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P
ost-tensioning (PT) has increased the 
strength and serviceability for many 

of our nation’s bridges and will continue 
to play an important role in the design of 
future bridges. In-service post-tensioned 
bridges have proven to be very durable, 
however given the significant contribution 
that PT tendons provide to the bridge’s 
load-carry capacity, there is great interest 
in assess ing their  in-ser vice  condit ion. 
Inspection of PT strands can be difficult 
due to their multiple layers of encasement, 
which  t yp i ca l l y  inc lude  g r ou t ,  duc t s , 
reinforcing steel, and structural concrete 
(Fig. 1). 

N o n d e s t r u c t i v e  e v a l u a t i o n  ( N D E ) 
technologies provide the best  tools  and 
techniques to assess the condition of PT 
tendons. NDE technologies are advancing 
r a p i d l y  a n d  a r e  o f f e r i n g  i n c r e a s e d 
assessment capability and portability. Past 
PT NDE research has focused primarily on 
choosing the appropriate NDE technology 
for  the appl icat ion, which many t imes 
h a s  r e d u c e d  t h e  e f f e c t i v e n e s s  o f  t h e 

NDE technology. The  Federal  Highway 
A d m i n i s t r a t i o n  ( F H WA )  h a s  i n i t i a t e d 
research tasked to do the reverse, which 
i s  to  de s ign  and  de ta i l  the  b r idge  to 
accommodate the NDE technology in order 
to maximize the effectiveness of the most 
promising tools. 

Research Goals
The  p r imar y  goa l  o f  th i s  r e s ea r ch 

is to reduce the likelihood of premature 
de ter iorat ion o f  pos t - tens ioned br idge 
components and systems by identifying 
issues early through the use of NDE and 
provide better  information about load-
car r y ing  capac i t y.  Th i s  r e sear ch  w i l l 
dev e lop  gu idance  fo r  the  de s ign  and 
detail ing of  post-tensioned bridges and 
tendon components to facilitate application 
of promising NDE methods. The effort is 
focused on evaluation of grouted internal 
and external PT systems. The ult imate 
goal is to find combinations of NDE, PT 
system details, and bridge superstructure 
details, that can be implemented into future 

structures to increase the reliability and ease 
of inspection for post-tensioned systems. 

Research Approach
The first  task for this research was to 

identify promising and readily available 
N D E  t e c h n o l o g i e s  w i t h  t h e  a b i l i t y  t o 
d e t e c t  s t r a n d  c o r r o s i o n ,  g r o u t  v o i d s /
c o n d i t i o n ,  a n d  r e m a i n i n g  p r e s t r e s s . 
No  one  NDE technology  can de tec t  a l l 
the  poss ib le  i s sues , however  many can 
accurately  detect  one or  more. Each of 
t h e s e  N D E  t e c h n o l o g i e s  wa s  a s s e s s e d 
o n  i t s  a b i l i t y  t o  b e  a p p l i e d  t o  a  P T 
br idge  s t r uc tur e  and  prov ide  accura te 
a s s e s s m e n t  d a t a .  B o t h  s t r e n g t h s  a n d 
l i m i t a t i o n s  fo r  e a c h  N D E  t e c h n o l o g y 
w e r e  d o c u m e n t e d  a l o n g  w i t h  a n y 
current use in assessing and inspecting 
P T  b r i d g e s . T h e  n u m e r o u s  p r o m i s i n g 
NDE technologies investigated are l isted 
below.  

• Acoustic emission 
• Electrically isolated tendons 
• Ground-penetrating radar 
• Half-cell  potential 
• Impact echo 
• Infrared thermography 
• Radiography 
• Time domain ref lectometr y 
• Ultrasonic testing 
• Visual inspection 

In  add i t ion , th i s  r e search  ident i f i ed 
P T  s y s t e m  c o m p o n e n t s  a n d  b r i d g e 
super s t r uc tur e  de ta i l s  tha t  h inder  the 
N D E  m e t h o d ’s  a b i l i t y  t o  e f f e c t i v e l y 
e v a l u a t e  t h e  P T  t e n d o n .  U s i n g  t h i s 
in fo rmat ion , p rac t i ca l  de ta i l s  fo r  new 
d e s i g n  a n d  r e c o m m e n d a t i o n s  o n  h o w 
t o  a l t e r  P T  s y s t e m  c o m p o n e n t s  a n d 
br idge  supers t ructure  e lement s  wi l l  be 
d e v e l o p e d .  A s  o n e  m i g h t  e x p e c t ,  t h e 
applicabili ty and accuracy of many NDE 
technologies are affected by the type of 
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Figure 1. Typical post-tensioning strand encasement. All Figures and Photos: WSP/Parsons Brinckerhoff.
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encasement  around the PT s trand with 
the typical  encasement  variables  being 
meta l  v e r sus  p las t i c  PT  duc t ,  in te rnal 
versus external PT tendon, and amount 
of reinforcing steel . 

Research Findings
The research identified four promising 

N D E  t e c h n o l o g i e s  t h a t  c o u l d  b e 
in t eg ra t ed  in to  new  cons t r uc t ion  and 
be used for routine inspection of the PT 
tendon throughout  the  l i fe span o f  the 
structure. These promising technologies 
inc luded  e l e c t r i ca l l y  i so la t ed  t endons 
( E I T ) ,  t i m e  d o m a i n  r e f l e c t o m e t r y, 
h a l f - c e l l  p o t e n t i a l ,  a n d  u l t r a s o n i c 
t e s t ing  methods . The  l i t e ra ture  r ev iew 
a n d  f i n d i n g s  f r o m  t h i s  r e s e a r c h  a r e 
a v a i l a b l e  e l e c t r o n i c a l l y  a t  w w w. a t l s s 
. lehigh.edu/document s/Repor t s/ATLSS_
Report_14_01.pdf. 

Three of the four identified promising 
NDE technologies will require additional 
r e s e a r c h  i n  o r d e r  t o  t h o r o u g h l y 
d e m o n s t r a t e  t h e i r  a p p l i c a b i l i t y  a n d 
e f f e c t i v e n e s s  i n  P T  b r i d g e s .  H o w e v e r, 
the EIT technology is  ver y  mature and 
r o u t i n e l y  u s e d  i n  E u r o p e  a n d  c o u l d 
easily be deployed in the United States. 
I n  fa c t ,  E I T  i s  a l r e a d y  r e c o g n i z e d  i n 
the  PTI/ASBI  Guide  Spec i f i ca t ion  for 
Grouted Post-Tensioning  as a viable PT 

sys tem. The  spec i f ica t ion ident i f i e s  an 
EIT post-tensioning system as protection 
level three (PL-3), which represents the 
h ighes t  l e v e l  o f  PT  t endon  pr o t ec t ion 
possible. Another major benefit identified 
i n  t h e  r e s e a r c h  i s  E I T ’s  a b i l i t y  t o 
provide a very rigorous QC check during 
c o n s t r u c t i o n .  E I T  r e a d i n g s  d u r i n g 
c o n s t r u c t i o n  c a n  a c c u r a t e l y  d e t e c t 
breaches  in  the  PT tendons  pro tec t ion 
system.

Future Opportunities
FHWA has  s tar ted addi t ional  research 

t o  a d v a n c e  t h e  e l e c t r i c a l l y  i s o l a t e d 
t e n d o n  ( E I T )  t e c h n o l o g y  ( F i g .  2 - 4 ) . 
T h e  g r e a t e s t  n e e d s  t o  m a k e  t h i s 
t e c h n o l o g y  f u l l y  i m p l e m e n t a b l e  a r e 
sys tem qual i f icat ion speci f icat ions  and 
t e s t i n g  a l o n g  w i t h  s y s t e m  d e t a i l i n g 
g u i d a n c e .  T h e  r e c e n t l y  s t a r t e d  F H WA 
r e s e a r c h  w i l l  a d d r e s s  t h e s e  n e e d s  b y 
d e v e l o p i n g  s y s t e m  s p e c i f i c a t i o n s 
a n d  q u a l i f i c a t i o n  t e s t i n g  a l o n g  w i t h 
g u i d a n c e  o n  E I T  s y s t e m  d e t a i l i n g , 
i n s t a l l a t i o n ,  a n d  m o n i t o r i n g .  T h e 
r e s e a r c h  t e a m  w i l l  d e l i v e r  t h e  d r a f t 
s p e c i f i c a t i o n  t o  t h e  P T I / A S B I  M 5 0 
Commi t t e e  in  the  sp r ing  o f  201 6  an d 
we  look  fo r ward  to  implement ing  th i s 
p r omis ing  t e chno log y  in  our  na t ion ’s 
br idges  in the  near  future .  

Figure 2. Monitoring at post-tensioning anchorage. Figure 3. Electrically isolated tendon anchorage.

Figure 4. Electrically isolated tendon schematic.
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