Key Laboratory of Submarine Geosciences and Prospecting Techniques, College of Marine Geosciences,
Ocean University of China, Qingdao 266100, China; 2. Key Laboratory of Coastal Wetland Biogeosciences,
China Geological Survey, Qingdao 266071, China; 3. Qingdao Institute of Marine Geology, Qingdao 266071,
China)
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Key words: the Liaohe Delta; sediment; engineering geological characteristics; ultimate bearing capacity of single pile

Abstract: In this paper, the sediment components and engineering geological characteristics around the Xiaolinghe
River, the Dalinghe River, the Shuangtaizihe River, and the Daliaohe River are analyzed. The results show that silt,
clay, and sand are the main sediments in the Liaohe River Delta area, and there is a 16-m-thick gravel layer 14 m
below the strata of the Xiaolinghe River region. The Xiaolinghe River and the Dalinghe River areas each have a silt
layer >1 m thick in their shallow strata, as well as poor engineering properties. Excluding the silt layer, the water
contents of the other layers are generally not >30%, mainly in the low and medium compressible soil. Subgrade
bearing capacity in the Liaohe River Delta increases with depth when the pile diameter and wall thickness are
1 200 mm and 24.0 mm, respectively. The maximum ultimate bearing capacity of a pile at 30 m depth can reach
9 000 kN, but the bearing capacities in the silt layer, silty clay, and clay layers are sharply reduced, so the appropri-
ate bearing layer according to the actual situation should be selected. The research results are highly significant in

guiding land construction and disaster prevention and mitigation.
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