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EXECUTIVE SUMMARY

The H eavy  A xle L oad (HAL) im plem entation  p ro g ram  began  in  1988 w ith  the  objective 

of develop ing  econom ically  optim al an d  safe axle loads for N o rth  A m erican railroads. 

This research  is co nducted  by  the T ransporta tion  Technology C enter, Inc. (TTCI), a 

subsid iary  of th e  A ssociation of A m erican R ailroads (AAR), to  exam ine the  effects of 

'in c reased  axle loads o n  track  an d  track  com ponents, subgrade, an d  structu res, an d  to 

ensure th a t safe opera tions are no t com prom ised as axle loads increase. The Tie and  

Fastener Test has b een  a n  in tegral p a rt of the  HAL p ro g ram  since its incep tion  in  1988. 

This rep o rt com piles th e  results of tests th a t characterize the  perform ance of cross ties 

u n d er h eav y  axle loads. The p ro g ram  is sponsored  by  the AAR in  pa rtn e rsh ip  w ith  the 

Federal R ailroad  A dm inistra tion .

The effects of heav y  axle loads are being  exam ined a t the Facility for A ccelerated 

Service T esting  (FAST) a t the T ransporta tion  Technology C enter (TTC) in  Pueblo, 

C olorado. A  F A S T /H A L  tra in  is being  opera ted  on  the  FAST H igh  Tonnage Loop 

(HTL), a  2.7-mile test loop. The HTL has three 5-degree curves w ith  four inches of 

superelevation , one 6-degree curve w ith  five inches of superelevation , an d  tan g en t 

sections. The tra in  n o rm ally  consists of 70 to  80 m ostly  315,000-pound on  the  rail 

gondola cars a n d  opera tes  four days-per-w eek generating  3 to 5 m illion gross tons 

(MGT) p e r  w eek. The Tie an d  Fastener Test zones are located in  Sections 7 a n d  31, b o th  

of w hich  are  5-degree curves, an d  in  the 6-degree curve of Section 25. A t a s teady  40 

m ph, the  tra in  ru n s  a t 1.7 inches over balance speed  in  Sections 7 and  31, an d  a t 1.6 

inches o v er balance sp eed  in  Section 25.

The m a in  objective of the Tie an d  Fastener Test is to  quan tify  the perform ance of 

num erous tie ty pes a n d  fastening system s u n d e r 39-ton axle load  traffic. A n  add itional 

objective is to  com pare the  results ga thered  d u rin g  the 460 M GT logged in  Phases I and  

II of FAST /H A L  opera tions u n d e r s tan d ard  three-piece trucks, to  the resu lts  of Phase III 

testing u s in g  vehicles equ ip p ed  w ith  im proved  suspension  trucks. These trucks 

p rov ide  th e  benefit of im proved  curv ing  response w ith  enhanced  w heelset steering  and  

resistance to  tru ck  w arp .



Major Findings

The findings listed  below  have been  g ro u p ed  in to  these categories: Effect of Truck 

Suspension, Failure M odes, Effect of Species an d  M aterials, Effect of Fasteners, FAST 

Test Section Effects.

Effect of Truck Suspension:

T ruck  suspension  has been  the  la rgest single factor in  tie perform ance d u rin g  the  HAL 

experim ent. The use of p rem ium  suspension  trucks w ith  be tte r s teering  capabilities has 

g rea tly  im proved  the perform ance of all ties tested  u n d e r 39-kip w h eel loads.

• Im proved-suspension  trucks p ro v id ed  a red u c tio n  of abou t 50 p e rcen t in  the  

average la teral loads as com pared  w ith  s tan d a rd  three-piece trucks.

•  The gage-w idening ra te  over ties in  the  5-degree curve w as affected  m ore  b y  the  

reduced  lateral load env ironm ent u n d e r the  im proved -suspension  trucks d u rin g  

Phase III th an  by  tie species type  o r fasten ing  system .

• In  the  6-degree curve, du rin g  s tan d ard -tru ck  operations in  Phase II, tw o  hem -fir and  

tw o  sou thern  yellow  pine subzones reached  1 inch  over s tan d a rd  gage after 200 

M GT. Tw o D ouglas fir subzones reached  the  sam e lim it after 360 M GT. These 

subzones w ere  fastened w ith  cu t spikes.

• The gage-spreading  streng th  d eg rad a tio n  of softw ood ties w ith  e-clip and  

SAFELOK® fasteners u n d e r s tan d a rd  trucks w as com parable to  th a t of so ftw ood  ties 

w ith  cu t spikes u n d e r im proved  suspension  trucks in  Section 7 a t 0.5 L /V  static 

loads.

Failure Modes:

G age w iden ing  is the largest cause of w o o d  tie  m ain tenance at FAST. L ateral load ing  

resu ltin g  in  gage w idening, tie sp litting , an d  spike k illing are all seen. V ertical load ing  

p rob lem s have been  m inim al, except a t ab ru p t test section stiffness changes. The d ry  

clim ate of sou theastern  C olorado p reven ts  w o o d  decay  from  being  a significant factor.
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• Tie-plate cutting has not been significant at FAST under improved trucks.

Although cracks in ties have not been a major problem, most occur on the field side 

of high rails.

• The cracks originating at the high-side gage hold-down spikes on the majority of the 

Oak dowel-laminated ties have not affected track strength while in service for 470 

MGT.

Effect of Species/Materials:

Under the more severe load environment of standard trucks, Oak hardwood tie 

performance, in gage widening, was superior to the performance of softwood ties. 

Under the more benign load environment of premium trucks, the performance of 

hardwoods and softwoods was equally good. Both achieved markedly improved gage 

widening performance. In addition, azobe and various laminated wood ties performed 

well, resisting gage widening under premium trucks.

• Ties in the 5-degree curve of Section 7 that have not required re-gaging during 920 

MGT of service include:

-  Oak with cut spike, e-clip, and double elastic fasteners

-  Douglas Fir ties with cut spike and e-clip fasteners

• In the 6-degree curve, during standard truck operations in Phase II, two hem-fir and 

two southern yellow pine subzones reached 1 inch over standard gage after 200 

MGT. Two Douglas fir subzones reached the same limit after 360 MGT. These 

subzones were fastened with cut spikes. •

• Although higher than over solid hardwood tie track, the gage-widening rate over 

the mixed-specie subzone in the 6-degree curve, where three southern yellow pine 

ties were installed for every oak tie, was a low 0.07 inch per 100 MGT under 

improved-suspension trucks.



• There has been no significant gage degradation in the azobe cut-spike (520 MGT) 

and elastic-fastener subzones of the 5-degree curve in Section 31.

• During Phase III improved-truck operations, the average measured gage widening 

rate over the parallel-strand lumber ties with e-clips, the dowel-laminated oak ties 

with cut spikes, and both the vertical and the horizontal glue-laminated ties with cut 

spikes was comparable at about 0.02 inch per 100 MGT.

• Cedrite ties, spaced at 19.5 inches and held down with four screw spikes, were 

removed after 178 MGT during standard-truck operations due to rail-seat cracks in 

90 percent of the 6-degree curve installation. The installation in the tangent test 

zone, spaced at 24 inches and held down with four screw spikes, remains in service 

after more than 400 MGT.

• Spruce ties, pre-drilled at 3 /4  inch for screw-spike hold-downs, were removed from 

service after 3 MGT due to the number of screw spikes working out.

• The USPL plastic composite ties developed cracks originating at hold down screw 

spike holes due to the small size of the pre-drilled hole (5/8 inch). The cracks have 

not propagated during the past 100 MGT. The condition is not affecting track 

strength.

• The rough-sided USPL plastic composite ties, consolidated by over 10 MGT of 

traffic, provided 60 percent more lateral resistance in the Single Tie Push Test than 

wood ties under similar conditions.

Effect of Fasteners:

Under standard truck operations, use of elastic fasteners generally improved the gage

spreading performance of most ties tested. The effect is larger for low-density species

and ties. Under the premium suspension truck operations, many more ties provide

acceptable gage-spreading performance.

• The type of fastening system and the lateral load environment plays a greater role in 

determining the long-term degradation of gage-spreading strength than tie type or
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specie. The gage-spreading degradation rate of both Oak and Douglas Fir ties 

fastened with cut spikes was nearly five times greater than that of track fastened 

with e-clips during standard-truck operations in Section 7.

• The gage-spreading strength performance of softwood ties with e-clip and 

SAFELOK fasteners under standard trucks was comparable to that of softwood ties 

with cut spikes under improved suspensions trucks in Section 7 at 0.5 L /V  static 

loads.

• Under improved-suspension truck operations, the number of hold-down cut spikes 

in three southern yellow pine subzones, where all the ties were 7"x9"x8'5" and all 

had three rail spikes, did not affect the rate of gage widening.

• During standard truck operations, fastening system problems included loss of toe 

load, fractures of elastic fasteners and hold-down screw spikes working out, and 

fracturing below the tie surface.

• During improved truck operations, screw spikes in softwood ties continued to work 

out and some fractured below the tie surface. One elastic fastener type fractured 

regularly at two rail joint locations.

• With the cut-spike fastening system, increasing gage-spreading loads resulted in 

further weakening of gage-spreading strength. On the other hand, the elastic, 

fastening systems tested provided increasing gage-spreading strength as gage

spreading loads were increased.

• Refitting the softwood ties in Section 25 with e-clips (originally installed with cut 

spikes) improved gage retention after re-gaging. Maintenance of the badly split ties 

increased, however, due to screw spikes working up. The splits were caused by the 

numerous rail changes; that is, rail defects that were removed and replaced in that 

test zone.

• Although the condition did not significantly affect track geometry or stability, tie 

skewing occurred in 19.5-inch tie-spaced track and in 24-inch tie-spaced track where 

double elastic fasteners were used in both cases.
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FAST Test Section Effects:

The limited space available in curves for testing rail materials, rail maintenance policies, 

and crossties leads to an undesirable overlapping of component tests. The small size of 

the test sections in FAST and the lack of stiffness transition zones leave the tests 

vulnerable to the effects of uncontrolled variables such as rail breaks, bad joints, or 

other test section end effects.

• In the 5-degree test zone of Section 7, and the 6-degree test zone of Section 25, as 

much as 70 percent of the measured gage widening was attributed to rail wear.

• Numerous rail changes, due to rail defects in the 6-degree curve, was the cause of 

spike-killed ties during Phase II standard truck operation.

• Out-of-face surfacing and alignment of the Wood Tie and Fastener test zones at 

FAST is generally ,required at 100 MGT+intervals.

Full life cycle testing of ties at FAST is often not practical due to the relatively 

benign climate. Decay is not a significant factor for FAST wood ties. Due to the 

climatic, subgrade, and operating conditions under which tests are conducted at FAST, 

including the use of improved-suspension trucks which significantly reduce the lateral 

load environment, the performance of the ties and fasteners tested may differ in 

revenue service.
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1.0 BACKGROUND
The Heavy Axle Load (HAL) implementation program began in 1988 with the objective 

of developing economically optimal and safe axle loads for North American railroads at 

the Facility for Accelerated Service Testing (FAST) at the Transportation Technology 

Center (TTC) in Pueblo, Colorado. The research is being continued by Transportation 

Technology Center, Inc. (TTCI) to examine the effects of increased axle loads on track 

and track components, subgrade, and structures, and to ensure that increasing axle 

loads do not compromise safe operations. The Tie and Fastener Test has been an 

integral part of the HAL program since its inception in 1988. This report compiles the 

results of tests that characterize the performance of cross ties under heavy axle loads.

Exhibit 1 shows the High Tonnage Loop, a 2.7-mile test loop at TTC's Facility for 

Accelerated Service Testing (FAST). The effects of heavy axle loads are examined at 

FAST by operating the FAST/FIAL train on the HTL. The HTL has three 5-degree 

curves with 4 inches of

superelevation, one 6-degree 

curve with 5 inches of 

superelevation, and tangent 

sections. The FAST/HAL train, 

which normally consists of 70 

to 80 mostly 315,000-pound 

cars (39-ton axle loads), 

operates at night starting at 

2200 hours and stopping at 

0730 hours the following
Exhibit 1. Wood Tie and Fastener Test Zone Locations on 

the High Tonnage Loop (HTL)

morning. It operates 4 days per week generating 3 to 5 million gross tons (MGT) 

weekly. The Tie and Fastener Test zones are located in Sections 7 and 31, both of which 

are 5-degree curves, and in the 6-degree curve of Section 25. At a steady 40 mph, the 

train runs at 1.7 inches over balance speed in Sections 7 and 31, and at 1.6 inches over 

balance speed in Section 25.
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2.0 TEST OBJECTIVES
The main objective of the Tie and Fastener Test is to quantify the performance of 

numerous tie types and fastening systems under 39-ton axle load traffic. An additional 

objective is to compare the results gathered during the 460 MGT logged in Phases I and 

II of FAST/HAL operations under standard trucks, to the results of Phase III testing 

using vehicles equipped with improved suspension trucks.

3.0 FAST/HAL TEST PHASES
Phases I and II of the HAL program investigated track performance under 39-ton axle 

loads equipped with standard design three-piece freight car trucks. Results of Phase I 

indicated that 39-ton axle loads could operate on a standard track structure, but with 

increased track maintenance costs of approximately 30 percent. After 300 MGT of 

Phase II testing, results indicated that premium materials, especially head-hardened, 

rail, concrete ties with dual durometer tie pads, high integrity frog castings, premium 

thermite welds, and hardwood ties with elastic fasteners would improve the efficiency 

and economics of 39-ton axle load operations.

Phase III of the program focused on determining the benefits of operating 39-ton 

axle loads with improved suspension trucks. An industry-wide truck-performance 

evaluation program, initiated during Phase II, resulted in the selection of three 

improved truck designs for Phase III operations. In November 1995, the FAST train was 

re-equipped with 75 car sets of improved suspension trucks. After more than 400 MGT, 

logged during Phase III, test results suggest that improved suspension trucks will 

substantially improve the economics of operating 315,000-pound freight cars. Benefits 

include a reduction of 20-25 percent in fuel consumption, doubling rail wear life on a 5- 

degree curve, and a decrease in gage widening in softwood ties of over 50 percent. In 

addition, lateral forces and wheelset angle of attack have been reduced significantly. 

Exhibit 2 lists the track component and suspension truck types used during the first 

three phases of FAST/HAL testing.
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Exhibit 2. Track Component and Vehicle Suspension Truck Types during 
the First Three Phases of FAST/HAL Operations

4.0 FAST/HAL LOAD ENVIRONMENT AND LUBRICATION
When comparing the performance of ties and fasteners, it is important to consider the

load environment. At FAST, instrumented wheelsets are used to measure dynamic 

vertical, lateral and longitudinal w heel/rail forces. They measure the loads "seen" by 

the test vehicle wheelsets as they travel along the changing geometry of the track.

During Phase II the load environments in Sections 7 and 25 were measured under 

the 39-ton axle load test vehicle that was equipped with instrumented wheelsets 

installed in standard three-piece trucks. For comparison, the test was repeated during 

Phase III with instrumented wheelsets installed in improved suspension trucks.

Section 7 is a 1,000-foot, 5-degree curve, with 300-foot spirals and 4 inches of 

superelevation. Train handling in Section 7 is typical of level running and the 

w heel/rail contact is conformal. Section 25 on the other hand, is a 2,700-foot, 5-degree 

curve with 300-foot spirals and 5 inches of superelevation. In Section 25, buff train 

handling conditions exist in the clockwise direction and draft in the counterclockwise 

direction. Section 25, which is also the site of the FAST Rail Grinding Test, contains rail 

profiles that include 2-point and conformal.
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The consist used for the instrumented wheelset tests included one locomotive (263 

kips), one instrumentation car, two buffer cars (315 kips), and one test car (315 kips) 

with 38-inch diameter instrumented wheelsets. In comparison, the test car used in the 

Phase II test was equipped with standard three-piece Super C-l Wedgelock trucks. The 

test car used in the Phase III test had Buckeye Steel Casting improved suspension 

design trucks installed. The instrumented wheelset test consists ran in both clockwise 

and counterclockwise directions at 40 mph.

Typically, two wheelsets are installed in the same truck of the test car. Continuous 

vertical and lateral forces are processed from individual strain gage circuits on the 

wheels. Raw data is collected at a digital sample rate of 500 sam ples/second for each 

circuit and processed to produce the continuous data at the same frequency.

The Buckeye Steel Casting improved suspension trucks used for the Phase III test 

were designed for improved curving response with enhanced wheelset steering 

capability and resistance to truck warp. The design provides constant damping and is 

equipped with a D5 suspension, hydraulic dampers, and a primary suspension.

The lubrication policy on the HTL is to apply lubrication to the gage face of the high 

rail and light lubrication to the top of the low rail in all curves except the dry wear 

reverse curve in Section 7. However since the HTL is a closed system; i.e., a 2.7-mile 

loop of track with a captive fleet of cars, lubricant from the low rail of the other curves 

migrates to the dry wear zone and contaminates it somewhat. Since the Section 7 curve 

is the opposite direction from the other curves on the loop, in addition to cross tie test 

zones, it is also the site of the dry FAST Rail Wear Test.

Since lateral loads are less at the trailing axles, only the lateral loads at the lead axles 

of the lead trucks are presented here. Further, since train operations at FAST are 

conducted nearly equally in clockwise and counterclockwise directions, the values 

plotted in Exhibits 3 and 4 represent the average percentiles measured in both 

directions. Generally, Section 7 exhibits the lowest lateral loads and Section 25 the 

highest. Since the load environment of the Section 31 5-degree curve falls between that
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of Sections 7 and 25, it is not presented. The differential in running surface friction, due 

to high rail lubrication and rail profile, accounts for the higher lateral loading in Section 

25.

Exhibit 3 compares the 50th percentile lateral loads measured on the high and low  

rails under standard and improved suspension trucks in Sections 7 and 25. The results 

show that on a typical (high rail and low rail) lateral load on the 6-degree curve in 

Section 25 under the standard trucks was approximately 8.1 kips. Compared to 

approximately 5.8 kips measured on the 5-degree curve in Section 7, the load 

environment of Section 25 was about 41 percent greater than that of Section 7 under 

standard trucks.

The use of improved suspension trucks during Phase III testing significantly 

reduced the lateral load environment; and thereby its effect on the performance of the 

crossties and fasteners tested at FAST. Typical median lateral loads decreased by about 

57 percent in Section 7 under improved suspension trucks from 5.8 kips to about 2.5 

kips. Similar results were seen in the Section 25 6-degree curve where the use of 

improved suspension trucks reduced the typical median lateral loads about 45 percent 

from 8.1 kips to 4.5 kips. Although the load environment was significantly reduced 

with the introduction of improved suspension, the loads measured in the Section 25 6- 

degree curve remained higher, at 4.5 kips, than those in the 5-degree curve of Section 7 

at 2.5 kips.
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L a te ra l L o a d  E n v iro n m e n t 
50 th  P e rc e n tile

S7LR S7HR S25LR S25HR

in  Standard Trucks ^  Improved Trucks!

Exhibit 3. Median Lateral Loads on the High and Low Rails in 
Sections 7 and 25

As shown in Exhibit 4, at the 90th percentile the average lateral load (high rail and 

low  rail) in Section 25 was about 13.3 kips under standard suspension trucks and 8.1 

kips under improved trucks for a reduction of 39 percent. Similarly, the 5.5 kips 

measured in Section 7 under improved suspension was about 36 percent less than the

8.6 kips measured under the standard trucks.

La tera l Load E n v iro n m e n t 
90 th  P e rce n tile

16 

14 

12 

a  10
JC

i ” „
d
co 
0)
a  6
_ i

4 

2 

0
S7LR S7HR Average S25LR S25HR

E3 Standard Trucks El Improved Trucks

Exhibit 4. Lateral Loads at the 90th Percentile on the High and Low 
Rails in Sections 7 and 25
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A  su m m ary  of the  lateral load  env ironm ent an d  influencing opera ting  conditions in  

the  5-degree curve of Section 7 and  the 6-degree curve of Section 25 is show n  in  Exhibit

5.

Exhibit 5. Lateral Load Environment and Influencing operating Conditions in Sections 7 and 25

Wheel 
Load (kip)

Truck
Type Lubrication Degree of 

Curvature
Operating 

Speed (mph) Rail Profile Lso (kip) Lgo (kip)

39 Standard

High rail slightly 
contaminated. 

Low rail light indirect
5 40 Conformal 5.8 8.6

High rail gage face 
direct.

Top of low rail light.
6 40 2-point 8.1 13.3

39 Improved

High rail slightly 
contaminated. 

Low rail light indirect
5 40 Conformal 2.5 5.5

High rail gage face 
direct.

Top of low rail light.
6 40 2-point 4.5 8.1

Where: L50 = Lateral load at the 50th percentile (average of the high and low rails) and Lgo = lateral load 
at the 90th percentile (average of the high and low rails)

Exhibit 6 lists typical vertical loads in  Sections 7 an d  25. For the  rim  p resen ted  here, 

VL m ax = 56 kips occurred  a t Section 7 in  the  5-degree curve on  the  low  rail in  the 

clockwise direction. VL m in  = 40 kips occurred in  the  6-degree curve on  the  low  rail in  

the  counterclockw ise direction.

Exhibit 6. Typical Vertical Loads in Clockwise (CW) and Counterclockwise (CCW) Directions on 
______ ___________the High (HR) and Low Rails (LR) in Sections 7 and 25______

50th Percentile Loads (kips) 90th Percentile Loads (kips)

Section HRCW HRCCW LRCW LRCCW HRCW HRCCW LRCW LRCCW

7 38 44 48 44 43 52 56 50

25 43 48 43 36 48 54 47 40

5.0 TEST MATERIALS AND ENVIRONMENT
D ue to  the  climatic, subgrade, and  operating  conditions u n d e r w hich  tests are 

conducted  a t FAST, inc lud ing  the use of im proved-suspension  trucks w hich
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significantly  reduce the  lateral load  env ironm en t, the  perform ance of the  ties and  

fasteners tested  m ay differ in  revenue  service.

In  ad d itio n  to  the typical so lid -saw n w o o d  a n d  g lue-lam inated  crossties, parallel 

s tra n d  lum ber ties an d  plastic com posite  tim es a re  curren tly  b e in g  tested .

A ccording  to  m anufacturer lite ra tu re , Parallam® Parallel S trand  L um ber (PSL) is a 

p ro d u c t of Trus Joist, and  is m an u factu red  a t th e ir  p lan ts located  in  V ancouver, BC, 

C olbert, GA, an d  B uckhannon, WV. P ara llam  PSL is p rim arily  m an u fac tu red  from  

D ouglas fir an d  sou thern  pine. Logs are in itia lly  debarked , cond itioned , an d  peeled 

in to  veneer sheets. The veneers are  d ried  an d  th e n  s tran d ed  in to  1 /2 -in ch  w ide  strips. 

A t th is po in t, the  strands are coated w ith  a w a te rp ro o f s tru c tu ra l adhesive  conform ing 

to  the  requ irem ents of ASTM D-2559 for s tru c tu ra l w ood  adhesives. A fter the  strands 

a re  re-d ried , th ey  are random ly  stacked  in to  a b ille t form . The con tinuous m a t is 

m o n ito red  to  assure a consistent m ateria l density . The m ate  is th e n  p ressed  to  its final 

d im ensions an d  is cured  using  m icrow ave energy. Full b ille t d im ensions of the  finished 

p ro d u c t are Il"x l9 "x 6 6 '. F urther ch o p p in g  an d  rip p in g  of the  b ille t is possible, b u t 

certa in  sizes p rove  to  be m ore econom ical th a n  others.

U.S. Plastic Lum ber C orpora tion  (USPL) m anufactu res the  p lastic  com posite ties in  

te s t u n d e r the  FAST program . A ccord ing  to  m anufactu rer lite ra tu re , the  Duratie™ is a 

com posite  of recycled polym ers, coated  fiberglass, inorganic fillers, p rocessing  aids, and  

foam ing  agents to  control p ro d u c t density . The p rim ary  source for the  raw  m aterial 

po ly m er is h ig h  density  polyethylene fo u n d  in  th e  post-consum er recycling stream . The 

tie 's  m anufactu ring  follows fu n d am en ta l p lastic  ex trusion  practices. W ith in  these 

processes, the  low er m elt po lym er m ateria ls  are b ro u g h t to  th e ir m elting  tem peratu res 

b y  the  in fusion  of friction an d  ex ternal heat. The process con tinues w ith  the 

in tro d u c tio n  of pre-com pounded  fiberglass, fillers, an d  p rocessing  aids. M aterial 

fo rm ulations are controlled to  m axim ize the  fiber orien tation  for s tren g th  an d  stiffness 

a long  the  ex trusion  axis. The ho t flow ing  m elt is transitioned  fro m  the  ex truder into 

specially  designed  and  sized m olds. O nce filled, the  m olds are tran sp o rted  to  several 

cooling states to  transition  the  m ateria l in to  a h a rd  crystalline state. O nce cured, the
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m aterial is p u rg e d  from  the  m old  and  cu t to  the  app ro p ria te  length. Both fo rm ulation  

an d  m anufactu ring  process from  the D uratie  are p ro tec ted  th ro u g h  several Patents.

5.1 CLIMATE
The te rra in  su rro u n d in g  TTC, located a t approx im ately  5,000 feet m ean  sea level (MSL), 

consists of ro lling  pla ins, b ro k en  by  norm ally  d ry  arroyos, and  is generally  treeless, 

covered m ain ly  w ith  sparse  bunchgrass a n d  occasional cacti.

The clim ate is sem i-arid  an d  m arked  b y  large daily  tem pera tu re  variations. The 

norm al daily  h igh  tem p era tu re  is 69° F. It reaches 90° F o r m ore abou t half the  tim e 

d u rin g  the  sum m er, b u t is com plem ented  b y  a low  m ean  relative hu m id ity  of 50 

percent. T em peratures reach  50° F or h igher in  the  w in te r and  d ro p  to  zero or be low  an  

average of e igh t tim es d u rin g  the  w inter. The norm al da ily  low  tem peratu re  is 37° F. 

an d  the  average an n u al snow fall is 31 inches. Cold spells are  generally  broken  after a 

few  days b y  C hinook w in d s, w hich  are ve ry  d ry , w arm , dow nslope w esterly  w inds.

The m ean  w in d  speed  is 9.6 m ph. The probab ility  of m easurab le  precip ita tion  in  

sum m er is one d ay  o u t of four and  one o u t of e igh t in  w in ter. A nnual rainfall is 11.9 

inches. Sum m er ra ins u sually  occur in  the  form  of a fte rnoon  th u n d e r Storms.

5.2 SOIL AND BALLAST SECTION
N ative subgrade  is classified as loose to  m ed iu m  dense  san d y  silt. Ballast sections 

design geom etry  is sim ilar in  all the test zones consisting of slag, traprock , lim estone, 

an d  granite. The ba llast is typically  12 to  15 inches u n d e r tie w ith  12 to  15 inch 

shoulders a t a 1.5:1 slope.

6.0 METHODOLOGY

6.1 TEST ZONES
The Phase I test zones sh o w n  in  Exhibit 7, w ere  insta lled  in  the 5-degree curves of 

Section 7 an d  31, an d  the  6-degree curve of Section 25. The zones in  Sections 7 a n d  25 

w ere  d iv ided  in to  subzones of 100 ties, each  hav ing  a d ifferen t rail fastening system  or 

tie size. All b u t one subsection  w as m ade u p  of 80 h a rd w o o d  (m ixed hardw ood) an d  20 

softw ood (fir) ties. O ne h u n d re d  azobe (tropical ha rd w o o d ) ties w ere  installed in
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Section 31 a t 19.5 inch centers. H alf of these azobe ties w ere eq u ip p ed  w ith  A m erican 

R ailw ay an d  M aintenance of W ay E ngineering A ssociation (AREMA) 14-inch tie p lates 

w ith  fo u r cu t spikes per tie p la te , a n d  the  o ther h a lf w ere eq u ip p ed  w ith  AREM A 14- 

inch  tie p la tes an d  double elastic spikes. A n  add itiona l 80 azobe ties w ere  installed  a t 

24-inch centers, ha lf w ith  double elastic spikes an d  half w ith  PANDROL® E-clip 

fasteners. All ties w ere installed  u sin g  the  sam e basic p rocedure: abou t 6 inches of 

ba llast w as rem oved  beneath  the  ties using  a C an ron  Track-G opher; the  existing ties 

w ere  rem oved , an d  the p re-p la ted  test ties w ere installed  u n d e r existing rail. The track 

w as re-ballasted  an d  b ro u g h t to  final profile  an d  alignm ent. A ll ties w ere  new  w hen

installed .

AZOBE SUBSECTIONS
H -  PANDROL W/COACH SPIKE 2 4 " CENTERS 
I -  ELASTIC SPIKE 24" CENTERS

j  _  pi  i i - n n  — "  -  - -   -----------

K -
SECTION 31 
AZOBE HARDWOOD

SECTIONS 0 7  AND 2 5  TEST ZONES

A -  14" PLATE W /4  SPIKES (CONTROL ZONE) 

B -  14" PLATE W /5  SPIKES 
C -  PANDROL PLATES & FASTENERS

D -  14* PLATE W/MeKAY FASTENERS 

E -  14" PLATE W/ELASTIC SPIKES 

F -  14" PLATE W/KOPPERS FASTENERS
0  -  14" PLATE W /4  SPIKES ON 6"X8"X8'6" TES

Exhibit 7. Location of the Wood Tie and Fastener Test Subzones on the HTL at the
Start of Phase I
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Phase II tests con tin u ed  in  the 5-degree curves of Sections 7 and  31 w ith  the  ties 

installed  a t the  beg in n in g  of the test. A t the s ta rt of Phase II, 100 Cedrite® reconstitu ted  

ties w ere  insta lled  in  tan g en t Section 33. The C edrite  ties w ere installed  a t 24-inch 

centers w ith  PA N D R O L E-clips and  screw  spike hold-dow ns.

The test zone in  the  6-degree curve of Section 25 w as expanded  a t the  s ta rt of Phase  

II. Softw ood tie subzones of hem lock fir (hem  fir) an d  so u thern  yellow  p ine  w ere 

installed  using  cu t spikes. In  addition, subzones of re d  m aple, red  oak dow el- 

lam inated , an d  C edrite  ties w ere installed. The oak lam inated  and  p a rt o f the C edrite  

ties w ere insta lled  w ith  PANDROL E-clips an d  lock spikes an d  the R ed m aple fas ten ed  

w ith  cut spikes. The orig inal subzones of oak and  D ouglas fir, each w ith  4 an d  5 cu t 

spike segm ents rem ain ed  in  track.

Exhibits 8 ,9 , an d  10 list the tie types, fastening system s, tie d im ensions, an d  the  

accum ulated  tonnage of the  Phase III W ood Tie an d  Fastener Test subzones. Exhibit 11 

illustrates the  fasten ing  system s used  in  the various test subzones. In  the  5-degree 

curve of Section 7, the  oak  tie subzones w ith  cu t spike, e-clips, and  doub le  elastic 

fasteners insta lled  a t th e  s ta rt of the test in  1988 are  still in  track, as are the  D ouglas fir 

ties w ith  cut sp ike a n d  e-clips. They have accum ulated  over 900 MGT. A lternative ties 

installed  in  Section 7 inc lude  lam inated S outhern  yellow  pine, Parallam  PSL ties, a n d  

USPL plastic com posite  ties. All ties fastened w ith  cu t spikes are box anchored  a n d  all 

ties are spaced  a t 19.5-inch centers. Of the orig inal 1988 installation, the  oak  ties are 

equ ip p ed  w ith  en d  p la tes, the D ouglas fir are not.

Except for the  oaks in  subzone 11, w hich  w ere  insta lled  in  1988, all ties an d  fasteners 

in  the  6-degree curve o f Section 25 have been  insta lled  since 1995 an d  have  accum ulated  

over 400 MGT. O f the  oak  and  D ouglas fir ties, 100 of each are fastened  w ith  cu t sp ikes 

an d  100 each w ith  elastic fasteners. The alternative ties in  Section 25 include oak dow el- 

lam inated , vertical a n d  horizontal lam inated so u th ern  yellow  pine, an d  P arallam  ties.

In  th is test zone, as in  Section 7, all ties fastened w ith  cu t spikes are box  anchored  a n d  

all ties are spaced  a t 19.5-inch centers. End p lates are installed  on  the  orig inal oak  ties 

an d  the so u th ern  yellow  p ine ties.
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The azobe ties th a t have been  in  track  longest in  the  5-degree curve of Section 31 

have accum ulated  500 MGT. O ne h u n d re d  are insta lled  a t 19.5-inch centers w ith  cut 

spikes. The rest are installed a t 24-inch centers -  37 w ith  cu t sp ikes an d  41 w ith  

PA N D RO L E-clips. Every o ther tie o f the  100 spaced  a t 19.5-inch centers an d  the  37 

spaced  a t 24 inches is box anchored.

F ifty-three C edrite ties are in sta lled  in  the  tan g en t of Section 33. They are spaced at 

24 inches an d  are equ ipped  w ith  PA N D RO L E-clips an d  screw  spike fasteners.
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Exhibit 8. Details of the Subzones in Section 7 during Phase III

Section 7, 5;degree, 4-inch Superelevation, 614 Ties

Tie Type Oak Douglas
Fir

Laminated/
SYP Oak Douglas

Fir
Parallam/

Yellow
Poplar

Oak Oak Non- 
Test

USPL
Plastic
Smooth

USPL
Plastic

Modified

USPL
Plastic

Modified
Oak Non- 

Test Oak

Zone 1 2 3 4 5 6 7 8 9 10 11 12 13
Tie No. 

(No. Ties)
1-80
(80)

81-99
(19)

100-200
(101)

201-279
(79)

280-300
(21)

301-360
(60)

361-398
(38)

399-429
(31)

450-474
(25)

475-476
(2)

477-498
(22)

499-558
(60)

559-609
(51)

Rail
Fasteners

Cut
Spikes

Cut
Spikes Cut Spikes PANDROL

E-clip
PANDROL

E-clip
PANDROL

E-clip
Double
Elastic

Cut
Spikes

PANDROL
E-clip

Cut
Spikes

PANDROL
E-clip

SAFELOK/ 
Cut Spikes 

Mixed
SAFELOK

Hold Down Cut
Spikes

Cut
Spikes Cut Spikes Lock

Spikes
Lock

Spikes
Screw
Spikes None Cut

Spikes
Screw
Spikes

Cut
Spikes

Screw
Spikes

Spike 
Shoulder/ 

Cut Spikes

Screw
Spikes

Anchors All Boxed All Boxed All Boxed None None None None All Boxed None None None None None

End Plates Yes No No Yes No No Yes Yes No No No Yes Yes
Dimension

s 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5'

Date
Installed 8/01/88 8/01/88 9/01/90 8/01/88 8/01/88 8/20/97 8/01/88 8/01/88 05/16/97 2/12/98 2/13/98 8/01/88 11/01/95

Tie
Tonnage

(MGT)
921.69 921.69 763.63 921.69 921.69 205.53 921.69 921.69 223.20 145.04 145.04 921.69 462.33



Exhibit 9. Details of the Subzones in Section 25 During Phase III

Section 25, 6-degree, 8-inch Superelevation, 1640 Ties

T ie  T y p e
O a k /D o w e l

L a m

S o u th e rn
Y e llo w

P in e

S o u th e rn
Y e llo w

P in e

S o u th e rn
Y e llo w

P in e

S o u th e rn  
Y e llo w  P in e  (3 )  

/O a k  M ix  (1 )

D o u g la s
F ir

S o u th e rn
Y e llo w

P in e
V e rt ic a l

L a m in a te d

S o u th e rn
Y e llo w

P in e
H o r iz o n ta l
L a m in a te d

O a k N o n -T e s t O a k O a k
D o u g la s

F ir

P a ra U a m /  
Y e llo w  
P o p la r

O a k  N o n -  
T e s t

Y e llo w
P o p la r

S o u th e rn  
Y e llo w  P in e

Z o n e 2 3 4 5 6 7 8 9 10 11 1 2 13 14 15 16 1 7

T ie  N o . 
(N o . T ie s )

-17 to 57 
(75)

58-157
(100)

158-229
(72)

230-257
(100)

258-357
(100)

358-
457

(100)

458-507
(50)

508-556
(100)

557-656
(100)

657-789
(133)

790-901
(112)

902-1001
(100)

1002- 
H O I (59)

1102-
1160(59)

1161-
1202(42)

1203-
1305
(103)

1306-1404
(99)

Rail
F a s te n e rs

Cut
Spikes

Cut
Spikes

Cut
Spikes

Cut
Spikes

Cut Spikes Cut
Spikes

Cut
Spikes

Cut
Spikes

Cut
Spikes

PANDROL
E-clip

PANDROL
E-clip

PANDROL
E-clip

PANDROL
E-dip

PANDROL
E-dip

PANDROL
E-c!ip

PANDROL
E-clip SAFELOK

H o ld  D o w n
Cut

Spikes
Cut

Spikes

S cre w  
S pikes, LR  
2  g a g e  ,1 
fie ld  H R  2  

g a g e , 2  
fie ld

S cre w  
S p ikes, LR  
1 g a g e , 1 

fie ld , H R  2  
g a g e , 2  

field

Cut Spikes Cut
Spikes

Cut
Spikes

Cut
Spikes

Cut
Spikes

Screw
Spikes

Screw
Spikes

Screw
Spikes

Screw
Spikes

Screw
Spikes

Screw
Spikes

Screw
Spikes

Screw
Spikes

A n c h o rs All Boxed All Boxed All Boxed Ail Boxed All Boxed All
Boxed

All Boxed All Boxed All Boxed None None None None None None None None

E n d  P la te s No Yes Yes Yes Yes No No No No Yes Yes No No No Yes No Yes

D im e n s io n
s 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5'

7x9x8.
5'

7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5' 7x9x8.5'

D a te
In s ta lle d 11/02/95 11/02/95 11/02/95 11/02/95 11/02/95 11/02/9

5
3/25/96 3/25/96 3/25/96 3/25/96 8/01/88 3/25/96 3/25/96 8/27/97 3/25/96 3/25/96 8/28/97

T ie
T o n n a g e

(M G T )
462.23 462.23 462.23 462.23 462.23 462.23 390.55 390.55 390.55 390.55 921.69 390.55 390.55 205.53 390.55 390.55 205.53

F a s te n e r
T o n n a g e

(M G T )
394.40



Exhibit 10. Details of the Subzones in Sections 31 and 33 During Phase III

Section 31. 5-degree, 4-inch Superelevation, 178 Ties Section 33, Tangent

Zone 1 2 3 4 Zone 1

Tie Type azobe azobe azobe (24”) azobe (24”) Tie Type Cedrite (24”)

Tie No. (No. 
Ties) 1-48 (48) 49-100 (52) 01-137 (37) 38-178 (41) Tie No. (No. 

Ties) 07-159 (53)

Rail Fasteners Cut Spikes Cut Spikes Cut Spikes PANDROL
E-clip Rail Fasteners PANDROL

E-clip

Hold Down Cut Spikes Cut Spikes Cut Spikes Screw Spikes Hold Down Screw Spikes

Anchors Every other 
boxed

Every other 
boxed

Every other 
boxed None Anchors None

End Plates No No No No End Plates No
Dimensions 7'x9'x9’ 7’x9’x9' 7’x9’x9’ 7’x9’x9’ Dimensions 7'x9’x9'

Date Installed 01/18/89 01/18/89 01/27/90 Date Installed 9/01/90

Tie Tonnage 
(MGT) 512.52 512.52 450.91 450.91 Tie Tonnage 

(MGT) 420.32

Fastener
Tonnage

(MGT)
122.12 122.12



Sec, 25 - Zone 9 Sec. 25 - Zone 10 Sec, 25 - Zone 11
Exhibit 11. Fastening System Plan View of the Subzones Described in Exhibits 8, 9, and 10

(continued on next page)
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Exhibit 11 (continued). Fastening System Plan View of the Subzones Described in
Exhibits 8, 9, and 10
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6.2 GAGE RESTRAINT UNDER LOAD

6.2.1 Track Loading Vehicle (TLV) -  Static / Dynamic Measurements
Track Loading Vehicle (TLV) m easurem ents w ere  u sed  to  com pare the  gage sp read ing

response of various tie /fa s ten e r types to the  application  of s im ula ted  heavy  axle loads. 

A s seen in Exhibit 12, the  TLV test consist is com prised  of a locom otive, the AAR-100 

R esearch Car, an d  the TLV. It is eq u ip p ed  w ith  six servo-controlled  electro-hydraulic 

actuators, a laser 

unloaded-gage 

m easurem ent 

m echanism , an d  a split- 

axle w heelset loaded- 

gage m easurem ent 

m echanism . The laser 

gage m easurem ent 

system  is located about 

16 feet ahead of the 

centrally  located split- 

axle w heelset. The TLV is opera ted  from  the  AAR-100 Research C ar w hich  is eq u ip p ed  

w ith  the elecro-hydraulic actuato r control system , a d ig ital com puter, da ta  storage an d  

d isp lay  devices, analog-to-d ig ital converters, keyboards, signal conditioning  electronics, 

control-m odule electronics, an d  o ther hardw are .

The com puter-contro lled  vertical an d  gage sp read ing  loads w ere  app lied  to  the  track  

s truc tu re  by  hydrau lic  actuato rs th ro u g h  the  load  bogie an d  the  split-axle in s tru m en ted  

w heelset. The un lo ad ed  a n d  loaded  gages, as w ell as the  gage sp read ing  forces w ere  

m easu red  continuously. The m easurem ents w ere  converted  to  d ig ita l form at a t a ra te  of 

256 sam ples p e r second. The spatial differences in  the-locations of un lo ad ed  an d  lo ad ed  

gage m easurem ent devices, w ith  respect to  the  loaded  gage location a t the split-axle 

w heelset, w ere  com pensated  in  the calculations by  using  the  speed  of the TLV a t th a t 

instant.

Exhibit 12. Track Loading Vehicle (TLV) Consist at TTC
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The gage sp read in g  loads u sed  in  the stationary  tests v aried  from  2 to  26 kips u n d e r 

the  39-kip w heel load , a  0.05 to  0.7 lateral to  vertical (L /V ) load  ratio . In-m otion tests, 

ru n  a t 20 m p h  w ere  m ad e  w ith  gage spread ing  loads ran g in g  from  10 to  24 kips u n d e r a 

39-ton axle load , 0.3 to  0.6 L /V  ratio. A  2-kip increm ent w as u sed  in  the  stationary  an d  

in-m otion  tests to  a rrive  a t the  m axim um  gage sp read ing  loads.

The resu lting  ra ilh ead  deflections in  the static tests w ere  m easu red  using  w ayside 

L inear V ariable D ifferential T ransform ers (LVDT). D ynam ic response w as m easured  

onb o ard  a t the  gage sp read in g  axle of the TLV.

6.2.2 Rail Force Calibration 1605) Car: Static Measurements
The static and  dynam ic  gage streng th  tests using the TLV w ere  snapshots of track

response to the  ap p lied  vertical an d  lateral w heel loads. In  com parison  the  Rail Force 

C alibration 605 C ar (referred  to  herein  as the 605 Car) m easurem ents w ere u sed  to  look 

a t the  long-term  d eg rad a tio n  of gage strength  w ith  respect to  traffic over the d ifferent 

tie /fa s ten e r com binations.

The 605 car is a converted  ALCO locom otive redesigned  to  ap p ly  static vertical an d  

la teral forces to  the  rail. H ydrau lic  actuators capable of app ly ing  a 40,000-pound 

vertical force to  each ra il a n d  20,000 pounds lateral gage sp read in g  force are installed  

b en ea th  the car body . Each ac tua to r is equ ipped  w ith  a  50,000-pound load  cell to 

o u tp u t know n  force data. The car is used  to  calibrate ra il m o u n ted  s tra in  gage circuits 

th a t a re designed  to  m easu re  vertical and  lateral rail force; de term ine  vertical track  

stiffness; and  de te rm in e  la te ral rail stiffness.

Lateral rail stiffness is u sed  to  quantify  rail fastener perform ance as de term ined  by  

m easu ring  the  la te ral response  of the railheads to the ap p lied  la teral an d  vertical forces. 

The static gage sp read in g  605 C ar da ta  reported  here w as acqu ired  b y  m ain tain ing  a 

constan t 40-kip vertical w heel load  w hile apply ing  a 20-kip la teral w heel load in  5-kip 

increm ents. The ra ilhead  deflection of bo th  rails w as m easu red  an d  the  sum  defines the 

gage sp read ing  streng th . D ata  p resen ted  here represents the  gage sp read ing  response
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a t a  0.5 L /V  ratio  (20 k ip  la teral /  40 k ip  vertical) as a function  of M GT. M easurem ents 

w ere  taken  a t five locations in  each te s t subzone.

6.3 TRACK GEOMETRY DEGRADATION
The track  geom etry of the  HTL is m easu red  an d  recorded  on  a  w eek ly  basis. The gage 

d eg radation  rate, in  term s of inches p e r  100 MGT, for the  various te s t subzones w as 

Calculated using Plasser EM80 track  geom etry  car data.

The EM80 m easures the  fo llow ing param eters:

• Profile from  m id-chord  offset from  a 31-foot chord  w ith  62-foot chord  da ta  
calculated

• A lignm ent from  m id-chord  offset from  a 31-foot chord  w ith  62-foot chord  d a ta  
calculated

• Gage

• Cross level/S upere leva tion

• Tw ist over 31 feet an d  11 feet

The profile, alignm ent, gage, a n d  tw is t param eters  are m easu red  w ith  ra il contacting 

LVDTs and  the cross level an d  supereleva tion  is m easu red  w ith  a n  inclinom eter. The 

car collects da ta  a t a ra te  of one sam ple  p e r foot.

6.4 SINGLE TIE PUSH TEST (STPT)
Single Tie Push Tests (STPT) w ere  conducted  on  the  USPL p lastic  com posite  ties to  

com pare the lateral resistance of single ties m ade of th is com posite  m ateria l w ith  th a t of 

typical w ood  ties.

M easurem ents w ere tak en  on  five new ly  insta lled  ties an d  on  five ties after track 

consolidation (10+ MGT). The force req u ired  to  p u sh  a single tie la terally  th ro u g h  the 

ba llast section w as m easured  as a function  of the tie d isplacem ent. Force w as m easured  

w ith  a calibrated p ressu re  tran sd u ce r an d  d isp lacem ent w as m easu red  w ith  a 

d isp lacem ent transducer (string pot). The lateral m ovem ent of the  tie  is typically  

b e tw een  3 and 5 inches. The fo rce /d isp lacem en t d a ta  w as reco rd ed  w ith  a n  XY p lo tte r 

an d  the  peak  force requ ired  for the  first inch of d isp lacem ent is rep o rted .
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6.5 TIE WEAR TEST
A n USPL plastic com posite  tie w as subjected to  850,000 load  cycles using  the  Tie W ear 

M achine (TWM) a t TTC. The TWM is designed  to app ly  a  cyclic load  to  a sho rt 136 RE 

rail section  insta lled  in  fasteners attached to  a  tie.

The cyclic load  consists of a  nom inal 22,000-pound vertical an d  7,500-pound la teral 

o u tw a rd  resu ltan t force fo llow ed by  a 22,000-pound vertical and  3,750-pound in w ard  

re su ltan t force. This load ing  sequence sim ulates the vertical rail seat forces an d  the  

p a tte rn  of o u tw ard  (lead axle) an d  inw ard  (trailing axle) la teral forces generated  b y  a 

39-ton axle load  vehicle in  a m ed ium  to h igh  degree curve. The TW M  operates a t a  ra te  

of 200 cycles p e r m inu te . The tie is inspected fo r rail sea t w ear and  fastener failure.

7.0 COMPONENT REPLACEMENT/OBSERVED BEHAVIOR
7.1 PHASE I
Phase I rail clip failures w ere  lim ited to a K oppers p ro to ty p e  fastener in  Section 7. 

D uring  the  initial 15 M GT, 23 of the 80 K oppers p ro to type  installed  in  the  softw ood 

subsection  lost toe load . A t th a t point, the fasteners w ere  rem oved  from  the  softw ood 

ties. The sam e p ro to ty p e  fasteners installed in  the h a rd w o o d  ties rem ained  in  service 

d u rin g  the  160 M GT p e rio d  w ith  only 10 of the 320 clips failing. The typical failure 

m ode o n  b o th  h a rd w o o d  an d  softw ood ties w as loss of toe load  caused b y  the  backing  

o u t of the  U -shaped  stap le  w hich  served as the reaction device. Exhibit 13 show s a 

K oppers fastener in  track.

D uring  the 160 M GT 

accum ulated  in  Phase I, there  w as 

no  v isual evidence of significant 

tie sp litting  in  any  of the  test 

zones. The h a rd w o o d  ties w ere  

eq u ip p ed  w ith  an ti-sp litting  

devices (end plates) b u t the 

softw ood  an d  azobe ties w ere  not.

Exhibit 13. Koppers Prototype Rail Fastener
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Tie skew ing w as ev iden t in  th e  double  elastic spike subzone  of Section 7 w here  tie 

spacing  w as 19.5 inches an d  in  the  Section 31 azobe subzone w ith  double elastic spikes 

w h ere  spacing w as 24 inches. Since the  toe load  of the  dou b le  elastic spike fasteners is 

in ten d ed  to p rov ide  resistance to  skew ing, rail anchors w ere  n o t used . In  n e ither case 

d id  the  skew ing significantly affect track  geom etry  o r stability.

In  the cut spike subsections, excluding  the  azobe ties, lo n g itu d in a l m ovem ent of the 

ra il an d  anchored ties th ro u g h  the  ballast section w as observed  d u rin g  the  initial 25 

M GT of operations. The m ov em en t w as n o ted  in  all curves a n d  sp irals of the  HTL and  

w as n o t a failure of the  rail anchors b u t of the  ballast in  the  tie  cribs. By anchoring  

every  tie, ra ther th an  every  o ther tie, long itud inal rail forces w ere  transm itted  to  the 

ba llast section th ro u g h  tw ice the  n u m b er of anchored  ties a n d  th e  m ovem ent ceased.

7.2 PHASE II
C edrite  reconstitu ted  ties w ere  te sted  in  Section 25 d u rin g  P hase  II of H A L operations. 

Three test subzones w ere installed: one subzone w as fastened  w ith  PANDROL E-clips 

an d  four screw  spike ho ld  dow ns; a  second subzone w as eq u ip p ed  w ith  s tan d a rd  

AREM A plates an d  four cu t spikes; an d  the  th ird  test subzone w as fastened  w ith  e-clips 

a n d  four lock spike ho ld  dow ns. G age w iden ing  w as n o t a  p ro b lem  w ith  the  C edrite  

ties. Tie skew ing, how ever, s ta rted  a series of events th a t led  to  the  even tual rem oval of 

all the  C edrite ties from  Section 25.

Early in  the  phase, an  a ttem p t to  s tra igh ten  one of the  sk ew ed  C edrite ties resu lted  

in  cracking a t the  center of the  tie. The subzone installed  a t the  beg inn ing  of Section 25 

w as rem oved from  test after 178 M GT of H A L traffic because 90 percen t h a d  developed 

cracks in  the rail seat area.

A fter 124 MGT, num erous frac tu red  lock spike ho ld  d o w n s w ere  d iscovered  in  the 

C edrite  subzone a t the  end  of Section 25. All the  lock spike frac tu res occurred  below  the 

surface of the ties. W hen the  m an u fac tu rer w as inform ed, th ey  suggested  th a t p erhaps it 

w as necessary to  have five lock sp ikes p e r tie p la te  w hen  the  track  cu rva tu re  is greater 

th a n  5 degrees. A  fifth lock sp ike w as installed.
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In  the  sam e subzone, num erous ties becam e skew ed. A fter 200 M GT, cracks w ere 

d iscovered  on  the  PANDROL plates of the  ties tha t w ere  skew ing. The skew ing of the 

ties h a d  p u sh ed  the  PANDROL plates a t an  angle against the  base of the  rail in itiating 

stress cracks a t the  p la te  com er th a t w as in  contact w ith  the  rail. To ensu re  th a t none of 

the  cracked p lates rem ained  in  track an d  to  stop the ties from  skew ing, all the 

PA N D RO L plates w ere  rep laced  w ith  AREM A plates an d  cu t spikes. A ll the  ties w ere 

box anchored .

A t the  tim e the  fastening system  w as changed, there  w ere  no  visible cracks in  the 

ties. A fter an  add itional 65 M GT of H A L traffic, how ever, the  ties refitted  w ith  cut 

spikes an d  those in  the  subzone orig inally  installed w ith  cu t spikes w ere  rem oved w hen  

cracks in  the  rail sea t area w ere  discovered. The C edrite  ties in  Section 25 w ere  in  track 

a to ta l of 265 M GT w ith  considerable m aintenance requ irem ents.

The C edrite  ties installed  on  tangen t track a t 24-inch spacing  an d  fastened  w ith  

PA N D RO L E-clips in  Section 33 rem ain  in  service w ith  over 400 M GT of H A L traffic 

an d  n o  significant m aintenance requirem ents.

A  red  oak  dow el-lam inated  tie subzone fastened w ith  PA N D RO L E-clips and  lock 

spike h o ld  dow ns w as installed  in  Section 25. Shortly after the  installation, it w as 

d iscovered  th a t num erous lock spikes w ere  fractured  b e low  the surface of the  ties.

Since th is subzone consisted of lam inated  ties w here insta lling  a fifth sp ike w as no t 

possib le d u e  to  the  lam ination, the  lock spikes w ere rem oved  and  rep laced  w ith  four 

screw  spikes.

7.3 PHASE 111
D uring  Phase III, 100 spruce ties w ere  installed  in  the  6-degree curve of Section 25 using  

PA N D RO L tie p lates, e-clip rail fasteners, an d  four h o ld  d o w n  screw  spikes p e r plate. 

A fter approx im ate ly  3 MGT, the  num ber of screw  spikes th a t w orked  o u t of the ties w as 

such  th a t it w as decided  to  rem ove the  ties from  test.

Phase III FAST operations betw een  A pril 1996 and  June 1998 accum ulated  320 M GT 

of traffic on  the  HTL. D uring  th a t period , the  m aintenance log indicates th a t less screw
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spike m aintenance w as req u ired  on  the  D ouglas fir, so u th ern  yellow  pine, oak, yellow  

pop lar, and  P arallam  ties in  the  sam e 6-degree curve th en  w o u ld  have  been  requ ired  on  

the  spruce ties. Exhibit 14 is a d raw in g  of a typical screw  sp ike u sed  a t FAST. Pilot 

holes in  softw ood ties are 11/1 6 -in ch  diam eter; in  h a rd w o o d  ties th ey  are 3 / 4-inch. 

Exhibit 15 show s th a t there  are  m ore  screw  spikes in  oak ties (31 percent) th an  in  any  

o ther specie. O nly  2 pe rcen t of the  screw  spikes installed  in  oak  req u ired  m aintenance, 

w hereas, 13 p ercen t of those in sta lled  in  D ouglas fir w ere m ain ta ined . M aintenance of 

h ig h  rail screw  spikes w as req u ired  overw helm ingly  m ore o ften  th an  th a t of screw  

spikes installed  on  the  low  rail.

Exhibit 15. Screw Spike Maintenance in the 6-degree Curve of Section 25 during a 320 MGT 
_________ _____________  Period of Phase III Operations_________________________

Tie
Number of Ties 

(8 Screw 
Spikes/Tie)

Screw spikes 
Maintained per 

Specie 
(percent)

Tonnage
Accumulated

(MGT)

Low rail 
Maintenance 
per Specie 
(percent)

High rail 
Maintenance 
per Specie 
(percent)

Douglas fir 100 13 320 18 82

SYP 199 3 136 2 98

Oak 212 2 320 3 97

Yellow Poplar 103 3 320 18 82

Parallam 60 0 136 0 0

Total 674
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T h readed  coil inserts, u sed  in  the screw  spike holes after the  screw  spikes h ad  

w o rk ed  ou t, w ere  installed  on  the h igh  side of the D ouglas fir an d  yellow  po p la r test 

zones. The p u rp o se  of the  coil is to enhance screw  spike h o ld in g  p o w er in  the tie w hen  

the  screw  spike is re-installed  in  the  sam e hole. Exhibit 16 lists the  tonnage cycles a t 

w h ich  screw  spike m aintenance w as requ ired  after the  in sta lla tion  of the coils in  

D ouglas fir an d  yellow  p o p la r ties. The m aintenance log indicates th a t the screw  spikes 

re-insta lled  w ith  the  th readed  coil inserts in  D ouglas fir ties b eg an  to  w ork  o u t after 

on ly  24 MGT. The yellow  p o p la r zone accum ulated 157 M GT before  m aintenance w as 

requ ired .

Exhibit 16. Screw Spike Maintenance after Installing Threaded Coils in Douglas Fir and Yellow
Poplar Ties

Douglas fir 400 Threaded Coils Installed Yellow Poplar 400 Threaded Coils Installed

Maintenance Cycle 
Cumulative Tonnage 

(MGT)
Maintained (percent) 

per Cycle
Maintenance Cycle 

(MGT)
Maintained (percent) per 

Cycle

24 2 157 0.8

36 1 204 6

64 1

114 2

157 2

204 5

280 7

T hirty  six M GT after the  last m aintenance w as req u ired  in  th e  D ouglas fir tie . 

subzone of Section 25, w h en  the  th readed  coils w ere installed; 25 each or 3 percen t of 

the  screw  spikes in  th a t zone w ere  replaced due to fractures. Exhibit 17 depicts a 

typ ica l frac tu red  screw  spike. A ll the fractured  screw  spikes rep laced  w ere on  the h igh  

side of the  curve; 14 w ere on  the gage side and  11 on  the  field  side.
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Exhibit 17. Fractured Screw Spike from Section 25

Five fractured sam ples w ere  exam ined a t TTCI's m eta llu rgy  lab. Each of the 

fractures on the forged screw  spikes occurred be tw een  2 an d  2.5 inches below  the  h ead  

flat seating surface a t th read  roots th a t are directly  in  a lignm ent w ith  m echanical 

dam age sustained a t the  screw  spike sh a n k /tie  p la te  contact po in ts. The in itia tion  sites 

are directly below  an d  in  a lignm ent w ith  m echanical dam age b e tw een  the  screw  spikes 

an d  the interacting tie p la te . In  one instance, th is dam age p ro d u ced  defo rm ation  on  the  

sm ooth  shank po rtion  of the  screw  spike penetra ting  to  a  d e p th  o f approx im ate ly  0.15 

inch.

D ue to dynam ic loading , la teral forces are p laced  on  the sh an k  p o rtio n  of the  screw  

spikes w here they contact the  tie. These forces p ro d u ced  a cyclic b en d in g  m o m en t on  

the  p a rt beneath  the  tie surface. The cyclic bend ing  m om ent a t the  low er th read ed  

p o rtio n  of the screw  spikes nuclea ted  a fatigue crack a t a th read  ro o t of each of the 

sam ples exam ined.

The low er density  of the  D ouglas fir softw ood ties m ay  have exaggera ted  th is 

condition  by  no t ho ld ing  the  screw  spike rig id ly  w ith in  the  tie a llow ing  the  screw  spike 

to  m ove slightly. H ow ever, no  fractures have been  d ocum ented  o n  o ther softw oods.
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SAFELOK® rail clip failures occurred regularly  in  the  5-degree curve of Section 7 on 

w ood  ties n ear m echanical rail joints w here  vertical track deflection  (that is, track  

pum ping) is m ore severe th an  u n d e r continuous w elded  rail (cwr). The five SAFELOK 

rail clips exam ined a t TTCI's m eta llu rgy  lab fractured  a t the  to p  corner of the  rad ius 

betw een  the  tw o  toe load  prongs. The rail clip fractures occu rred  p rim arily  on  w ood  

ties fitted  w ith  SAFELOK tie p la te  m odel num ber 38190. Exhib it 18 show s one of the 

rail joints w here  clip fractures occurred and  a typical fracture.

Six rail clip w edges, p ro v id ed  by  PANDROL, w ere insta lled  in  an  effort to elim inate 

the problem . Insta lla tion  is by  im pact after the rail clip is in  place. Two of the  w edges 

w ere installed  on  the low  rail, one on  the gage and  one on  the  field  side of the  sam e tie. 

The rem ain ing  four w ed g es  w ere installed on  the h ig h  ra il u n d e r  the  four ra il clips of 

tw o adjacent ties. The clips installed  a t the low  rail field side  locations u sing  w edges 

fractured  several tim es a t abou t 2.5 M GT intervals —  abou t the  sam e as w ith o u t the 

w edge. Exhibit 19 show s a w edge in  place betw een  the rail clip an d  the tie p la te  an d  a 

fractured  rail clip after abou t 2.5 MGT.
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Exhibit 19. (a) SAFELOK® Rail Clip with Wedge and (b) Fractured Clip after about 2.5 MGT

D ouble elastic fasteners sim ilar to  the one sh o w n  in  Exhibit 20 w ere in  service in  the 

19.5-inch and  the 24-inch spaced  azobe tie subzones of Section 31 for 390 MGT. D uring  

a recen t rail change, a n u m b er of th e  spike type  elastic fasteners frac tu red  below  the tie 

surface as they  w ere  being  rem oved . A t th a t tim e all the double  elastic fasteners in  

those tw o subzones w ere  rep laced  w ith  a typical cu t spike system . D ouble elastic 

fasteners are still in  service an d  are  perfo rm ing  adequate ly  in  an  oak tie subzone in  the

5-degree curve of Section 7.

Exhibit 20. Double Elastic Fastener Similar to Those Removed 
from the Azobe Ties
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7.3.1 Visual Inspection
Follow ing are  the  observations m ade d u rin g  the m ost recent v isual inspection  for splits, 

tie p la te  cu tting , fasteners w ork ing  out, an d  tie skew ing on  all the  W ood Tie an d  

Fastener Test subzones on  the HTL.

• N o significant tie p la te  cutting  is occurring in  any of the  subzones.

• SECTION 7

O ak a n d  D ouglas fir (866 MGT) - good condition.

-  Som e splits o n  th e  field side of the DF

L am inated  so u th e rn  yellow  p ine (707 MGT) - som e splits on the  h ig h  side field 

Plastic C om posite  (Sm ooth-sided 216 MGT, R ough-sided 138 MGT)

-  (3 /4  inch, p re-bored) six screw  spikes u p  over 1 /2  inch b u t n o t over 2 inches

-  (5 /8  inch, p re-bored) som e cracks orig inating a t screw  spike holes

-  N o n e  of the  cracks have p ro p ag a ted  significantly d u rin g  100 M GT since initially 

de tec ted

-  C rack  study: The m aterial in  the area of three screw  spike holes contain ing  cracks 

(one w ith  m u ltip le  cracks) w as separated . The d ep th  of the  cracks w as n o t 

g rea ter th an  th e  leng th  of the  screw  spike neck, approx im ately  2 inches.

P ara llam  (150 M GT)

-  N o sp lits

-  N o  screw  sp ikes w ork ing  ou t

• SECTION 25

O ak d o w el-lam ina ted  (406 MGT)

-  M ajority  of ties have  splits o rig inating  from  the ho ld  d o w n  spike on  the  h igh  side 

gage.

Sou thern  yellow  p in e  (406 MGT)

-  Som e splits h ig h  side field

V ertica l/H o rizo n ta l lam inated  sou thern  yellow  pine (334 MGT)

-  Few  splits a long  lam inations
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D ouglas fir (334 MGT)

-  N um erous screw  spikes losing  contact w ith  the p la te  (w orking up).

Parallam  PSL (150 MGT)

-  N o splits

-  N o screw  spikes w ork ing  o u t

• SECTION 31

A zobe (423 MGT) -  Some of the  24-inch spaced , fastened  w ith  e-clips a n d  screw  

spikes are skew ed.

• SECTION 33

C edrite  (392 MGT) -  N o prob lem s

8.0 RESULTS

8.1 GAGE WIDENING
Since the beg inn ing  of HAL testing  a t FAST in  1988, track gage has been  m o n ito red  

u s in g  the EM-80 Track G eom etry  Car. The gage perform ance d a ta  p re sen ted  here  is 

d e riv ed  from  th a t source.

In  the  relatively  low  lateral load  en v iro n m en t of Section 7, the  m ed ian  lo ad  d u rin g  

Phases I and  II u n d e r the s tan d a rd  three-p iece tru ck  suspension  w as ab o u t 5.8 kips. 

C om paratively , the m edian  load  u n d e r the  im p ro v ed  suspension  trucks u sed  d u rin g  

Phase III w as abou t 2.5 kips.

In  add ition  to  cross tie testing, the  5-degree curve of Section 7 is also th e  location  of 

the  Rail W ear Test. The h igh  ra il of th is curve is n o t d irectly  lubricated  in  o rd e r to 

observe d ry  w ear of the test rails. D ata g a th ered  as p a rt of the  Rail W ear T est w as 

exam ined to determ ine how  m uch  of the  m easu red  gage w iden ing  w as a ttr ib u te d  to 

h ig h  rail gage-face w ear. The resu lts  ind icate th a t m ost of the  gage w id en in g  in  the  test 

zone  w as due  to  rail wear.

The average m easured  gage w iden ing  ra te  of all the test zones in  Section 7 w as 

a b o u t 0.2 inch /100  MGT d u rin g  s tan d a rd  suspension  truck  operations. D u rin g
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im proved  truck  operations w hen  rail w ear w as significantly  reduced , the  average 

m easu red  gage w iden ing  w as about 0.05 inch /M G T . Since m ost of the  gage w iden ing  

w as d u e  to rail gage-face w ear and  because the  variance from  the  average  w as so sm all 

be tw een  the  various tie an d  fastener sub zones, it w as n o t possib le to  accurately  

quan tify  the  gage w iden ing  tha t occurred solely due  to  differences in  ties a n d  fasteners.

The Parallam  ties, installed  in  Section 7 w ith  PANDROL E-clips an d  fou r h o ld  d o w n  

screw  spikes per p late, have  accum ulated over 150 MGT. D uring  th a t p e rio d , there  has 

been  no  observed  tie degradation , no  screw  spike w o rk  ou t, an d  no  m ain tenance  has 

been  requ ired .

The m ed ian  lateral load  in  the 6-degree curve of Section 25 d u rin g  P hases I an d  II 

w as ab o u t 8.1 kips u n d e r the  s tandard  three-piece truck  suspension . In  com parison , the 

m ed ian  load  du rin g  Phase III w as reduced  to  abou t 4.5 k ips u n d e r the  im p ro v ed  

suspension  trucks.

Exhibit 21 show s the  track  gage m easured  using  EM-80 track geom etry  car data. 

D ata in  the  center of the  curve, labeled 160 add itional M GT, rep resen ts gage 

d eg radation  of the ties installed  at the  beg inn ing  of Phase I. A fter 360 M GT of HAL 

traffic, tw o  of the th ree  D ouglas fir subzones of th a t orig inal in sta lla tion  reached  the 

FRA track  safety s tan d a rd  gage lim it for C lass 4 track of 1 inch over s tan d a rd  gage (56.5 

inches). O f the  tw o  subzones, one w as fastened using  fou r cu t sp ikes p e r  tie p la te  an d  

the o ther u sing  five cu t spikes per plate. A t th a t point, the  tw o subzones w ere  re-gaged 

and  the  fastening system  changed to  PANDROL plates, e-clips, an d  screw  spike ho ld  

dow ns. Shortly  thereafter, a t 375 MGT, the  th ird  of the  orig inal D ouglas fir subzones 

also reached  the  gage lim it and  it w as re-gaged. This subzone, how ever, rem ained  

fastened  w ith  four cut spikes p er tie p late. The D ouglas fir ties in  Section 7, hav ing  

accum ulated  the sam e am oun t of tonnage, requ ired  no  m aintenance. T w o h em  fir and  

tw o so u th ern  yellow  p ine  subzones also reached th a t lim it after 200 M GT a n d  they  too 

w ere re-gaged.
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Exhibit 21. Measured Track Gage Using the EM-80 Track Geometry Vehicle

The m ost serious gage d eg rad a tio n  p rob lem  to  da te  occurred d u rin g  Phase II 

operations w ith  s tan d a rd  su spension  trucks. G age d eg radation  requ iring  re-gag ing  

occurred  in  several of the softw ood subzones of Section 25.

A lthough  the gage d eg rad atio n  ra te  over the  C edrite  reconstitu ted  ties w as som ew hat 

h igher th an  over the  h a rd w o o d  ties u n d e r s tan d a rd  truck  operations, re-gaging  w as n o t 

req u ired  du ring  their tim e in  service.

In add ition  to  being  one of the  Tie an d  Fastener Test zones, Section 25 is also the  site 

of the Rail G rind ing  Test w here  ra il w e a r is m easu red  a t regu lar intervals. N early  70 

percen t of the gage w iden ing  m easu red  in  the  h a rd w o o d , alternative, an d  p h ase  ITT 

softw ood  test tie  subzones of Section 25 w as a ttrib u ted  to  gage-face rail w ear as it  w as 

in  Section 7.

The average m easured  gage w id en in g  ra te  over the  th ree h a rd w o o d  test zones; oak 

w ith  cu t spikes; oak w ith  e-clips; a n d  yellow  p o p la r ties w ith  e-clips, insta lled  d u rin g  

Phase III operations w as abou t 0.03 in ch  p e r 100 MGT. A n d  again, d u e  to  the  sm all 

changes, it w as n o t possible to  accurately  com pare the  d ifferent tie and  fastener test 

zone.
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The gage w id en in g  ra te  over the  Parallam  ties w ith  e-clips an d  screw  spikes; the  

dow el-lam inated  oak  ties w ith  cu t spikes; an d  b o th  the vertical an d  horizon ta l glue- 

lam ina tion  ties w ith  cu t spikes w as com parable du rin g  Phase III im p ro v ed  truck  

operations.

A t the  beg inn ing  of Phase III, an d  the  s ta rt of im proved  suspension  tru ck  operations, 

th ree  so u th ern  yellow  p ine  subzones w ere installed  to com pare cut sp ike ho ld  d o w n  

p a tte rn s. The tie sizes an d  the  num ber of ra il spikes p e r p la te  w as the  sam e in  the th ree 

subzones, th a t is, th ey  w ere  7"x9"x8.5' an d  all had  three rail spikes. The variable w as 

the  h o ld  dow ns, w h ere  one subzone h ad  tw o  on  b o th  the h igh  and  low  rails; the  second 

h a d  th ree  on  the  low  rail a n d  four on  the  h ig h  rail; and  the th ird  h a d  tw o  ho ld  dow ns 

on  the  low  an d  fou r on  the  h ig h  rail.

U n d er im p ro v ed  suspension  trucks, the  num b er of ho ld  d o w n  cu t sp ikes d id  n o t 

affect the  ra te  of gage w id en in g  over the th ree  subzones.

The gage w id en in g  ra te  over the  D ouglas fir w ith  PANDROL E-clips an d  the 

so u th ern  yellow  p in e  w ith  SAFELOK rail clips w as com parable to  th a t over the 

so u th ern  yellow  p in e  w ith  cu t spike fasteners u n d e r im proved  suspension  trucks. The 

average m easu red  gage w iden ing  ra te  over all the  softw oods tested  d u rin g  Phase III 

opera tions w as 0.04 inch  p e r  100 MGT.

Track gage d eg rad a tio n  w as also significant in  the hem  fir and  so u th ern  yellow  pine 

ties insta lled  a t the  s ta rt of Phase II. Exhibit 21 also show s th a t gage in  the  tw o  hem  fir 

an d  tw o  so u th ern  yellow  p in e  subzones installed  on  either side of the  orig inal 

insta llation  subzones w ere  approach ing  the  FRA track safety s tan d a rd  lim it after ju s t 

156 MGT. The four subzones w ere  installed  using  four cut spikes p e r tie p late. A fter 

200 M GT of H A L traffic, the  four subzones reached the lim it and  w ere  re-gaged. G age 

w id en in g  w as so severe  the track superv iso r felt th a t re-p lugging  an d  re-gag ing  the ties 

w ith  the  existing cu t spike system  w o u ld  allow  gage w iden ing  again  in  a sho rt p eriod  of 

service. Thus, the  fou r subzones w ere re-fitted  w ith  PANDROL p lates, e-clips, and  

screw  spike ho ld -d o w n s in  an  a ttem p t to  leng then  the gage life of the  ties.
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W hile the  PANDROL plate, e-clip, screw  spike ho ld  d o w n  system  im p ro v ed  gage 

re ten tion , the screw  spikes continually  w o rk ed  o u t of the ties u n d e r the dynam ic loads 

of traffic. In  an  a ttem p t to rem edy  the  p rob lem , th read ed  coil inserts w ere  u sed  in  the  

ho ld  d o w n  holes. Tie splitting  m ay h av e  b een  too severe for th is type of repair. T h a t 

severe tie  condition  w as accelerated b y  ra il p lu g s  th a t w ere  insta lled  d u rin g  a  p e rio d  

w h en  rail fatigue caused num erous b reaks A t the  s ta rt of Phase III operations, the  

m ajority  of the ties in  Section 25 w ere  rep laced  after 460 M GT of H A L traffic d u e  to  

p e rm an en t dam age from  gage w iden ing  o r severe sp lit condition. The softw oods h a d  

gage w idening . A lthough  there w as no  m ajor gage w iden ing  p rob lem  w ith  the  

h ardw oods, m ost h a d  splits caused b y  the  n u m ero u s rail p lu g  changes d u rin g  P hase  II. 

The only ties th a t rem ained  in  test from  the  1988 installation w ere  the oaks fastened  

w ith  cu t spikes. A nd  they  w ere re-fitted  w ith  PA N D RO L plates, e-clips, a n d  screw  

spikes after the  s ta rt of Phase III to avo id  fu rth er dam age caused b y  the  p u llin g  a n d  re 

sp ik ing  done to  change rail plugs.

To date, the  ties in  Section 25 w ith  th e  h ig h est exposure to  H A L traffic -  the  oak  

w ith  PANDROL E-clips and  screw  sp ike h o ld  do w n s in  subzone 11 -  have  accum ulated  

over 900 MGT.

The follow ing ties have been  subjected  to  over 450 M GT of H A L traffic:

O ak  dow el-lam inated  w ith  cut spikes in  subzone 1

S outhern  yellow  p ine w ith  various cu t sp ike p a tte rn s  in  subzones 2 ,3  an d  4 

M ixed-tie o a k /so u th e rn  yellow  p ine  w ith  cu t spikes in  subzone 5 

D ouglas fir ties in  subzone 6, also fastened  w ith  cu t spikes

Ties w ith  over 380 MGT in  Section 25 include b o th  the vertical and  the  h o rizo n ta l 

g lued  lam inated  sou thern  yellow  p ine  ties; the  oak w ith  cut spikes in  subzone 9; the  

D ouglas fir w ith  PANDROL E-clips a n d  screw  spike ho ld  dow ns in  subzone 13; a n d  the  

yellow  p op lar also w ith  PANDROL fasteners. The sou thern  yellow  p ine ties in  subzone 

17 have accum ulated  nearly  200 MGT. See Exhibit 9 for details of each subzone.
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The p rob lem  of screw  spikes w ork ing  o u t of the ties, p rim arily  in  the  D ouglas fir 

subzone, req u ired  m aintenance du rin g  Phase III operations. H ow ever, n o n e  of the  test 

ties in  Section 25 have requ ired  re-gaging.

The azobe tropical w ood  ties installed  w ith  cut spikes an d  elastic fasteners in  the  5- 

deg ree  curve of Section 31, have h ad  m in im al gage w iden ing  d u rin g  th e ir n early  500 

M GT of service. The average gage in  th a t subzone is 56.60 inches. The average  gage in  

th e  C edrite  ties in  Section 33 is 56.3 inches. Some tie skew ing  occurred  in  th e  subzones 

spaced  a t 24 inches d u rin g  Phases I an d  II w ith  no need  for m aintenance. Skew ing d id  

n o t w orsen  d u rin g  Phase III.

8.2 GAGE RESTRAINT UNDER LOAD

8.2.1 Track Loading Vehicle ITLV) - Static and Dynamic Measurements
TLV m easurem ents w ere u sed  to  p rov ide  a  snapshot com parison  of the  gage sp read ing

response  of various tie /fa s ten e r com binations to  the application  of s im u la ted  sta tionary  

a n d  in-m otion  heavy  axle loads.

W hen  the TLV test Was conducted in  M arch  1990, the  H A L P rogram  a t FAST h ad  

accum ulated  ab o u t 150 M GT using  the  125-ton car consist.

8.2.1.1 Results of Stationary Test
The gage sp read ing  loads u sed  in  the sta tionary  tests v aried  from  2 to  26 k ip s u n d e r the 

39-kip w heel load , a 0.05 to  0.7 L /V  ratio. A  2-kip increm ent w as u sed  in  th e  stationary  

a n d  in-m otion  tests to arrive a t the m ax im um  gage sp read ing  loads. R esults of the 

sta tionary  tests reveal the  effects of 39-ton axle loads o n  the  gage sp read in g  m echanism . 

The to ta l gage (the sum  of the tw o  rail h ead  deflections) is p lo tted  a t fou r L /V  ratios for 

each fastener ty p e  a t 39 kip  w heel loads to  characterize gage sp read ing  streng th .

To characterize gage sp read ing  streng th  in  Exhibit 22, the su m  of the  tw o  railhead  

deflections o r to ta l gage sp read ing  is p lo tted  a t four L /V  ratios for each fastener type. 

A t low  L /V  ratios, the difference in  gage sp read ing  betw een  the  cu t sp ikes a n d  the 

elastic fasteners is small. A s the L /V  ratio  increases, how ever, the  difference in  gage 

sp read in g  increases substantially . Gage sp read ing  a t a n  L /V  ratio  of 0.7 is m ore  th an
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five tim es the  gage sp read ing  a t a 0.3 L /V  ra tio  in  th e  case of dom estic h a rd /so ftw o o d s  

w ith  fou r cut spikes in  Section 7. Such a d ram atic  effect is n o t ev iden t w ith  the  

PA N D RO L E-clip o r SAFELOK fasteners w h ere  on ly  approx im ately  a doub ling  of the 

gage sp read ing  occurred  w hen  the L /V  ra tio  w as increased  from  0.3 to  0.7.

Exhibit 22. Comparison of Static Gage Spreading on Hardwoods and 
Softwoods using Different Fasteners, Section 7, 5-degree Curve

Exhibit 23 com pares the gage sp read in g  s tren g th  of d ifferent types of w o o d  ties in  

Section 25 using  a 22-kip gage sp read in g  lo ad  u n d e r  a  39-kip w heel load. W ith  the  

excep tion  of the  R ed M aple, there  is n o  significant difference in  the  gage w iden ing  

s tren g th  of these different tie types.
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Exhibit 23. Comparison of Static Gage Spreading of Different Tie 
Types Fastened with Cut Spikes at 0.6 L/V (22-kip/39-kip), Section 25,

6-degree Curve

The static gage sp read ing  results of azobe ties in  Section 31 are g iv en  in  Exhibit 24. 

The resu lts  p e rta in  to  gage spread ing  responses from  the test zones w ith  five cu t spikes 

and  elastic fasteners on  ties at 19.5-inch centers, as w ell as double elastic fasteners and  

PANDROL E-clips on  ties a t 24-inch centers. A  com parison to the  resu lts  show n  in  

Exhibit 22 reveals th a t for L /V  ratios of 0.5 an d  above, the to tal gage sp read in g  on 

azobe ties w ith  five cu t spikes is approxim ately  half th a t of dom estic h a rd /so f tw o o d  

ties w ith  fou r cu t spikes. It w as found  th a t azobe ties w ith  five cu t sp ikes p ro v id e  

com parable gage sp read ing  streng th  to  th a t of dom estic h a rd /so ftw o o d s  w ith  

PANDROL E-clips. The static responses of the double  elastic fasteners o n  bo th  the  19.5- 

an d  the 24-inch tie spacings are quite com parable to  the response of the  PA N D RO L E- 

clip fasteners a t 24-inch spacing. D ecreasing the  tie spacing from  24- to  19.5-inch 

centers does n o t seem  to  create a significant im provem ent in  gage sp read in g  streng th  

on  the azobe ties.
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The tan g en t test zone  in  Section 33 consisted  o f dom estic  h a rd /so ftw o o d  ties w ith  

four and  five cut spikes, C edrite  ties w ith  PA N D R O L E-clip fasteners, an d  concrete ties 

w ith  e-clips. A  com parison  of responses of the  five cu t spike dom estic h a rd /so ftw o o d  

ties in  this zone (Exhibit 25) to  the  response of the  five cut spikes on  azobe ties (Exhibit 

24) clearly show s the m uch  greater s tren g th  of the  azobe ties over the dom estic 

h a rd  /  softw ood tie s .

Exhibit 24. Comparison of Static Gage Spreading of Different 
Fasteners on Azobe Ties, Section 31, 5-degree Curve
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Exhibit 25. Comparison of Static Gage Spreading on Different 
Tie/Fastener Combinations, Section 33, Tangent Track

Exhibit 26 show s overall com parisons of the fasteners tested  in  Sections 7,31, an d  33 

u n d e r 39-kip w heel loads. The exhibit show s tha t an  increasing L /V  ratio  resu lts  in  a “ 

m uch  g reater increase in  gage sp read ing  in  the case of dom estic h a rd /so ftw o o d s  w ith  

fou r cut spikes th an  in  th a t of elastic fasteners such as PANDROL E-clip an d  SAFELOK.
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Exhibit 26. Comparison of Static Gage Spreading of Different Tie/Fastener 
Combinations in the Two 5-degree Curves (Sections 7 and 31) and the 

Section 33 Tangent Test Zone

8.2.1.2 Results of In-Motion Test
The in-m otion  tests, ru n  a t 20 m ph, w ere  p e rfo rm ed  w ith  gage sp read ing  loads ran g in g  

from  10 to  24 kips u n d e r a 39-ton axle load, 0.3 to  0.6 L /V  ratio. A  2-kip increm en t w as 

u sed  in  the  in-m otion tests to arrive a t the  m ax im u m  gage sp read in g  loads.

D elta gage and  track  (gage) com pliance are  u sed  to  describe the  gage sp read in g  

streng th  of the test zones in  the m oving  tests. D elta  gage is the  d irect difference 

betw een  the loaded  gage and  the co rrespond ing  u n lo ad ed  gage. Track com pliance is 

the  quo tien t be tw een  delta  gage an d  its co rrespond ing  gage sp read ing  load.

Exhibit 27 show  the  resu lts of the TLV in-m otion  gage res tra in  tests conducted  o n  the  

concrete ties of the 5-degree curve of Section 3.
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Exhibit 27. Concrete Ties with Pandrol E-clips, Unloaded, Loaded, 
Delta Gage and Track Compliance versus LA/ Ratio where V=39 Kips

Exhibits 28 th rough  32 show  the resu lts of the TLV in-m otion  gage re s tra in  tests 

w h ere  the  un loaded  arid loaded  gage, delta  gage, and  track  com pliance versus gage 

sp read in g  load  u n d er 39-kip w heel loads for each tie /fa s ten e r com bination  in  Section 7 

are p lo tted .

The slopes (rate of change of gage spread ing  w ith  respect to  the  gage spreadirig  

load) of th e  loaded  gage an d  delta  gage of the h a rd /so ftw o o d  a n d  glue lam ina ted  ties 

w ith  cut spikes is steeper th an  those of the h a rd w o o d /so ftw o o d  ties w ith  doub le  elastic 

fasteners, PANDROL E-clips, an d  SAFELOK rail clips, an d  the  concrete ties w ith  

PA N D RO L E-clips.

Results show  the follow ing m agn itudes of delta  gage a t a 0.6 L /V  ra tio  (24-kip gage 

sp read in g  load /40 -k ip  w heel load) for the tie /fa s ten e r com binations tested:

• H a rd w o o d /so ftw o o d  w ith  fou r cut spikes 0.75 inch
• G lue-lam inated w ith  four cu t spikes 0.70 inch
• H a rd w o o d /so ftw o o d  w ith  double  elastic fasteners 0.47 inch
• H a rd w o o d /so ftw o o d  w ith  PANDROL E-clips 0.45 inch
• H a rd w o o d /so ftw o o d  w ith  SAFELOK rail clips 0.43 inch
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Track compliance is the value of quotient of the delta gage and the applied gage 

spreading load. A comparison of track compliance of the tie and fastener combinations 

in Section 7 (Section 3 for the concrete ties) is given as the increment of gage in inches 

per kip of gage spreading load w ith respect to L /V  ratio.

A very important characteristic to note from these curves is that, for cut spikes on 

hard/softw ood ties and glue laminated ties, the track compliance stays approximately 

constant with increasing magnitudes of gage spreading load or the corresponding L /V  

ratio. On the other hand, in the case of the concrete ties w ith PANDROL E-clips and 

wood ties with e-clips and SAFELOK fasteners, the track compliance decreases with 

increasing load or L /V  ratio. Since track compliance is the quotient between delta gage 

and the corresponding gage spreading load, constant compliance implies linearly 

increasing magnitude of delta gage w ith respect to gage spreading load. In other 

words, the behavior of hard/softw oods w ith cut spikes is like that of a linear spring. In 

contrast, in the case of concrete ties and wood ties w ith PANDROL and SAFELOK 

fasteners, gage hardening characteristics are apparent. That is, they provide increasing 

gage spreading strength at higher gage spreading loads. The occurrence of gage 

spreading stiffness with increasing gage spreading loads is one of the most important 

results from these tests.
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L/V Ratio

Exhibit 28. Hardwood/Softwood Ties with Four Cut Spikes, Unloaded, 
Loaded, Delta Gage and Track Compliance versus LTV Ratio where V=39

Kips

Exhibit 29. Glue Laminated ties with Four Cut Spikes, Unloaded, 
Loaded, Delta Gage and TRACK Compliance versus L/V Ratio where

V=39 Kips
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Exhibit 30. Hardwood/Softwood Ties with Pandrol E-clips. 
Unloaded, Loaded, Delta Gage and Track Compliance versus L/V 

Ratio where V=39 Kips
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Exhibit 31. Hardwood/Softwood ties with Double Elastic Fasteners, 
Unloaded, Loaded, Delta Gage and Track Compliance versus L/V 

Ratio where V=39 Kips
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Exhibit 32. Hardwood/Softwood ties with SAFELOK® Fasteners. 
Unloaded, Loaded, Delta Gage and Track Compliance versus L/V 

Ratio where V=39 Kips

8.2.2 Rail Force Calibration (605) Car — Static Measurements
The static and dynamic gage strength tests using the TLV were snapshots of track

response to the applied vertical and lateral wheel loads. The 605 Car measurements, on 

the other hand, were used to look at the long-term degradation of gage strength with 

respect to MGT of traffic over the different tie/fastener combinations.

Results of Phase I testing indicate that there is no significant difference in the 

measured and observed performance of the four and five cut spike systems. 

Comparatively, the Koppers fasteners exhibited a tendency to lose toe load; particularly 

on softwood ties resulting in removal of the system after 15 MGT.

Some tie skewing was documented during Phase I. In both of the subzones where 

skewing occurred, the ties were fastened with double elastic fasteners. In the azobe 

subzone of Section 31, the ties were spaced at 24 inches. However the double elastic 

subzone in Section 7, where the tie spacing was 19.5 inches, also experienced some
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In neither case did the skewing affect track geometry or stability. There were no 

other fastening system failures or fastener maintenance required during the Phase I test 

period.

The gage spreading response of numerous fastening systems to static 0.5 L /V  (20 

kip Lateral/40kip Vertical) loads, using the 605 Car, was tested. The results are 

presented as the calculated gage spreading degradation rate in terms of inches per 100 

MGT. Results of tests in the 5-degree curve of Section 7 indicate that differences in gage 

spreading strength occur between fastening systems and truck suspension types rather 

than between tie types.

Exhibit 33 compares oak, Douglas fir, and glued laminated ties fastened with cut 

spikes under standard and improved suspensions w ith  oak and Douglas fir ties 

fastened with PANDROL E-clip elastic fasteners, again under standard and improved 

trucks. The results show that the average calculated gage spreading degradation rate 

was nearly five times greater with cut spike fasteners than w ith PANDROL E-clip 

elastic fasteners during Phases I and II under the standard suspension trucks. Under 

the improved trucks, the difference in gage spreading degradation became very small 

between the two fastening systems.

Figure 33. Average Calculated Gage Spreading Degradation Rate 
Under Static 0.5 LTV Loads in the 5-degree Curve of Section 7
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The oak ties w ith SAFELOK elastic fasteners and the Parallam ties with PANDROL 

E-clips currently in track were installed during Phase III when the improved suspension 

trucks were in operation; therefore, no comparison can be made w ith standard truck 

performance. The results under improved suspension, however, show no significant 

gage spreading degradation. The USPL plastic composite ties were also installed 

during the improved suspension phase. The degradation rate of these ties, 0.02 in./lOO 

MGT, is comparable to that of the other tie types w ith PANDROL E-clips under 

standard suspension conditions.

During Phase II operations, many of the fasteners in the combined Wood Tie and 

Fastener Test and Rail Grinding Test zone of Section 25 were disturbed regularly due to 

rail plug replacement and re-gaging. Exhibit 34, however, shows about 50 percent 

increase in gage restraint when the hem fir and southern yellow pine subzones, which 

were originally fastened with cut spikes were re-gaged and refitted with PANDROL E- 

clip elastic fasteners.

Exhibit 34. Comparison of Gage Restraint of Hem Fir and Southern 
Yellow Pine Ties Refitted with Pandrol E-clips after Re-gaging
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Exhibits 35,36, and 37 illustrate the calculated gage spreading rate of the softwood, 

hardwood, and alternative ties tested in Section 25 during Phase III. The gage 

spreading degradation rate of the Douglas fir and southern yellow pine softwood ties 

and the oak ties, all fastened with cut spikes in Section 25 under improved trucks, was 

comparable to that of the Douglas fir and oak ties fastened w ith PANDROL E-clips in 

Section 7 under the standard truck conditions.

Calculated Gage Spreading Degradation Rate - 0.5 L/V Static Load 
Softw ood Ties Section 25

‘ Baseline SYP CS(3)/SS(2 low, 4 high) SYP CS(3)/SS(3 low.4 high)
Douglas Fir e-clip/SS(4) Douglas Fir CS(3)/CS(2)

Exhibit 35. Calculated Gage Spreading Degradation Rate of 
Softwood Ties under Static 0.5 LTV Load Ratio in the 6-degree Curve

Calculated G age Spreading Degradation R ate - 0 .5  LN  S tatic Load 
Hardwoods Section 25

'Baseline  Oake-clip/SS(4) Mixed Oak(1 )/SYP(3)-CS(2)/
Yellow P oplar e-clip/SS(4) OakCS(3)/CS(2)

Exhibit 36. Calculated Gage Spreading Degradation Rate of 
Hardwood Ties under Static 0.5 L/V Load Ratio in the 6-degree Curve
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Exhibit 37. Calculated Gage Spreading Degradation Rate of 
Alternative Ties under Static 0.5 L/V Load Ratio in the 6-degree Curve

The southern yellow pine, Douglas fir, and oak ties fastened w ith cut spikes (shown 

in the two previous exhibits) were all equipped with three rail spikes per tie plate. The 

southern yellow pine ties were equipped with screw spike hold downs where one zone 

had two on the low rail and four on the high rail and the other zone had three on the 

low rail and four on the high. The oak and Douglas fir subzones, on the other hand, 

were equipped w ith two cut spike hold downs per tie plate on both the high and low 

rails. The results show that under improved suspension truck operations, there was no 

significant difference in gage spreading strength degradation among the combinations, 

the rate was about 0.03 inch per 100 MGT in each case. The mixed tie specie test 

subzone, where three southern yellow pine ties were installed for each oak tie, 

degraded at the slightly higher rate of 0.04 in./100 MGT, but performed almost three 

times better than the ties fastened with cut spikes under the standard trucks in Section

7. As in Section 7, the greatest difference in gage spreading degradation in Section 25 

occurred between fastener types, where e-clips out-perform cut spikes, and between the 

different lateral load environments of the standard and improved suspension trucks.

The alternative ties tested in Section 25 include vertical and horizontal glued 

laminated southern yellow pine ties, dowel laminated oak ties, and Parallam PSL ties.

49



The results shown in Exhibit 38 indicate little difference between the gage spreading 

degradation rate of the vertical and horizontal glue laminated ties. In comparison to the 

two solid-sawn southern yellow pine subzones and the Douglas fir and oak subzones, 

all fastened with three rail spikes, the glued laminated ties did not perform as well. The 

gage spreading degradation rate of the laminated ties was 2.5 times greater than that of 

the other ties mentioned.

The gage degradation rate of the azobe ties installed w ith cut spikes and PANDROL 

E-clips in the 5-degree curve of Section 31 and the Cedrite ties fastened with cut spikes 

in the tangent of Section 33 was minimal.

8.3 EFFECT OF WHEEL LOAD
Tie plate cutting is a mode of tie failure that is directly influenced by vertical wheel 

loading, and therefore; can be considered a key indicator of tie performance under 39- 

ton axle load traffic. Tie plate cutting was measured during Phase I with a fixture that 

is aligned to indexing holes located at each corner of the tie plate. The change in tie 

plate height relative to the tie surface is measured w ith dial indicators on stems that rest 

on lag screws that have been glued into the tie. The average tie plate cutting depth for 

7"x9" and 6"x8" ties with four cut spikes per tie plate in Section 25 during Phase I is 

shown in Exhibit 38. Tie plate cutting occurred prim arily on the field side of the low 

rail on the softwood ties. The cutting caused the cant of the rail to decrease. The 6"x8" 

softwood ties show the most field side cutting on both the high and low rails; however, 

the 6"x8" inch hardwood ties show the least am ount of field side cutting of the ties in 

the section. The least amount of cutting for any tie type occurred on the gage side of the 

high rail. The negative value shown for the 7"x9" softwood ties indicates that plates are 

lifting slightly from the tie surface on the gage side of the low rail when the rail is not 

under load.

None of the wood tie test zones showed any significant degradation in track 

geometry. Other than repair of a track buckle in Section 7 at 45 MGT, neither of the 

original test zones in Sections 7 or 25 were surfaced or lined during the initial 160 MGT 

of Phase I HAL operations.
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depth (in)

0.1

LOW RAIL FIELD SIDE HIGH RAL FIELD SIDE
LOW RAIL GAGE SIDE HIGH RAIL GAGE SIDE

Exhibit 38. Average Tie Plate Cutting Depth on Hardwood and Softwood 
Ties in Section 25 after 160 MGT

Tie plate cutting has not been a problem during Phase III testing in any of the test 

zones.

8.4 EFFECT OF SPACING
Some tie skewing was documented during Phase I. In both of the subzones where 

skewing occurred, the ties were fastened w ith double elastic fasteners. In the azobe 

subzone of Section 31 the ties were spaced at 24 inches. However the double elastic 

subzone in Section 7, where the tie spacing was 19.5 inches, also experienced some 

skewing. In neither case did the skewing affect track geometry or stability.

During Phase II, skewing continued in both the 19.5-inch and the 24-inch spaced 

azobe subzones in Section 31. However, the majority of the tie straightening 

maintenance occurred in the subzones with 24-inch tie spacing.

Tie skewing was not a problem in any of the test zones during Phase III.
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8.5 EFFECT OF TIE DIMENSIONS
The cross section and length of all the ties currently in test are provided in Exhibits 8, 9, 

and 10. There was no evidence that differences in tie dimensions provided major 

differences in tie performance in terms of track surface maintenance requirements.

8.6 EFFECT OF MATERIAL/DESIGN
As is customary w ith new alternative material ties, a USPL plastic composite tie was 

tested at the Component Test Lab (CTL) at TTC using the Tie Wear Machine. The tie 

was subjected to 850,000 cycles as a safety pre-requisite to out-of-face installation on the 

High Tonnage Loop and the loads of 39-ton axle cars. Results of the Tie Wear Test 

revealed no significant rail seat wear or fastening system degradation. The initial out of 

face installation of the USPL ties in the 5-degree curve of Section 7 consisted of 25 

smooth-sided ties fastened w ith the same fastening system tested in the lab; that is, four 

screw spike hold downs and PANDROL E-clips. Since the interaction of ballast with 

the plastic composite ties was not known, single tie push tests were performed to 

compare the lateral resistance of these ties as they were pushed through the ballast 

section, with that of typical wood ties.

For the purpose of Single Tie Push Tests, consolidated track is defined as the 

ballast/tie interaction condition that exists after the passage of 10 MGT of traffic over 

the test zone.

The Single Tie Push Test results plotted in Exhibit 39 show that:

• The difference between single-tie lateral resistance under newly installed versus 

consolidated condition was less for the plastic composite ties than for the wood 

ties. That is, the lateral resistance of the plastic ties when newly installed was 

closer to their resistance after consolidation than was the case w ith the wood 

ties.. •

• The lateral resistance provided by typical consolidated-track single wood ties 

was nearly 70 percent greater than that of single smooth-sided plastic ties at 

consolidated-track conditions.
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Maximum Resistance at 1 inch Lateral Tie Displacement

4.5

USPL (smooth-sided) Typical Wood Ties USPL (rough-sided)

Tie Type

Exhibit 39. Maximum Single Tie Resistance at 1 inch Lateral Displacement

To increase resistance to lateral displacement, USPL developed a rough-sided plastic 

tie (shown in Exhibit 40) where the two side and bottom surfaces consist of square 

raised welts. The raised welts are intended to enhance the locking action between tie 

and ballast.

Exhibit 40. US Plastic Lumber Rough-sided Plastic Composite Tie
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The second installation of USPL plastic composite ties consisted of 24 of the rough

sided ties and was m ade adjacent to the smooth-sided zone; two were fastened w ith cut 

spikes and the remaining 22 were fastened with four screw spike hold downs and 

PANDROL E-clips.

Single Tie Push Tests were done again to compare the performance of the rough

sided versus the smooth-sided ties through the ballast section, to compare the resistance 

of newly installed ties w ith that of ties in consolidated-track conditions (10+ MGT); and 

to compare the rough-sided ties with typical wood ties. Exhibit 39 shows that:

• The rough-sided newly installed ties provided an increase in lateral resistance 

over the smooth-sided newly installed ties of more than 200 percent.

• The rough-sided ties in consolidated-track condition provided over twice the 

lateral single tie strength of the smooth-sided ties in consolidated-track 

condition.

• The rough-sided plastic composite ties in consolidated track condition provided 

over 60 percent greater single tie lateral resistance to the applied load than 

typical single wood ties under similar conditions.

The initial installation, that is the smooth-sided ties, was pre-bored with a 3 /4-inch 

drill bit for the 15/16-inch screw spikes. After 57 MGT, three of the screw spikes 

worked up approximately 1 inch. Since then, the smooth-sided ties have accumulated 

205 MGT with no additional screw spikes working up.

The rough-sided ties were pre-bored at 5 /8  inch. After 36 MGT, longitudinal and 

transverse cracks originating at screw spike hold down holes were found on nine ties. 

The majority of the longitudinal cracks measured between 1 and 2 inches past the end 

of the plates; however, one was 4.5 inches long. There has been no significant crack 

growth 92 MGT after the cracks were documented, and none of the screw spikes in the 

rough-sided tie test zone -- including locations where cracks are present -- have worked 

out.
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As shown in Exhibit 14, the root diameter of the screw spikes used in the plastic ties 

is 5 /8  inch and the threads are 15/16 inch. The 5/ 8-inch pilot hole is adequate for the 

threaded portion of the screw spike. When the screw spike reaches the 15/16-inch 

unthreaded neck portion, however, the material splits.

A crack study was performed to measure the internal depth of the cracks and determine 

how  much of the tie cross section was affected. Three of the cracks found on ties 488 

and 492 were opened. The cracks were found to be no deeper than approx. 2.5 inches; 

this depth corresponds with the length of the smooth, non-threaded, neck portion of the 

screw spikes. The screw spikes removed from these two cracked ties had not worked 

out. They were still in tight contact with the plates. To isolate the areas affected by the 

cracks, the rail seat areas were cut out using a band saw. The tie samples were taken to 

the TTCI Components Test Lab where they were pried open using wedges. Separating 

the material along the cracks was difficult; the level of resistance to separation was such 

that neither continued cracking nor screw spike work out under normal in-track 

conditions appeared to be imminent.

In addition to the screw spike/e-clip installations, two of the rough-sided ties were 

installed w ith cut spikes and pre-bored w ith a 9 / 16-inch drill bit. There have been no 

cracks or spikes working out of these two ties.

9.0 DISCUSSION
Im proved suspension trucks have greatly reduced the lateral loading on the track in 

curves. Under the reduced loading of premium suspension trucks, many products 

provided acceptable service under 39-kip wheel loads. During the 39-kip wheel load 

standard truck operation, ties with premium fasteners performed appreciably better 

than  ties w ith cut spikes. Exhibit 41 lists performance under the various operating 

scenarios.
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Exhibit 41. Summary of Performance under the Different Operating Scenarios

Operation
Performance 
under 33 Kip 
wheel load

Performance under 39 kip wheel load

Conventional Track, 
Conventional Trucks

G ag e  widening  
and rail w ear

HAL Phase 1 16 0  M G T:
No significant track  g eom etry degradation during the short phase. 
Elastic fasteners provided better gage restraint than cut spikes. 
Light tie-p late cutting.

Prem ium  Track, 
Conventional Trucks

NA

H A L Phase II 3 0 0  M G T:
6-degree curve:
Softwood ties required re-gaging after 2 0 0  M G T. 
Hardwood ties gag e-w id en ed  less rapidly.
A  m anufactured w ood tie developed rail seat cracks. 
Light tie-p late cutting by the end of the phase.

S om e tie skew ing of 24-inch  spaced  ties.

Prem ium  Track, 
Im proved Suspension  
Trucks

NA

H A L Phase III 4 0 0  M G T:
A verage lateral load environm ent reduced 57percent. 
Projected gag e  w idening life increased from 5 0 0  to 2 0 0 0 M G T  
No gage m ain tenance w as required.
No significant tie -p la te  cutting.

Prem ium  Track, 
Im proved Suspension  
Trucks and Dry-Rail 
Operation

NA
HAL Phase IV:
No significant ch an g e  in crosstie perform ance w as  docum ented  
during the 5 6 .6  M G T  of P hase IV.

Prem ium  Track, 
Conventional Trucks and  
Lubricated-Rail 
O perations

NA HAL Phase V: 9 /9 9  -  In progress.

The majority of the gage widening in all the test zones was attributed to rail wear 

except for the Douglas fir, hem fir, and southern yellow pine ties that reached the FRA 

Track Safety Standard limit of 1 inch over standard gage during the standard truck 

operations of Phase II. With that in mind, Exhibit 42 lists the projected gage life and 

gage widening rates calculated from gage measurements taken over the course of the 

test.

Exhibit 42. Projected Gage Life and Gage Widening Rates

Phase Tie Types Projected Gage Life Gage Widening Rate

Phases I and II Hardwood ties, Alternative ties 500 MGT 0.2 in./100 MGT

Phase III Hardwood ties, Softwood ties, 
Alternatives 2000 MGT 0.05 in./100 MGT
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10.0 FUTURE TESTING
Future cross tie testing at FAST will emphasize new  and unproven materials or 

m aterials/fastener systems. The performance of existing materials and fastener systems 

has been shown for a variety of heavy haul operating conditions during the first three 

phases of HAL testing at FAST.

Among the lessons learned from the long-term tests conducted:

• Test zones should be, at minimum, 200 feet. This allows for 100 ties spaced at 2-foot 

centers or 123 ties spaced at 19.5-inch centers. Shorter sections are often dominated 

by outside factors such as transition effects, rail joints, or disturbances caused by rail 

changes or other required maintenance.

• Stiffness transition zones may be required if greatly different ties are placed in 

adjacent test sections. End effects often dominate test section performance. A bump 

in the track can cause vertical motions for up to 200 feet.

• Overlapping rail, tie, and ballast test sections in the same track introduce many 

compounding factors in analyzing the performance data. For example, rail tests 

tend to dominate tie tests when there are many "plugs" installed. This is especially 

true in cut spike fastener test zones.

• Rail w ith similar age, properties, and design profiles m ust be used in comparison tie 

sections. These factors may greatly affect gage widening and lateral loading.

• The load environment must be carefully defined so that comparisons w ith future 

test sections are meaningful. Dependent on lubrication and grinding policy, the 

curves in the HTL have widely different load environments.

The focus on new testing will be on fewer test sections under more controlled testing 

conditions. Use of larger test section sizes and pre-screening of potential test 

candidates, by the proposed AREMA performance specifications, will ensure that 

limited cross tie testing resources are devoted to providing a good evaluation of the 

best products.

Certain test sections will continue into future phases of testing to provide baselines 

and continuity of performance. These sections will provide evidence of the unforeseen
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effects of certain variable changes. Performance measurements will continue to 

emphasize the ability to hold gage.

The industry needs a cross tie that provides uniform and predictable service at a low 

life cycle cost. Cross tie/fastener systems should:

• Hold gage

• Hold alignment

• Minimize rail rotation

• Minimize rolling resistance

• Survive and attenuate impacts

• Electrically isolate the rail for signal systems

• Provide vertical (truck surface) stability

The optimal cross tie material an d /o r design for heavy haul service has not been 

developed. TTCI's theoretical modeling work of track and vehicles supplements the 

FAST testing in developing an understanding of track behavior. Future work will focus 

on finding a more optimal tie/track system.

11.0 SUMMARY AND CONCLUSIONS
The main objective of the Tie and Fastener Test is to quantify the performance of 

numerous tie types and fastening systems under 39-ton axle load traffic. An additional 

objective is to compare the results gathered during the 460 MGT logged in Phases I and 

II of FAST/HAL operations under standard three-piece trucks, to the results of Phase III 

testing using vehicles equipped with improved suspension trucks. These trucks 

provide the benefit of improved curving response w ith enhanced wheelset steering and 

resistance to truck warp.

The load environment at FAST under the 315-kip car improved suspension (i.e., 

passive steering) trucks is, in the lateral plane, less severe than the typical 263-kip car 

wheel load environment in revenue service. Thus, the use of FAST as a “proof test" for 

application of new cross tie/fastener products in revenue service during Phase III can 

be questioned.
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M a jo r F in d in g s

The findings listed below have been grouped into these categories: Effect of Truck 

Suspension, Failure Modes, Effect of Species and Materials, Effect of Fasteners, FAST 

Test Section Effects.

Effect o f  T ru ck  Suspension:

Truck suspension has been the largest single factor in tie performance during the HAL 

experiment. The use of premium suspension trucks w ith better steering capabilities has 

greatly improved the performance of all ties tested under 39-kip wheel loads.

• Improved-suspension trucks provided a reduction of about 50 percent in the 

average lateral loads as compared with standard three-piece trucks.

• The gage-widening rate of ties in the 5-degree curve was affected more by the 

reduced lateral load environment under the improved-suspension trucks during 

Phase III than by tie species type or fastening system.

• The projected gage-widening life of all ties in the 5-degree curve, based on a 1-inch 

limit, increased from 500 MGT under standard-suspension trucks to 2,000 MGT 

under improved-suspension trucks.

• In the 6-degree curve, during standard-truck operations in Phase II, two hem-fir and 

two southern yellow pine subzones reached 1 inch over standard gage after 200 

MGT. Two Douglas fir subzones reached the same limit after 360 MGT. These 

subzones were fastened with cut spikes.

• The gage-spreading strength degradation of softwood ties with e-clip and SAFELOK 

fasteners under standard trucks was comparable to that of softwood ties with cut 

spikes under improved suspension trucks in Section 7 at 0.5 L /V  static loads.

Failure M o d e s :

Gage widening is the largest cause of wood tie maintenance at FAST. Lateral loading 

resulting in gage widening, tie splitting, and spike killing are all seen. Vertical loading 

problems have been minimal, except at abrupt test section stiffness changes. The dry
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• Tie-plate cutting has not been significant at FAST under improved trucks.

Although cracks in ties have not been a major problem, most occur on the field side 

of high rails.

• The cracks originating at the high-side gage hold-down spikes on the majority of the 

Oak dowel-laminated ties have not affected track strength while in service for 470 

MGT.

Effect o f  Species/M aterials:

Under the more severe load environment of standard trucks, Oak hardw ood tie 

performance, in gage widening, was superior to the performance of softwood ties. 

Under the more benign load environment of premium" trucks, the performance of 

hardwoods and softwoods was equally good. Both achieved markedly improved gage 

widening performance. In addition, azobe and various laminated wood ties performed 

well, resisting gage widening under premium trucks.

• Ties in the 5-degree curve of Section 7 that have not required re-gaging during 920 

MGT of service include:

-  Oak with cut spike, e-clip, and double elastic fasteners

-  Douglas Fir ties with cut spike and e-clip fasteners

• In the 6-degree curve, during standard truck operations in Phase II, two hem-fir and 

two southern yellow pine subzones reached 1 inch over standard gage after 200 

MGT. Two Douglas fir subzones reached the same limit after 360 MGT. These 

subzones were fastened with cut spikes. •

• Although higher than in solid hardwood tie track, the gage-widening rate of the 

mixed-specie subzone in the 6-degree curve, where three southern yellow pine ties 

were installed for every oak tie, was a low 0.07 inch per 100 MGT under improved- 

suspension trucks.

clim ate o f  sou th eastern  C olorad o  p rev en ts  w o o d  d ec a y  fro m  b e in g  a s ign ifican t factor.
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• There has been no significant gage degradation in the azobe cut-spike (520 MGT) 

and elastic-fastener subzones of the 5-degree curve in Section 31.

• During Phase III improved-truck operations, the average measured gage widening 

rate over the parallel-strand lumber ties w ith e-clips, the dowel-laminated oak ties 

w ith cut spikes, and both the vertical and the horizontal glue-laminated ties w ith cut 

spikes was comparable at about 0.02 inch per 100 MGT.

• Cedrite ties, spaced at 19.5 inches and held down w ith four screw spikes, were

removed after 178 MGT during standard-truck operations due to rail-seat cracks in 

90 percent of the 6-degree curve installation. The installation in the tangent test ' 

zone, spaced at 24 inches and held down with four screw spikes, remains in service 

after more than 400 MGT. ■ '

• Spruce ties, pre-drilled at 3 /4  inch for screw-spike hold-downs, were removed from 

service after 3 MGT due to a number of screw spikes working out.

• The USPL plastic composite ties developed cracks originating at hold down screw 

spike holes due to the small size of the pre-drilled hole (5/8 inch).' The cracks have 

not propagated during the past 100 MGT. The condition is not affecting track 

strength. •

• The rough-sicled USPL plastic composite ties,, consolidated by over 10 MGT of 

traffic, provided 60 percent more lateral resistance in the Single Tie Push Test than 

wood ties under similar conditions.
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