
The Experimental Facility for 
Wave-based Defect Detection 
at University of Perugia, Italy

B. Brunone, S.  Meniconi,  M. Ferrante,  
C.  Capponi,  E.  Mazzetti

1



In the labyrinth of pipe systems…

courtesy of B. Karney & A. Colombo 
University of Toronto, Canada
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Transient test-based techniques(TTBTs)

U n s t e a d y - s t a t e t e s t s a r e e x e c u t e d f o r d e t e c t i n g
a n o m a l i e s ( e . g . , l e a k s , p a r t i a l b l o c k a g e s , … ) ;
p r e s s u r e w a v e s e x p l o r e t h e s y s t e m s
( f r o m t h e p r a c t i c a l p o i n t o f v i e w t h i s i m p l i e s a v e r y s h o r t
d u r a t i o n o f t e s t s a n d t h e f a c t t h a t t h e w e l l - k n o w n p i p e s y s t e m
i n a c c e s s i b i l i t y i s o v e r c o m e )

O n l y p r e s s u r e d a t a a r e a c q u i r e d ( p r e s s u r e s i g n a l )
( f r o m t h e p r a c t i c a l p o i n t o f v i e w t h i s i m p l i e s t h e u s e o f c h e a p
p r o b e s q u i t e “ e a s y ” t o i n s t a l l w i t h r e s p e c t t o f l o w m e t e r s )
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Low frequency waves (LFW)

L F W  1 k H Z o r l e s s

( f r o m t h e p r a c t i c a l p o i n t o f v i e w t h i s a l l o w s u s i n g 1 - D
h y d r a u l i c t r a n s i e n t m o d e l s b u t r e d u c e s s p a t i a l r e s o l u t i o n )

8



The Experimental Facility for 
Wave-based Defect Detection 
at University of Perugia, Italy

Time-domain approach

P r e s s u r e s i g n a l s a r e a n a l y s e d i n t h e t i m e - d o m a i n
a n d a l l i n f o r m a t i o n a r e e x t r a c t e d b y i t w i t h o u t
u s i n g d i r e c t l y t h e g o v e r n i n g e q u a t i o n s ( i . e . ,
p r o p e r t i e s o f p r e s s u r e w a v e s a r e c o n s i d e r e d a n d
t h e c l a s s i c a l I T A a p p r o a c h i n n o t f o l l o w e d )
( f r o m t h e p r a c t i c a l p o i n t o f v i e w t h i s r e d u c e s c o m p u t a t i o n a l
e f f o r t s s i g n i f i c a n t l y a l s o i n t e r m s o f i n i t i a l c o n d i t i o n
a n a l y s i s a n d m a k e s t h e a n a l y s i s m o r e i n t u i t i v e a t l e a s t f o r
s i m p l e s y s t e m s )
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Short-period analysis

A t t e n t i o n i s f o c u s e d o n t h e f i r s t p i p e
c h a r a c t e r i s t i c t i m e s
( f r o m t h e p r a c t i c a l p o i n t o f v i e w t h i s r e d u c e s s i g n i f i c a n t l y
t h e i m p o r t a n c e o f b o t h u n s t e a d y f r i c t i o n a n d , f o r p o l i m e r i c
p i p e s , v i s c o e l a s t i c i t y )
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“SIMPLE” PIPE SYSTEMS

(i.e.,  classical  transmission mains)

LABORATORY EXPERIMENTS
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Illegal branche in 

Zambia (Mfula, 

2007)

Draft inletin 

Zambia

(Chulu, 2007)

Small leak in the aqueduct of  Perugia

Leaks and illegal connections
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Simulation of a leak in the lab





Simulation of a leak in the lab
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Experimental tests on damaged pipes
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HDPE pipe

L = 164.93 m

D = 93.3 mm (DN110)

Distance between the end 

valve V and the connection 

J of the branch

LVB= 102.70 m

BRANCH CHARACTERISTICS:

length: Lb = 36.30 m

diameter: Db = 22.3 m

Simulation of an illegal branch in the lab



Experimental transient tests

Q0 = 2.95 l/s
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INTRUSION: EXPERIMENTAL TEST
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IV

L = 164.93 m; D = 93.3 mm

LVVL= 75.97 m
T

Transient test in a pipe with an in-line valve

δ = 10°δ = 12°δ = 15°δ = 20°δ = 30°δ = 35°δ = 25°δ = 50°δ = 40°δ = 70°δ = 60°δ = 80°δ = 90°

Q0 = 2.57 l/s
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reflected 
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(da Meniconi et al. 2010)
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til,1= 0.41 s

tv= 0 s

tr= 0.89 s

Meniconi et al. 2009

Localization of the in-line valve

LVLen= 75.73 m
error = 0.32%
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Sizing of the in-line valve
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Partial Blockages
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A taste of more complex systems…



A taste of more complex systems…



A taste of more complex systems…



How to generate a transient?
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Closure by hand-operated valve Closure by solenoid valve

Portable pressure wave maker 
(PPWM)

Closure by electomechanical valve
Closure by pneumatic valve
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Execution of a proper maneuver

Spatial  resolution

Preliminary survey

Selection of accessible and reliable 

measurement sections
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