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In urban rail transit projects, the traditional method of foundation evaluation faces problems
like vague description, unclear process, and fuzzy evaluation system. To solve these problems,
this paper sets up a scientific evaluation system based on CGB technology integration and
analytic hierarchy process (AHP). The CGB technology integration refers to the integrated
application of computer-aided design (CAD), geographic information system (GIS), and
building information modeling (BIM). Taking Qingxihe Station, Line 6 of Chongging Rail
Transit (CRT) as the object, the authors constructed a 3D geological model of the construction
site, created a novel three-layer system through data analysis, and evaluated and compared the
suitability of each layer as the supporting layer of the foundation. Finally, effective suggestions
were put forward on the selection of the supporting layer. Our research successfully visualizes
the whole process of foundation evaluation, and enhances the accuracy of the evaluation
results. The research findings provide a good reference for the selection of the supporting layer

of foundations in urban rail transit projects.

1. INTRODUCTION

The CGB technology integration refers to the integrated
application of computer-aided design (CAD), geographic
information system (GIS), and building information modeling
(BIM). To meet the various needs of urban digitalization, the
CGB technology integration jointly utilizes macro-geographic
information and micro-building information, facilitating
queries and analyses [1].

Compared with the CAD data, the BIM data and GIS data
are not highly compatible. To share and merge these data, it is
necessary to explore the industry foundation classes (IFC)
model of the BIM and the CityGML model of the GIS, and
develop a method capable of automatically extracting the GIS
surface model with multiple levels of details (LODs) from the
BIM entity model. In this way, the LOD 100-400 models could
be obtained from the IFC and CityGML model, overcoming
the difficulty in merging the BIM with the GIS and paving the
way for the CGB technology integration [2-14].

The BIM and GIS are the two most popular digital
technologies in the research of urban rail transit. For instance,
D’Amico et al. [15] integrated the BIM with the GIS into the
design of transport infrastructure, and suggested that the
interoperable sharing models supplemented by the GIS data
could minimize or eliminate the possible conflicts between
infrastructure design and environmental constraints. Liu et al.
[16] fully utilized the advantages of the BIM (e.g. 3D
visualization, parametrization, and virtual simulation) to solve
foundation engineering, a basic problem in rail transit, and

thus improved the quality and efficiency of metro construction.

Chenetal. [17] realized the conversion between geometric and

477

semantic information through the BIM and 3D GIS data
exchange method of rail transit, and defined an integrated 3D
spatial data model, achieving unified management and
seamless expression of the data on rail transit and its
surroundings. He et al. [18] displayed and analyzed the spatial
distribution of unfavorable geological bodies in the GIS,
evaluated the karst collapse risk in the area crossed by the
tunnel, and assessed the safety risk of metro tunnel on the BIM
platform based on construction and monitoring information,
laying the basis for tunnel safety prewarning.

Based on CGB technology integration and analytic
hierarchy process (AHP), this paper develops a scientific
method to visualize the foundation evaluation in urban rail
transit projects. Qingxihe Station, Line 6 of Chongqing Rail
Transit (CRT) was taken as the research case to evaluate the
suitability of different layers to serve as the support layer of
the foundation. The authors detailed the selection of evaluation
method and the establishment of evaluation system, and
verified the proposed method through case analysis, shedding
new light on the visualization of the results of engineering
geological investigation.

2. CGB-BASED VISUALIZATION OF FOUNDATION
EVALUATION

In engineering geological investigation, engineering
geological evaluation is one of the key contents. The utmost
goal of engineering geological investigation lies in foundation
evaluation, a part of engineering geological evaluation.
Through foundation evaluation, the suitability of each layer as


https://crossmark.crossref.org/dialog/?doi=10.18280/ijsdp.150408&domain=pdf

the supporting layer of the foundation could be quantified. The
CGB technology integration provides a desirable tool to
visualize the foundation evaluation. As shown in Figure 1, the
CGB-based visualization of foundation evaluation mainly
acquires the spatial distribution of the geological information

in the construction site through investigation and field survey,
models the spatial situation with discrete data points, and then
analyzes the geological data using the information retrieval
and processing functions of CGB technology integration [19-
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Figure 1. The roadmap of CGB-based visualization of foundation evaluation

2.1 Selection of evaluation method

According to the response from construction parties, there
are several problems with the current method for foundation
evaluation: the foundation quality is described vaguely by
qualitative words (e.g. general, good, and poor), without any
quantitative comparison; the evaluation items are complex and
not weighted; the evaluation process and results derivation are
not visible. To solve these problems, the AHP was introduced
to provide a multi-factor evaluation system for foundation
evaluation, and fully integrate qualitative analysis with
quantitative analysis.

2.2 Establishment of evaluation system

(1) Level division

The contents of foundation evaluation were divided as per
the requirements of relevant codes. According to the goal,
items, and objects of foundation evaluation, a multi-layer
evaluation model was established, in which each layer controls
and is controlled by its upper and lower layers. As shown in
Figure 2, the established model consists of the goal layer
(evaluation goal), the criteria layer (evaluation items), and the
alternative layer (evaluation objects).

(2) Construction of judgment matrix for
comparison

Once the evaluation model is established, it is necessary to
determine the judgment matrix of each layer, that is, to judge
the relative importance of each factor on each layer and
express it as a numerical value. Based on the hierarchy of the
three layers, it is also necessary to determine the importance
of each factor on the lower layer relative to each relevant factor
on the upper layer (goal A or criterion Z). Suppose factor Ax
on layer A is correlated with factors By, B, ..., B, on the lower
layer. Then, the judgement matrix of layer A can be
constructed as Table 1, where Ay is the numerical value of the
importance of B; relative to B;. The relative importance is
usually rated against a nine-point scale (Table 2).

pairwise

Table 1. The judgement matrix

Ax B1 B> Bn
B1 b1 b1z bin
B2 b21 b2z b2n
Bn bnl bn2 bnn

Table 2. The scale of importance

Levels Meanings
1 Two factors are equally important.
3 The former factor is slightly more important
than the latter.
The former factor is strongly more important
5
than the latter.
7 The former factor is very strongly more
important than the latter.
9 The former factor is extremely more important
than the latter.
2.4.6,8 The relative importance falls between two of

the above levels.
If the importance of factor i relative to factor j

Reciprocals of is bij, then the importance of factor j relative to
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above factor i is bji=1/bij.
Goal
¢
[ I ]
Criterion 1 Criterion 2 Criterion 3
[ ‘ \
v v
Alternative 1 Alternative 2

Figure 2. The multi-layer evaluation model
The judgment matrix must also satisfy:

b, >0;b; =1/b;;b; =1(1=1,2,---,n) (1)

Formula (1) shows that the judgement matrix is symmetric.
In special cases, the judgment matrix must also be transitive:

2

(3) Single ranking

Single ranking is to sort the factors on a layer by the
importance relative to each relevant factor on the upper layer.
The single ranking is equivalent to the calculation of the
characteristic roots and eigenvectors of the judgement matrix.
In other words, judgement matrix B should satisfy:



BW = 7, W (3)
where, Amax is the maximum characteristic root of B; W is the
normalized eigenvector corresponding t0 Amax; Wi, a
component of W, is the weight of factor i in single ranking.

Besides, the consistency of the judgment matrix should be
verified by computing its consistency index CI:

max

n-1

o) = fme =1 @)

If the judgement matrix is fully consistent, CI=1; the greater
the Amax-n, the larger the CI, and the less consistent is the
judgement matrix. Since the sum of n eigenvalues of B equals
n, Cl is equivalent to the mean of n-1 characteristic roots other
than Amax.

Table 3. The mean random consistency index (RI)

Order 1 2 3 4 5 6 7 8 9
RI 0.00 0.00 058 090 112 124 132 141 145

When the order of the judgment matrix is greater than 2
(Table 3), the ratio of CI to RI (the mean random consistency
index of the same order) is defined as the random consistency
ratio (CR) of the matrix. If CR<0.01, the judgement matrix has
satisfactory consistency; Otherwise, the judgment matrix
needs to be adjusted.

The consistency of overall ranking results should be verified
in a similar manner. From top to bottom, the consistency needs
to be checked layer by layer. Let CI;® and RI;® be the CI and
RI of a factor on layer k relative to factor j on layer k-1 in
single ranking, respectively. Then, the CR of layer k in overall
ranking can be expressed as:

i
> wlvet®
] ]
(k) _ i1
CR®W =

S W ORI

j-1

)

Similarly, if CR®<0.10, the overall ranking results have
satisfactory consistency.

(4) Overall ranking

Overall ranking is to sort the importance of all factors on the
current layer relative to the superior layer, based on the single
ranking results of the current layer relative to all the other
layers. The overall ranking needs to be performed layer by
layer from top to bottom. Suppose the importance ranking of
the n factors on layer k-1 relative to the goal layer satisfy:

(k-1) _ (k-1) (K-D\T
whD = (WD L wlD) ©6)

The single ranking vector of ny factors on layer k relative to
criterion j on layer k-1 can be defined as:

¥ _ (0 [® (k)T
U™ = (Uyy”, Uz’ Uy )
jzly 21 -=5 N, k:ly 21 ==5 Nk

(7

The importance of factors not linked to criterion j was set to
zero. Then, a matrix of order n>n can be obtained:
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(k) (k)

Uy, Uy U,
(k) (k) (k)
u u u
K) _ (& K Ky _ 21 22 2n
U™ = u? )= 0 S )
(k) (k) (k)
unil uni2 unin

where, column j in U® is the single ranking vector of n factors
on layer k relative to criterion j on layer k-1. Then, the overall
ranking of all factors on layer k can be expressed as:

K K ONT
w® =g, W) ©)
Then,
w O — U Oy kD
%) ) Q) k-1
Ujy U,; U, Wi )
) ) ) k-1
_ usy L us, W(z )
* ) ) k-1
unil uni2 o unin Wl('] )
2 K k
> udowD (10)
j—1
1 (O (K1)
_ > ufPwy
—| <=
1 () ny (K1)
> ufwg
-1
That is,
K O () (K
1) .
w =S ufow? =1, 2, -5 n (11)

j1

Through the above steps, the score of each alternative
(evaluation object) can be obtained. The score ranking
determines the relative importance (suitability) of each object
to the goal.

3. CASE STUDY
3.1 Project overview

The case project is Qingxihe Station, Line 6 of CRT. Lying
below Yuegang Longitudinal Road and Yuegang Middle Road,
the north-south oriented station crosses the interaction
between the two roads, adopts an open cut double-layer
rectangular frame, and has a 12m-long island platform. The
total length, maximum clear width, and maximum clear height
are 290.9m, 24.3m, and 16.31m, respectively. There are two
air ducts and six entrances and exits (two of which are
reserved), all of which adopt open-cut rectangular frames.

3.2 CGB-based foundation evaluation

The main construction project of case is a metro station (an
underground space project) and its ancillary works. The



following items should be considered to evaluate the
foundation of the project: uniformity of each layer, sorting of
overburden composition, thickness of each layer, mechanical
properties of each layer, groundwater effect, and adverse
geological phenomena.

3.2.1 Establishment of evaluation model

Based on the above items, an AHP structure was set up,
consisting of a goal layer, a criteria layer, and an alternative
layer (as shown in Figure 3).

According to the complexity classification of geological
environment in relevant codes, the importance of evaluation
items in the project were ranked as mechanical properties,
adverse geological phenomena, groundwater effect,
uniformity, thickness, and sorting. On this basis, the
judgement matrix of the criteria layer was established as Table
4,

The consistency of the judgement matrix was computed as
0.0156, indicating that the matrix is sufficiently consistent.

Foundation evaluation

I | |
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- . . chanical| |Groundwatef |Groundw .
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mudstone sandstone mudstone
Figure 3. The AHP structure
Table 4. The judgement matrix of the criteria layer
Uniformity | Sorting | Thickness Mechanl_cal Groundwater Groundwgter Adverse geological
properties depth seasonality phenomena
Uniformity 2 1/7 1/3 1/3 1/5
Sorting 1/9 1/5 1/5 17
Thickness 1/8 1/4 1/4 1/6
Mechanical properties 3 3 2
Groundwater depth 1 1/2
Groundwater seasonality 1/2
Adverse geological
phenomena

3.2.2 Evaluation of each item

After setting up the judgement matrix of the criteria layer, it
is necessary to establish a judgement matrix of each item for
plain fill, silty clay, strongly weathered sandy mudstone,
moderately weathered sandstone, and moderately weathered
sandy mudstone.

(1) Uniformity evaluation

Taking silty clay for example, the 3D model data of
uniformity were imported to ArcScene. Then, the 3D Analyst
tool was called from the ArcToolBox to convert the
triangulated irregular network (TIN) model (as shown in
Figure 4) of the upper and lower surfaces of the silty clay layer
into grids. Then, a new grid map (as shown in Figure 5) was
obtained by removing the grids of the upper and lower surfaces,
revealing the thickness of silty clay across the construction site.

Next, the classification parameters were configured to
reclassify the grids, producing a bar chart on the thickness of
silty clay across the construction site (as shown in Figure 6).
The bar chart visually displays the thickness data of silty clay
in any location of the site. Then, the uniformity of the silty clay
layer was judged by the standard deviation (SD) and the
proportion of the thickness concentration area in the total area.
The uniformities of the other layers were obtained in a similar
manner. The uniformities of all layers are summed up in Table
5.

480

The plain fill is sporadically distributed in the construction
site, showing a poor uniformity. Based on Table 5, the layers
could be ranked in descending order of uniformity: silty clay,
moderately weathered sandy mudstone, moderately weathered
sandstone, strongly weathered sandy mudstone, and plain fill.
On this basis, the judgement matrix of uniformity was
established as Table 6.

—

Figure 4. The TIN model of geological information

Figure 5. The grid map
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Figure 6. The bar chart of silty clay thickness

(2) Sorting evaluation

The sorting of each layer against the overburden directly
affects the bearing capacity of the foundation, exerting a huge
impact on the stability of buildings on the surface. The sorting
quality mainly depends on the uniformity of the size of clastic
particles. The more uniform the size, the better the sorting.

According to the project data, the plain fill is mainly
composed of sandstone and sandy mudstone blocks
(fragments). The size of the skeleton particles falls within 20-
500mm, and could surpass 1m in local areas. The content of
these particles is generally 20-30%. In relatively thick sections,
the content of these blocks (fragments) increases significantly
to 70-80% in local areas, while the particle size also increases.
In the plain fill, the skeleton particles have a nonuniform
distribution of content, and significant changes in particle size.
By contrast, there is no obvious inclusion in silty clay. This
layer mainly consists of clay, with few hard matters.

Through the above analysis, the layers could be ranked in
descending order of sorting: moderately weathered sandy
mudstone/moderately ~ weathered  sandstone,  strongly
weathered sandy mudstone, silty clay, and plain fill. On this
basis, the judgement matrix of sorting was established as Table
7.

(3) Thickness evaluation

For construction projects, the supporting layer cannot be
stable without a good and uniform distribution. Besides, the
thickness of the supporting layer could affect the basic design
of the foundation.

To clearly understand the thickness of layers beneath the
construction site, the CGB technology integration was
introduced to quantify the thickness of each layer through
ArcGIS data analysis, and display the analysis results on 3D
models. The mean and proportion of thickness concentration
area in Table 5 were referenced to evaluate the thickness of
each layer.

Through the above analysis, the layers could be ranked in
descending order of thickness: moderately weathered sandy
mudstone, silty clay, strongly weathered sandy mudstone,
moderately weathered sandstone, and plain fill. On this basis,
the judgement matrix of thickness was established as Table 8.

(4) Evaluation of mechanical properties

The mechanical properties of soil-rock mass must be
considered in foundation evaluation and foundation design.
Whether a layer is suitable as the supporting layer largely
depends on the quality of its mechanical parameters.

The mechanical properties of each layer were evaluated
against the standard bearing capacity of rock foundation
mentioned in the project data. Then, the layers were ranked in
descending order of mechanical properties as Table 9, where
the figures marked with an asterisk are derived from relevant
codes and empirical values of the region.

As shown in Table 9, the layers could be ranked in
descending order of mechanical properties: moderately
weathered sandstone, moderately weathered sandy mudstone,
strongly weathered sandy mudstone, silty clay, and plain fill.
On this basis, the judgement matrix of mechanical properties
was established as Table 10.

Table 5. The uniformities of all layers

No Layers Min.  Max. Mean sD Thickness Proportion of thickness
) (m) (m) (m) concentration area (m)  concentration area (%)
1 Silty clay 752 1994 1295 249 10-15 75
2 Strongly weathered sandy mudstone 576  25.40 7.38 4.64 5-10 45
3 Moderately weathered sandstone 0 26.92 522 488 0-5 51
4 Moderately weathered sandy mudstone ~ 1.12  13.40 294  3.38 0-5 57

Table 6. The judgement matrix of uniformity

Moderately weathered sandy mudstone

Plain fill | Silty clay Strongly weathered Moderately Moderately weathered
sandy mudstone | weathered sandstone sandy mudstone
Plain fill 1/9 1/3 1/5 17
Silty clay 4 3 2
Strongly weathered sandy mudstone 1/2 1/4
Moderately weathered sandstone 1/2

Table 7. The judgement matrix of sorting

Moderately weathered sandy mudstone
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s . Strongly weathered| Moderately weathered | Moderately weathered
Plain fill | Silty clay
sandy mudstone sandstone sandy mudstone
Plain fill 1/3 1/8 1/9 1/9
Silty clay 1/7 1/8 1/8
Strongly weathered sandy mudstone 1/2 1/2
Moderately weathered sandstone 1




Table 8. The judgement matrix of thickness

Moderately weathered sandstone
Moderately weathered sandy mudstone

Table 9. The mechanical parameters

Plain fill | Silty clay Strongly weathered Moderately Moderately weathered
sandy mudstone | weathered sandstone sandy mudstone
Plain fill 17 1/5 1/3 1/9
Silty clay 3 2 1/3
Strongly weathered sandy mudstone 2 1/2

1/3

Layers Silty Plain Moderately Strongly weathered Moderately weathered
Type of index clay fill weathered sandstone sandy mudstone sandy mudstone
Standard bearing capacity of rock foundation (kPa)  130* 100* 1200 350* 850

Table 10. The judgement matrix of mechanical properties

Moderately weathered sandstone
Moderately weathered sandy mudstone

(5) Groundwater effect evaluation

Groundwater effect was included in foundation evaluation,
because most structures of the project are underground and
affected by groundwater. The spatial information of survey
points was imported to ArcGIS, and then projected to the
geological model of the site, producing a 3D model of
groundwater depth (as shown in Figure 7).

Based on project data and the empirical values of the region,
the permeability coefficients of plain fill, silty clay, strongly
weathered sandy mudstone, moderately weathered sandstone,
and moderately weathered sandy mudstone were obtained as
5x105cm/s, 5x105cm/s, 210-5cm/s, 1.2>10°cm/s, and 210
cm/s, respectively.

Through the above analysis, the layers could be ranked in
descending order of groundwater effect: moderately
weathered sandy mudstone, silty clay, moderately weathered
sandstone, strongly weathered sandy mudstone, and plain fill.
On this basis, the judgement matrix of groundwater effect was
established as Table 11.

(6) Adverse geological phenomena evaluation

Adverse geological phenomena usually refer to the
geological phenomena in and around the construction site that
are not conducive to engineering construction, such as
landslides, debris flows, ground collapses, and hidden karsts.

The project data show that the construction site, located on
the east wing of the Yuelai syncline, has a normal stratigraphic
sequence, without adverse geological effects like landslides,
ground collapses, or faults. Hence, the factors in the judgement
matrix of adverse geological phenomena are of equal
importance.

3.2.3 Results of foundation evaluation

Based on the evaluation system and the judgment matrix of
the criteria layer, the suitability of each layer as supporting
layer of the foundation was calculated according to the results
of each judgement matrix, yielding the results of foundation
evaluation.

(1) Display of weight distribution

Plain fill | Silty clay Strongly weathered Moderately Moderately weathered
sandy mudstone |weathered sandstone sandy mudstone
Plain fill 1/2 1/4 1/9 1/8
Silty clay 1/2 1/9 1/8
Strongly weathered sandy mudstone 1/4 1/3

2

Through single ranking and overall ranking, the weights of
all criteria of our model were obtained (as shown in Figure 8).
(2) Results of the judgement matrix of the criteria layer
The results of the judgement matrix of the criteria layer are
presented in Table 12 below.
(3) Evaluation results and comparison chart
The criteria weights were coupled with the results of the
judgement matrix of the criteria layer to produce the suitability
of different layers (Table 13, Figure 9). Obviously, moderately
weathered sandstone and moderately weathered sandy
mudstone are the suitable supporting layers of the foundation.

3.2.4 Results analysis

In the survey report of the metro station, there is a complete
section of foundation evaluation. This section reports that, the
construction site is distributed with silty clay and a small
amount of plain fill, sandstone, and sandy mudstone, as
confirmed by drilling, geological mapping, and survey.
According to the engineering geological features of soil-rock
mass in the site, the upper fill cannot serve as the supporting
layer of the foundation, due to the great variation in thickness,
poor uniformity, and low strength. The silty clay in the lower
part will cause differential settlement, if it acts as the
supporting layer: the silty clay varies greatly in thickness, and
exists as lenticles or thins out in local areas, not to mention its
poor strength. However, the moderately weathered rocks in the
lower part are an ideal supporting layer of the foundation,
thanks to their high strength and stability. The conclusion of
the report agrees well with our AHP results.

Figure 7. The model of groundwater depth
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Table 11. The judgement matrix of groundwater effect

Plain fill| Silty clay

Strongly weathered
sandy mudstone

weathered sandstone

Moderately weathered
sandy mudstone

Moderately

Plain fill

Silty clay

Strongly weathered sandy mudstone

Moderately weathered sandstone

Moderately weathered sandy mudstone

1/3 1/5 1/9
1/2 2 1/3
1/2 1/4

1/2

Table 12. The results of the judgement matrix of the criteria layer

Items Characteristic roots  Eigenvectors  CR values Bar charts
0.45
04
0.35
0.3
(0.037, e
0.4284, R
Uniformity 5.0691 0.0907, 0.0154 e
0.16, 0(:)- é
T i
0.284) o
Plain fill  Silty clay ~ Strongly ~ Moderately Moderately
7 weathered  weathered weathered
sandy mudstone sandstone sandy
mudstone
(a) The bar chart of uniformity of different layers
04
0.35
03
0.25
(0.0293, 02
0.0496, 015
Sorting 5.1700 0.2231, 0.0379 0 i
0.349, " 65
0.349)7 .
) , = [N
Plain fill Silty clay Strongly  Moderately Moderately
weathered  weathered weathered
sandy mudstone sandstone  sandy
mudstone
(b) The bar chart of sorting of different layers
0.45
04
0.35
03
(0.0366, 025
0.2642, 02
Thickness 5.2260 0.1663, 0.0504 0.15
0.1103, 0.1 l
0.4225)T 0.05
) o N
Plain fill Silty clay Strongly ~ Moderately Moderately
weathered  weathered weathered
sandy mudstone sandstone  sandy
mudstone
(c) The bar chart of thickness of different layers
0.5
045
0.4
0.35
0.3
(0.0364, 0.25
. 0.0546, 0.2
Mfghjg:zg' 5.0062 0.1171, 0.0215 015
prop 0.471, 0.1 .
0.321)7 0.05
) , = N

Plain fill Silty clay Strongly  Moderately Moderately
weathered  weathered weathered

sandy mudstone sandstone sandy
mudstone

(d) The bar chart of mechanical properties of different layers
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0.25

0.2
0.15
0.1
Gr(r)lér;c;mate 5.0000 (0.22,062,2(;}2,0. 0
T 0.05
0
Plain fill ~ Silty clay Strongly  Moderately Moderately
weathered  weathered weathered
sandy mudstone sandstone  sandy
mudstone
(e) The bar chart of groundwater depth of different layers
0.5
0.45
04
0.35
0.3
(0.0371, 002;
0.1919, ‘
Groundwate 5.4231 0.157, 0.0044 015
r seasonality 0.1
0.1833, 0.05
0.4306)7 To N
Plain fill  Silty clay Strongly  Moderately Moderately
weathered  weathered weathered
sandy mudstone sandstone  sandy
mudstone
(f) The bar chart of groundwater seasonality of different
layers
0.25
0.2
0.15
Adverse ad
geological 5.0000 (O'Z’O'Z’O'TZ’O' 0
2,0.2) 0.05
phenomena
0 Plain fill ~ Silty clay Strongly  Moderately Moderately
weathered  weathered weathered
sandy mudstone sandstone  sandy
mudstone
(9) The bar chart of adverse geological phenomena of different
layers
Table 13. The suitability of each layer
Layers Plain fill Silty clay Strongly weathered Moderately weathered Moderately weathered
sandy mudstone sandstone sandy mudstone
Suitability 0.0973 0.1569 0.1567 0.2955 0.2935
035
0.3
025
M Uniformity (0.0572) 02
M Sorting (0.0274) '
m Thickness (0.0387) 0.15
mm Mechanical properties (0.3672) 0.1
mm Groundwater depth (0.1371) 0.05 .
Groundwater seasonality (0.1371) 0

Figure 8. The pie chart of weight distribution

4. CONCLUSIONS

This paper successfully visualizes foundation evaluation
based on CGB technology integration and the AHP. Multiple
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Adverse geological phenomena (0.235)

Plain fill Silty clay Strongly Moderately Moderately

1 sandy

mudstone sandstone sandy

mudstone

Figure 9. The suitability of each layer

influencing factors were quantified, making the evaluation
process and results more reliable. The evaluation process is
completely visible, and the evaluation results are highly
accurate, allowing every construction party to check the



judgement of each factor easily and independently. The
research findings provide a good reference for the selection of
the supporting layer of foundations in urban rail transit
projects.
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