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Given the shortcomings of the tunnel overbreak and underbreak control and primary support sectional area detection such as the
single means, large workload, low efficiency, and poor accuracy, the use of three-dimensional laser technology can solve the above
problems. Based on the Badaling Tunnel Great Wall underground station of the Beijing-Zhangjiakou Railway, the 3D laser
scanning technology is used to analyze the distribution of the tunnel overbreak and underbreak and the sectional area of the
primary support, compared with the total station measurement results. The results showed that the layout of the scanning
measurement station should consider the requirements of scanning accuracy, control the station length and scanning incidence
angle, and minimize the scanning station length to reduce the scanning error. The majority of the tunnel section was in overbreak,
with the overbreak area ranging from 6.22m? to 13.17 m?and the overbreak rate ranging from 0.283 to 0.598, and the area of
underbreak was relatively small; no overexceeded headroom was found in the primary support, and the tunnel vault was not
overbreak. The primary support clearance value of the vault is 0~15 mm, the clearance value of the sidewall is 35 mm~40 mm, and
the sidewall needs to be secondary shotcrete. The difference value between the 3D laser scanning measurement data and the total
station measurement data is within 3 mm, which is within the error range, indicating the validity and reliability of the 3D laser

measurement result.

1. Introduction

The overbreak and underbreak are inevitable in the tunnel
construction with drilling and blasting method and influ-
ence the tunnel construction quality and tunnel economy.
Overbreak will lead to tunnel slag quantity and the shotcrete
increase in construction; the tunnel underbreak leads to
inadequate tunnel headroom and the need for secondary
excavation and may again lead to overexcavation, both of
which would delay the progress of construction and increase
the cost of construction [1]. At the same time, in case of the
tunnel overbreak and underbreak being severe, it will have
an impact on the stress of the surrounding rocks and the
reliability of the tunnel structure [2]. Tunnel primary sup-
port clearance monitoring is an important part of lining

quality control. The primary support clearance invading the
secondary lining limits leads to reducing the thickness of the
secondary lining, resulting in the lack of tunnel strength [3];
the primary support invasion limit needs to carry out
temporary support reinforcement, radial grouting rein-
forcement, and even changing the arch, seriously affecting
the tunnel construction progress and increasing construc-
tion costs [4]. The too large primary support clearance re-
sults in secondary lining thickening, increasing lining
rigidity and self-gravity and reducing the bending resistance
of the lining [5].

The traditional methods for detecting the tunnel
overbreak and underbreak and tunnel clearances include
close-up photography, total station position measure-
ment, and manual observation [6]. The method of close-
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up photography has to set up a survey station in the
tunnel, lay out the survey line, shoot the palm surface
with three angles, respectively, to obtain a three-di-
mensional image, and then compare it with the design
excavation section to obtain the tunnel undercut [7]. The
total station measures the profile of the section by
measuring several points on the same section, and in-
dividual data were obtained to estimate the tunnel
overbreak and underbreak condition of the newly ex-
cavated section. The traditional method has shortcomings
such as a large measuring workload, a small number of
points, low accuracy, and poor efficiency. Artificial ob-
servation is a supplementary method to the above
methods, which is more subjective and requires more
experience in tunnel construction. The comparison be-
tween 3D laser scanning technology and traditional
tunnel measurement methods is shown in Table 1 [8, 9].

3D laser scanning is increasingly used in tunnel engi-
neering [10, 11], but less research has been done in un-
derground station construction, and application research in
underground station cavity groups in high-speed rail tunnels
has not been involved, and this paper has great engineering
reference significance. This paper uses the FARO Focus 3D
S120 3D scanner system.

2. Engineering Background

The new Beijing-Zhangjiakou Railway is a key construction
project planned and implemented by the state with a total
length of 173.964km, which is the eastern section of the
Beijing-Lanzhou channel, one of the eight longitudinal and
eight transverse channels. Badaling Great Wall Station is
located in the new Badaling tunnel of the JZSG-3 section of
the railway. The geographical location of Badaling Great
Wall Station is shown in Figure 1.

The total length of the station is 470 m, the underground
construction area is 36,000 m?, and the total length of the
equipment cave group is 7190 m. The transition between
station and tunnel is realized through the large-span tran-
sition section from double line to four lines at both ends of
Badaling Great Wall Station. The length of the transition
section of the station is 163 m; the maximum cross-sectional
area of the station and tunnel is 494.4 m* with a maximum
span of 32.7 m and height of 19.5 m. The distribution of cave
chamber groups in Badaling Great Wall Station is shown in
Figure 2. The large-span transition section has poor sur-
rounding rocks, which makes the construction extremely
difficult.

3. 3D Laser Application Solutions

In this paper, Faro Focus 3D 120 3D laser scanner is used,
which has an external velocity of 20 meters every 3 minutes,
and the laser emission density has 976000 points per second.
The measurement time per station is 2 to 5 minutes with an
accuracy of 2mm (10% reflectance) and an accuracy of
0.6 mm (90% reflectance) when the angle of incidence is zero
at 25m. The scanning radius range is 0.6 m~150 m. How-
ever, the farther the distance and the more sparse the
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scanning point cloud, the lower the accuracy is. The scan-
ning frequency is 122-976 Hz, and the laser parameters are
905nm, 20 MW, 3R class. The specific parameters of the
scanner are shown in Table 2.

The 3D laser scanning system includes (see Figure 3) a
3D laser scanner (a), a special tripod (b), two ball prisms (c),
and four splicing spheres (d). 3D laser scanner system
through the total station is used to measure the ball prisms
target, to achieve the positioning of the global 3D scanning
data, with 3D coordinate positioning, to facilitate the later
point cloud data to splice accurately, and compare with
cross-sectional data. The splicing spheres are used as the
positioning reference point, and the positioning accuracy is
0.1 mm.

3.1. 3D Laser Scanning Programs

3.1.1. 3D Laser Scanning Application Process. The laser
point cloud data of the underground station outline were
collected, locating the absolute coordinates of target 1
with the total station. The distance between the scanning
stations is 40m, and the scanning time is 2~5min.
Importing of absolute coordinates of position targets,
stitching multisite tunnel point cloud data initializing,
and compressing the underground station point cloud
data were carried out. Processing point cloud data, gen-
erating tunnel overbreak and underbreak cloud map and
tunnel headroom detection cloud map, generating reports
automatically were carried out.

TK-PCAS is a tunnel laser scanning information system
developed by Chengdu Tianyou Tunnelkey Co., Ltd., which
has been successfully applied to many railway tunnel
projects, including the Badaling Tunnel of the Bei-
jing-Zhangjiakou High-Speed Railway and the Yujingshan
Tunnel of the Chengdu-Guizhou Railway. The application
process of 3D laser scanning in underground station tunnels
is shown in Figure 4.

3.1.2. 3D Laser Scanning Field Measurements. The schematic
diagram of the 3D scanner scanning station is shown in
Figure 5. The real coordinates of the reference point are
known, and the absolute coordinates of the positioning
target are determined through the total station release to the
positioning target 1. The purpose of the positioning target is
to provide absolute coordinates for the laser point cloud;
while the positioning sphere is for the point cloud data
collected by the adjacent scanning station to be quickly and
accurately spliced, the positioning target 1 should be within
the measuring range of the scanning station 1 and scanning
station 2, and the new positioning target 2 should be
arranged after the scanning station 2; through the point
cloud of the scanning station 2, the relative position rela-
tionship between the target 1 and the target 2 can be de-
termined, to determine the absolute coordinates of the
positioning target 2 coordinates.

The detailed steps of 3D laser scanning field measure-
ment are as follows:
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TaBLE 1: Comparison of 3D laser and conventional measurement methods.

. Worki Lighti
Method Measurement efficiency Measurement accuracy Data format yyorang '8 .t{ng
intensity conditions
3D laser Millions of point clouds in Millimeter class, high accuracy 3D point cloud Lower Not .
seconds demanding
Close-up Requires control point layout, Less accurate H1ghjdeﬁn1t1on Relatively Demanding
photography more efficient pictures low
. Slow measurement speed, needs The large spacing of sample Measured point Relatively Not
Total station . . . X . .
to lay out measurement points  points, low interval accuracy ~ coordinates data high demanding
Manual . Varying from person to person Varymg.from person fo None Relatively Demanding
observation person, with poor accuracy low

Right large-span
transition

1]
Left large-span 1
transition

Zhangjiakou

Beijing

Circular rescue channel

FIGURE 2: Distribution of caverns at the great wall station.
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TaBLE 2: FARO Focus 3D parameter indicators.

Items Accuracy (25m) Scan frequency Horizontal field Vertical field Scan time
Value 2mm 500 Hz 360° 305° 2~5min

Note. There is a positive correlation between scanning accuracy and 3D laser dot density: the larger the 3D laser dot density, the higher the scanning accuracy,
and the lower the scanning speed. The parameters in this paper only represent the applicable parameters of the project.

A¥

F1GURrE 3: 3D laser scanning system instrumentation.

(a) (d)

3D laser scanning application process

(1) Measure area division and (3) Measure absolute

measure point layout plan coordinates of position target

Cloud data collection at

] underground station .
(2) Locate ball and instal (4) Start scanning and check the
3D scanner total station l quality of the point cloud !
\
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! |
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FIGURE 4: 3D scanner scanning application flow.

Step 1. Place the positioning target 1 at the hole of the both sides at 40 m in the measuring direction of the hole;
station to be measured, draw a survey line from the to make the later identification convenient, there should
coordinate reference point outside the station to be be a certain height difference between the two balls.

measured to target 1, and determine the absolute co-

1 Step 3. Turn on the laser scanner and start to measure,
ordinates of target 1.

and after the laser beam is scanned 360 degrees hori-
Step 2. Set up the scanning survey station 1 at 20 m in the zontally, the measurement is completed; save the 3D
measuring direction of the hole and set up the FARO point cloud data and check the station point cloud map
Focus 3D 120; the positioning balls 1 and 2 are placed on on the display.
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Total station

1# Laser scanning sta

Tunnel side

2# Position target
2# Laser scanning station

4# Position ball

FIGURE 5: Schematic diagram of the 3D scanner scanning station.

Step 4. Measure station 1 after the completion of the
scan, the laser scanner along the scanning forward
direction to move 40m; set to scan the measuring
station 2, in the measurement direction to continue to
advance 20 m on both sides placed positioning ball 3
and positioning ball 4, positioning ball 1 and posi-
tioning ball 2 to remain in place.

Step 5. Continue the measurement, save the 3D point
cloud data, and check the station point cloud map
again.

Step 6. Repeat the above steps until the interior con-
tours of the station are completely scanned.

3.1.3. 3D Laser Scanning Station Distribution. Since a tunnel
is a narrow, closed space structure, the use of a 3D laser
scanner for tunnel section scanning should fully consider the
uneven distribution of tunnel point clouds. Reasonable
station planning can reduce its impact on point accuracy. At
the same time, factors such as operation cost should also be
considered.

Based on the design drawing of the Great Wall Station
and the layout of the cavern clusters, and considering the
factors influencing the scanning accuracy, the underground
station is divided into 20 measurement zones and arranged
38 measurement stations (the scanning range of the scan-
ning measurement stations within the same mileage is the
scanning measurement zone). The scanner station is located
in the center of the measurement area. Figure 6 shows the
distribution of scanning zones in the Great Wall Station of
Badaling Tunnel.

When the 3D scanner adopts high-resolution mode, the
measurement accuracy at a distance of 20 m is 2 mm, the
measuring zone length L takes 40 m, and the width H is
obtained according to the width of the tunnel section
projection, wherein the tunnel section projection width of
measuring zone 1 is 15m, and the tunnel section projection
width of measuring zone 6 is 8 m. Through calculation, the
minimum accuracy of measuring station 1 is 2 mm, which
meets the design requirement of minimum accuracy; the
width of each of the station layers is 2 mm. Zone layout is the

same; the accuracy of each survey area is also basically
known; to survey area 6 for example, after the calculation of
its minimum accuracy of 3 mm, it fully meets the tunnel
construction accuracy requirements.

3.2. 3D Laser Data Processing Optimization. Through the
software TK-PCAS tunnel laser scanning information sys-
tem large quantities of 3D point cloud measurement data
automatically process at a speed of fewer than 20 minutes per
station, generate laser scanning images, and provide accurate
quantitative analysis reports.

3.2.1. Measurement Accuracy Optimization. Scanning sta-
tion distribution needs to consider the minimum require-
ments for scanning point accuracy, select the appropriate
resolution, station location, and control the scan time in a
reasonable range.

The scanning accuracy of a laser scanner is determined
by three factors:

(1) Angular resolution ¢: the angular resolution deter-
mines the density of the laser point cloud, in the
same measurement distance, the higher the angular
resolution, the higher the density of the laser point
cloud and the greater the measurement accuracy.

(2) Measurement area size A: the measurement area size
includes the length L and width H of the measure-
ment area, which leads to the angle of incidence «
and measurement distance S from the scanner to the
corner measurement point.

(3) Laser footprint D: the diameter of the laser footprint
D will diverge as the measurement distance in-
creases; the farther the measurement distance, the
larger the diameter of the laser footprint, and the
smaller the measurement accuracy.

The scanner station is located in the center of the
measurement area (as shown in Figure 7), and the scanning
measurement accuracy of the four corners is the worst. The
error in the point occurs with the change of angle following a
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FIGURE 7: Schematic diagram of scanner measurement accuracy.

certain law, and the error variation has a certain limit value;
When the angle of incidence is fixed, the error in the point
grows linearly with the growth of the measurement distance
[12]. When the incidence distance is fixed and the effect of
the incidence angle on the measurement accuracy is con-
sidered, the error in the point cloud is

Op =" (1)
cosa
where « is the scan angle of incidence; 7, is the error in the
point cloud at an incidence angle of a; and g, is the error in
the point cloud at an incidence angle of 0.

Assuming that the tunnel contour is a rectangular in-
ground projection as shown in the figure, the FARO laser
scanner is located at the intersection point of the tunnel
center axis, and the measurement point with the largest
angle of incidence is located at corner point A. The maxi-
mum scanning angle of incidence within the measurement
station range is

L
Oy = arctan<ﬁ>, (2)

where a, . is the maximum angle of scan incidence within
the range of this station; L is the length of the tunnel
profile projection, called the station length; and H is the
width of the tunnel profile projection. The higher the laser
reflectance, the greater the laser accuracy. The following
figure shows the accuracy of tunnel measurement when
the laser reflectance is 10% and 90%, respectively.
Figure 8(a) shows the three-dimensional view of point
cloud scanned by laser obtained by Javier Roca-Pardifias
[13]. Figure 8(b) shows the expansion of the laser-scanned
point cloud along the midline of the tunnel. The tunnel is a
circular section with a radius of 5cm, and the 3D laser
scanner is located in the middle line of the tunnel. The

figures reveal that within the range of 20 m scanning station,
the distribution of point cloud density is not uniform. The
point cloud density at the section where the scanner is lo-
cated is the largest, and the density of the four angular point
clouds farthest from the scanner is the smallest.

Delaloye [14] suggested the station spacing L = H, and
according to equation (2), « = 45°. From Figure 9(a), it can
be seen that the tunnel should be within 25 m of the laser
measurement distance under unfavorable conditions (10%
reflectivity) to meet the scanning accuracy requirements. It is
known from equation (2) and Figure 9(b) that the error only
starts to rise sharply when the angle of incidence is greater
than 65°. When « = 65°, L = 2.1 D. Due to the actual tunnel
construction site conditions, the laser scanner may not be set
up exactly at the center axis of the tunnel, so the station
spacing is recommended to take L = (1 ~ 2)D.

3.2.2. Point Cloud Noise Optimization. Due to the poor air
quality, high dust density, large particles in the tunnel, and
the presence of construction personnel and construction
machinery, there are natural noise points in the laser scan.
Measuring instruments will produce a series of errors in the
process of collecting data, and the 3D laser scanner is no
exception; its collected point cloud data contains unwanted
redundant points and noise points mixed with the effective
point cloud. The redundant points and noise will not only
multiply the amount of point cloud data but also affect the
application of point cloud data. Therefore, for the charac-
teristics of underground station cavities, the optimization
research of point cloud denoising is carried out based on
KD-Tree topology and neighborhood search technology.

(1) KD-Tree Topology and Neighborhood Search. At present,
there are two main methods for constructing point cloud
neighborhoods: constructing Euclidean neighborhoods by
Euclidean distance and constructing k-neighborhoods by
finding k-nearest neighboring points [15]. The point cloud
neighborhood search method is only suitable for point
clouds with more uniform distribution; the k-neighborhood
construction by finding k-nearest neighbors is suitable for
tunneling longitudinal point clouds with uneven density.
The basic principle of k-neighborhood search is to calculate
the distance from one point to all other points separately and
then sort the points in ascending order according to the dis-
tance, and finally take the top k points as the k-nearest neighbor
points of the point. Using KD-Tree to partition the whole point
cloud scene makes it more efficient to search the neighboring
points in the process of finding the k-neighborhood [16].
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FIGURE 9: Variation of measurement accuracy with measurement distance and angle of incidence. (a) Measurement accuracy at different
measurement distances. (b) Measurement accuracy at different laser incidence angles.

KD-Tree is a generalized form of searching from binary
trees to multidimensional data. k denotes the spatial di-
mension, so KD-Tree is also called K-dimensional search
tree. The quickest way to construct a KD-Tree is to use the
splitting method like fast classification by placing the values
of the specified dimension on the root node and dividing
the remaining points with smaller values than the previous
node in this dimension in the left subtree and those with
larger values than the previous node in the right subtree.
Then, the process is repeated on the left and right subtrees
until the last tree of the classification contains only one
element.

(2) Laser Cloud Map Noise Reduction Method. The steps of
isolated noise filtering in laser point cloud based on KD-tree
include organizing the laser point cloud based on KD-tree,
finding out the k-nearest neighbors, and secondly, filtering

out the isolated noise based on the statistical properties of
the distance between the isolated noise point and its several
k-nearest neighbors.

Assuming that the median of the distances of the k-
nearest neighbors of the laser points approximately
satisfies the normal distribution, then 99.73% of the
points will fall in this region (shown in Figure 10), and the
points within this range will be regarded as valid points,
and only a very few points that do not meet the conditions
will fall outside the range, and these points will be
regarded as noise points to be removed. By setting the
threshold value in this way, the threshold value can be
calculated automatically according to the data size,
without manual repetition of setting, which improves
efficiency and speed.

If the average of the distances of the k-nearest neighbors
of any laser point i is D, then
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When |y - 30| <D;<|u+ 30, it is a valid laser point;
otherwise, it is an isolated noise point and is automatically
filtered out.

(3) Effect of Noise Reduction Optimization. Figure 11 shows
the 3D point cloud image of the tunnel during the operation
period. Figure 11(a) shows the 3D scanned raw cloud image,
and Figure 11(b) shows the point cloud after the noise re-
duction process. The noise in the cloud image is mainly
construction crew residuals, protruding objects inside the
lining, noise on the lining profile section, and other par-
ticulate matter that affects the laser imaging. The comparison
of the figures before and after filtering shows that all the
noise on the tunnel contour disappears, the construction
personnel clutter noise also disappears, and the noise in the
part connected to the track near the bottom plate also ba-
sically disappears, while the effective points on the tunnel
contour section are not significantly mistakenly deleted and
do not affect the subsequent processing.

4. 3D Laser Scanning Results and Analysis

4.1. The Tunnel Overbreak and Underbreak Detection. The 3D
laser scanning technology evaluated the tunnel overbreak
and underbreak, and the accuracy of the tunnel overbreak
and underbreak and calculations (including excavation
volume, overexcavation volume, the tunnel overbreak and
underbreak volume, and effective excavation volume) can
reach the millimeter level [6]. Accurate tunnel overbreak and
underbreak statistics can provide a reference for the next
cycle of drilling and blasting, thus achieving the purpose of
controlling overexcavation and avoiding underexcavation.
Data collection frequently constructed tunnels can be
limited by several site factors [10]. Laser scanning in dusty
tunnels significantly reduces the point cloud quality and the
scanner is subject to dust and moisture that affects its service
life, so as far as possible, the tunnel excavation profile
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sections are scanned according to the excavation progress,
after blasting, mechanical slagging, and manual cleaning.

In this paper, the 3D laser point cloud data is compared
with the excavation design section based on the TK-PCAS
system to analyze the over-the-tunnel overbreak and
underbreak condition of the tunnel. The actual excavation
section is called overexcavation and the tunnel overbreak
and underbreak if the contour of the designed tunnel is
outside the datum line and inside the datum line. The
contours of the design section are known according to the
tunnel design documents, and the actual excavation con-
tours are analyzed by the 3D laser scanning point cloud.

Figure 12 is a scanning cloud map of the excavation
profile for the mileage range DK68 +455 to DK68 + 459.
Positive values (blue) indicate overbreak and negative values
(red) indicate underbreak. Figure 13 shows that the tunnel
overbreak and underbreak exists around the excavation
contour, with the maximum depth of the tunnel overbreak
and underbreak reaching 150 mm; a small area of the
overbreak and underbreak exists in the center of the vault,
with the depth of about 50 mm; most of the tunnel exca-
vation contour is in the state of the overbreak, with the
maximum depth of overexcavation reaching 200 mm.

Table 3 shows the tunnel overbreak and underbreak size
statistics for sections DK68 + 455 to DK68 +459.

The results from Table 3 show that the tunnel cross
section is generally in overbreak, with the overbreak area
ranging from 6.22m? to 13.17m? and the overbreak rate
ranging from 0.283 to 0.598. The area of the tunnel
underbreak is small, with the tunnel underbreak area
ranging from 0.15 m? to 0.43 m? and the underbreak rate was
between 0.007 and 0.019.

4.2. Primary Support Clearance Monitoring. After the pri-
mary support is constructed for a certain distance (generally
40m), the clearance of the tunnel can be scanned and
inspected. After the scanning point cloud data is processed,
the primary support surface contour cloud map is obtained.
Through comparatively analyzing the point cloud contour
surface and the design section of the primary support (in-
cluding reserved deformation amount), the primary support
clearance cloud map is obtained. Positive clearance values
indicate that the point cloud profile is inside the design
section of the primary support and has not reached the design
limit. Negative clearance values indicate that the point cloud
profile is outside the design section of the primary support.

Figure 14 shows the 3D scan data of the primary support
clearances in the cross section of the mileage range
DKG68 + 409 ~ 449. The 3D laser scan point cloud is shown in
Figure 14(a) below, and the primary support clearances are
shown in Figure 14(b). Figure 15 shows the expanded view of
primary support clearances’ scanning cloud map.

As we can see in Figure 15, the point cloud profile is inside
the design section of the primary support (clearance is posi-
tive), the sectional area value is 0 ~ 15 mm in the vault, and the
clearance value is larger in the sidewall of primary support,
which is 35 ~ 40 mm, and the secondary shotcrete is needed in
the sidewall. The ground part is out of the scope of analysis.
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(b)

FiGure 11: Noise reduction processing effect. (a) Original cloud map. (b) Noise reduction cloud map.
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FIGURE 12: The tunnel overbreak and underbreak scanning. (a) Side view. (b) Front view.
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FIGURE 13: Expanded image of the tunnel overbreak and underbreak scanning.

According to the construction site conditions, a
monitoring section is arranged at an interval of 10 m at the
surface of the primary support of the tunnel, and 5 mea-
surement points are arranged symmetrically at each
monitoring section, which is located at the top of the arch,
left arch foot, right arch foot, left wall, and right wall. The
measurement results of the mileage range of DK68 + 410 ~
DK68 + 449 are shown in Figure 16. 3D laser scanning can

obtain the complete cross section of the outline of the
sectional area, while the total station is only measuring a
limited number of points, the tunnel clearance values are
positive; that is, the tunnel overall outline did not intrude
into the secondary lining design section. The clearance
value in the vault is smaller, followed by the arch foot on
both sides, and the primary support at the side walls has the
largest clearance value.
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TaBLE 3: Statistical table of the tunnel overbreak and underbreak dimensions.

. Overbreak Underbreak
. Design area

Mileage range (m?) Overbreak area Overbreak Overbreak  Underbreak area Underbreak Underbreak

(m?) volume (m°) rate (m?) volume (1) rate
DK455~DK456 22 6.22 0.51 0.283 0.15 0.08 0.007
DK456~DK457 22 8.56 0.75 0.389 0.28 0.11 0.013
DK457~DK458 22 11.25 0.64 0.511 0.43 0.16 0.019
DK458~DK459 22 13.17 0.71 0.598 0.39 0.14 0.017

(@)

(b)

FIGURE 14: Primary support clearances’ scanning cloud map of the tunnel. (a) 3D laser scanning point cloud. (b) Primary support clearances’

scanning map.

404 408 412 416 420 424

430 434 438 442 446

0.40

449 units: m

Figure 15: Expanded view of primary support clearances’ scanning cloud map.

As we can see from Table 4, the difference value of 3D
laser scanning clearance and the total station measure-
ment date is within 3 mm, which is the largest error
location in the left wall, the absolute value of the dif-
ference is 2.6 mm, which is the smallest error location in

the left arch foot, the absolute value of the difference is
0.4, and 3D laser scanning of the clearance value is
generally greater than the total station measurement data,
because of the difference with the measurement time, The
difference reflects the initial deformation of the tunnel,
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FIGURE 16: 3D laser scanning and total station section measurement data comparison. (a) DK68 + 415. (b) DK68 + 425. (c) DK68 + 435.

(d) DK68 + 445.

TABLE 4: Statistical table of primary support clearances of tunnel.

Tunnel clearance (mm)

Mileage Vault Left arch Left wall

3D laser Total station Difference value 3D laser Total station Difference value 3D laser Total station Difference value
DK68 + 415 17.2 15.7 1.5 25.2 239 1.3 38.5 36.2 2.3
DK68 + 425 15.2 14.7 0.5 25.3 249 0.4 37.2 35.3 1.9
DK68 + 435 4.1 6.2 -2.1 24.9 23.1 1.8 37.5 34.9 2.6
DK68 + 445 1.3 0.2 1.1 25.2 24.1 1.1 31.5 30.4 1.1

which was measured by the total station later than the 3D
laser scan.

5. Conclusions

In this paper, 3D laser scanning technology is investigated as
a method for monitoring the tunnel overbreak and
underbreak and primary support clearance in the con-
struction of underground station tunnel clusters, and the
main conclusions are as follows.

The tunnel structure is a thin and long line structure;
scanning station layout considering the specific require-
ments of scanning accuracy needs to control the station
length and scanning incidence angle. To reduce the scanning
error, the scanning station length should be reduced; the
distance between the two stations is about 40m, with a
station scanning radius of 20 m. There are 4 corners of each

measurement area; the worst scanning measurement ac-
curacy, after calculation and analysis of the minimum ac-
curacy of station 1, is 2 mm. The minimum accuracy of the
measuring zone 6 mm is 3 mm, which fully meets the re-
quirements of tunnel construction accuracy. The station
spacing is recommended to take L = (1 ~ 2)D.

Based on the TK-PACS system, the tunnel overbreak and
underbreak profile can be obtained by comparing the 3D
scan data with the design cross section, and the results show
that the tunnel cross section is generally in overbreak, with
the overbreak area ranging from 6.22 m? to 13.17 m?, and the
area of the tunnel underbreak is small.

By scanning the tunnel primary support sectional area,
we obtained the primary support surface contour cloud map,
and the tunnel clearance detection cloud map was obtained.
The results showed that the tunnel primary support did not
exceed the design section, the clearance value of the vault
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part was 0~15mm, and the clearance value of the sidewall
was larger, the clearance value was 35~40 mm, and the
sidewall needed to be shotcrete twice.

By the comparison of 3D laser scanning clearance and
the total station measurement date, the difference value is
within 3 mm, which is within the error margin. The position
with the largest error is the left wall with a value of 2.6 mm,
and the position with the smallest error is the left arch foot
with a value of 0.4 mm.
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