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Submi&ed:	
  Journal	
  of	
  Cement	
  and	
  Concrete	
  Research,	
  1999	
  

An	
  interes<ng	
  story	
  



History:	
  	
  (1)	
  Back	
  in	
  the	
  1990s	
  there	
  was	
  a	
  big	
  push	
  by	
  the	
  US	
  DOT	
  to	
  fund	
  research	
  on	
  concrete	
  
and	
  how	
  it	
  degrades	
  and	
  how	
  to	
  test	
  and	
  how	
  to	
  improve	
  it	
  (e.g.,	
  super-­‐concretes).	
  (2)	
  The	
  
Concrete	
  and	
  Cement	
  Research	
  group	
  at	
  Northwestern	
  University	
  (now	
  the	
  McCormick	
  
Infrastructure	
  Technology	
  Ins7tute)	
  pre&y	
  much	
  “owned”	
  that	
  research	
  at	
  the	
  <me.	
  	
  (3)	
  Guthrie,	
  
Carey,	
  Johnson,	
  and	
  TenCate	
  (with	
  grad	
  student	
  Byers)	
  all	
  tried	
  hard	
  to	
  get	
  a	
  LANL	
  “foot	
  in	
  the	
  
door”	
  with	
  some	
  novel	
  concrete	
  research.	
  (4)	
  Nuclear	
  Energy	
  interest	
  at	
  the	
  <me	
  was	
  nil.	
  



ASRdetectTM	
  is	
  now	
  a	
  standard	
  



Just	
  part	
  of	
  the	
  collec<on	
  of	
  highway	
  concretes	
  (US-­‐20	
  in	
  Iowa*),	
  pavement	
  
cements	
  and	
  concretes—even	
  the	
  Lucite	
  “standard”	
  that	
  was	
  used—trying	
  all	
  
the	
  usual	
  Nonlinear	
  acous<c	
  tes<ng	
  done	
  at	
  the	
  <me	
  to	
  characterize	
  these	
  
samples,	
  all	
  of	
  which	
  had	
  been	
  tested	
  already	
  with	
  ASR	
  Detect.	
  

*	
  The	
  state	
  of	
  Iowa	
  is	
  in	
  the	
  process	
  of	
  upgrading	
  US	
  20	
  into	
  a	
  four-­‐lane,	
  limited-­‐access	
  highway	
  for	
  its	
  en<re	
  length	
  in	
  Iowa.	
  	
  
[S<ll!]	
  (Wikipedia,	
  accessed	
  27	
  June	
  2012).	
  



Public	
  Rela1ons:	
  	
  George	
  even	
  got	
  an	
  audience	
  with	
  our	
  Senator	
  (and	
  a	
  “line	
  item”)	
  	
  	
  

Nonlinear	
  acous<cs:	
  	
  good	
  press	
  

LANSCE:	
  Neutron	
  radiography,	
  and	
  
FlashCT,	
  another	
  R&D	
  100	
  winner	
  



We	
  were	
  finalists	
  in	
  the	
  
compe<<on.	
  Got	
  to	
  a&end	
  a	
  nice	
  
recep<on	
  and	
  got	
  some	
  a&aboys	
  
but	
  did	
  not	
  win	
  anything.	
  

NRUI?	
  



What	
  kind	
  of	
  tes<ng	
  did	
  we	
  do	
  
and	
  what	
  was	
  finally	
  reported	
  in	
  
that	
  journal	
  ar<cle	
  we	
  submi&ed	
  
(and	
  what	
  happened)?	
  

•  We	
  examined	
  a	
  whole	
  suite	
  of	
  concretes,	
  including	
  some	
  super-­‐
concretes—Sasha	
  Su<n	
  was	
  involved	
  together	
  with	
  a	
  Civil	
  
Engineering	
  group	
  from	
  Wayne	
  State.	
  

•  For	
  the	
  paper,	
  we	
  finally	
  decided	
  to	
  carefully	
  examine	
  and	
  test	
  two	
  
samples	
  taken	
  from	
  a	
  40	
  year	
  old	
  pavement	
  pad	
  (concrete).	
  

•  One	
  sample	
  (from	
  the	
  edge	
  of	
  the	
  pad)	
  showed	
  no	
  significant	
  ASR	
  
damage	
  but	
  showed	
  visible	
  age	
  effects,	
  the	
  other	
  sample	
  had	
  
significant	
  ASR	
  damage	
  (with	
  similar	
  environmental	
  ageing)	
  [for	
  
those	
  of	
  you	
  visi<ng	
  Los	
  Alamos	
  soon,	
  I	
  can	
  show	
  you	
  some	
  of	
  the	
  
“cores”	
  drilled	
  in	
  the	
  pavement	
  near	
  SM-­‐40].	
  

•  Tests	
  included	
  (1)	
  quan<fying	
  the	
  peak	
  bending	
  during	
  a	
  resonance	
  
experiment,	
  (2)	
  measurements	
  of	
  sound	
  speed	
  and	
  Q,	
  VERY	
  similar,	
  
(3)	
  slow	
  dynamics	
  recovery	
  <mes	
  and	
  slopes	
  and	
  (4)	
  quan<fying	
  the	
  
maximum	
  frequency	
  shik	
  for	
  a	
  given	
  strain	
  level.	
  

	
  



This shows the non-linear response of the two pavements we looked at.  
The measurements show the change in resonance frequency as a function 
of driving force—a non-linear material shifts in frequency at higher forces 
due (essentially) to resonance of internal fractures.  The “intact concrete” 
looked good when we cored it but still showed a small shift in resonance 
(deflection to lower frequency).  The ASR concrete showed a marked shift.  
The non-linear acoustic work is being done in EES-11 (Jim TenCate and 
Paul Johnson are the contacts).  The (bio)geochemistry of cement/concrete 
is being done in EES-6 (Bill Carey and I are the contacts).  If you have any 
more questions, please feel free to give me a call. 

-George [in an Email to Senator Domenici’s science advisor at the time] 



Peak	
  bending	
  was	
  easy	
  to	
  see	
  and	
  quan<fy	
  and	
  up/
down	
  sweeps	
  differ	
  indica<ng	
  a	
  slow	
  dynamics	
  
measurement	
  should	
  be	
  done.	
  	
  Big	
  difference	
  
between	
  the	
  two	
  samples!	
  



A	
  slow	
  dynamics	
  recovery	
  measurement	
  was	
  done	
  on	
  both	
  
samples	
  (ASR	
  damaged	
  sample	
  is	
  the	
  lower	
  curve).	
  	
  Eric	
  
Smith	
  and	
  I	
  were	
  doing	
  slow	
  dynamics	
  on	
  lots	
  of	
  rocks	
  at	
  the	
  
<me	
  and	
  doing	
  the	
  concretes	
  too	
  was	
  easy	
  so	
  was	
  added	
  to	
  
the	
  suite	
  of	
  rocks	
  we	
  looked	
  at.	
  



Clearly	
  the	
  nonlinear	
  measurements	
  had	
  a	
  lot	
  to	
  offer	
  the	
  Cement	
  
and	
  Concrete	
  Research	
  community,	
  or	
  so	
  we	
  thought.	
  	
  We	
  
submi&ed	
  the	
  paper.	
  

Finally,	
  this	
  plot	
  shows	
  (normalized)	
  frequency	
  shik	
  
as	
  a	
  func<on	
  of	
  applied	
  strain	
  showing	
  again	
  how	
  
easy	
  it	
  was	
  to	
  tell	
  the	
  difference	
  between	
  the	
  two	
  
samples.	
  	
  	
  



A novel and interesting non-destructive test but too much of a teaser 
and not enough real engineering science to appeal to our readers.  
The authors really need to set up an exhaustive suite of test samples 
and compare their nonlinear results with all the traditional testing we 
read about in this journal.  Sounds like a good Ph.D. thesis in fact.  
However, in spite of the correlation between ASR Detect and these 
nonlinear tests, both are too new to give us any hint whether the 
technique will ever be useful.  I cannot recommend it for publication. 
	
  
Can the non-linear results be quantified, with something measureable like 
crack density?  ASR detect is novel but also unknown and untested and 
cannot be used to validate the non-linear results shown here.  I do not know 
these researchers, they have no reputation in concrete research.  Their work 
is interesting but should be validated and compared with the standard 
concrete testing on the full 50 standard benchmark samples.  I do not 
recommend publication. 



This	
  result	
  showed	
  up	
  in	
  an	
  ISNA	
  Proceedings	
  and	
  later	
  in	
  a	
  
PRL	
  with	
  Eric	
  Smith	
  with	
  the	
  suite	
  of	
  slow	
  dynamics	
  
discussion	
  and	
  recoveries.	
  



These	
  techniques	
  had	
  been	
  described	
  in	
  a	
  patent	
  applica<on	
  about	
  the	
  <me	
  of	
  
the	
  R&D	
  100	
  award	
  submission.	
  	
  One	
  of	
  us	
  pushed	
  the	
  LANL	
  patent	
  office	
  and	
  got	
  
this	
  through.	
  	
  RNUS?!	
  	
  Have	
  a	
  look	
  at	
  the	
  figures	
  we	
  chose	
  to	
  use	
  in	
  this	
  patent!	
  

N.B.	
  Guyer,	
  Johnson,	
  Van	
  den	
  Abeele	
  were	
  co-­‐inventors	
  



10	
  years	
  later	
  and	
  we’re	
  looking	
  to	
  apply	
  nonlinear	
  NDE	
  
techniques	
  to	
  a	
  different	
  kind	
  of	
  concrete	
  problem:	
  


