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M O T I V A T I O N

L V D TS t r a i n  g a u g e

R e f :
R o b e r s o n , ( 2 0 0 5 ) . P r e d i c t i o n o f v e r t i c a l d e f l e c t i o n s f o r al o n g - s p a n
p r e s t r e s s e d c o n c r e t e b r i d g e s t r u c t u r e . E n g . S t r u c t . 2 7 ( 1 2) , 1 8 2 0 - 2 7
P a r k , e t a l ( 2 0 0 5 ) . “ T h e d e t e r m i n a t i o n o f b r i d g e d i s p l a c e m en t u s i n g
m e a s u r e d a c c e l e r a t i o n ” E n g S t r u c t, 2 7 , 3 7 1 – 3 7 8

V i b r a t i n g  w i r e s t r a i n  g a u g e 
i n s t a l l a t i on  f or  v er t i c a l  
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M O T I V A T I O N

F i b e r o p t i c a l s e n s o r s : F i be r Br a g g G r a t i n g ,
F a b ry Pero t I n te r fe ro m e ter , Lo n g G a u g e S e n so r s ,
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In s i d e of  Fi b er  Br a g g  
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pa c k a g e

For t y FBG  s en s or s  i n s t a l l ed  on  t h e Ts i n g  
M a  b r i d g e t o m ea s u r e t em per a t u r e a n d  

s t r a i n
R e f : C h a n , e t a l . ( 2 0 0 6 ) . F i b e r B r a g g g r a t i n g s e n s o r s f o r s t r u c t ur a l h e a l t h
m o n i t o r i n g o f Ts i n g M a b r i d g e : B a c k g r o u n d a n d e x p e r i m e n t a lo b s e r v a t i o n ,
E n g . S t r u c t. , 2 8 ( 5 ) , 6 4 8 - 5 9
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R e f : N a k a m u r a ( 2 0 0 0 ) . ” G P S M e a s u r e m e n t o f W i n d - I n d u c e d S u s p e n si o n
B r i d g e G i r d e r D i s p l a c e m e n t s . ” J . S t r u c t . E n g . , 1 2 6 ( 1 2 ) , 1 41 3 – 1 4 1 9 .
A l b e r t , e t a l . “ P i l o t S t u d i e s o n P h o t o g r a m m e t r i c B r i d g e D e fo r m a t i o n
M e a s u r e m e n t.
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s y s t e m

G P S  A n t e n n a  
o n  l a n d
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M O T I V A T I O N

A d v a n t a g e s :
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s t a b i l i t y
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- M ea s u r es a t f i x ed l oc a t i on s

- A t t a c h s en s or s or t a r g et s t o t h e s t r u c t u r e
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( f or s en s or s ys t em ) - E xpen s i v e ( fo r se n so r

s ys t em )A n e w m e t h o d f o r m e a s u r i n g

d y n a m i c d e f l e c t i o n b y u s i n g

t e r r e s t r i a l l a s e r s c a n n i n g



O U T L I N E

• I n t r o d u c t i o n

• B a c k g r o u n d a n d E q u i p m e n t

• P r o p o s e d m e t h o d• P r o p o s e d m e t h o d

• E x p e r i m e n t a l t e s t s

• R e s u l t s a n d D i s c u s s i o n

• C o n c l u s i o n s



- Re co n s t r u c t
b u i l d i n g m od el s

I n t r o d u c t i o
n

B a c k g r o u n d  & 
E q u i p m e n t

P r o p o s e d
m e t h o d

E x p e r i m e n
t a l  t e s t s

R e s u l t s  & 
D i s c u s s i o n

C o n c l u s i o
n s

3D  poi n t  S ol i d  

- D et ec t  d a m a g e

Ph ot o of  t h e 3D  poi n t  
c l ou d

S ol i d  
m od el

FE  m es h S t r es s -
s t r a i n

Ph ot o of  t h e 
pi er

D a m a g e d et ec t i on  b y 
G a u s s i a n  c u r v a t u r e R e f : T r u o n g -H o n g , e t a l . ( 2 0 1 2 ) . F l y i n g v o x e l m e t h o d wi t h d e l a u na y

t r i a n g u l a t i o n c r i t e r i o n f o r f aç a d e / f e a t u r e d e t e c t i o n f o rc o m p u t a t i o n . J .
C o m p . C i v i l E n g . 2 6 ( 6 ) , 6 9 1 - 7 0 7 .
T e z a , e t a l . ( 2 0 0 9 ) . C o n t a c t l e s s r e c o g n i t i o n o f c o n c r e t e s ur f a c e d a m a g e
f r o m l a s e r s c a n n i n g a n d c u r v a t u r e c o m p u t a t i o n , N D T &E I n t , 4 2 , 2 4 0 - 4 9



- M e a s u r e s t r u c t u r a l
d i m en s i on s
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L a s er  
s c a n n er

A  poi n t  c l ou d  of  
a pex

- Rec on s t r u c t  m et a l  
s t r u c t u r es

R e f : M o s a l a m , e t a l . ( 2 0 1 4 ) . A p p l i c a t i o n o f l a s e r s c a n n i n g t o s t ru c t u r e s i n
l a b o r a t o r y t e s t s a n d f i e l d s u r v e y s . S t r u c t . C o n t r o l H e a l t hM o n i t . , 2 1 , 1 1 5 -
1 3 4 .
C a b a l e i r o , e t a l . ( 2 0 1 4 ) . A u t o m a t i c 3 D m o d e l l i n g o f m e t a l f ra m e
c o n n e c t i o n s f r o m L i D A R d a t a f o r s t r u c t u r a l e n g i n e e r i n g p u r p o s e s. I S P R S

S c a n  of  
d u c t b a n k

C r os s -s ec t i on a l  
d i m en s i on s
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S t a t i c d e f l e c t i o n s o f a b r i d g e
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C o n c l u s i o
n s

- L i c h t i et  a l . 
( 20 0 2)

- Lo v a s e t a l .
( 20 0 8)

I-S i TE TL S s ys t em
Wood en b r i d g e
R M S E = ± 9. 1 m m for t he
b ot t om

= ± 4.9m m fo r top

Pre c i se le vel l i n g o ne s <
T L S b a s e d
d i sp l a c e m e n t s < Tota l

R e f : L i c h t i ,  e t  a l .  ( 2 0 0 2 ) .  C o m p a r i s o n  
o f  d i g i t a l  p h o t o g r a m m e t r y  a n d  l a s e r  
s c a n n i n g .  
L o v a s ,  e t  a l .  ( 2 0 0 8 ) .  T e r r e s t r i a l  l a s e r  
s c a n n i n g  i n  d e f o r m a t i o n  m e a s u r e m e n t s  



M i n i m u m v e r t i c a l c l e a r a n c e
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n
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D i s c u s s i o n

C o n c l u s i o
n s

- R i ve i ro et a l.
( 20 1 3) • Rie g l L M S Z39 0 i ,

Tot a l s t a t io n ,
C a n on c a m er a
• A P-9 b r i d g e
• T L S > Tot a l s t a t io n:

9m m9m m
• P ho to g r a m m e t r i c

> Tot a l s t a t io n:
1 1 m m

- L i u  et  a l . ( 20 1 3)
• F a ro L S
880 H E
• Br i d g e

590 70 0
• M a x . d i f f .:

23c m

R e f : R i v e i r o ,  e t  a l .  ( 2 0 1 3 ) .  Va l i d a t i o n  o f  t e r r e s t r i a l  la s e r  s c a n n i n g  a n d  
p h o t o g r a m m e t r y  t e c h n i qu e s  f o r  t h e  m e a s u r e m e n t  o f  v er t i c a l  
u n d e r c l e a r a n c e a n d  b e a m  g e o m e t r y  i n  s t r u c t u r a l  i n s p ec t i o n  o f  b r i d g e s .  
M e a s u r e m e n t ,  4 6 ,  7 8 4 - 9 4 .



E q u i p m e n t
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- Te r re s t r i a l l a s er s c a n n e r s a re c l a s s i f ie d a s
t r i a n g u l a t i on a n d r a n g i n g

Ti m e of  f l i g h t  
m ea s u r em en t

Ph a s e m ea s u r em en t  
t ec h n i q u es

Pr i n c i pl e of  l a s er  b ea m  
s c a n n i n g

O u t p u t : p o i n t
c l o u d

x , y, z c oor d .s
In t en s i t y v a l u es
Re d , g r ee n , b l u e
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C o n c l u s i o
n sA s s u m p t i o n :

- A c ro s s re l a t i ve ly
s m a l l i n v e s t i g a te d
a r ea

- Ti m e- l a pse d ue to t he
m i r ro r ro t a t i n g to

D a t a c o l l e c t i o n :
- Sele c t a

re g io n/ a re a of
i n t er es t

- S c a n t h i s a rea
u n d e r u n loa d e d
a n d lo a d e d m i r ro r ro t a t i n g to

t a k e a n a d j a c e n t
v e r t i c a l s c a n l i ne i s
i g n or ed

- S c a n n i n g t i m e fo r
c o l le c t i n g e a c h d a t a
poi n t i n t he s a m e
s c a n l i n e i s eq u a l

a n d lo a d e d
c on d i t i on s
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s c a n  t i m e  f o r  d a t a  

p o i n t s

P o i n t - s u r f a c e  
b a s e d  m e t h o d  f o r  

d e f l e c t i o n  
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S m o o t h i n g  
v e r t i c a l  
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M e a s u r e m e n t b r i d g e d e s c r i p t i o n :
- L ou g h b r i c k l a n d Br i d g e on H i g h w a y A 1
- 29 be a m s , 2 0. 18m lo n g , 36.29 m w i d e , w i t h a

69-d eg r ee s k ew
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T e r r e s t r i a l l a s e r s c a n n e r : L e i c a s t a t i o n
P 20
- S el ec t ed a r ea = 30 m m x 30 m m
- A n g l e s pa c i n g : 0 .0 0 4 5 d eg r ees
- Of f s et d i s t a n c e» 7.5m
- Tot a l d a t a poi n t s /s c a n» 2625 poi n t s
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P r o p o s e d  
m e t h o d

E x p e r i m e n
t a l  t e s t s

R e s u l t s  & 
D i s c u s s i o n

C o n c l u s i o
n s

R e s u l t s :

D i s pl a c em
en t s

S m oot h i n g  
d i s pl a c em en t s  w i t h  a  

t i m e s t ep b y 0 .1 25s

D i s pl a c em en t s  a n d  a v er a g e d i s pl a c em en t s  of  t h e b r i dg e b ea m  
f r om  4  c on s ec u t i v e s c a n s



I n t r o d u c t i o
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B a c k g r o u n d  & 
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P r o p o s e d  
m e t h o d

E x p e r i m e n
t a l  t e s t s

R e s u l t s  & 
D i s c u s s i o n

C o n c l u s i o
n sD i s c u s s i o n :

- T L S c a n de te r m i n e ver t i c a l d i sp l a cem e n t s

w i t h o u t t a r ge t s o r s c a f fo l d i n g , t r a f f i c

d i s r u p t i o n , a n d c a n u se fo r lo n g - te r m

m on i t or i n gm on i t or i n g

- T L S t o dy n a m i c de f le c t io n m e a s u re m e n t

s t i l l h ol d s m a n y c h a l l en g es :

� a p p r o p r i a t e s a m p l i n g s t e p u n k n o wn

� n o i s e f i l t e r n e e d e d

� m i s s i n g d a t a b e tw e e n co n se c u t i ve

s c a n s

- De f le c t io n b a se d T L S co u l d be u se d to
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P r o p o s e d  
m e t h o d

E x p e r i m e n
t a l  t e s t s

R e s u l t s  & 
D i s c u s s i o n

C o n c l u s i o
n s- Pre l i m i n a ry s t u d y u se d T L S to co l le c t re a l

v e r t i c a l b r i d g e m o v e m e n t s d u e to dy n a m i c

v eh i c l e l oa d s

- Poi n t- s u r f a ce b a s e d m e t h o d appl ied to

c a l c u l a t e b r i d g e d ef l ec t i on

- Ve r t i c a l d i sp l a c e me n t d i re c t ly der i v e d f rom

t he poi n t- s u r f a c e b a se d me t ho d v a r ie d i n

±1 m m w h i le s m oo t h i n g b a se d app roa c h

w a s ±0 .5m m .

- A pp rop r i a te s a m p l i n g s tep a n d no i se f i l te r i n g

a l g or i t h m s t i l l n eed ed
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