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Project objective
�

Shor term
 objective 

Develop a dual-m
ode online SHM

 system
 that 

integrates active and passive sensor netw
orks w

ith 
advanced signal processing algorithm

s to m
onitor 

ASR induced degradation in reinforced concrete 
structures. 
�

Long term
 goal 

Provide support to a probabilistic SHM
 fram

ew
ork 

under developm
ent at IN

L, and support long-term
 

operational and m
aintenance decision m

aking
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Alkali-Silica Reaction (ASR) 
�

ASR is a chem
ical reaction betw

een Alkaline in cem
ent and silica 

in aggregate of concrete. 
�The expansive reaction product w

ill cause m
icrocrack

in concrete.  
�

ASR is a slow
 process. It m

ay take m
any years to show

 cracks.  
�ASR w

as found in Seabrook N
PP in 2010
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ASR Evaluation
�

Problem
s  

•How
 to detect initiation of ASR cracking?

•
How

 to evaluate the progression of ASR dam
age?

�
Proposed Solutions
•

Active sensing using diffuse ultrasonic w
ave (U N

ebraska)
•

Passive sensing using acoustic em
ission (S Carolina)

�
O

ther Tasks
•Specim

en fabrication and m
aterial research (U Alabam

a)
•Signal processing and prognosis m

odeling (Gatech
and IN

L)
•Validation on large scale specim

ens 
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Diffuse U
ltrasonic W

aves
�

W
aves scattered by aggregates 

and m
icrocracks

�
Coda w

ave interferom
etry 

(CW
I)

•
M

easure relative w
ave velocity 

change
•

N
eed a reference signal
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Research Tasks at U
N

L

�
Experim

ental program
•M

onitoring large scale ASR concrete specim
ens using 

diffuse ultrasonic w
aves –

system
 w

as installed in April 
2017

•M
onitoring of sm

all scale ASR specim
ens –

w
ill start soon

•CW
I analysis on sm

all specim
ens w

ith m
echanical cracks

�N
um

erical study
•M

odeling of concrete w
ith random

ly distributed 
aggregates and m

icrocracks
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Three Large Scale Concrete Specim
ens 

�
O

RN
L and University of Tennessee built three large 

concrete specim
ens to study stress effect on ASR 

•
Dim

ension: 3.5 x 3 x 1 m
, cast in August 2016

•
Control specim

en
•

Unconfined ASR specim
en

•
Confined ASR specim

en

�
N

DE researchers are invited to test on the specim
ens 

•
Evaluate the effectiveness and reliability of N

DE techniques
•

M
onitor the ASR progression 
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Three Large Scale Concrete Specim
ens –

9

Control specim
en

Unconfined ASR specim
en

Confined ASR 
specim

en

40’’

Extensive cracks 
observed at sensor 
installation (April 
2017). 



S
ensor selection
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E
xperim

ental setup
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Experim
ental setup

•
U

niversity of N
ebraska (U

N
L) team

 installed sensors (A
pril 21) on 

O
R

N
L/U

TK
 large scale A

S
R

 specim
ens, and start to receive data 

•
C

ollect data around 2:15A
M

 daily. The inform
ation w

as also 
shared acoustic em

ission research team
. 

Ultrasonic rem
ote m

onitoring system
 and sensors



Sam
ple Tim

e Dom
ain Signals on 3 specim

ens
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Tem
perature effect

�
Velocity change can be caused by
•Tem

perature change
•M

icrocracking
•Shrinkage, continuing hydration induced strength increase 

�
Tem

perature variation has significant effect on CW
I 

analysis, m
uch larger than m

icrocracking
effect

�
Relative w

ave velocity change dV/V is inversely 
proportional to tem

p change

�
Tem

perature effect is typically com
pensated by a 

reference specim
en in the sam

e tem
p condition
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Future w
ork

�
Im

prove understanding on tem
perature effect on 

opening/closing of m
icrocracks, and the effect of w

hich 
on diffuse w

ave analysis.
�

Start detailed m
onitoring and analysis on m

edium
 size 

ASR specim
ens by Decem

ber 2017
�

Collaborate w
ith U South Carolina to analyze data 

recorded by the AE sensors –
feasibility to develop a dual 

function system
 using the AE and ultrasonic sensors.
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