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Luhuatai in the Yinchuan Basin for the 1 : 50 000 Map:
Dataset from Engineering Geology Boreholes,
Samples and Geotechnical Tests

SUN Qiaoyin ', FANG Lei’, WANG Huagi '

(1. Xi’an Center, China Geological Survey, Xi’an 710054, China; 2. Institute of Hydrological and
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Abstract: This dataset contains 1 996 sets of test data, obtained from 293 rock and soil
samples collected from 14 engineering boreholes drilled in Luhuatai, Yinchuan Basin, in 2016.
The test items include the shear strength, modulus of compressibility and grain composition of
the soil mass. The exposed strata in Luhuatai is predominantly Quaternary. The boreholes
reveal that, vertically, the rocks/soils are sandy gravel, fine silty sand, silty soil and silty clay,
respectively, from the surface downwards; and horizontally, the western area is dominated by
diluvial sand while the eastern area is mainly alluvial and eolian fine silty sand. Generally, the
characteristic of the area is that the rock tends to young with finer lithological particles from
west to east. The sample tests indicate that the sand and cohesive soil in Luhuatai possess high
shear strength and ideal engineering geology characteristics. However, the eolian fine silty
sand in the eastern area exhibits poor engineering-geological characteristics because it is prone
to liquefaction of sandy soil due to poor cementation and a dispersed structure. The
engineering geology drilling in Luhuatai is performed according to related specifications,
where tests and analysis are all performed by nationally-certified laboratories. Therefore, the
data obtained is reliable and can truly reflect the strata information and the physical and
mechanical properties of the rocks and soil in Luhuatai. The data and conclusions contained in
the dataset can be used as a reference for the study of the geological evolution of the Yinchuan
Basin and for project construction and planning in Luhuatai.
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Luhuatai in the Yinchuan Basin for the 1 : 50 000 Map: Dataset from

GIOLOG NGNS Engineering Geology Boreholes, Samples and Geotechnical Tests

1 Introduction

Engineering geology drilling is an important method of obtaining stratum lithology
information, such as the thickness and type of the stratum. In addition, through borehole
sampling, tests and field mechanical experiments, the parameters for the physical and
mechanical properties of the rock/soil can be obtained, thus providing a basis for project
design. Furthermore, geotechnical testing and analysis of rock and soil can be used to provide
information on mechanical properties and engineering geology problems encountered in the
construction of special projects, such as earthquake, landslide and foundation settlement, thus
providing engineering geology parameters needed for survey and siting of industrial and civil
buildings, survey of routes of airports, highways and railways, construction of reservoir dams
and water sources, as well as the development and utilization of underground spaces.

Luhuatai in the Yinchuan Basin has relatively simple engineering geology conditions
since the terrain is flat, tectonic activity is minimal, and the adverse geological phenomena are
mainly salty soil and local sand liquefaction. The rock/soil is mostly Quaternary alluvial-
diluvial and alluvial-lacustrine gravels, sandy soil and silty clay. The data acquisition from
drilling and sampling in Luhuatai was funded by the national geological survey project entitled
“ Comprehensive Geological Survey in the Economical Zone in Ningxia along the Yellow
River” . The purpose is to obtain detailed information on the engineering geological,
hydrogeological and environmental geological conditions in Luhuatai through field
investigation, by means of engineering geology drilling, hydrogeological drilling, static and
dynamic sounding tests and geophysical exploration. The information is then used to determine
the engineering geology zones of Luhuatai and work out solutions to critical environmental
geological problems restricting construction and development of Luhuatai, thus providing a
reference for assessment of the geological environment, for the construction, development and
planning of city clusters, and for the construction of major projects in Luhuatai. Soil samples
are collected and tested for analysis of grain composition, water content, shear strength,
liquidity index, plasticity index and compressibility. The purpose is to obtain physical and
mechanical parameters of the soil mass, and thus provide data support for local project
construction.

The metadata of the dataset from the test is shown in Table 1.

Table 1 Metadata Table of the Database (Dataset)

Items Description

Database (dataset) name Luhuatai in Yinchuan Basin for the 1 : 50 000 Map: Dataset from Engineering
Geology Boreholes, Samples and Geotechnical Tests
Database(dataset) authors Sun Qiaoyin, Xi’an Center, China Geological Survey
Fang Lei, Hydrological and Environmental Geology Research Institute of
the Ningxia Hui Autonomous Region
Wang Huaqi, Xi’an Center, China Geological Survey

Data acquisition time 2016

Geographic area Luhuatai for the 1 : 50 000 geological map in Yinchuan Basin (J48E009017)
Data format * xls

Data size 312 KB
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Continued table 1

Items Description

Data service system URL http://dcc.cgs.gov.cn

Fund project CGS ’s geological survey project titled “Comprehensive Geological Survey in
the Economic Zone in Ningxia Along the Yellow River” (DD20160263)

Language Chinese

Database (dataset) The dataset consists of 1, 996 sets of test data obtained from 231 disturbed

composite samples and 62 undisturbed soil samples, which are taken from 14 engineering

boreholes. It includes the following test indicators: stratum lithology of
engineering geology boreholes, sampling date, geographical location of
boreholes, ground elevations of borehole locations, sampling layer, rock-soil
type, grain composition, liquid-plastic limit, shear strength, compression factor,
modulus of compressibility and water content.

2  Methods for Data Acquisition and Processing

Luhuatai, located in the middle of the Yinchuan Plain and the piedmont area of Helan
Mountain, can be divided into an accumulation-denudation zone, an accumulation zone and an
eolian zone, according to the landform origin and topography. The accumulation-denudation
zone is distributed over most of the western area, mainly consisting of piedmont old diluvial
fan, neo-diluvial fan, alluvial-diluvial plain and pre-fan diluvial depression. The accumulation
zone is primarily distributed over the eastern area, mostly resulting from the accumulations of
rivers and lakes and stretching in a north-south direction. The ground in this zone is low and
flat. The eolian zone is mainly distributed over the Nanliangtaizi farm and ranch area of Helan
Mountain composed of the fixed and semi-fixed dunes within Luhuatai with the flat sandy land
between the dunes.

For the purposes of the test, 14 engineering boreholes were drilled and 293 soil samples
taken. Before deployment of engineering boreholes, the positions of the boreholes were
determined based on the investigation of the engineering-geological characteristics of
Luhuatai, the consideration of critical geological and environmental geological problems
requiring urgent solutions, and comprehensive consideration of the differences between
landform units and the necessity of borehole arrangement for economic construction. The
samples were collected from all rock strata at different water levels. See Fig. 1 for borehole
distribution.

The drilling positions were determined by use of IRTK and the Xi’an 80 Coordinate
System was adopted to record the plane coordinates and ground elevation of the borehole
locations. Samples were mainly tested indoors, collected in accordance with the National
standard of the People’s Republic of China GB 50021-2001 Code for Investigation of
Geotechnical Engineering, and sealed and stored in sample boxes to keep the water content in
the soil undisturbed. All samples were tested and analyzed by the laboratory of the Geological
and Mineral Center of the Ningxia Hui Autonomous Region which then issued the testing and
analysis reports.

All field data contained in this dataset is raw unprocessed data; all analyzed data comes

from laboratory testing results.
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Fig. 1 Diagram of Geology and Engineering Borehole Distribution in Luhuatai, Yinchuan Basin

3 Description of Data Samples

The boreholes reveal that Quaternary strata are widely distributed in Luhuatai and are
mostly exposed. In the western area of Luhuatai, there is an accumulation of diluvial detrital
soil. The soil is poor in sorting and psephicity, moderately dense or dense, has a high bearing
capacity, and grains greater than 20 mm in size account for more than 70% of the total, thus
forming excellent engineering geology conditions. In the south central area of Luhuatai, the
alluvial-diluvial formation is distributed. Here, Holocene diluvium accumulates on the surface,
the structure is fairly loose, sand liquefaction occurs, thus forming poor engineering geology
conditions. From the surface to a depth of 100 m below, upper Holocene alluvial-diluvial
formation accumulates that is dominant in fine silty sand, contains gravel, and is entrained with
cohesive soil and silty soil. The soil is pretty dense and the engineering geology conditions are
excellent (Tong GB, 1998). In the eastern area of Luhuatai, lakes and wetlands are densely
distributed, with a low groundwater level depth and poor discharge conditions. The strata are
mainly alluvial-lacustrine formation. The upper part is composed of cohesive soil and has such
adverse engineering geology phenomena as sand liquefaction and salty soil, creating poor
engineering geology conditions. The lower part is dominant in fine silty sand and entrained
with silty soil and cohesive soil which are saturated and dense, thus forming excellent
engineering geology conditions. The engineering geology nature of the soil mass within

Luhuatai is shown in Table 2.
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Table 2 Summary of Type and Engineering Geology Condition of Soil Mass in Luhuatai in the
Yinchuan Basin for the 1 : 50 000 Map

Type of soil mass Engineering geology condition
Diluvial detritus soil Good
) Alluvial-diluvial sandy soil Good
Soil mass
Eolian sandy soil Poor
Lacustrine-swamp sandy soil Poor

For geotechnical tests, disturbed and undisturbed soil samples are collected and tested,
depending on the type of rock and soil. The rock and soil in Luhuatai are mainly gravel, fine
silty sand, silty soil and silty clay (Tong GB, 1998). Gravel and fine silty sand are taken for
disturbed samples since their grains are too dispersed to keep them undisturbed. These samples
are mainly used for analysis of the grain composition. Silty soil and silty clay are taken for
undisturbed soil samples. These samples are mainly used for analysis of water content, shear
strength, coefficient of compressibility, modulus of compressibility, collapsible coefficient,
grain composition and liquid/plastic limit, plasticity index and liquidity index (Procedure for
Geotechnical Test, 1999).

This dataset includes three Excel files. Two files summarize the data obtained from
disturbed samples and undisturbed soil samples respectively, while the last one records the
information on engineering geology boreholes with necessary notes. See Table 3 for statistics
of the test data and Table 4 for physical and mechanical properties of the main rock-soil bodies

in Luhuatai.

Table 3 Statistics of Geotechnical Test Data of Luhuatai, Yinchuan Basin

Serial Number of
Sample type Test item tested data  Unit Remarks
number
(set)
1 Water content, W, (%) 62 set
2 Natural density, p, (g/cm3) 62 set
3 Dry density, p, (¢/em’) 62 set
4 Specific gravity of soil particle, G 62 set
5 Liquid limit, W} (%) 61 set
6 Plastic limit, W,,(%) 61 set
7 Plasticity index, /, 61 set Including 40 sets of
8 Undisturbed soil Liquidity index, /. 61 set data from silty clay
samnle ) . samples and 22
9 p Saturation, (%) 62 set from silty soil
10 Cohesive force, ¢ (kPa) 62 set samples
11 Angle of internal friction, ¢ (°) 62 set
12 Natural void ratio, e, 62 set
13 Void ratio, ¢; 289 set
14 Coefficient of compressibility, a, 289 set
15 Modulus of compressibility, Eg 289 set
16 Grain analysis, (%) 62 set
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Continued table 3

Serial Number of
Sample type Test item tested data  Unit Remarks
number
(set)
17 Grain composition (%) 231 set )
o . Including 2 sets of
18 Liquid limit, (%) 24 et data from silty clay
19 Disturbed sample Plastic limit, W,(%) 24 set samples and 22
20 Plasticity index, /, 24 set from silty soil
C e samples
21 Liquidity index, /;, 24 set

Table 4 Physical and Mechanical Properties of the Main Rock-Soil Bodies in Luhuatai in the
Yinchuan Basin for the 1 © 50 000 Map

Modulus of .
. o . Angle of  Bearing
Water Density . . compressibil Cohesive . .
Seri Type of 5. Voidratio . internal  capacity
erial rock-soil content (%) (g/cm’) ity, Es;_, force (kPa) fricti 1P
Number (Mpaﬂ) Tiction (kPa)
mass Min.-max. Min.-max. Min.-max. Min.-max. Min.-max. Min.-max. Min.-max.
Mean Mean Mean Mean Mean Mean Mean
! Silty cla 16.3-36.7 1.83-2.12 %595919 5.52-10.26 14-36 10-20 100-270
ty clay 23.9 2.00 ’ 8.67 24.2 15.3 175
0.683
,  Cohesive 23.5-27.0 2.01-2.07 0.659-  649.820  31-44 11-15  220-250
soil 25.6 2.04 0.714 7.3 357 12.6 235
0.689
3 gilveo 177265 174210 0.535- 991399  6-17 1922 160-280
v 18.4 2.00 0.794 12.25 12.7 203 220
0.672
,  Finesilty 19.6-23.3 199-2.02 0.587- 11.63-14.18  6-9 2121 140-250
sand 21.9 2.00 0.654 12.48 73 21 180
0.631
5 Silty sand Saturated and dense, standard penetration test blowcount is greater than 50 340

6 Fine sand Saturated and dense, standard penetration test blowcount is greater than 50 340

4 Data Quality Control and Assessment

4.1 Quality Control of Engineering Geology Drilling

In general, aspects such as geological stratification, existing critical geological problems,
adverse geological phenomena and layout of project construction in Luhuatai, are considered
when determining the necessity of drilling. Exploratory boreholes are arranged perpendicular
to the main structural lines or in the direction where the topography or landform and lithology
changes significantly. Prior to drilling, the ground elevation of the borehole locations was
measured with IRTK. The boreholes are drilled at a diameter of 127 mm using the rotary
drilling method and by way of full-hole continuous coring. The drilling roundtrip and drilling
footage depend on the conditions of the rock and soil formations, and no over-pipe drilling is
allowed. The non-core spacing is no more than 1 m for cohesive soil and 2 m for other types of
soil. In a loose layer, the section above the phreatic water level is drilled at circulation break,
while in a sand layer, the gravel section, the rigid-brittle-fragmentary section and the soft-

fragmentary rock section are drilled in a circulatory way. The core recovery rate is no less than
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85% for clay and a body of intact rock, 70% for sandy soil, 60% for gravel soil and 65% for
weathered zone and fracture zone. The borehole depth and deviation are corrected every 50 m
and at the bottom of each borehole (Code for Investigation of Geotechnical Engineering,
2002). In the process of drilling, the hydrogeological condition is observed and the final stable
water level is recorded. For some boreholes, however, only the rough water level is given in
the engineering borehole information, because the precise stable water level cannot be

determined, due to the presence of mud.

4.2 Sampling Requirements

Different soil samples were taken for different soil layers and test purposes. During soil
sampling, the quick static-force continuous press-in method is used. For cohesive soil and silt,
undisturbed soil samples are taken at intervals of 2 m. Samples are also taken from meaningful
interlayers with a thickness less than 2 m. For soil layers with a thickness of greater than 5 m,
samples are taken at intervals of 3 m. For soft soil, a thin-walled sampler is pressed in to take
samples with the inner wall of the sampling tube kept smooth. Before the sampler is pressed
into the soil, the borehole should be cleaned, to ensure that the thickness of soil left at the
bottom of the borehole is smaller than the length of the waste soil section of the sampler. In
soil sampling, disturbance is avoided wherever possible, in order to keep the soil undisturbed
and maintain its natural humidity. A dedicated thin-walled sampler is used. The quantity of soil
samples to be taken is dependent on what the tests require. During soil sampling, undisturbed
soil samples were sealed to prevent soil and water from changing and affixed with labels to
specify the sample number, sampling location, depth and date, as well as soil layer and

direction.

4.3 Test Quality Control

Quality control is performed throughout the whole process of dataset preparation, from
engineering drilling to soil sampling and testing. All operations are suitable, standardized and
correct as specified in the relevant procedures (You GQ, 2018). During soil sampling, due care
is taken to avoid any unnecessary disturbance and prevent pollution of the samples. During
transportation, the samples are kept sealed and intact. During testing, human faults were
prevented. All tests were performed by qualified professional personnel in strict accordance
with the National standard of the People’s Republic of China GB-T 50123-1999 Standard for
Geotechnical Test Methods.

5 Conclusions

The dataset contains 1 996 sets of test data from 293 soil samples taken from 14
engineering boreholes drilled in Luhuatai, Yinchuan Basin. The arrangement of boreholes
covers different landforms, different types of soil mass, and areas with adverse geological
phenomena. The drilling operations were performed according to the relevant procedures and
were recorded in detail. Therefore, the data is representative to a certain extent and can

truthfully reflect the characteristics of the soil mass in Luhuatai, Yinchuan Basin, during that
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period. The sequence of strata and the types of soil mass in Luhuatai were obtained from the
information and data of the boreholes, providing geological data and information used to
establish a 3D geological model of the Yinchuan Basin and meeting the mission and need of
the comprehensive geological survey in the economical zone in Ningxia along the Yellow
River. Sampling and testing were carried out in strict accordance with the National standard of
the People’s Republic of China GB-T 50123-1999 Standard for Geotechnical Test Methods,
thus ensuring the quality and reliability of the test results. The geotechnical testing results
contain physical and mechanical parameters of various types of soil mass in Luhuatai, which,
in combination with ground survey and other survey methods in Luhuatai, will provide a
reference for further engineering geology zoning of Luhuatai, the assessment of engineering
geology conditions of Luhuatai, and construction and planning of different types of projects in

the Yinchuan Basin.
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