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Assessment Model for the Safety and Serviceability of
Structures using Terrestrial LiDAR

Abstract

Structural health monitoring is important to maintain the safety and serviceability of the structures. The
displacement in the structure should be precisely and frequently monitored because it is a direct assessment
index indicating its stiffness. However, no practical method has been developed to monitor such
displacement precisely, particularly for high-rise buildings and long span bridges because they cannot be
easily accessible. To overcome such difficult accessibility, we propose to use a LIDAR system that remotely
samples the surface of an object using laser pulses and generates the coordinates of numerous points on
the surface. In this study, using terrestrial LIDAR, we develop a novel displacement measuring model for
structural health monitoring and perform an indoor experiment to prove its performance.

key words : Health monitoring, Displacement measurement, safety evaluation, LIDAR system
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. . Deflection (mm)
Load step Measuring techniques /6 3 /2 9L/3 5L/6
LVDT 0.56 0.82 0.97 0.96 0.81
Step 1 LiDAR 0.40 0.64 0.72 0.64 0.40
Erectrical sensor 0.22 0.41 0.54 0.51 0.26
Fiber optic sensor 0.28 0.49 0.57 0.49 0.28
LVDT 1.14 1.68 1.98 1.91 1.53
Step 2 L.iDAR 0.78 1.26 1.41 1.26 0.79
Erectrical sensor 0.52 0.89 1.11 1.00 0.55
Fiber optic sensor 0.46 0.79 0.91 0.79 0.46
LVDT 2.32 3.48 4.03 3.82 2.90
Step 3 L.iDAR 1.47 2.35 2.65 2.36 1.47
Erectrical sensor 1.20 2.17 2.56 2.25 1.26
Fiber optic sensor 1.09 1.90 2.18 1.90 1.09
LVDT 4.52 7.09 8.01 7.53 5.39
Step 4 LiDAR 3.54 5.69 6.41 5.70 3.56
Erectrical sensor 2.76 5.12 5.84 4.97 2.81
Fiber optic sensor 2.71 4.71 5.41 4.71 2.71
LVDT 6.60 10.54 12.03 11.10 7.65
Step 5 L.iDAR 5.44 8.72 9.82 8.73 5.46
Erectrical sensor 4.33 8.19 9.14 7.68 4.29
Fiber optic sensor 4.42 7.69 8.84 7.69 4.42
LVDT 8.65 14.07 16.04 14.64 9.80
Step 6 L'iDAR 7.69 12.32 13.87 12.33 7.71
Erectrical sensor 5.90 11.60 12.76 10.63 5.79
Fiber optic sensor 6.15 10.70 12.31 10.70 6.15
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Load st M e techni Location (L/2)
oad ste easuring techniques
P & 4 Stress (tf/cn) Stress error (tf/c) | Stress error/Fy (%)
Erectric sensor 0.12 - -
Step 1 LiDAR 0.16 0.04 1.2
Fiber optic sensor 0.12 0.00 0.0
Erectric sensor 0.24 - -
Step 2 LiDAR 0.31 0.07 2.1
Fiber optic sensor 0.20 -0.04 -1.2
Erectric sensor 0.56 - -
Step 3 LiDAR 0.58 0.02 0.6
Fiber optic sensor 0.48 -0.08 —-2.4
Erectric sensor 1.28 - -
Step 4 LiDAR 1.40 0.12 3.6
Fiber optic sensor 1.19 -0.09 -2.7
Erectric sensor 2.00 - -
Step 5 LiDAR 2.15 0.15 4.5
Fiber optic sensor 1.94 -0.06 -1.8
Erectric sensor 2.80 - -
Step 6 LiDAR 3.04 0.24 7.3
Fiber optic sensor 2.70 -0.10 -3.0
0.5 05
0.0 | T Y — L 00 T — — P Pp—— ——
AT A [rU— Boom-on N ~<o . Py
05 . - - L] 0.5 D e e e S
) \ . . g 3 . T
\:4_10 - L < ‘:’--1.0 0 v
2 . £ N .
% 15 % 15 - - s
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~~~~~ LiDAR(STEP1) ———LIDAR(STEP3) —— LiDAR(STEPS) - - - LiDAR(STEP2) ~— = LiDAR(STEP4) « LiDAR(STEP6)
2.5 «  ELECTRIC(STEP!) o ELECTRIC(STEP3) ®»  ELECTRIC(STEP5) 2.5 a ELECTRIC(STEP2) a ELECTRIC(STEP4) a8 ELECTRIC(STEPS)
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3.0 s 1 1 ! 4 3.0 L 1 ! | .
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a8l 15. Ho| Zo| Wit x| mE XA 2%
(Step 1, 3, 5)

< 7|EoE ot HAASEERE A ¥4
e vlws) 1A L/2 A78A Hdl 2.21 mm(Step
59 x5 Jvehddch LVDT #9] A% gkg 71&
22 AZIAFAAAM 2] HYES ol gt AAE W
9 e wims BW L/2 AAA Ho 3.28
mm(Step 6)8 2HE eIt M7 A A A
s} FHFAA ) AP ES o] &3t AL WY 3k
9] Afolx LVDTZ ASg ¥ 33 Adies
2 2xE Jehigied, H¥ 80N HAE AN
o HP2AE o] FE3tedA s LAE
A AA FREAMET olq] dig st B
g Aoz oAardrh

26

03 16. o] Zof Wt fixio] W2 HE BE
(Step 2, 4, 6)
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