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Project	  Goal	  

“To	  develop	  a	  comprehensive	  understanding	  of	  
the	  variables	  affec8ng	  the	  transfer	  length	  in	  
prestressed	  concrete	  cross8es,	  and	  to	  apply	  this	  
knowledge	  to	  ensure	  the	  proper	  design	  and	  
fabrica8on	  of	  these	  members	  for	  high	  speed	  
railway	  applica8ons.”	  
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Project	  Team	  
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Most	  Cross%es	  use	  either	  indented	  
wire	  or	  indented	  strand	  



Conforms	  to	  ASTM	  A-‐881	  
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Inves%ga%on	  of	  Transfer	  Lengths	  at	  6	  
Concrete	  Tie	  Producers	  in	  USA	  

§  Funded	  by	  Mid-‐America	  Transporta$on	  
Center	  (MATC)	  

§  First	  coordinated	  effort	  to	  measure	  transfer	  
lengths	  of	  concrete	  railroad	  $es	  that	  has	  ever	  
been	  conducted	  in	  the	  industry	  

§  220	  Transfer	  Lengths	  Measured	  
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Plants	  and	  Loca%ons	  

§  CXT	  Concrete	  Ties	  (Grand	  Island,	  NE)	  

§  CXT	  Concrete	  Ties	  (Spokane,	  WA)	  

§  CXT	  Concrete	  Ties	  (Tucson,	  AZ)	  

§  Koppers-‐KSA	  (Sciotoville,	  OH)	  

§  Rocla	  Concrete	  Tie	  (Denver,	  CO)	  

§  VAE	  Nortrak	  (Cheyenne,	  WY)	  
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18	  Different	  Reinforcing	  types	  

§  	  11	  different	  indented	  5.32-‐mm	  round	  wires	  
§  	  1	  smooth	  5.32-‐mm	  round	  wire	  

§  	  3	  different	  indented	  7-‐wire	  3/8”	  strands	  
§  	  1	  smooth	  7-‐wire	  strand	  3/8”	  strand	  

§  	  1	  indented	  3-‐wire	  5/16”	  strand	  
§  	  1	  smooth	  3-‐wire	  5/16”	  strand	  
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Laboratory	  Phase	  

§ Measurements	  of	  Reinforcement	  and	  Indent	  
Geometry	  

§  Transfer	  Length	  Measurements	  on	  Pre-‐
tensioned	  Concrete	  Prism	  

§  Pull-‐out	  Tests	  in	  Mortar	  
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Measurements	  of	  the	  Reinforcement	  
and	  Indent	  Geometry	  
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Indent	  Rollers	  
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WA	  (smooth)	  
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WB	  (chevron)	  
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WC	  (spiral)	  
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WD	  (chevron)	  
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WE	  (spiral)	  
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WF	  (diamond)	  
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WG	  (chevron)	  
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WH	  (chevron)	  
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WI	  (chevron)	  
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WJ	  (chevron)	  
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Pre-‐tensioned	  Concrete	  Prisms	  
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Parameters	  

§  The	  prisms	  are	  60”	  Long	  

§  Concrete	  cylinders	  are	  match	  cured	  to	  ensure	  the	  
compression	  strength	  at	  the	  $me	  of	  release.	  

§  Prestressing	  reinforcement	  is	  tensioned	  to	  0.75	  fpu	  

§  Compressive	  stress	  at	  release	  ≈	  2100	  psi	  

§  A	  gradual	  release	  is	  be	  ensured	  

§  Wire	  end-‐slip	  and	  surface	  strains	  are	  measured.	  
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Pre-‐tensioned	  prism	  parameters	  

1 Tests on 18 reinforcements 6 4500 3 54
Additional 10 groups 3 4500 3 30
Additional 10 groups 9 4500 3 30
Additional 10 groups 6 3500 3 30
Additional 10 groups 6 6000 3 30
2 groups combined 9 3500 3 6

Total = 180

# of Prisms 
per groupReinforcement Samples

Total # of 
Prisms

2

Part
Slump 

(Inches)

Release 
Strength 

(psi)
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Prestressing	  Frame	  
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3	  Prisms	  are	  cast	  at	  a	  %me	  
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Brass	  Inserts	  
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Whibemore	  Gage	  



Whibemore	  Gage	  Readings	  

40	  



41	  

-1000 

-900 

-800 

-700 

-600 

-500 

-400 

-300 

-200 

-100 

0 
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 

M
ic

ro
-S

tr
ai

n 

Distance From End of Tie (Inches) 

FRA Tie 2 Live end - 9 Point Average 

9 Point Average 

95% Max of 9 Point Average 



42	  

17.0	   16.8	  

13.1	   13.2	  
12.7	  

11.9	  

9.7	   9.4	  
8.9	  

11.5	  13.1	  

11.0	  
10.5	  

8.5	  
9.1	  

8.1	  

5.4	  

6.5	  
6.9	  

8.0	  

4	  

6	  

8	  

10	  

12	  

14	  

16	  

18	  

WA	   WG	   WB	   WD	   WI	   WJ	   WH	   WF	   WE	   WC	  

Tr
an

sf
er
	  L
en

gt
h	  
(In

ch
es
)	  

Smooth Chevron Diamond Spiral 



Un-‐Tensioned	  Pullout	  Tests	  with	  
Mortar	  
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	  Pullout	  Frame	  at	  KSU	  
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Obowa	  Sand	  
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Plant	  Phase	  

§  15	  Reinforcements	  will	  be	  used	  to	  fabricate	  
concrete	  railroad	  $es	  at	  the	  CXT	  pant.	  

§ Would	  like	  at	  least	  30	  transfer	  lengths	  with	  
each	  reinforcement	  type	  to	  be	  sta$s$cally	  
relevant.	  

§  This	  cannot	  be	  accomplished	  using	  current	  
methods	  

§  Need	  for	  Automated	  Transfer-‐Length	  
Measuring	  Device	  



Use	  of	  Laser-‐Speckle	  Imaging	  Device	  
to	  Measure	  Transfer	  Lengths	  in	  
Pretensioned	  Concrete	  Cross%es	  

	  

49	  



Concept	  of	  Laser	  Speckle	  



Photograph	  of	  Laser	  Speckle	  on	  Concrete	  	  
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Modular	  LSI	  Design	  With	  2	  Cameras	  

Gage Length 



Automated	  LSI	  Device	  
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