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Integration of Engineering Geological Investigation Data
and Construction of a 3D Geological Structure Model in
the Xiong’an New Area

MA Zhen, XIA Yubo, WANG Xiaodan, HAN Bo, Gao Yihang
(Tianjin Center, China Geological Survey, Tianjin 300170, China)

Abstract: The Xiong’an New Area is located in the plain to the east of the Taihang Mountains,
where the shallow strata within 100 m under the earth’s surface mainly consist of alluvial-
proluvial and alluvial-lacustrine sand beds and clay layers, with excellent engineering
geological conditions. Through engineering geological investigations, the China Geological
Survey has obtained data of the strata, standard penetration and tests of more than 100
boreholes, thus forming a system of techniques and methods in the Xiong’an New Area, and
establishing the engineering geological borehole database and a three-dimensional model. This
will provide strong support for the future planning and construction in the Xiong’an New Area.
This paper introduces data acquisition, data integration, geological data processing technology
in engineering geological investigation, and explores the method using 3D visualization
software to establish the 3D structure geological model, in a bid to provide reference for urban
geological survey and dataset processing with the real application of a engineering geological
dataset in the Xiong’an New Area.

Key words: urban geology; engineering geological survey; 3D model of geological structure;
dataset; Xiong’an New Area

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

1 Introduction

The Xiong’ an New Area is located in the hinterland of the Beijing—Tianjin —Baoding
region, and comprises the three counties, Xiongxian, Rongcheng and Anxin and some
surrounding areas in Hebei Province. To promote the planning and construction of the Xiong’

an New Area, the China Geological Survey has conducted a geological survey of the Xiong’an

About the first author: MA Zhen, male, born in 1966, professor-level senior engineer, master, mainly engages in hydrological, engineering and

environmental geological surveys; E-mail: tjmazhen@126.com.

http:/geodb.cgs.gov.cn GEOLOGY IN CHINA 2019, Vol.46 Supp.(2) | 169


http://dx.doi.org/10.12029/gc2019Z213
http://dx.doi.org/10.12029/gc2019Z213
mailto:tjmazhen@126.com

Integration of Engineering Geological Investigation Data and Construction

GEOLOGY IN CHINA of a 3D Geological Structure Model in the Xiong’an New Area

New Area, of which the “Engineering Geological Investigation in the Xiong’an New Area” is a
key mission. The project seeks to obtain information of engineering geological formations and
establish a 3D geological structure model through engineering geological drilling.

The Xiong’an New Area (N 38°41'-39°10" and E 115°37'-116°19') has higher terrains in
the northwest and lower terrains in the southeast, with a slope of less than 2%o. The shallow
sediments in the area are mostly formed by Quaternary alluvial-proluvial and alluvial-
lacustrine deposits, which are featured by silty clay, silt, silty sand, medium-fine sand and clay
(Hao AB et al., 2018; Zhang J et al., 2018).

To investigate the engineering geological conditions and related problems, the survey
established the engineering geological investigation dataset and model in the Xiong’an New
Area based on 2017 survey results. The dataset and model are able to show the engineering
geological structure of the Xiong’ an New Area, thus supporting and contributing to its
planning and construction (Li QR, 2017; Lin LJ et al., 2017). Table 1 presents the basic

information of the dataset and model.

2 Data Acquisition and Processing Methods

2.1 Data Acquisition

The engineering geological investigation data in the Xiong’an New Area are acquired by
conducting drilling based on the Code for Engineering Geological Investigation of Urban and
Rural Planning (CJJ 57-2012), which is implemented in accordance with the requirements of
the Specification for Engineering Geological Drilling (DZ/T 0017-1991) and the Code for
Investigation of Geotechnical Engineering (GB 50021-2001) (2009 Edition). Data collection

Table 1 Metadata Table of Database (Dataset)

Items Description
Database (dataset) name 3D geological structure model dataset in Xiong’an New Area
Database (dataset) authors Ma Zhen, Tianjin Center, China Geological Survey

Xia Yubo, Tianjin Center, China Geological Survey
Wang Xiaodan, Tianjin Center , China Geological Survey

Data acquisition time 2017

Geographic area 115°37'-116°19'E, 38°41'-39°10' N

Data format The format of geological body is OBJ/Creatar, and the format of point
set and surface set is ArcGIS

Data size 16.5 MB

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

Fund project China Geological Survey project titled “Engineering Geological and
Soil & Water Quality Survey of Xiong’an New Area”
(121201004000172201)

Language Chinese

Database (dataset) composition The dataset comprises three subdatasets, namely, geological body set,
point set and surface set. The geological body set includes eighteen
stratigraphic geological bodies; the point set includes township SHP
and county SHP; the surface set includes the top surface of the
administrative region.
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was conducted in accordance with the requirements of the Comprehensive Code for
Hydrological-Eengineering-Environmental Geological Survey (1 : 50 000) (GB/T 14158-93)
(Gong L et al., 2019). The survey accuracy of the whole region is set according to the scale
1 : 50 000, and key survey areas such as Xiongxian, Rongcheng and Anxin counties set
according to the scale of 1 : 25 000, with the highest accuracy of 1 : 10 000 in certain areas.
2.1.1 Elevation System and Coordinate System

For the elevation system, the 1985 national elevation benchmark is adopted; and for the
coordinate system, the 2000 national coordinate system is adopted.
2.1.2 Borehole Cataloguing and Information Acquisition

(1) Layering and Layer Thickness

The 2009 edition of the Code for Investigation of Geotechnical Engineering (GB
50021-2001) defines rock stratum with a thickness of more than 1 m as an extremely thick
layer, rock stratum with a thickness between 0.5-1.0 m as a thick layer, that between 0.1-0.5 m
as a medium thick layer, and less than 0.1 m, as a thin layer.

(2) Lithological Properties

The lithological character of the Quaternary loose soils are named according to the the
2009 edition of the Code for Investigation of Geotechnical Engineering (GB 50021-2001),
which includes gravel, coarse sand, medium sand, fine sand, silt, silty sand, silty clay and clay.

(3) Soil Color

Soil color is named according to the Chinese Standard Soil Color Card compiled by the
Institute of Soil Science, Chinese Academy of Sciences.

(4) Soil Properties

The collected information includes compactness, humidity, separation properties and
roundness of sandy soils, silty soils and cohesive soils.

(5) Soil Structure

Collected bedding structures include horizontal bedding, parallel bedding, cross bedding,
parallel bedding, oblique bedding and graded bedding, and bedding structure information such
as ripple marks, erosion surface, bottom gravel layer and fracturing surface.

(6) Soil Inclusions

Features of inclusions: calcareous concretions, ferromanganese nodules, ferromanganese
spots, bioclasts, plant root systems, silt intercalation, peat-bearing stratum, boulder-clay,
kaolin, etc.
2.1.3 Engineering Point Information

Coordinates and elevation information of each borehole.

2.2 Data Processing
2.2.1 Data Sorting and Summary

(1) Data Entry

Data entry is carried out in accordance with the requirements of Guidelines for Geological
Environment Survey Databases in Key Economic Zones and Urban Clusters, in line with 3D
geological structure software development. Two original files are established, namely, the

basic information table of boreholes, and the description table of borehole cores. The data is
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inputted in a uniform document in the excel format in.xls or. xIsx. The information of
boreholes is inputted in the same worksheet.

(2) Electronic Document

The electronic document includes the basic information table of boreholes, the description
table of borehole cores, photos of borehole cores, sampling record table (geotechnical
experiment, soluble salt).

2.2.2 Division of Borehole Formations

(1) Establishment of Standard Layer

According to the sedimentary age, the stratigraphic age within 100 m can be divided in
descending order into Quaternary Holocene (Qy,), Upper Pleistocene (QPS), Middle Pleistocene
(sz) and Lower Pleistocene (Qpl).

The Xiong’ an New Area, located in front of the Taihang Mountains, was affected by
global climate change during the Last Glacial Maximum, forming hard clay. Calcareous hard
clay is used as a marker layer to provide reference for the stratigraphic division between Q
and st.

The Quaternary climate is characterized by glacial and interglacial cycles. Though
immune from global sea level changes, the Late Pleistocene strata in the Xiong’an New Area
were affected by climate change, especially during the cold period, leading to the formation of
calcareous deposit nodules or calcite-cemented formations. The fifth layer of calcareous
deposit or nodule layer is the boundary between Qp3 and sz strata, which is regarded as a
marker between Qp3 and sz.

(2) Generalization of Borehole Formations

Based on different soil types, the three engineering geological formations are further
divided into 18 engineering geological formation groups, named after their main lithological
properties, among which Holocene (Q,) includes (D fill, @ clayey + silty soils, @ clayey +
silty soils, @ clayey + silty soils. The second layer (2 and the fourth layer 4 are alluvial-
proluvial, oxidized or weakly oxidized, containing less organic matter; the third layer (3
features lacustrine sedimentation and reduction, silty clay and soft soil, with significant
differences from 2 and @ in sedimentary conditions and engineering mechanical properties.
Thus these three layers, despite sharing the same name, cannot be regarded as one layer; the
Upper Pleistocene (Qp3) includes (& clayey + silty soils, © sandy soils, @ clayey + silty
soils,® sandy soil, O clayey soils, 10 sandy soils, @) clayey soils; the Middle Pleistocene
(sz) includes @ clayey soils, @ sandy soils, @ clayey soils, ® sandy soils; the Lower
Pleistocene series (Qpl) is composed of © clayey soils, @ sandy soils, @8 clayey soils. Qpl has
not been exposed within 100 m.

2.2.3 Building 3D Structure Model

(1) Data Preparation

The data source for the 3D model is mainly standardized engineering geological borehole
data, stored in two text files (*.txt), namely, “Basic Information of Boreholes.txt” and
“Borehole Layer Information.txt”. The “Basic Information of Boreholes.txt” file (Table 2)

describes the basic information of all boreholes involved in the modeling, with each borehole
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Table 2 Basic Information of Boreholes

Number Name of data item Data type Example

1 Borehole number String G7039

2 X-Coordinate Floating 406 051.22
3 Y-Coordinate Floating 4326 929.35
4 Elevation of borehole Floating 9.08

5 Borehole depth Floating 100.14

in one line, including the borehole number, X-coordinate, Y-coordinate, elevation of borehole
and borehole depth. The “Borehole Layer Information.txt” data file (Table 3) describes the
layering of the boreholes involved in the modeling, including the borehole number, starting
depth, ending depth and formation number.

(2) Model Construction

As the engineering geological structure of the plains area is mostly Quaternary stratiform
deposits, automatic modeling can be used to construct the engineering geological 3D model,
i.e., using borehole data to convert stratigraphic information from top to bottom into two-
dimensional discrete point data, and then generating the surface by interpolation and fitting
algorithm to finally generate stratigraphic bodies by mesh generation between surfaces (Zhang
XY etal., 2013; Liu SC et al., 2016).

Using the above modeling method, the Creatar XModeling software developed by the
Beijing Chaowei Chuangxiang Information Technology Co., Ltd. is used to construct a 3D
structure model of shallow engineering geological formations within a depth of 100 m in the
Xiong’an New Area with the following steps. First, input the basic information of boreholes
and borehole layers, and build a 3D engineering geological borehole model, and then import
the vectorized modeling range to identify the boreholes involved in the modeling and conduct
borehole interpretation. Different interpolation methods and mesh sizes are selected. After
many times of fitting and adjustment, the geological body is finally constructed from top to
bottom and from layer to layer by using B-spline interpolation and a mesh size of 500 m.

(3) Model Finishing

The administrative map of the modeling area is downloaded from the “Map World”, and
the surface set is imported after cutting, projecting and correcting in the ArcGIS software,
which is attached to the surface of the 3D model. The ArcGIS vector files of the county-level
residential land and the township-level residential land in the study area are separately
imported into the point set, while the Z value is adjusted to be displayed above the earth
surface in the model (Fig. 1).

Table 3 Borehole Layer Information

Number Name of data item Data type Example
1 Borehole number String G7039

2 Starting depth Floating 0.0

3 Ending depth Floating 0.6

4 Formation number Floating 1
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Fig. 1 3D structure model of engineering geological formations in Xiong’an New Area

3 Data Sample Description

3.1 Data Type and Naming

The data, which are mainly presented in datasets, include the geological body set, point

set and surface set. The geological body set is named the “Engineering Geological Model”,

which includes 17 stratigraphic geological bodies, which are respectively named “Engineering

Geological Model Geological Body 17, “Engineering Geological

Model Geological

Body 2”, and so on. The point set is named “Resident Landmarks”, including two files,

namely, “Township.SHP” and “County.SHP”. The surface set has only one file, named the
“Top Surface of the Administrative Region” (Wang CN et al., 2019; Zhang Y et al., 2018).

3.2 Data Content
The stratigraphic geological body reflects the range of distribution of

each formation in

three-dimensional space. The two point files of “Township.SHP” and “County.SHP” contain

the positions and names of residents’ land on the earth’s surface, and the “Top Surface of the

Administrative Region” reflects the general distribution of surface traffic and water bodies.

3.3 Data Properties
The attributes of stratigraphic geological bodies, point files and surface
categories: basic attributes, extended attributes and body attributes (Table 4).

4 Data Quality Control and Evaluation

4.1 Borehole data Quality Control

files fall into three

Prior to drilling, the Project Team prepared the technical requirements for drilling in the

Xiong’ an New Area according to relevant national standards, and formulated detailed

Table 4 Statistics of Attribute Data Items

Data type Basic attribute ~ Extended attribute Body attribute

Stratigraphic Stratigraphic property,

geological body ID, name, type o criptions Volume and number of blocks

Point file ID, name, type  Attributes, descriptions  Number of vertices

Surface file ID, name, type  Attributes, descriptions Dumber of points, mubEtOERREIES.

number of demarcation points
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regulations and requirements for drilling, in-situ test, indoor test, data sorting and
comprehensive analysis, as well as technical reports and data archiving. During drilling, the
Project Team set up a quality inspection team to inspect drilling quality on a regular basis, and
to identify and correct problems in a timely manner. During the information sorting and data
entry process, the team conducted quality self-inspection, mutual inspection and random
inspection according to relevant requirements. In sum, strict quality control was exercised to

ensure data quality in both data acquisition and data sorting and entry (Sun QY et al., 2019).

4.2 Model Quality Assessment

All the borehole data used in 3D modeling are derived from the boreholes in this
engineering geological survey, and are accurate and reliable. The modeling area is about
1 770 kmz, with a total of 370 boreholes involved in modeling. The initial planning area is
relatively dense with boreholes, with mostly 1 km distance between holes. The distance
between boreholes in the northeastern part is around 2 km, while that in the southwest varies
from 2 to 7 km, as subject to the limitations imposed by the Baiyangdian Lake. Overall,
boreholes are evenly distributed. In the process of modeling, several interpolation methods and
mesh sizes are used to ensure smooth interface between holes and reasonable strata pinch-out.
After the 3D model is completed, the effect of model simulation is verified by cross-section
comparison, i.e., the cross-section generated by model cutting and that mapped by boreholes
are compared to suggest fairly good fitting results. In sum, the data source of the 3D model is
accurate and reliable, with evenly distributed data and reasonable interpolation method. The
simulation results are well fitted with the measured formation cross-section, suggesting an

overall satisfying quality of the model.

5 Data Value

The engineering geological survey database has a broad prospect of application, and can
be used as a basic source of geological information for compiling engineering geological
evaluation maps of the same scale, and to provide data support for local planning and
construction. Three-dimensional models can be exported in a variety of formats, and thus can
be applied by different software and platforms, and support spatial analysis such as grid map
generation, model progression, fixed-point excavation, and tunnel excavation, etc. (Bai YN et

al., 2019; Guo X et al., 2019; Zhang YZ et al., 2018).

6 Conclusion

The engineering geological survey organized by the China Geological Survey in the
Xiong’ an New Area has resulted in massive geological data, forming a technical method
system of engineering geological investigation, as well as engineering geological borehole
database and 3D model. This provides strong support for the planning and construction of the
Xiong’an New Area. The established datasets of engineering geological investigation and 3D
geological structure include: geological body set, point set and surface set, of which the

geological body set includes eighteen stratigraphic geological bodies; the point set

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2019, Vol.46 Supp.(2) | 175



Integration of Engineering Geological Investigation Data and Construction
of a 3D Geological Structure Model in the Xiong’an New Area

GEOLOGY IN CHINA
includes“township.SHP” and “county.SHP”; the surface set includes the top surface of the
administrative region. These datasets reproduce the spatial distribution of the subsurface layer
within 100 m under the surface of the Xiong’ an New Area. 3D dynamic simulation of
engineering processes such as tunnel and foundation excavation enabled by the model’s 3D
section and underground spatial excavation analysis will contribute to the understanding of the
development of underground space of the Xiong’ an New Area towards reproducing a
“transparen” Xiong’an under the earth’s surface.
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