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SUMMARY  

A frog foundation research project, jointly 
funded by the Federal Railroad Administration 
and Association of American Railroads, and 
conducted at the Facility for Accelerated Service 
Testing (FAST), tested a flexible frog crossing 
diamond prototype and it performed as 
intended. The tests have resulted in reduced 
wheel impact loads, reduced settlement, and no 
major structural component failure after 21.62 
million gross tons (MGT) of 315-kip gross rail 
load (GRL) traffic operated at 40 mph. 

Transportation Technology Center, Inc. (TTCI) 
in Pueblo, Colorado, performed modeling and 
previous testing under FRA Task Order 265. As 
a result, a prototype crossing diamond has been 
designed and fabricated that improves dynamic 
performance by introducing flexibility at the 
flangeway gaps as a primary feature. 

This phase of the project quantifies the 
improvements in the dynamic environment 
which were predicted to occur due to flangeway 
gap flexibility, as well as the presence of 
stiffness/damping control pads between the 
castings, the plate work, and under the 
crossties. 

The dynamic environment is evaluated by 
measuring the vertical track stiffness, track 
settlement, changes in the effective flangeway 
gaps, running surface wear/degradation, and 
dynamic wheel-impact loads.  

The static vertical stiffness tests indicate similar 
results as seen in previous crossing diamonds 
that were tested at FAST. 

A comparison of settlement during a similar 
tonnage period and maintenance conditions 
indicate half as much settlement on the 
prototype crossing diamond versus a previously 
tested diamond of the same basic casting 
elements (the “cast diamond”).   

Early test results indicate a 17–28 percent 
reduction in impact loads over the prototype (94 
kips at 40 mph) as compared to the cast 
diamond (120 kips at 40 mph). 

During the 21.62 MGT that the prototype 
diamond has been in service, one structural 
component, a bolt, has broken. Other 
nonstructural and welded components, which 
were designed to guide the diamond on the 
milled plates, broke and were rewelded. The 
original rubber pad between the bottom of the 
castings and the plate work disintegrated after 
one night of train operation. A new pad was 
installed and has been performing well in 
service for 18.56 MGT. 

 

Figure 1.  IWS consist over the prototype flexible frog 
diamond 
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Figure 2.  Prototype Frog Foundation Crossing Diamond 
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RESULTS 

Figure 3 displays the vertical track stiffness 
measurements that were taken over the 
prototype crossing diamond and its approaches. 
The results were comparable with previous 
crossing diamonds tested at FAST, where the 
stiffness at the center of the crossing is about 
200,000 lb/in.   

 

Figure 3.  Vertical Track Stiffness 

The top of rail elevation measured over the 
diamond is shown in Figure 4.  

The early results indicate that the prototype 
diamond has better settlement performance 
(less settlement at the diamond center) than a 
cast diamond that was previously tested at the 
same location.  After the first raise and tamping 
maintenance performed on the cast diamond, 
settlement was 2.14 inches during the 1.07 
MGT measurement interval, which was 
approximately a rate of 2.0 inches per MGT. By 
comparison, the prototype diamond settled at a 
rate of 0.8 inch/MGT during the 1.3 MGT 
measurement interval (following its first raise 
and tamping maintenance where it settled 1.06 
inch). 

Figure 5 shows the settlement rate at the center 
of the diamond, where the rate has diminished 
to about 0.9 inch per 100 MGT over the last 
11.6 MGT measurement cycle.  

The effective flangeway gap was measured with 
the instrument in Figure 6. The plastic, 8-inch 
chord reproduction of a 36-inch wheel is used to 

trace the rolling path over the flangeway gap. A 
section of carbon paper fastened to the clips 
captures the wheel’s running surface contact 
and indicates where the last and first wheel 
contacts were on each side of the flangeway 
gap. 

 

Figure 4.  Top of Rail Elevation 

 

Figure 5.  Settlement rate at the center of the diamond 
during three measurement cycles 

  

Figure 6.  Wheel flangeway gap measurement instrument 
developed by TTCI 

Figure 7 shows the effective flangeway gaps 
measured on the prototype diamond. The 
maximum and minimum gaps, measured over 
14 MGT, were 2.83 inches and 2.25 inches 



RESEARCH RESULTS REPORT                                                                                                                  4 | P a g e  

 

Figure 7.  Flangeway gaps measured on the prototype 
diamond

Figure 8.  Measured Maximum Vertical Loads  
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