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Development and Application of Smart Tunnel
Laser Convergence Gauge
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200092, China;2. College of Civil Engineering, Shaoxing University,
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Abstract: Based on the phase-shift laser ranging principle, a
smart tunnel laser convergence gauge was developed which
consisted of a main engine, an adjusting device and the post-
processing software. The main engine has the functions of
measurement, editing, calculation, and data transmission
with enough memory to store monitoring data, and can
encrypt the monitoring data to prevent data fraud. The
adjusting device can be installed and disassembled quickly and
easily. It can adjust the laser point to aim at the target
accurately. Post-processing software can process the
encrypted monitoring data, draw convergence-time curve and
generate reports automatically. The laboratory and tunnel on-
site precision tests indicate that its monitoring precision can

reach 0. 50 to 0. 68 mm when the length of the tunnel
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convergence line is within the range of 5. 0 to 14. 0 m.
Compared with traditional convergence gauges and total
stations, the smart tunnel laser convergence gauge has the
advantages of high efficiency, low labor intensity and easy

operation.

Key words: smart; tunnel convergence; laser ranging;

precision assessment; data encrypted
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Fig.1 Smart tunnel laser convergence gauge and the

measurement principle of tunnel convergence
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Fig.2 Main engine and adjusting device of smart tunnel
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Fig.3 Operation interface of smart tunnel

laser convergence gauge
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Fig.5 Deformation-time curve of tunnel convergence
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Tab.1 Accuracy verification result of main engine

e L/ E =2 (= V Fe bifE s E{E/

fA/m fH/m mm fi/m  fi/m mm
1 2.999 2,998 —1 8 23,988 23.989 1
2 5.999 6,000 1 9  27.002 27.003 1
3 8.997 8,997 0| 10 30.002 30.003 1
4 11,992 11,991 —1 11 32,993 32,992 —1
5 15.005 15,005 0| 12 36012 36012 0O
6 17.995 17.994 —1 || 13 38.997 38.995 —2
7 20.986 20,986 0 | 14 41.999 41.997 —2
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Fig.6 Error distribution of horizontal convergence

in laboratory repeated test
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Tab.2 Horizontal convergence error of

laboratory repeated test

ek HE/  WE/ ®KIE R HE/ PR/
~ m W BRE/mm ®E/mm  mm? mm

Mk 1 6. 358 4 22 0.7 —0.9 0. 20 0. 45

Mk 2 12,242 3 22 1.2 —1.1 0. 27 0.52
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Fig.7 On-site convergence surveying
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Tab.3 Convergence error of tunnel

on-site repeated test

WM WM BRI BAGURE R/ e
B E Ty T ¥ mm % /mm mm? %/mm

AB 50 14,0080 1.1 =17 0.41 0.64
Wim 1 AC 50 14,0319 1.2 —0.9 0.30  0.50
BC 50 5.1829 1.1 —1.0 0.28 0.53
AB 25 7.4695 1.1 —1.1 0.33 0.57
Wi 2 AC 25 10.2864 1.2 —0.6 0.21 0.46
BC 25 14.4517 1.8 —11 0.46  0.68
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Fig.8 Error frequency distribution and normal

curve of convergence
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Tab.4 Alignment deviation influence on the length of
the survey line in the condition of different

angle between laser beam and reflector

HOLH AR SEA I LRAC BE 9 B0/ mm
5RO
BF#m/¢) 22/mm 6.0m 9.0m 12.0m 15.0m 18.0m
20 0.03 0.02 0.02 0.01 0.01
90 10 0.01 0.01 0 0 0
5 0 0 0 0 0
20 .71 172 1.73 173 1.73
85 10 0.86 0.87 0.87 0.87 0. 87
5 0.43 0.43 0.43 0.43 0. 44
20 3.44 3.45 3.46  3.46 3.46
80 10 1.73 1.73 1.73 173 1.73
5 0.87 0.87 0.87 0.87 0. 87
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Tab.5 Comparative monitoring result of smart tunnel

laser convergence gauge and total station
WSS R /mm
H WLk BC £k AB WLk AC
WS AW s AR Sl &3k
2014-09-02 0.0 0.0 0.0 0.0 0.0 0.0
2014-09-03 1.4 10.0 1.1 7.5 —0,1 3.9
2014-09-05 2.9 10. 8 1.9 5.2 0.8 4.5
2014-09-06 3.7 10. 9 2.5 6.5 1.2 5.4
2014-09-07 4.8 19.2 2.9 10. 8 2.1 5.2
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Fig.9 Comparative monitoring result of smart tunnel

laser convergence gauge and total station
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Tab.6 Comparison of smart tunnel laser
convergence gauge, total station,
and steel tape convergence gauge
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