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• 2008 – Pretensioned tie producers 
observed splitting cracks at de-tensioning 
that were attributed to the wire source and 
believed to be related to bond

• There was not a standard test for wire-to-
concrete bond like there is for strand
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• RJ Peterman & Associates, Inc. began working 
on a pullout test for indented wire that is 
similar to ASTM A1081 for strand

• Differences in bond-slip curves and maximum 
pullout forces were noted for different wire 
sources

• In 2011, Kansas State University received FRA 
funding for project titled “Quantifying The 
Effect Of Prestressing Steel And Concrete 
Variables On The Transfer Length In 
Pretensioned Concrete Crossties”
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Goal of Quality Control Bond Test

Proper bond here…

… indicates good performance here.



 The transfer length (or transmission length) is 
the length required to transfer the effective 
prestress force to the concrete.

 It must be less than the distance to the rail 
seat location for the tie to have the maximum 
shear and moment capacity.

 Transfer lengths that are too short can result 
in excessive busting demand at the ends of 
the pretensioned members
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Pullout Test Lab Work Conducted by…

Matthew Arnold

Former M.S. Student

Kansas State University

Department of Civil Engineering
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Wire 

Specimen 

Dimensions



• Type III cement (ASTM C150)

• ASTM C778 Sand (Ottawa Sand)

• Pre-sieved, 50-pound bags

• s/c = 2.0

• w/c = 0.427

Standard Materials and Mix Proportions



 Wire is secured in can

 Mortar places in 2 lifts

 Vibrate each lift



Specimens made and stored at room temperature

(73.5  3oF) and in a humidity controlled 
environment)



Testing Protocol

• Tested when mortar 

compression strength 

between 4500-5000 psi

• Force-controlled loading 

rate of 2000 lbf/min.

• Measure end slip and 

force in real time



Force vs. End Slip Example (WF)



Force vs. End Slip Averages
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Predictive Model





Verification of Wire Model

• (Avg. max force) WM = 6879 lbf

• Expected TL WM from prisms = 9.9 in.

• Actual Average Transfer Length for WM 

was 9.8 inches
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 Tie manufacturing facility can develop a 
relationship between A1096 pullout test 
results and transfer length (for their 
individual mix and release strength). 

 An acceptable bond range (A1096 value) can 
be established and specified in the 
purchasing agreement as part of standard 
quality control measures, so that the targeted 
transfer length range is achieved.



Transfer-Length Measurements at a Tie Plant in Fall 2015



Transfer Length Measurements with Limestone Mix



Lt = 13.5”

Lt = 20.7”



 Specify wires with a different A1096 pullout 
value in purchasing agreement

 Change the concrete strength at de-
tensioning



9.6

8.4

7.1

5.3

0

2

4

6

8

10

12

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

T
ra

n
s
fe

r 
L
e
n
g
th

 a
t 

D
e
-
te

n
s
io

n
in

g
 (
In

c
h
e
s
)

Concrete Compressive Strength at De-tensioning (psi)

Effect of Different Release Strengths With Wire WF



9.6

8.4

7.1

5.3

R² = 0.9946

0

2

4

6

8

10

12

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

T
ra

n
s
fe

r 
L
e
n
g
th

 a
t 

D
e
-
te

n
s
io

n
in

g
 (
In

c
h
e
s
)

Concrete Compressive Strength at De-tensioning (psi)

Effect of Different Release Strengths With Wire WF





 Specify wires with a different A1096 pullout 
value in purchasing agreement

 Adjust the concrete strength at de-
tensioning

 Adjust the mix design (change the 
aggregates)
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 Concrete tie producers should require wire 
manufacturers to supply ASTM A1096 test 
values at least quarterly (the frequency for 
strand) and probably more since bond in 
pretensioned concrete railroad ties is 
extremely important

 In addition, we recommend that the wire 
indent depth be kept below 0.006 inches 
(0.15 mm) and the indent sidewall angle 
should be greater than 25 degrees and ideally 
between 30-60 degrees




