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E b“ " ‘ Bridge
Roberson, (2005). gSredlctlon of vertical deflections for dong-span
prestressed concrete bridge structure. Eng. Struct. 27(012820-27

Park, et al (2005). “The determination of bridge displacemege using
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__‘ _ FBG Sensors (6 units) b A e 15 ui
(1) 6 FBG sensors installed on hanger cables kl‘ : : . ] IJ
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FBG Sensors (13 units)

(2) 13 FBG sensors installed on 4 rocke
bearings
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(3) 21 FBG sensors installed on
Chainage 23488
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Ref: Chan, et al. (2006). Fiber Bragg grating sensors for strucrtal health
monitoring of Tsing Ma bridge: Background and experimentabservation,
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Ref: Nakamura (2000). ”GPS Measurement of Wlndbl qéd Suspleoms
Bridge Girder Displacements.” J. Struct. Eng.,126(12), 1@
Albert, et al. “Pilot Studies on Photogrammetric Bridge Defmation
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Advantages:

- High accuracy and good gquality of data,
small size, light weight, and Ilong term
stability
Disadvantages

-M easures atfixed locations

-A ttach sensors ortargets tothestructure

- Needs a network totransmit data collection

(for sensor system ) - Expensive (for sensor
jl>m6\) new method for measuring
dynamic deflection by using

terrestrial laser scanning
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Introductio
n

- Reconstruct
buillding m odels

3D point S olid
cloud m od el
FE m esh Stress-

Ref: Truong-Hong, et al.

triangulation criterion for facade/feature

Comp. Civil Eng. 26(6), 691-707.
Teza, et al. (2009). Contactless

-Detectdam age

Ph oto of th e
pier

Damagedetection by

(2012). Flying vo><7erlwmre:[hwoci”vxlﬁiitihi dielaayl

detection forcomputation. J.

recognition of concreterfauce damage
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n

- "Measure structural
dimensions

L aser Scan of Cross-sectional

-Rettdi8€fuct m etd¥ctbank dimensions
structures

A point cloud of Projection of a point Boundarylines and

Ref: Mosalam, et al. (2014). AppCIIQHt(FIon of laser scanr?’RgmoOQthlures In
laboratory tests and field surveys. Struct. Control HealtMonit., 21, 115-

134.
Cabaleiro, et al. (2014). Automatic 3D modelling of metal ame



Background &
Equipment

Static deflections of a bridge

- Lichtietal. - Lovas et al.
(20 0 2) (20 0 8)

I-SITE TL S system

Wood en bridge
RMSE =+9.1mm for the
b ottom

=+ 49m m for ton
Ref: Lichti, et al. (2002). Comparison

of digital photogrammetry and laser Precise Ievelling ones <

scanning.
Lovas, et al. (2008). Terrestrial laser TLS based
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Equipment

MIinimum vertical ciearance
- Riveiro et al.

(20 1 3) - Riegl LM S Z390i,
Total station,

Canon cam era

_ « AP9Dbridge
e TLS >Total station:

9m m
« Photogrammetric
- Liu et a|_(2013) il Total station:
m m
e Faro LS
880 H E
e Bridge
590 70 O
e Max. diff.:
23Ccm

Ref: Riveiro, et al. (2013). Validation of terrestrialalser scanning and
photogrammetry techniques for the measurement oftveal
underclearance and beam geometry in structural insgeon of bridges.



Background &
Equipment

Equipment
- Terrestrial Taser scanners are classified as
triangulation and ranging

Tim eof flight
m easurem ent

Principleof laser beam
scanning

Output: point
cloud
X,Y,z coord.s

Phasemeasurem ent Intensityvalues
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D'ata collection:

- Select a
region/area of
Interest

- Scan
under
and
conditions

this area
unloaded
loadec

Proposed
m ethod

Assumption:

- Across relatively
small iInvestigated
area

-Time-lapse due tothe

mirror rotating to
take an adjacent
vertical scan line is
g n ored

- Scanning time for
collecting each data
point In the same
scan lineis equal



Proposed

m ethod
Workflow of defined Point-surface
scan time for data based method for
points deflection

measurement

Smoothing
vertical
displacement



tEaﬁ/lpeeeé'gﬂlreenm ent bridge description:
- Loughbrickland Bridgeon Highw ayA 1l
- 29 beams, 20.18m long, 36.29m wide, with a

69-d eg ree sk ew



erim.,en _ . .
I%r[ﬁsstrlal laser scanner: Leica station

Selected area =30mm x 30m m
Anglespacing:0.0045degrees
Offsetdistance 7.5m

Total data points/scam2625points
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Results &

R'esults: . .
Discussion
D isplacem Sm oothing
ents displacem ents with a

tim estepby0.125s

Displacements and averagedisplacem ents of thelgrad eam

£ __ -



Results &

Discussion. . :
Discussion

- TLS can determine vertical displacements
without targets or scaffolding, traffic
disruption, and can use for Jlong-term
m onitoring

- TLS to dynamic deflection measurement
still holds manychallenges:

appropriate sampling step unknown
noise filter needed

missing data between consecutive

scans



Conclusio
Preliminary study-used TLS o, collect real

vertical bridge movements due to dynamic
vehicleloads

Point-surface based method applied to
calculatebridgedeflection

Vertical displacement directly derived from
the point-surface based method varied in
tImm while smoothing based approach
was x0.5m m.

Appropriate sampling step and noise filtering
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