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The objective of this study was to 
determine the structural characteristics of 
three different track structures, including one 
that was representative of the conventional track 
structure used by North American railroads, under 
various applied loadings and levels of ballast con­
solidation.

This study is a part of the track strength char­
acterization program whose objective is to quantify 
the load carrying capacity of the track structure. It is 
being sponsored by the AA R  Research and Test 
Department, Track Train Dynamics program and 
Federal Railroad Administration.

The results indicate that concrete tie track 
has the highest lateral resistance in the 
unloaded state. It was also found that the 
lateral resistance is influenced by the ap­
plied vertical load, rather than the type of track 
structure. The nature of the track structure has an 
influence on the lateral resistance only when the 
track is in the unloaded state.

The concrete tie track structure has 
the highest vertical track modulus, which 
could increase the dynamic loads experienced by 
passing vehicles; wood tie track with elastic 
fasteners showed a substantial increase in 
vertical modulus over the conventional 
track structure.

The gage widening results indicated that 
elastic fasteners are stronger than cut 
spikes in restraining rail rotation. Also, the 
use of elastic fasteners decreases the number of 
adjacent fasteners that carry any significant portion 
of the applied load. .

Tests were conducted on three different track 
structures: conventional wood tie track, wood tie 
track with elastic fasteners, and concrete tie track. 
All of the track structures were constructed with 
12 inches of limestone ballast below the bottom of 
the ties and 12 inches of shoulder ballast, with a 
slope of 2:1. Six inches of limestone material were 
used as subballast. Forthe two wood tie track 
structures, 7" x 9" x 8.5' pre-bored and treated 
hardwood ties were used. Concrete ties similar to

those used in the Northeast Corridor were used for 
the concrete tie track.

Three basic areas of track strength 
characteristics were investigated in this test 
program: lateral track resistance, vertical 
track modulus, and gage widening res­
traint. For the lateral resistance tests, a concen­
trated lateral load was applied to the test track at the 
gage line of the rail. Lateral track deflections were 
recorded for both increasing and decreasing load­
ings. This was then repeated for different vertical 
loading environments. This included a vertical load 
that had been applied to each rail to simulate a single 
axle loading.

Vertical modulus tests were conducted using 
both simulated axle and truck loadings. Each of the 
applied vertical wheel loads were varied from 0 to 40 
kips for the axle loadings and 5,27, and 33 kips for 
the truck loadings, simulating an empty car, a loaded 
70-ton car and a loaded 100-ton car, respectively. 
Depending on which test was performed, the ver­
tical loads were applied and the corresponding 
vertical track deflections were measured.

Gage widening tests were conducted by 
applying a spreading load to both rails and measuring 
the resulting rail head deflections. These tests were 
also conducted under various levels of vertical load­
ings and a number of repeated cycles.

All three parameters were investigated under 
various levels of consolidation, ranging from 0 (fresh­
ly tamped track) to 2 million gross tons. The service 
load was applied using the track laboratory conso­
lidation vehicle, which was cycled back and forth 
over the test track. It has the capabilities of applying
0.25 million gross tons in eight hours.

Copies of the A A R  Report: "Laboratory Tests 
on Three Alternative Track Structures"are available 
fromJ. G. Britton, Sr., Assistant Vice President, 
Chicago Technical Center, 3140 South Federal 
Street, Chicago, Illinois 60616. The A A R  report 
number is R-614; the price is $3.00 for member 
railroads and $6.00 for nonmembers. Checks 
should be made payable to the Association of 
American Railroads. A  report list is available upon 
request.
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EXECUTIVE SUMMARY

An eva lu a tio n  o f  d i f f e r e n t  tra ck  s tru c tu res  was conducted a t 

the A sso c ia t io n  o f  American R a ilroad s  Track Labora tory . Primary 

concerns in  th is  t e s t  s e r ie s  were tra ck  s tren g th  c h a r a c te r is t ic s  

under va r iou s  load in gs  and le v e ls  o f  c o n s o lid a t io n , and 

comparisons w ith  the d i f f e r e n t  tra ck  s tru c tu res  t e s te d . Three 

d i f f e r e n t  tra ck  s tru c tu res  were te s te d , as fo l lo w s : con ven tion a l 

North American tra ck , wood t i e  tra ck  w ith  e la s t i c  fa s te n e rs , and 

con cre te  t i e  tra ck . S trength  parameters th a t were measured were 

v e r t i c a l  tra ck  modulus, la t e r a l  tra ck  r e s is ta n c e , and gage 

w iden ing. The load in gs  v a r ie d , depending on the t e s t ,  from 0 to  

40 k ip s  v e r t i c a l ,  0 to  30 k ips la t e r a l ,  and 0 to  20 k ip s  gage 

w iden ing. The co n so lid a t io n  le v e ls  a p p lied  to  each o f  the 

d i f f e r e n t  tra ck  s tru c tu res  v a r ie d  from 0 to  2 m il l io n  gross 

tons.

The r e s u lts  from these t e s t s  in d ica te  th a t , under the 

in flu e n ce  o f  v e r t i c a l  load  and co n so lid a t io n , th e re  i s n 't  any 

a p p rec ia b le  d i f fe r e n c e  between the th ree  d i f f e r e n t  tra ck  

s tru c tu res  in  t h e ir  la t e r a l  r e s is ta n c e . In  th e area o f  v e r t i c a l  

modulus, con cre te  t i e  tra ck  has the h igh est modulus, fo llo w e d  by 

wood t i e  tra ck  w ith  e la s t i c  fa s ten e rs , then con ven tion a l tra ck . 

Gage w iden ing r e s u lts  in d ic a te  th a t e la s t i c  fa s ten e rs  are 

s tro n ge r  than cu t sp ik es .

Summarizing, con cre te  tra ck  would be b e t t e r  in  the area o f  

la t e r a l  r e s is ta n c e , s in ce  i t s  s tren gth  in  the unloaded s ta te ,  

im portant in  tra ck  bu ck ling , i s  h igh er. Wood t i e  tra ck  w ith  

e la s t i c  fa s ten e rs  cou ld be advantageous o ver co n cre te  t i e  

tra c k . Concrete t i e  tra ck  has a h igh er v e r t i c a l  tra ck  modulus, 

which cou ld  cause a d d it io n a l v e h ic le  dynamic problem s.
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1 . 0  INTRODUCTION

Since e a r ly  in  the h is to r y  o f  r a ilr o a d s , c r o s s t ie  tra ck  

systems have been considered  to  be the most optim al tra ck  

s tru c tu re . Numerous changes and m od ifica tion s  have been made to  

th is  s tru c tu re  in  the la s t  100 yea rs , but the b a s ic  concept has 

remained the same: s t e e l  r a i l s  on wood c r o s s t ie s ,  h e ld  down w ith  

cu t sp ikes  and p laced  on b a l la s t .  With e v e r - in c re a s in g  demands 

on r a i l  s e r v ic e  fo r  moving bulk commodities, the wheel loads 

a p p lied  to  th is  s tru c tu re  have increased  a cco rd in g ly , and i t  is  

b e lie v e d  th a t th is  type o f  s tru c tu re  may be reach in g  i t s  design  

l im it s .  Researchers in  the past have been a b le  t o  s o lv e  the 

problem s o f  h e a v ie r  wheel loads by op tim iz in g  the roadbed, the 

spacing o f  the c r o s s t ie s ,  o r  using h ea v ie r  r a i l  s e c t io n s . 

Numerous papers and rep o rts  have been w r it te n  on th e  research  

e f f o r t s  in  the area o f  tra ck  s tru c tu res , and on new and 

re v o lu t io n a ry  concepts to  in crease  i t s  s a fe  lo a d -c a r ry in g  

ca p a c ity . A long w ith  th e o r e t ic a l  research , t e s t s  have been 

conducted on some o f  these concepts and many have a lrea d y  been 

in co rp o ra ted  in to  the tra ck  s tru c tu re .

There has a ls o  been a l im ita t io n  as to  the typ e  o f  new tra ck  

s tru c tu res  th a t cou ld be te s te d . Th is was p a r t ia l l y  due to  the 

l im ite d  amounts o f  tim e th a t a resea rch er cou ld  occupy e x is t in g  

tra ck  o r  take to  in s t a l l  a new type o f  s tru c tu re  in  revenue 

tra ck . In te r fa c in g  the e x is t in g  tra ck  s tru c tu re  w ith  the new 

one was an a d d it io n a l problem to  e a r ly  resea rch ers  in  th is  

a rea . Even w ith  these problem s, work was done in  a lt e r n a t iv e  

tra ck  s tru c tu res ,

-1-



such as con crete  t i e s ,  continuous welded r a i l ,  and continuous 

con cre te  s lab  tra ck .

Economics was a lso  a re ta rd in g  fa c to r  in  th is  type o f  

resea rch . The co s t o f  f i e l d  t e s t  in s ta l la t io n s ,  such as 

con cre te  t i e  t e s t s ,  were p r o h ib it iv e .  Continuous con cre te  s lab  

tra ck  is  s t i l l  econom ica lly  p r o h ib it iv e ,  although i t  has been 

used in  some lim ite d  cases. Even i f  the research  was 

su ccess fu l, the in s ta l la t io n  o f  a new tra ck  s tru c tu re  would have 

been, and s t i l l  i s  in  many cases, econ om ica lly  u nacceptab le.

Time was another im portant fa c to r  in  th is  type o f  resea rch . 

I t  would req u ire  years to  in s t a l l ,  m on itor, and eva lu a te  the 

perform ance o f  a s in g le  t e s t  s i t e ,  d ea lin g  w ith  one area o f  

r e l i a b i l i t y  o f  tra ck  and one p a r t ic u la r  type o f  a lt e r n a t iv e  

tra ck  s tru c tu re .

Some o f  these problems were addressed in  the e a r ly  1 9 7 0 's  by 

the Track T ra in  Dynamics program, which concluded th a t a 

f a c i l i t y  was requ ired  where research  o f  th is  nature cou ld  be 

perform ed w ithou t any in te rru p tio n  from t r a in  op era tion s . Two 

such f a c i l i t i e s  were b u i l t :  the F a c i l i t y  fo r  A cce le ra ted  S e rv ic e  

T e s t in g  (FAST ), a t Pueblo, Colorado and the A sso c ia t io n  o f  

American R a ilroad s  (AAR) Track Laboratory a t Chicago, I l l i n o i s .  

At both o f  these f a c i l i t i e s ,  the cost o f  new tra ck  was reduced, 

the s e r v ic e  loads a c c e le ra te d , and the problem o f  unwanted 

in te r ru p tio n s  from regu la r  t ra in s  was e lim in a ted , thus making 

research  on new tra ck  s tru c tu res  more a ffo rd a b le  and le s s  tim e 

consuming.
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With these f a c i l i t i e s  a v a ila b le , the AAR, in  con jun ction  

w ith  the Federa l R a ilroa d  A dm in istra tion  (FR A ), embarked on a 

program to  t e s t  th ree  d i f f e r e n t  types o f  tra ck  s tru c tu res  a t the 

AAR's Track Labora tory . The th ree  tra ck  s tru c tu res  were: 

con ven tion a l tra ck , conven tiona l tra ck  w ith  e la s t i c  fa s ten e rs , 

and con cre te  t i e  tra ck . Three t e s ts  were conducted on each 

s tru c tu re , under va r iou s  le v e ls  o f  b a l la s t  c o n s o lid a t io n , and 

in v o lv e d  v e r t i c a l  modulus t e s t s ,  la t e r a l  r e s is ta n c e  t e s t s ,  and 

gage w iden ing t e s t s .

One cou ld  h a rd ly  con s id er conven tiona l tra ck , w ith  s t e e l  

r a i l s  on wood t i e s ,  to  be a new type o f  tra ck  s tru c tu re , but i t  

cou ld  be te s te d  to  gen era te  b a se lin e  data fo r  comparison w ith  

th e o th e r  two types o f  tra ck  s tru ctu res under id e n t ic a l  

c o n d it io n s . Thus, a d ir e c t  comparison cou ld  then be made on the 

param eters o f  v e r t i c a l  tra ck  modulus, la t e r a l  tra ck  re s is ta n c e  

and gage w iden ing, each as-a fu n ction  o f  the l e v e l  o f  b a l la s t  

c o n s o lid a t io n . W ith d ir e c t  comparisons o f  th ese  param eters fo r  

each a lt e r n a t iv e  tra ck  s tru c tu re  to  those fo r  con ven tion a l 

tra ck , conclu sion s cou ld be made as to  the economic f e a s i b i l i t y ,  

long term b eh a v io r , and sa fe  op era tion a l advantages o f  each.

The t e s t  procedures fo r  each o f  the th ree  typ es  o f  tra ck  

s tru c tu res  and th e corresponding t e s t  r e s u lts  a re  d esc rib ed  in  

th is  r e p o r t , as w e ll  as conclusions drawn from these data.

2 . 0  TEST PROCEDURES

The procedures fo r  conducting the eva lu a tio n  t e s t s  o f  the
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new and existing track structures are described in this 
section. The type of track structures and the corresponding 
tests to be conducted on each are given in the overall Test 
Matrix, shown in Table 1.

2.1 Test Facility and Equipment
The tests for the alternative track systems were conducted 

at the AAR's Track Laboratory located at Chicago, Illinois.
This facility consists of a building measuring 170 x 40 x 20 
feet. The test area within this building consists of a section 
of standard gage track, 45 feet long, with two ramps at 20 
degrees from the horizontal at each end. Figure 1 is a 
schematic diagram showing the track structure and ramps.

Equipment pertinent to these tests included the 
consolidation vehicle, loading framework, hydraulic systems, and 
data acquisition system. The vehicle, used to consolidate the 
track, weighs 131.8 tons and is powered with an on board 
hydraulic system. This vehicle moves across the test track at 
approximately 8 mph, thus applying 0.25 million gross tons (MGT) 
of equivalent consolidation in an 8-hour shift. The loading 
framework, used to react the hydraulic jacks, consists of an 
overhead structure and two H-beams running along the length of 
the track on both sides. The reaction beams on the overhead 
framework can be moved longitudinally to any location within the 
central 20 feet of track. Similarly, the vertical loading jacks 
can be moved in the lateral plane of the track. With this
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Table l
Test Matrix for Evaluating 
New and Existing Track 

Structures

TRACK SYSTEM

MGT A B c

0.00 I-IV I-IV I-IV
0.25 IV I,IV I,IV
0.50 IV 1, IV I, IV
1.00 IV I,IV I, IV
2,00 V,VI I-IV I-IV

Test Sequence:
I - Lateral Track Resistance Tests
II - Gage Widening Tests
III - Vertical Track Modulus Tests
IV - Dynamic Vertical Track Modulus Tests

Track Configuration:
A - Conventional North American Track - Wood 

Ties & Cut Spikes
B - Conventional North American Track - Wood 

Ties & Elastic Fasteners 
C - Concrete Tie Track With Elastic Fasteners

For all different track structures, the ballast, 
subballast and subgrade will remain the same.



Figure 1. General Schematic Diagram of the Track Laboratory.



arrangement, and the additional capability of moving the lateral 
loading jack(s) longitudinally along the H-beams, any simulated 
axle or truck loading, including lateral loads, can be applied 
to the track at any desired eccentricity. Two hydraulic; systems 
were used to apply the vertical and lateral loads. For the 
vertical load, an Amsler hydraulic power unit and four jacks 
were used, each with a capacity of 80 tons. Two lateral jacks 
with a capacity of 25 tons each were used, powered by a 
motor-driven hydraulic pump. The data recording system used in 
this test was a Datum Data Acquisition System with a scan rate 
of 20,000 samples/second/channel.

A loading bolster was used to maintain the simulated 
wheel/rail contact geometry. This bolster was constructed using 
four 36-inch wheel segments attached to the bottom of a 
rectangular frame, with an attachment for applying vertical 
and/or lateral loads. Thus, all of the applied loads were 
transmitted to the rails through the contact point(s) between 
wheel and rail.

For the gage widening tests, two loading blocks were used to 
apply the lateral and vertical loads at the gage point of the 
rail, and at the running point of the rail (9/16 inch from the 
top of the rail and 9/16 inch to the gage side from the 
centerline of the rail head), respectively.
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2 . 2  Test Track Construction
The test track was constructed using conventional materials 

and recommended practices, as outlined in the AREA Manual for 
Railway Engineering [1].*

2.2.1 Subgrade
The subgrade under the test track consisted of the 

parent material upon which the laboratory was built and is 
classified as poorly graded sand (SP) under the USCS 
classification.

2.2.2 Subballast
Subballast covered the entire test area to a depth of

6.00 inches. The limestone material used was classified 
CA-10 under Illinois Department of Transportation 
Specifications.

2.2.3 Ballast
Ballast material for all three track structural 

configurations was AREA No. 4 limestone, placed to a depth 
of 12 inches from the bottom of the ties. The shoulders, 
with a slope of 2:1, were 12 inches from the end of the 
ties. Crib areas were filled to the top of the ties.

♦Numbers in brackets [] indicate the references, listed in 
Section 5.0 of this report.
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2.2.4 Track
Three different types of track construction were used 

for this test: conventional track, conventional track with 
elastic fasteners, and concrete tie track.
The conventional test track was constructed using 136 RE 
rail, 7" x 9" x S'-e*' treated hardwood ties, pre-bored spike 
holes and No. 14 tie plates, 8 punch. The tie spacing used 
in this track was 19.5 inches, with two cut spikes per plate 
and without anchors. The total length of the test track was 
one rail length, 39 feet. It must be pointed out that many 
Class 1 railroads use different tie spacings, ties sizes, 
tie plates and rails, but the common denominator for 
conventional track is steel rails and wood ties with cut 
spikes,

The conventional track with elastic fasteners was 
constructed in the same way as the conventional track, with 
the exceptions of the tie plates and fasteners. Pandrol 
PR601A Rail Clips were used on treated hardwood ties, along 
with Pandrol 2847D 16 x 7.50 inch, six punch Tie Plates.
Lock spikes were used for the hqld down spikes. Tie spacing 
was the same as for the conventional track, 19.5 inches on 
centers.

The concrete tie track was constructed using Santa 
Fe/San Val #SFRT7-SS2 Concrete Ties with Pandrol Fastener 
PR601A Rail Clips. The spacing for the concrete ties was 26 
inches on centers. The fastening system was identical to 
those used on the Northeast Corridor, including the 
insulating pads and rail seat pads.
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2.3 Lateral Track Resistance Tests
Lateral track resistance tests were conducted for the three 

different track structures, after various levels of ballast 
consolidation and under various vertical loads. In all the 
tests conducted in this sequence, the maximum lateral deflection 
was limited to two inches. Tests conducted in these test series 
are given in the Lateral Track Resistance Test Matrix, shown in 
Table 2.

After each specific test track configuration was 
constructed, hydraulic actuators were moved over Tie 2S (the 
instrumentation and measurement configuration are shown in 
Figure 2) to apply equal vertical loads to each rail and a 
lateral load to one rail. All loads applied to the track were 
applied through the loading bolster. Once the loading actuators 
were in place, the instrumentation was set up. In addition to 
the three load measurements, vertical and lateral deflection 
measurements were taken, resulting in a total of 23 channels of 
data. The lateral displacement transducers were located 
symmetrically about the loaded tie at every other tie. Vertical 
displacement transducers were placed at the loaded tie and 
symmetrically at the next two ties, then at every other tie, for 
a total of nine channels.

Test procedures were to apply the vertical load and then 
increase the lateral load at a constant rate, such that the 
lateral deflection increased at a rate of approximately 0.50 
inch/minute, until the total lateral deflection at the loaded
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Table 2
Lateral Track Resistance Test Matrix

MGT TEST
0.00 a,b,c
0.25 a
0.50 a
1.00 a
2.00 a*

Loading Sequence:
a - Single point lateral load at the 

rail head with 20 kips vertical
b - Single point lateral load at the 

rail head with 10 kips vertical
c - Single point lateral load at the 

rail head with 0 kips vertical

*Note: This test was run for the non-conventional track systems
only: wood ties with elastic fasteners and concrete ties 
with elastic fasteners.
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TRACK DATA 
RAIL SIZE: 136 RE
TIE SIZE: T  x 9' x 8.5' HARDWOOD (TREATED) 
TIE PLATE: AREA No. 1 4 - 8  PUNCH 
BALLAST: AREA No. 4 LIMESTONE (12 in.) 
SUBBALLAST: ILL. SPEC. CA-10 (6 in.)

TEST DATA
D - LATERAL DEFLECTION 
V - VERTICAL APPLIED LOAO 
L - LATERAL APPLIED LOAD 
U - VERTICAL DEFLECTION

(Conventional track only)

Figure 2. Instrumentation Layout for the Lateral Resistance Tests, for 
the Three Different Track Structures Tested.



tie reached 2.00 inches. The lateral load was then removed, 
followed by removal of the vertical loads.

Data taken during the test were recorded at a rate of ojie 
scan of all channels per second, during both the loading and 
unloading cycles. Once the track had stabilized after the load 
was removed, data recording was stopped and preparations for the 
next test were made.

The track was realigned and reformed after each of the tests 
was conducted. Tamping was performed manually, due to the 
instrumentation cabling, which made power tamping impossible. 
Once this was completed, the next level of consolidation was 
applied to the track with the consolidation vehicle and the 
process repeated for all tests shown in the Test Matrix. It 
should be noted that the subballast and subgrade conditions were 
not disturbed, or monitored in any way for their level of 
consolidation.

2.4 Vertical Track Modulus Tests
The vertical modulus tests that were conducted for each of 

the three different track structures tested are given in Table
3. Two types of tests were conducted for vertical modulus: axle 
and truck loadings, Instrumentation for these two tests were 
identical, with the exception of the two extra applied loads for 
the truck loadings. For the axle loadings, the loads were 
applied over Tie 2S; for the truck loadings, one axle was over 
Tie 2S and the other was 70 inches away, corresponding to a
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Table 3

Vertical Track Modulus Test Matrix

AXLE TRUCK
mgt LOADING (kios) LOADING fkiDS)
0.0 0-40* 5,27,33
0.25 0-40*
0.50 0-40* 5,27,33
1.0 0-40*
2.0 0-40* 5,27,33

★NOTE: Axle loads were applied through the loading bolster,
using two vertical jacks.
Data were recorded continuously until the maximum load 
of 40 kips was reached.
Truck loads were applied throughout the loading bolster, 
using four vertical jacks, and data were recorded at the 
truck loadings given above.
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standard axle spacing for a 100-ton capacity truck. For the 
axle loadings, a continuous load was applied up to 40 kips. For 
the truck loadings, the load was applied up to the maximum value 
given in the Test Matrix, and then released, followed by the 
next load increment, until all three truck loading increments 
were tested. At the completion of the two tests, the 
consolidation vehicle was used to apply the next level of 
consolidation. Data for these tests were recorded at a scan 
rate of one per second. The instrumentation locations within 
the track are shown in Figure 3.

2.5 Gage Widening Tests
For the gage widening tests, all loads were applied through 

two loading blocks. These blocks were designed to apply the 
vertical load to the rail head at locations 9/16 inch from the 
lateral centerline of the rail and 9/16 inch from the top of the 
rail, as shown in Figure 4. The west rail was braced with a 
modified tie plate that was shimmed under the rail head and 
restrained by two spikes at the tie, thus forming a truss 
structure that prevented the rail from rotating. This 
arrangement allowed only the east rail to rotate/translate under 
gage widening loads; therefore, it was the only rail that was 
instrumented. The tie plate restraining system for the wood 
ties is shown in Figure 5.

Instrumentation for this test included measurements of the 
vertical load, lateral load, and rail displacement. Both loads
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TRACK DATA TEST DATA
RAIL SIZE: 136 RE D - RAIL DEFLECTION
TIE SIZE: T  x 9' x 8.5' HARDWOOD (UNTREATED) V - VERTICAL APPLIED LOAD
TIE PLATE: AREA No. 1 2 - 8  PUNCH
BALLAST: AREA No. 4 LIMESTONE (12 in.)
SUBBALLAST: ILL. SPEC. CA-10 (6 in.)

Figure 3. Instrumentation Layout for the Vertical Modulus Tests with 
Simulated Axle and Truck Loadings.
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Material1 Hoi or CoM RolloO Stool

Figure 4 Loading Block Used to Apply the Gage Widening Loads During 
the Gage Widening Tests.



Figure 5. Rail Restraint Mechanism Used in the Gage Widening Tests.



were measured with strain gaged load cells placed between the 
load actuators and the loading blocks. Deflections were 
measured with Bourns two and four-inch displacement 
transducers. The location of the instrumentation with respect 
to the track is given in Figure 6.

Once the instrumentation, load actuators, and rail bracing 
were put in place, the vertical load was applied. Without 
removing the vertical load, a gage widening load was applied at 
a rate which caused the gage to increase at a rate of 
approximately 2.00 inches per minute until the rail head, at the 
load application point, deflected 1.00 inch. The load was then 
removed at the same rate and the procedure repeated for an 
additional twenty-four load cycles. Once completed, all loads 
were removed and the next loading sequence, given in Table 4, 
was performed, until all of the tests shown in the Test Matrix 
were completed.

3.0 RESULTS
3.1 Lateral Track Resistance

From the lateral resistance tests, the load deflection 
curves for each of the three track structures are shown in 
Figures 7 to 15, for all levels of consolidation and applied 
vertical loads.

After examining the data for a zero level of consolidation 
and 0.0, 10.0, and 20.0 kips vertical load (Figures 7, 8, and 9, 
respectively), two conclusions can be reached. First, at 2.00 
inches of lateral tie displacement, the required lateral load
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TRACK DATA 
RAIL SIZE: 136 RE
TIE SIZE: T  x 9' x 8.5' HARDWOOD (TREATED) 
TIE PLATE: AREA No. 1 4 - 8  PUNCH 
BALLAST: AREA No. 4 LIMESTONE (12 in.) 
SUBBALLAST: ILL. SPEC. CA-10 (6 in.)

TEST DATA
D - RAIL TRANSLATION AND ROTATION 
V - VERTICAL APPLIED LOAD 
L - GAGE WIDENING LOAD 
R - RAILHEAD DEFLECTION

Figure 6. Instrumentation Layout for the Gage Widening Tests



Table 4

Gage Widening Test Matrix

VERTICAL 
LOAD flfiPS)

20

20
15
15

LATERAL 
LOAD (kips)

14
**

10.5
**

NUMBER 
OF CYCLES

25
25
25
25

(1.00**Until maximum deflection is reached inch).
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TRACK LATERAL RESISTANCE TESTS

0 KIPS VERTICAL LOAD, 0.00 MGT
C O N C R E TE  T I E S

L A T E R A L  TR A C K  D E F L E C T IO N  C IN 5

Figure 7. Load Deflection Curves from the Lateral Track
Resistance Tests, for 0.0 MGT and a 0.0 Kip Vertical
Load.
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TRACK LATERAL RESISTANCE TESTS

10 KIPS VERTICAL LOAD, 0.00 MGT
C O N C R E TE  T I E S

Figure 8. Load Deflection Curves from the Lateral Track
Resistance Tests, for 0.0 MGT and a 10.0 Kip Vertical
Load.
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TRACK LATERAL RESISTANCE TESTS

20 KIPS VERTICAL LOAD, 0.00 MGT
--------------------------  C O N C R E T E  T I E S

L A TE R A L . TR A C K  D E F L E C T IO N  C IN 5

Figure 9. Load Deflection Curves from the Lateral Track
Resistance Tests, for 0.0 MGT and a 20.0 Kip Vertical
L o a d .
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TRACK LATERAL RESISTANCE TESTS

2 0  K P S  VERTICAL LOAD, 0.25 MGT
C O N C R E TE  T I E S

Figure 10. Load Deflection Curves from the Lateral Track
Resistance Tests, for 0.25 MGT and a 20.0 Kip
Vertical Load.
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TRACK LATERAL RESISTA N C E T E ST S 

2 0  K IP S  VERTICAL LOAD, 0 .5 0  MGT

----------------------- C O N C R E TE  T I E S

!
I

L A T E R A L  TR A C K  D E F L E C T IO N  C IN D

Figure ll. Load Deflection Curves from the Lateral Track
Resistance Tests, for 0.50 MGT and a 20.0 Kip
Vertical Load.
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TRACK LATERAL RESISTANCE TESTS

2 0  KIPS VERTICAL LOAD, I .00 MST
C O N C R E TE  T I E S

Figure 12. Load Deflection Curves from the Lateral Track
Resistance Tests, for 1.00 MGT and a 20.0 Kip
Vertical Load.

s
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TRACK LATERAL RESISTANCE TESTS

0  KIPS VERTICAL LOAD, 2.00 MGT
— ----------------- --- C O N C R E T E  T I E S

F ig u re  13 . Load D e f le c t io n  C urves fro m  th e  L a te r a l  T ra c k
R e s is ta n c e  T e s ts ,  f o r  2 .0 0  MGT and a 0 .0  K ip
V e r t i c a l  Load.
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TRACK LATERAL RESISTANCE TESTS

10 KIPS VERTICAL LOAD, 2.00 MGT
------------------------- C O N C R E T E  T I E S

F ig u re  14. Load D e f le c t io n  C urves fro m  th e  L a te r a l  T ra c k
R e s is ta n c e  T e s ts ,  f o r  2 .0 0  MGT and a 1 0 .0  K ip
V e r t i c a l  Load.
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TRACK LATERAL RESISTANCE TESTS

2 0  K P S  VERTICAL LOAD, 2.00 MGT
------------ ------------  C O N C R E T E  T I E S

LATERAL. TRACK D E FLE C TIO N  C IN 3

F ig u re  15 . Load D e f le c t io n  C urves fro m  th e  L a te r a l  T ra c k
R e s is ta n c e  T e s ts ,  f o r  2 .0 0  MGT and a 2 0 .0  K ip
V e r t i c a l  Load.
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i s  h i g h e r  f o r  t h e  c o n v e n t i o n a l  t r a c k  t h a n  t h e  c o n c r e t e  t i e  

t r a c k ,  o r  t h e  w o o d  t i e  t r a c k  w i t h  e l a s t i c  f a s t e n e r s .  W i t h  a  20 

k i p  v e r t i c a l  l o a d  a n d  w i t h o u t  c o n s o l i d a t i o n ,  h o w e v e r ,  t h e  

c o n c r e t e  t i e  t r a c k  r e q u i r e s  h i g h e r  lo a d s  f o r  t h e  sam e 

d i s p la c e m e n t .  T h e  r e v e r s a l  b e tw e e n  t h e  v e r t i c a l l y  lo a d e d  a n d  

u n lo a d e d  l a t e r a l  r e s i s t a n c e  w o u ld  le a d  o n e  t o  b e l i e v e  t h a t  t h e  

t r a c k  c o n s t r u c t i o n  o r  i n i t i a l  c o n d i t i o n s  a r e  v e r y  i m p o r t a n t ,  

r e l a t i v e  t o  l a t e r a l  t r a c k  r e s i s t a n c e .  S e c o n d ly ,  a  v e r t i c a l  lo a d  

i n c r e a s e s  t h e  l a t e r a l  t r a c k  s t i f f n e s s ,  r e g a r d l e s s  o f  t h e  l e v e l  

o f  c o n s o l i d a t i o n  o r  t y p e  o f  t r a c k  s t r u c t u r e ,  a s  s e e n  b y  t h e  

d e f l e c t i o n  c u r v e s  i n  t h e s e  f i g u r e s .

A n  e x a m in a t io n  o f  a l l  o f  t h e s e  f i g u r e s  g i v e s  a  c l e a r  

i n d i c a t i o n  t h a t ,  u n d e r  t h e  i n f l u e n c e  o f  v e r t i c a l  l o a d ,  t h e  

l a t e r a l  t r a c k  r e s i s t a n c e  i s  b i l i n e a r ,  a n d  i t  c a n  b e  a p p r o x im a t e d  

w i t h  tw o  d i s t i n c t  s t i f f n e s s  v a l u e s :  K1 a n d  K 2 . S in c e  t h e  

d e t e r m i n a t i o n  o f  t h e s e  tw o  s t i f f n e s s e s  i s  h i g h l y  s u b j e c t i v e ,  a s  

t o  w h e r e  t h e  b r e a k i n g  p o i n t  i s  c h o s e n ,  i t  w a s  d e e m e d  

a p p r o p r i a t e ,  f o r  c o m p a r a t iv e  p u r p o s e s ,  t o  c h o o s e  t h e  b r e a k  p o i n t  

a s  0 . 2 5  i n c h  o f  t i e  d is p la c e m e n t ,  a n d  t h e  e n d  p o i n t s  a s  0 . 0  a n d

2 . 0 0  i n c h e s .  U s in g  t h i s  a p p r o a c h ,  t h e  l a t e r a l  s t i f f n e s s e s  w e re  

d e t e r m in e d  a n d  a r e  g iv e n  i n  T a b le  5 f o r  a l l  t h e  t e s t s  c o n d u c te d .

R e g a r d in g  t h e  c o n c r e t e  t i e  d a t a ,  i t  c a n  b e  s e e n  t h a t  t h e r e  

w a s  a  s i g n i f i c a n t  in c r e a s e  i n  K1 ( l a t e r a l  s t i f f n e s s )  a s  t h e  

v e r t i c a l  l o a d  w a s  in c r e a s e d  f r o m  0 t o  20  k i p s .  B u t  o n c e  t h e  

t r a c k  s t a r t e d  t o  m ove  i n  t h e  l a t e r a l  d i r e c t i o n ,  t h e  l a t e r a l  

s t i f f n e s s  ( K 2 )  d e c r e a s e d  s u b s t a n t i a l l y .  K2 a l s o  d e c r e a s e d  w i t h
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T a b le  5

S um m ary  O f  R e s u l t s  f r o m  t h e  L a t e r a l  R e s is t a n c e  T e s t s
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o f  | 
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1
1

V e r t i c a l j  
L o a d  j 

( k i p s )  |

S t i f f n e s s  | S t i f f n e s s  | 
( k i p s / i n )  j ( k i p s / i n )  j

S t i f f n e s s
( k i p s / i n )

K1 |
1

K2 j K1 |
1

K2 | K1 | K2
1
1 0 1 24

— i

. 9 9 2  j
1 1 

1 1 .1 0 7 |  2 0 . 5 4 8 |
1

7 . 5 6 7  j 44
■  i ■■ ■■

. 7 0 8  j 1 0 . 9 4 5

0 . 0 0  MGT|
l

10 1 73

- - - 1
. 5 8 8  j

— " 1 1 
8 . 0 5 3 |  4 8 . 5 9 6 |

1
9 . 0 2 5 | 48

1
. 5 9 6 | 1 3 . 3 9 8

1“■ 1 
20 j 159

- - - 1

. 5 3 2  j 4 . 4 1 9 | 1 3 0 . 5 1 2 |
---- 1

7 . 6 3 7 | 74
1

. 6 9 6 | 1 5 . 7 5 9
i

0 . 2 5  MGT j
1

2 0 ( 3 0 ) * | 1 5 1

- - - 1
• 4 7 6 |

---- 1----- |
6 . 7 8 1 | 1 4 8 . 5 6 0 |

---- 1
4 . 4 8 9 | 1 5 1

1
. 4 7 6 |  9 . 1 2 9

0 . 5 0  MGT|
' 1 

2 0 ( 3 0 ) * | 144

- - - 1
. 6 7 6 |

1 | 
7 . 3 3 5 | 1 4 0 . 2 3 2  j

---  1
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1
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i
1 . 0 0  MGT j

1
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1
1
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- - - I -- -----------
1

1
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1 5 . 3 8 8 | 1 2 6 . 2 0 8  j

---- 1
4 . 8 5 9 |

- - - 1 - - - -
1

E l a s t i c
F a s t e n e r s

W ood T ie s

C u t  S p ik e s

* N o t e :  F o r  t h e  c o n v e n t i o n a l  t r a c k  w i t h  c u t  s p i k e s ,  t h e  v e r t i c a l
lo a d  w a s  30  k i p s .
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i n c r e a s i n g  v e r t i c a l  l o a d ,  w h ic h  w o u ld  i n d i c a t e  t h a t  b e y o n d  som e 

p o i n t  i n  t h e  l a t e r a l  lo a d  d e f l e c t i o n  c u r v e ,  t h e r e  w a s  a l a t e r a l  

lo a d  c o m p o n e n t d u e  t o  t h e  a p p l i e d  v e r t i c a l  l o a d .  C o m p a r in g  t h i s  

w i t h  t h e  w o o d  t i e  l a t e r a l  s t i f f n e s s ,  i t  c a n  b e  s e e n  t h a t  K2 w as 

h i g h e r  a n d  in c r e a s e d  w i t h  v e r t i c a l  lo a d  o n  t h e  c o n v e n t i o n a l  

t r a c k .

F ig u r e s  1 0 ,  1 1 ,  a n d  12 sh o w  t h e  lo a d  d e f l e c t i o n  c u r v e s  a t  

t h r e e  l e v e l s  o f  c o n s o l i d a t i o n :  0 . 2 5 ,  0 . 5 0 ,  a n d  1 . 0 0  MGT, w i t h  a 

20  k i p  v e r t i c a l  l o a d .  ( N o te :  F o r  t h e  w o o d  t i e  t r a c k  w i t h  c u t  

s p i k e s ,  t h e  v e r t i c a l  l o a d  d a t a  w e re  o b t a in e d  f r o m  a p r e v io u s  

t e s t  s e r i e s ,  w h ic h  u t i l i z e d  a 30 k i p  v e r t i c a l  l o a d . )  T h e s e  

f i g u r e s  s h o w  t h a t  t h e r e  w a s  p r a c t i c a l l y  n o  d i f f e r e n c e  i n  K1 f o r  

t h e  t h r e e  t r a c k  s t r u c t u r e s  t e s t e d .  T h e  o n l y  o b s e r v e d  d i f f e r e n c e  

w a s  i n  K 2 , w h e re  t h e  c o n c r e t e  t i e  t r a c k  w a s  s o m e w h a t s t r o n g e r  

t h a n  t h e  w o o d  t i e  t r a c k  w i t h  e l a s t i c  f a s t e n e r s .  D i r e c t  

c o m p a r is o n s  i n  t h i s  r e g i o n  c a n n o t  b e  m ade w i t h  c o n v e n t i o n a l  

t r a c k ,  d u e  t o  t h e  v e r t i c a l  lo a d  d i f f e r e n c e .  H o w e v e r ,  b y  

e x t r a p o l a t i o n  f r o m  t h e s e  r e s u l t s ,  i t  w o u ld  seem  t h a t  t h e  t r a c k  

s t i f f n e s s  w o u ld  b e  lo w e r  t h a n  t h a t  f o u n d  i n  t h e  a l t e r n a t i v e  

t r a c k  s t r u c t u r e s .  A s  i n d i c a t e d  i n  T a b le  5 ,  K2 i s  h i g h e r  f o r  

c o n v e n t i o n a l  t r a c k  t h a n  t h e  o t h e r  tw o  t r a c k  s t r u c t u r e s ,  b u t  i t  

m u s t  b e  n o t e d  t h a t  t h e r e  i s  a d i f f e r e n c e  i n  v e r t i c a l  l o a d  o f  10 

k i p s .

F ig u r e s  1 3 ,  1 4 ,  a n d  15 a r e  p l o t s  o f  t h e  l a t e r a l  d e f l e c t i o n s  

f o r  0 . 0 ,  1 0 . 0 ,  a n d  2 0 . 0  k i p  v e r t i c a l  lo a d s  a t  2 . 0 0  MGT 

a c c u m u la te d  t o n n a g e ,  f o r  t h e  c o n c r e t e  a n d  w o o d  t i e  t r a c k  w i t h  

e l a s t i c  f a s t e n e r s .  T h e r e  i s  a n  i n d i c a t i o n  f r o m  t h e s e  t e s t s  t h a t  

t h e  i n i t i a l  l a t e r a l  r e s i s t a n c e  f o r  c o n c r e t e  t i e  t r a c k  ( K l )  wa s
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h i g h e r  f o r  t h e  0 . 0  a n d  1 0 . 0  k i p  v e r t i c a l  l o a d s ,  b u t  w a s  

c o n s i d e r a b l y  lo w e r  f o r  t h e  20 k i p  v e r t i c a l  l o a d .  L o o k in g  a t  t h e  

K2 v a l u e s ,  t h e r e  w a s  a  m in im a l  c h a n g e  i n  t h e  c o n c r e t e  t i e  t r a c k  

w i t h  a n  i n c r e a s e  i n  v e r t i c a l  lo a d ,  w h e re a s  f o r  t h e  w o o d  t i e  

t r a c k ,  t h e  K2 v a lu e s  d e c r e a s e d  w i t h  i n c r e a s i n g  v e r t i c a l  l o a d s .

3 .2  V e r t i c a l  T r a c k  M o d u lu s

D a ta  f r o m  t h e  v e r t i c a l  m o d u lu s  t e s t s  w e re  r e d u c e d ,  u s in g  

b e a m - o n - e l a s t i c - f o u n d a t i o n  t h e o r y  [ 2 ] .  T h e  v e r t i c a l  t r a c k  

m o d u lu s  w a s  c a l c u l a t e d  u s in g  E q u a t io n  ( 1 )  f o r  s i n g l e  a x l e  

l o a d i n g s ,  a n d  E q u a t io n  (2 )  f o r  t r u c k  l o a d i n g s  [ 3 ] .

(1)

n

(2)
i=l

8 xn(x)=e (cos Bx - sin Bx)

w h e re  P i s  t h e  a p p l i e d  lo a d  ( k i p s )

y  i s  t h e  t r a c k  d e f l e c t i o n  u n d e r  lo a d  ( i n )  

y i s  t h e  v e r t i c a l  t r a c k  m o d u lu s  ( k i p s / i n / i n )  

x  i s  t h e  d i s t a n c e  f r o m  t h e  a p p l i e d  lo a d  ( i n )  

E l  i s  t h e  r a i l  s t i f f n e s s  ( k i p s - i n 2 )

B i s  t h e  d a m p in g  f a c t o r .
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T h e  r e s u l t s  f r o m  t h e s e  t e s t s  a r e  g iv e n  i n  T a b le s  6 a n d  7 f o r  

t h e  a x l e  a n d  t r u c k  l o a d i n g s ,  r e s p e c t i v e l y .  F o r  t h e  a x l e  

l o a d i n g s ,  t h e  v e r t i c a l  m o d u lu s  w a s  c a l c u l a t e d  u s in g  E q u a t io n

( 1 ) ,  f o r  a  v e r t i c a l  lo a d  o f  33 k i p s ,  f o r  b o t h  t h e  l o a d i n g  a n d  

u n l o a d in g  c y c l e s .  T h e  c o r r e s p o n d in g  v e r t i c a l  m o d u lu s  f o r  t h e  

t r u c k  l o a d i n g s  w a s  c a l c u l a t e d  f r o m  E q u a t io n  (2 )  a n d  t h e  lo a d s  

c a l l e d  f o r  i n  t h e  T e s t  M a t r i x .  I n  a d d i t i o n  t o  t h e s e  t a b l e s ,  t h e  

v e r t i c a l  t r a c k  m o d u lu s  w as d e t e r m in e d  a s  a f u n c t i o n  o f  t h e  

v e r t i c a l  l o a d  f o r  b o t h  t h e  l o a d i n g  a n d  u n l o a d in g  c y c l e s  f r o m  t h e  

a x le  l o a d i n g  s e q u e n c e .  T h e s e  r e s u l t s  a r e  g iv e n  i n  F ig u r e s  16  t o  

20  f o r  f i v e  d i f f e r e n t  l e v e l s  o f  c o n s o l i d a t i o n :  0 . 0 ;  0 . 2 5 ;  0 . 5 0 ;  

1 . 0 0 ;  a n d  2 . 0 0  MGT, r e s p e c t i v e l y .  I n  t h e s e  f i g u r e s ,  a 

l e a s t - s q u a r e s  m e th o d  w as u s e d  t o  f i t  a  s m o o th  c u r v e  t h r o u g h  t h e  

d a t a  p o i n t s  a n d  t o  e l i m i n a t e  t h e  e f f e c t  o f  s l a c k  a t  lo w  l o a d s .

C o m p a r in g  t h e  v e r t i c a l  m o d u l i ,  a s  d e t e r m in e d  f r o m  t h e  a x le  

lo a d i n g s  (s h o w n  i n  T a b le  6 ) f o r  t h e  t h r e e  d i f f e r e n t  t r a c k  

s t r u c t u r e s  t e s t e d ,  i t  c a n  b e  s e e n  t h a t  t h e  c o n c r e t e  t i e  t r a c k  

w a s  a p p r o x im a t e l y  tw o  t im e s  s t i f f e r  t h a n  t h e  c o n v e n t i o n a l  t r a c k ,  

w h e re a s  t h e  w o o d  t i e  t r a c k  w i t h  e l a s t i c  f a s t e n e r s  w a s  

a p p r o x im a t e l y  1 . 5  t im e s  s t i f f e r .  A s  t h e  s e r v i c e  lo a d s  

in c r e a s e d ,  i . e . ,  h i g h e r  v a lu e s  o f  a c c u m u la te d  MGT, t h e s e  r a t i o s  

se e m e d  t o  r e m a in  t h e  sa m e . A s  s h o w n  i n  T a b le  7 ,  l i s t i n g  t h e  

v e r t i c a l  m o d u l i  f r o m  t r u c k  l o a d i n g s ,  i t  c a n  b e  s e e n  t h a t  f o r  

l i g h t  l o a d s  (5  k i p s ) , t h i s  r a t i o  d i d  n o t  h o l d .  T h is  w a s  

a t t r i b u t e d  t o  s l a c k  i n  t h e  t r a c k ,  w h ic h  i n  t h e  t r u c k  l o a d i n g  

e n v i r o n m e n t  r e q u i r e d  a s o m e w h a t h i g h e r  lo a d  b e f o r e  i t  c o u l d  b e
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T a b le  6

V e r t i c a l  T r a c k  M o d u lu s  f o r  S im u la t e d  A x le  L o a d in g s

L e v e ls V e r t i c a l  T r a c k  M o d u lu s  ( k i p s / i n / i n )
o f  | L o a d in g  | -  

C o n s o l i d a t i o n !  C o n d i t i o n ! T e s t  A  | T e s t  B 1 T e s t  C

0 . 0 0  MGT

l 1
| L o a d in g  |
1 1

1
1 0 . 5 6 5  1

1
8 . 1 9 5  |

i
4 . 7 5 7

1 1 
| U n lo a d in g |

1
9 . 5 2 7  j

1
6 . 9 6 8  | 4 . 0 9 8

0 . 2 5  MGT

" 1 1 
| L o a d in g  | 
1 1

1
1 1 .4 2 3  j

1
8 . 2 0 3  | 4 . 1 3 2

1 1 
| U n lo a d in g | 1 0 .1 2 9  |

J  1
7 . 2 2 4  j 3 . 7 6 7

0 . 5 0  MGT

1 1 
| L o a d in g  | 
1 1

1
8 . 2 5 6  j

1
6 . 5 3 4  |

1 1 
| U n lo a d in g !

1
7 . 7 6 8  j

1'
5 . 6 7 9  j

1 . 0 0  MGT
| L o a d in g  |
1 1

8 . 0 6 1  j 6 . 5 3 4  j 5 . 4 6 0
1 1 
| U n lo a d in g !

1
7 . 3 2 8  j

1"
5 . 9 7 9  j 4 . 5 7 4

2 . 0 0  MGT
j L o a d in g  j
i i

9 . 8 8 7  j 6 . 2 1 7  |
i i 
| U n lo a d in g !

. . .  | 

8 . 8 4 3  j
1 ‘

5 . 7 8 9  j

N o te :  T e s t  A  f o r  c o n c r e t e  t i e s  a n d  e l a s t i c  f a s t e n e r s .  

T e s t  B f o r  w o o d  t i e s  a n d  e l a s t i c  f a s t e n e r s .

T e s t  C f o r  w o o d  t i e s  a n d  c u t  s p i k e s .
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V e r t i c a l  T r a c k  M o d u lu s  f o r  S im u la t e d  T r u c k  L o a d in g s

T a b le  7

1
1
1

L e v e ls  | 
o f  | 

C o n s o l i d a t i o n |

T r u c k  | 
L o a d in g  j 
( k i p s )  |

V e r t i c a l T r a c k  M o d u lu s ( k i p s / i n / i n )

T e s t  A 1 T e s t  B | T e s t  C
.

1
1 1i

5 1 5 . 0 6 6 1 4 . 4 7 2  | 4 . 4 7 0

1
1 0 . 0 0  MGT

1
11 .

-----u--- |

27 | 8 . 8 3 5
1 ‘
1 7 . 6 9 6  | 4 . 8 3 8

1
1
1

1
1 33 | 9 . 9 6 8

|

1
i 1

8 . 2 3 6  | 4 . 9 4 7

1
1
1

1
i

5 1 5 . 3 9 0 1 3 . 8 2 5 .  |

1
1 0 . 5 0  MGT

1
1
I

_ |

27 | 7 . 7 0 5
1"
1

1
6 . 3 3 6  |

1
1
1

1
1

1
33 j 9 . 3 1 9

1 •
1

1
6 . 6 7 0  |

1
1
1

----- 1

1
I .

'  1
5 I 5 . 0 5 7

1 ’
1 4 . 0 8 4  |

1
1
1

2 . 0 0  MGT
1
1
i .

1
27 | 8 . 3 8 8

■ "  1 ‘
1

1
6 . 4 3 8  |

i
1
1

1
1

1
33 | 8 . 5 4 4

| .

1
i

6 . 7 3 5  |

N o t e :  T e s t  A f o r c o n c r e t e  t i e s  a n d  e l a s t i c  f a s t e n e r s .

T e s t  B f o r w o o d  t i e s a n d  e l a s t i c f a s t e n e r s .

T e s t  C f o r  w o o d  t i e s  a n d  c u t  s p i k e s .
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V E R T I C A L  T R A C K  M O D U L U S  T E S T S
A X L E  L O A D I N G ,  0 . 0 0  M G T

---- -------- l j o a d i n o  r a R  c o n c r e t e : t i e s

F ig u re  16. C om parison o f  th e  V e r t i c a l  M o d u li f o r  th e  D i f f e r e n t  T ra c k
S t r u c tu r e s ,  fro m  th e  A x le  L o a d in g s  a t  0 .0 0  MGT.



V E R T I C A L  T R A C K  M O D U L U S  T E S T S
A X L E  L O A D I N G ,  0 . 2 5  M G T

------------  L J O A O Z N O  F O R  C O N C R E T E :  T X E S

F ig u re  17. C om parison  o f  th e  V e r t i c a l  M o d u li f o r  th e  D i f f e r e n t  T ra c k
S t r u c tu r e s ,  fro m  th e  A x le  L o a d in g s  a t  0 .2 5  MGT.



I>u01

V E R T I C A L  T R A C K  M O D U L U S  T E S T S  
A X L E  L O A D I N G .  0 . 5 0  M G T

U O A D X N O  r O R  C O N C R E T E  T X E S

F ig u re  18. C om parison  o f  th e  V e r t i c a l  M o d u li f o r  th e  D i f f e r e n t  T ra c k
S t r u c tu r e s ,  fro m  th e  A x le  L o a d in g s  a t  0 .5 0  MGT.



V E R T I C A L  T R A C K  M O D U L U S  T E S T S
A X L E  L O A D I N G .  1 . 0 0  M G T

------------  L - Q A P X M O  r O R  C O N C R E T E  T X E 9

F ig u re  19. C om parison  o f  th e  V e r t i c a l  M o d u li f o r  th e  D i f f e r e n t  T ra c k
S t r u c tu r e s ,  fro m  th e  A x le  L o a d in g s  a t  1 .0 0  MGT.



V E R T I C A L  T R A C K  M O D U L U S  T E S T S
A X L E  L O A D I N G .  2 . 0 0  M G T

------------  L O A O I N Q  r O R  C O N C R E T E  T I E S

F ig u re  20. C om parison o f  th e  V e r t i c a l  M o d u li f o r  th e  D i f f e r e n t  T ra c k
S t r u c tu r e s ,  fro m  th e  A x le  L o a d in g s  a t  2 .0  MGT.



o v e r c o m e .  F o r  t h e  27 a n d  33 k i p  l o a d i n g s ,  t h e  c o m p a r a t iv e  

r e s u l t s  a g r e e d  w i t h  t h o s e  fo u n d  u s in g  t h e  s i n g l e  a x l e  l o a d i n g s .

C o n s id e r in g  t h e  r e s u l t s  f r o m  t h e  a x l e  l o a d i n g s ,  p l o t t e d  a s  a 

f u n c t i o n  o f  t h e  v e r t i c a l  lo a d  i n  F ig u r e s  16  t o  2 0 ,  i t  c a n  b e  

s e e n  t h a t  a t  z e r o  MGT t h e  a r e a  e n c lo s e d  b y  t h e  l o a d i n g  a n d  

u n l o a d in g  c y c l e s  f r o m  e a c h  o f  t h e  t r a c k  s t r u c t u r e s  w a s  i n v e r s e l y  

p r o p o r t i o n a l  t o  t h e  v a lu e  o f  t h e  v e r t i c a l  t r a c k  m o d u lu s .  T h is  

a r e a ,  w h ic h  i s  r e l a t e d  t o  t h e  h y s t e r e s i s  lo o p  b e tw e e n  t h e  

l o a d i n g  a n d  u n l o a d in g  c y c l e s ,  i s  t h e  sum  o f  t h e  e n e r g y  

d i s s i p a t e d  b y  t h e  t r a c k  s t r u c t u r e  a n d  t h e  p e r m a n e n t  t r a c k  

d e f o r m a t i o n .  T h e s e  r e s u l t s  t e n d  t o  i n d i c a t e  t h a t  t h e  c o n c r e t e  

t i e  t r a c k  w i l l  d i s s i p a t e  l e s s  e n e r g y  t h a n  c o n v e n t i o n a l  t r a c k ,  

a n d / o r  i t  w i l l  h a v e  l e s s  p e r m a n e n t  d e f o r m a t io n  d u r i n g  e a c h  

c y c l e .  T h e  w o o d  t i e  t r a c k  w i t h  e l a s t i c  f a s t e n e r s  f a l l s  b e tw e e n  

t h e  tw o  e x t r e m e s .  T h is  o b s e r v a t io n  se em s t o  h o l d  f o r  a l l  t h e  

MGT l e v e l s  t e s t e d ,  w i t h  t h e  e x c e p t io n  o f  0 . 2 5  MGT, w h e r e  t h e  

c o n v e n t i o n a l  t r a c k  h a d  l e s s  e n c lo s e d  a r e a  t h a n  t h e  o t h e r  tw o  

t r a c k  s t r u c t u r e s .

3 .3  G a ce  W id e n in g

T h e  l a t e r a l  l o a d  r e q u i r e d  t o  d e f l e c t  t h e  r a i l  a  g i v e n  

a m o u n t ,  a s  a  f u n c t i o n  o f  t h e  n u m b e r o f  c y c l e s ,  w a s  d e t e r m in e d  

f r o m  t h e  g a g e  w id e n in g  t e s t  d a t a .  T h e s e  r e s u l t s  a r e  g i v e n  i n  

F ig u r e s  2 1  a n d  22  f o r  r a i l  h e a d  d is p la c e m e n t s ,  o f  0 . 2 5  a n d  0 . 5 0  

i n c h ,  r e s p e c t i v e l y .

T h e  r e s u l t s  i n d i c a t e d  t h a t  f o r  a 0 . 2 5  i n c h  r a i l  h e a d
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GAGE WIDENING TEST 
RAEJtAD DEFLECTION 0.25 INCHES

-f-----1------H CONCRETE TEES
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d e f l e c t i o n ,  a n d  a l l  t h r e e  t y p e s  o f  t r a c k  s t r u c t u r e s ,  m o s t  o f  t h e  

d a m a g e  o c c u r r e d  d u r i n g  t h e  f i r s t  c y c l e  o f  l o a d i n g .  A f t e r  t h e  

i n i t i a l  d a m a g e , t h e  l a t e r a l  lo a d  r e q u i r e d  t o  d i s p l a c e  t h e  r a i l  

h e a d  s t a b i l i z e d  f o r  a l l  t h r e e  t r a c k  s t r u c t u r e s .  T h is  i n i t i a l  

d a m a g e  w a s  v e r y  a p p a r e n t  f o r  t h e  c o n v e n t i o n a l  t r a c k  a n d  w a s  

n o t i c e a b l e  f o r  t h e  o t h e r  tw o  t r a c k  s t r u c t u r e s .  I t  c o u l d  a l s o  b e  

s e e n  t h a t  t h e  c o n v e n t i o n a l  t r a c k  w a s  " w e a k e r "  t h a n  t h e  o t h e r  tw o  

t r a c k  s t r u c t u r e s ,  f o l l o w e d  b y  t h e  c o n c r e t e  t i e  t r a c k ,  a n d  t h e n  

b y  t h e  e l a s t i c  f a s t e n e r s  o n  w o o d  t i e s .  O nce  t h e  lo a d  

s t a b i l i z e d ,  a n  a d d i t i o n a l  l a t e r a l  l o a d  w a s  r e q u i r e d  t o  r e a c h  t h e  

sam e d e f l e c t i o n ,  e . g . ,  c o m p a re d  t o  w o o d  t i e  t r a c k  w i t h  e l a s t i c  

f a s t e n e r s ,  t h e  v a lu e s  w e re  2 . 7 5  t im e s  h i g h e r  f o r  c o n v e n t i o n a l  

t r a c k  a n d  1 . 6 5  t im e s  h i g h e r  f o r  t h e  c o n c r e t e  t i e  t r a c k .  S i m i l a r  

r e s u l t s  c a n  b e  s e e n  i n  F ig u r e  2 2 ,  f o r  a  0 . 5 0  i n c h  o f  r a i l  h e a d  

d i s p la c e m e n t ,  b u t  w i t h  tw o  e x c e p t io n s .  F i r s t ,  f o r  t h e  w o o d  t i e  

t r a c k  w i t h  e l a s t i c  f a s t e n e r s  t h e r e  w a s  n o  i n i t i a l  d a m a g e , a n d  

s e c o n d ,  t h e  l a t e r a l  lo a d  r a t i o s  am ong t h e  d i f f e r e n t  t r a c k  

s t r u c t u r e s  c h a n g e d  t o  2 . 0 7  f o r  t h e  c o n c r e t e  t i e  t r a c k  a n d  3 . 4 4  

f o r  w o o d  t i e  t r a c k  w i t h  e l a s t i c  f a s t e n e r s .

T h e  r a i l  h e a d  d e f l e c t i o n  w a v e  s h a p e s  a r e  p l o t t e d  f o r  t h e  

t h r e e  d i f f e r e n t  t r a c k  s t r u c t u r e s  a t  t h r e e  a r b i t r a r y  lo a d  c y c l e s :  

1 ,  1 0 ,  a n d  2 5 ,  i n  F ig u r e s  2 3 ,  2 4 ,  a n d  2 5 ,  r e s p e c t i v e l y .  T h e s e  

p l o t s  s h o w  t h e  r a i l  h e a d  d e f l e c t i o n  w a v e  s h a p e s  f o r  a  m a x im um  

d e f l e c t i o n  o f  0 . 5 0  in c h  a t  t h e  p o i n t  o f  l o a d i n g .  A n a l y z i n g  

t h e s e  r e s u l t s ,  i t  c a n  b e  s e e n  t h a t  f o r  t h e  f i r s t  c y c l e ,  t h e  

d e f l e c t i o n  w a v e  s h a p e s  w e re  v e r y  c l o s e  t o  e a c h  o t h e r  f o r  a l l

-4 6 -
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GAGE WIDENING TEST, CYCLE #1

CONCRETE TIES

Figure 23. Deflection Wave Shapes for the Three Different Track
Structures, Under a Cyclic Gage-Widening Load, After Cycle 1.
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F ig u re  24 . D e f le c t io n  Wave Shapes f o r  th e  T h ree  D i f f e r e n t  T ra c k
S t r u c tu r e s ,  U nder a C y c l ic  G age-W iden ing  Load, A f t e r  C yc le  10.
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F ig u re  25 . D e f le c t io n  Wave Shapes f o r  th e  T h ree  D i f f e r e n t  T ra c k
S t r u c tu r e s ,  U nder a C y c l ic  G age-W iden ing  Load, A f t e r  C yc le  25.



three t r a c k  structures. As the number of loading cycles 

increased to 10 and then 25 (Figures 24 and 25), the d e f l e c t i o n  

wav e  shapes for the concrete tie and wood tie track w i t h  elastic 

fasteners rem a i n e d  the same, whereas the w o o d  tie tra c k  wit h  cut 

spikes p r o g r e s s i v e l y  became wid e r  at the outer regions, i.e., 

the d e f l e c t i o n  at a given location away from the app l i e d  loading 

point b e c a m e  larger as the number of loading cycles increased. 

These w a v e  shapes indicate that conventional t r ack is 

p r o g r e s s i v e l y  damaged outwardly from the point of loading w i t h  

increasing cycles, whereas it shows an elastic b e h a v i o r  for the 

other two t r a c k  structures. This is, however, not an i ndication 

that p r o g r e s s i v e  damage does not occur in these other two t r a c k  

structures. It is just that the rate of damage is m u c h  s m a ller 

and cannot be detected for the relatively limited num b e r  of 

cycles u s e d  in these tests. Note that the loads giv e n  after the 

test d e f i n i t i o n  in these three figures are the loads r e q u i r e d  to 

displace the rail head by 0.50 inch.

4.0 C O NCLUSIONS

From results obtained during the lateral resi s t a n c e  tests, 

it was c o n c l u d e d  that under vertical loads and c o n s o l i d a t i o n  

there wer e  no appreciable differences in the lateral t r a c k  

strength a m o n g  the three structures tested. In the 

u n c o n s o l i d a t e d  state, the concrete t r ack was strongest, followed 

by the w o o d  tie track with elastic fasteners and the 

conventional track. Finally, with no v ertical load, the
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c o n c r e t e  t r a c k  h a d  a  h i g h e r  s t i f f n e s s  t h a n  t h e  o t h e r  tw o  t y p e s .

T h e  v e r t i c a l  m o d u lu s  t e s t s  i n d i c a t e d  t h a t  t h e  c o n c r e t e  t i e  

t r a c k  h a d  t h e  h i g h e s t  m o d u lu s .  T h e  w o o d  t i e  t r a c k  w i t h  e l a s t i c  

f a s t e n e r s  s h o w e d  a n  in c r e a s e  i n  m o d u lu s ,  a s  c o m p a re d  t o  t h e  

c o n v e n t i o n a l  t r a c k ,  b y  a f a c t o r  o f  t w o ,  a n d  t h u s ,  i t  c a n  b e  

a s s u m e d  t h a t  t h e  p re m iu m  f a s t e n e r s  in c r e a s e d  t h e  v e r t i c a l  

m o d u lu s  o f  t h e  t r a c k  s t r u c t u r e .

T h e  g a g e  w i d e n in g  t e s t s  i n d i c a t e d  t h a t  t h e  p re m iu m  f a s t e n e r s  

w e re  s t r o n g e r  t h a n  c u t  s p i k e s .  A l s o ,  t h e r e  w a s  l e s s  p r o g r e s s i v e  

dam ag e  i n  t h e  r e g i o n  o f  t h e  l a t e r a l  lo a d  a p p l i c a t i o n .  U n d e r  

t r a c k  c o n d i t i o n s  w h e re  e x c e s s iv e  l a t e r a l  r a i l  d e f l e c t i o n s  m ig h t  

o c c u r ,  s u c h  a s  o v e r  a  f a i l e d  t i e  f a s t e n e r ,  i t  w o u ld  n o t  dam ag e  

t h e  a d j a c e n t  f a s t e n e r s .

T h e s e  r e s u l t s  i n d i c a t e d  t h a t ,  i n  c o m p a r in g  t h e  t h r e e  

d i f f e r e n t  t r a c k  s t r u c t u r e s ,  t h e  c o n c r e t e  t i e  t r a c k  w a s  b e s t  i n  

t e r m s  o f  t h e  l a t e r a l  r e s i s t a n c e ,  s in c e  t h e  s t r e n g t h  o f  t h e  

u n lo a d e d  s t a t e ,  ( i m p o r t a n t  i n  t r a c k - b u c k l i n g  p r o b le m s )  w a s  

h i g h e r  t h a n  t h e  o t h e r  t w o .  T h e  v e r t i c a l  m o d u lu s  c a n  b e  

in c r e a s e d  b y  u s i n g  p re m iu m  f a s t e n e r s ,  a n d ,  t h u s ,  t h e  w o o d  t i e  

t r a c k  w i t h  e l a s t i c  f a s t e n e r s  w a s  b e t t e r  i n  t h i s  a r e a .  C o n c r e t e  

t i e  t r a c k  w i l l  h a v e  t h e  h i g h e s t  m o d u lu s ,  b u t  i t  c o u l d  b e  s o  

s t i f f  t h a t  t h e  r e s u l t a n t  d y n a m ic  lo a d i n g s  c o u l d  c a u s e  o t h e r  

p r o b le m s .  W ood t i e  t r a c k  w i t h  e l a s t i c  f a s t e n e r s  i s  t h e  

s t r o n g e s t  t r a c k  w i t h  r e s p e c t  t o  g a g e  w id e n in g .

T h e s e  r e s u l t s  a r e  b y  n o  m eans  c o n c l u s i v e ,  r e l a t i v e  t o  w h ic h  

t r a c k  s t r u c t u r e  i s  o p t i m a l ,  b u t  t h e y  d o  o f f e r  a f i r s t  o r d e r

-5 1 -



a p p r o x i m a t i o n  as t o  t h e  c h a r a c t e r i s t i c s  o f  e a c h  t y p e  o f  track. 

W i t h  a d d i t i o n a l  t e s t s  t o  r e i n f o r c e  t h e s e  data, a n  e n g i n e e r i n g  

d e c i s i o n  c o u l d  t h e n  b e  m a d e  as t o  w h i c h  t r a c k  s t r u c t u r e  w o u l d  b e  

m o s t  a p p r o p r i a t e  fo r a n  e x i s t i n g  s i t u a t i o n .
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