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PREFACE

These tests were conducted under Task Three,
Laboratory Testing, of Contract DOT—FR—30038; sponsored
by the Federal Railroad Administration, Office of Research
and Development, Improved Track Structures Research
Division.

.The principal objective of these laboratory.tests
was to investigate the gauge widening and rail overturning
behavior of track subjected to varying combinations of
lateral, vertical and longitudinal loadings.

Thevvaluable suggestions of Mr. Howard Moody,
Contracting Officer’'s Technical Representative, Federal
Railroad Administration and Mr. Donald P. ﬂcConnell,
Transportation System Center, Dept. of Transportation, are
gratefully acknowledged. |

Special thanks also go to members of Subcommittee
Two of the Track Strength Characterization Program,
Messrs: J. F. Scott and A. Worth of CN Rail, and Mr. K.
Jansens of CP Rail, for their valuable assistance in the

evaluation and interpretation of the test results.
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1. INTRODUCTION

Gauge widening and rail overturning from lateral forces
hés been a continual problem on the railroads, particularly
in the modern era of high speed, heavy freight trains, Large
lateral forces applied to track with damaged or deteriorated
ties and/or fasteners can result in excessive gauge widening
and possible rail overturning which can cause a derailment.

The ability to hold gauge and prevent rail 6verturning
is not limited to deteriorated or damaged track, but can be
experienced even in new track that was not properly designed
to handle high appiied lateral loads.

In order fo prevent derailments from this cause, and
to maintain a suitable track integrity, the track engineer
must be able to détermine to what extent his track has deteri-
orated from a safeioperating condition. A correlation with
éome known base parameters must be made, either by wvisual in-
spection, or some type of measurement, in order to determine
the COnditionAof the track. The present study was initiated
in order to determine if track damage, resulting from lateral
forces, can be detected without further damage to the track,
and to see if measurements in the field could be correlated
with those in the track laboratory.

The historical background.of track gauge widening is
‘well doéumented (1). Many other well-known investigators
have studied gauge widening, of one type or another. A. N.
Talbot studied bending stresses in rails due to lateral forces

(2), and railhead deflections and rail rotation in tangent



track (3). S. Timoshenko and B. F. Langer looked at the tor-
sional resistance of rail, and various methods for measuring |
1éteral forces applied to rail (4). Numerous other in&esti—
gators (1) have studiéd gauge widening under static and dy-

namic loading conditioné, in order to determine safe wheel
loads;and track speeds. | |

In order to ahswer-some of the outstanding questions on
the pheﬁomenon of gauge widenihg, to deterﬁihe if nondestuc—
tive gauge widéning'tests can be done in the field, and to -
éehérate a data base for field dataAcorrelatiéns, a series
of tests were condﬁctéd at the Association of American Rail-
roaa's‘Tfack Strﬁcture'Dynaﬁic Test Facility located ih
Chicago, Illinois. |

This report desbribes,specific tést set—ﬁps and pro-
cedures, presents the rééults of the various gauge:widening

' tests and discusses the test conclusions, and recommendations.



2. PURPOSE

The purpose of this series of tests was to determine

"if non-destructive gauge'widening'tests'can be used to detect

damaged or weakeﬁed track, to quantify the lateral‘resistance
characteristics of tfack and to inveétigate the ultimate
stréngth and féilure modes of traék, due to high lateral
loads on the rail. To accomplish this goal} the gauge»widen—

ing tests were designed and conducted, using the following

~guidelines (5):

'1. Cconduct a sequence of single-point lateral
rail 1oadings,'whe;eby the track gauge is
progressively damaged in qfder to determine
if "nondeétructive" loadings and measurements
can be used to determine deteriorated tréck
'conditiﬁns;

2. Continuethese tests until the track's resis-
tance tO‘gaugé widening is "seriously weékened,“
andAdetermihe what nondestructive loading |

_ levels are required to deteét this weakeﬁed
condition.

3. Further feduge the resistance to gauge widening
by sequentially removing first the gauge spikes,
and then the field spikes to determine what -
effects the missing sbikes Have on gauge widen--
ing resistance.

4. Determine thé effects of vertical and lateral
léads from a simulated adjaéent axle on-gaﬁge

. widening.



5. Determine the effects of dynamic loads
on gauge widening.
6. Determine the effects of longitudinal rail
fléadings on gauge widening.
Using the data from these tests, a data base.can'then
be established, from which the vertical and lateral load values
for use in field tests, can be determined. vThis data can also
bé used to determiﬁe correlation factors for comparison with
fiéld data, to aid in identifying gauge-restraint damage that

a specific section of track has experienced.
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3. BASIC GAUGE WIDENING TESTS

This series of 84 basic gauge widening tests was design-
ed to progressively damage the test track (Figure 1) by the
application of combinea lateral and vertiqal loads, using
predetermined gauge widening limits, e.g. maximum allowablé
railhead laterai deflections of 0.25, 0.50, 1.0, and 2{0
inches. With the track now in a damaged condition, two addi;
tional series pf tests were conducted, in which nine gauge
spikes, and then nine field spikes, were sequéntially re-
moved. Table 1 defines the vertical loading sequence and
gauge widening limits for the various test categories.

3.1 Test Procedure

The test track used for thé basic gaugé widening test
series (Figure 1) was constructed with: '
136 RE Rail
#5 ° AREA cross tieé, 7 inches by 9 inches by
8.5 feet, spaced on 19.5 inch centers.
#12 AREA tie plates, with two cut spikes per
plate (spikes were fully driven). |
#4 AREA limestone ballast, 12 inches.deep,
with 12 inch shoulders.
CA-8 Illinois Specification limestone subballast,
6 inches deep.
The AREA Manual of Recommended Practices was used as a guide
throughout the construction of the track.
Track loading was accomplished using four 50—toh'capacity
hydraulic jacks for vertical loads, and two 25-ton capacity
hydraulic jacks for lateral loads, as shown in Figures 2 and 3.

4
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TABLE 1, VERTTCAL LOADING SEQUENCE FOR

BASIC GAUGE WIDENING TESTS

Total

s Test Series Vertical Load Gauge Widening _
, Sequence (Inches for Number
one rail) of Tests
A. New Track g
Construction I 0.25 9
I 0.50 9
I 1.0 9
I 2.0 9
B. Number of
' Gauge Line Spikes
Pulled 1 - II 3 4
: 2 IT 3 4
3 IT 3 4
5 II 3 4
7 IT - 3 4
9 II 3 4
C. Number of
Field Line Spikes
Pulled 1 IT 3 4
2 II 3 - 4
-3 IT "3 4
5 - IT 3 4
7 I1- 3 -4
¥ 9 1T 3 4
)
Vertical Load Sequence
I: 6, 0, 0, 5, 10, 15, 40, Kips

II: O, 10, 20, 40 Kips

20,
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Figure 2. Basic Gauge Widening Tests- Hydraulic Equipment for Vertical and

Lateral Load Applications During Simulated Dual-Axle (Truck) Loadings.
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Figure 3. ' Basic Gauge Widening Tests - Hydraulic Equipment for Vertical

: ‘ "and Lateral Load Applications During Simulated Single Axle Loadings.



Figure 2 shows the simulated dual-axle loading, and Figure 3
shoﬁs the simulated single axle loading. arrangements used for
this basiq gaugé widening test series. ' .

Verticél and lateral wheel ldads were applied to bdth"
rail:heads by means of a specially-designed loading fixture,
shown in Figure 4. Use of this fixture resulted invvertiéal
load ‘application 0.50 inch from.thg‘136 RE rail head center
line, and lateral load aﬁplication 0.69 ihch below‘tﬁe top
of the rail. During the'tests, any vertical or lateral
loadings were applied equally to both rails. "All applied
loads were measured by'stfain gauge load cells inserted
betheen the 1oadin§'fixturé and the jack-stilts, Figure 5
shows a ty?iéal load cell instailation.for_laﬁeral lbéd.
measurements.. |

3.2 Test Instrumentation

Rail deflections were measured at spec¢ific locatibns
on both rails, e.g. 0, 39, and 78 inches from the‘éaét rail
loading pdinf,'and at the west railAioading poiﬁt. Three
sets‘of deflections were measﬁfed(af each location:'rQil head
tandwrail base lateral, and rail~base vertical, i.e. gauge
side Qertical displacement. Figure 6 shows a typical méa—“
suremént ldcation. All were measured relative to the tie;
rail base 1ateral deflections were measured from the tie
plate. During the_tests,‘a thirteenth data channel was
added for measuring absolute track vertical aeflection,
meaéured relative to a reference framework.

Bending mode rail strain measurements at the east

10
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Load Cell Installation For Measuring Lateral Rail

Loads.
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Figure 6.

Typical Measurement Location for Rail Deflections: Railhead

Lateral and Rail Base Lateral/Vertical.




rail loading point were also taken. Three strain gauges were
installed at appropriate locations on the rail to measure.theA
following'strains: rail base compression (gauge side) and
: tension-(field side), and rail he&d tensionA(field side).-
Figure 7 is a schematic showing the rail-mounted strain
gaugé orientations and electrical bridge measurement cir-
cuitry. ' : | .
. After instrumentatiohfinstallation and check-out, the
series of basic gauge widening tests was started. Prior to:
any load application, zero reference réadings (for all data
qhannels) wére recorded. During the actual 1oading‘séquences,
the vertical load was applied first and a set of readings
taken. The iateral load was thien applied'and:increased until
a predetermined deflection of fhe railhead was reached, atl:
which time the load was. held constant ahd andther set of
instrument réadings taken. Fiéure'8 shows the test area dur-
ing a typical baéic gauge widening test, with the opera£or's
indicator shéwingha two inch east railhead deflection. The
lateral'load-wasvthen increased to the next desired deflec-
tion value and another set of readings taken. Thié pro-
cedure Was continued unﬁii the-gauge widening limit shown
in Table 1 was reached. The lateral load waé decreased to
zero, the wvertical load was then ‘decreased to zero, and the
procedure repeated until the first.test serieé‘(series y:y
shown in Table 1) was completed.

It is importént to note that, during the entire test
sériés shown in Table 1, no attempt was made to'rearrange

or repair the track. The position of each rail after each

14
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g NEUTRAL _| AXIS

RAIL SIZE— 136 RE ' A £

N.A.= 3.35"
§= 19,50"

Rt ACTIVE GAUGE

Ro: TEMPERATURE COMPENSATION
GAUGE.

Ry and Rgt BRIDGE COMPLETION GAUGES
{LOCATED EXTERNAL TO THE RAIL)

FIGURE 7. SCHEMATIC SHOWING RAIL- MOUNTED STRAIN GAUGE

ORIENTATIONS AND ELECTRICAL BRIDGE MEASUREMENT

CIRCUITRY.
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Basic Gauge Widening Tests, With Operator's Indicator Showing

Two Inch Deflection of the East Rail Head.
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test -was taken as the reference zero for the following test.

The same procedure was followed for the series B (gauge
spikes removed) and series C (field spikes removed) tests,
using the vertical loads and deflection limits shown in Table
1. Figure 9 shows theArelative order and locations of the
spikes that were removed during test series B and C.

The raw data from these tests were recorded on both
magnetic and paper tape, and later reduced, using the
technique defined in Reference (6), Appendix A.

3.3 Results

Examples of typical results from this test series are
shown in Tables 2 and 3, and Figure ld.

Table 2 shows the rail and absolute track deflections
resulting from various lateral loads, for a 5 Kip vertical
load.

Table 3 lists the rail strains corresponding to the
same lateral loads shown in Table 2.

Figure 10 is a typical graphical data plot, showing
various rail deflection vs lateral loads, for zero vertical
load.

Complete data tables and graphical plots for the entire
"Laboratory Investigation of Track Gauge Widening Characteris-
tics" Test Program are available from the AAR.

Figure 11 is a graph showing lateral vs vertical rail
loads from the present tests (for the 0.25 and 0.50 inch
gauge widening limits shown in Table 1) in comparison with
previous data reported by J. R. Lundgren of the Canadian

National (7). Although identical comparisons cannot be made,

17
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TABLE 2: BasIC GAUGE WIDENING TESTS - LATERAL LOADS AND RAIL

LATERAL
LOAD

(LB)
82.51
4140.60
4819. 44
6072.12
7801.12
- 9725.15
11709.19
13895.75
16577.39
14098. 28
12500.55
11394.14
10246, 47
9136. 32
8183.68
6222.15
4406,88

2775.40°

1665.24
37.51

82.51

. 4140.60
4819, 44
6072.12
7801.12
9725.15

11709.19

13895.75

16577.39

14098.28

12500. 55

11394.14

10246. 47
9136.32
8183.68
6222.15
4406.88

2775. 40

'1665.24
37.51

DEFLECTIONS,

TEST NUMBER 4

FOR 5 KIP VERTICAL LOAD.

1.00 IN. GAUGE WIDENING LIMIT

NEW TRACK

. DEFLECTIONS (MEASURED AT LOAD APPLICATION POINTS)

LAT. RAIL HEAD ,
(IN.) . (IN.)  (IN.)
-0.1771 -0.1768 -0.1803"
-0.0943 -0.0704 -0.0289
0.0138 0.0449 0.0976
'0.0895 0.1421 0.2217
0.1704 0.2448 0.3523
0.2519 0.3475 0.4834
0.3296 0.4495 0.6121
0.4071 0.5512 0.7404
0.4748 . 0.6527 - 0.8694
0.4468 0.6026 0.8024
0.4131 0.5513 0.7362
0.3804 0.5072 0.6783
0.3417 0.4549 0.6141
0.3000 0.3997 0.5450
0.2642 0.3523 - 0.4847
© 0.1816 0.2486 0.3516
0.1000 0.1443 0.2197
0.0255 0.0448 0.0918
- -0.0726 -0.0683 —-0,0423
~0.1785 -0.1739 -0.1671
VERT. RAIL BASE
-0.1507 ~0.1617 -0.1647
-0.0807 -0.0900 -0.0795
.0.0131 0.0053 0.0229
0.0803 0.0675 0.1202
0.1513 - 0.1321 0.2219
0.2233 -0.2134 0.3251
0.2918 0.2850 0.4243
0.3571 0.3589 0.5248
0.4181 0.4391 0.6254
0.3947 0.4390 0.5738
0.3657 0.4387- 0.5205
0.3378 0.4101 0.4754
0.3047 0.3686 0.4232
0.2684 0.3231 0.3695
0.2370 0.2821 0.3223
0.1653 0.1926 0.2174
0.0929 0.1022 0.1148
0.0249 0.0187 0.0162
-0.0609 -0.0781 -0.0890
-0.1511 -D.1652 -0.1734
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LAT.RAIL BASE

(IN.)  (IN.)
0.0003 -0.0001
-0.0001 0.0053
-0.0003 0.0067
-0.0004 0.0078
-0.0005 0.0093
-0.0005 0,011l
-0.0004 0.0126
-0.0003 0.0144
-0.0004 0.0166
0.0000 0.0162
0.0002 0.0158.
0.0003 0.0156
0.0004 0.0153
0.0003 0.0150
0.0003 0.0145
0.0004 0.0134
0.0005 0.0120
-0.0007 -0.0103
0.0000 0.0083
0.0003 0.0059
WEST RAIL
L-H L-B
-0.1515 -0.0024
0.0434 0.0461
0.1104 0.0550 -
0.2547 0.0601
0.3708 0.0660.
0.4960 - 0.0692
0.6162 0.0708
0.7528 0.0736
0.8579 0.0792
0.8020 0.0794
0.7385 0.0791
0.6841 0.0788
0.6205 0.0780
0.5570 0.0770
0.5011 0.0761
0.3780 0.0730
0.2535 0.0719
0.1345 . 0.0712
0.0329 0.0594
-0.1588 * 0.0284

(IN.)
-0.0050
0.0021
0.0033
0.0057
0.0105
0.0168
0.0242
0.0311
0.0387

0.0368.

0.0343

0.0325 °
0.0302

0.0274

0.0250 -

0.0195
0.0137
0.0114

0.0097
0.0053.

V-B

-0.1440

-0.0343
0.0151
0.1305

0.2176

0.3127
0.4068

0.5181

0.5981
0.5529
0.4991

0.4516 -

0.3998
0.3472
0.3023
0.2090
0.1191
0.0311

-0.0420

-0.1780

ABS.

(IN.)
0.0308
0.0350
0.0356
0.0371
0.0398
0.0419
0.0440

'0.0462

0.0484
0.0485
0.0482
0.0482
0.0475
0.0460
0.0454

'0.0412

0.0356 -
0.0336
0.0332
0.0342



TABLE 3: BASIC GAUGE WIDENING TESTS - LATERAL LOADS AND RAIL
STRAINS, FOR 5 KIP VERTICAL LOAD )

TEST NUMBER 4

1.00 IN. GAUGE WIDENING LIMIT
NEW TRACK

VERTICAL LOAD = 5 KIPS

LATERAL STRAINS (MEASURED AT LOAD APPLICATION PQINTS)
LOAD

-5
(LB) (X 10 IN./IN.)

RATL BASE RAIL BASE RATIL HEAD
GAUGE SIDE FIELD SIDE FIELD SIDE

82.5 93.42 45.55 -19.19
4140.5 -90.44 174,561 177.27
4819.4 -125.78 212.23 228.95
5072.1 -175.924 243,39 314.07
7801.1 -238.07 274.55 425.98
9725.2 -30/5.85 305.71 54%8.53

11709.2 -359.55 324.14 579.63
13395.8 -435.43 335.16 321.5%6
165577.4 -503.82 337.44 990.09
14093.3 -472.72 340.85 875.52
12500.5 -435,43 340.43 785.84
11394.1 -407.17 344,65 718.39
10245.5 -375.39 345.23 543.72
9135.3 -345.23 340.29 570.57

8183.7 -316.73 330.98 509.77

5222.1 -248.71 291.65 375.58

4405,9 -174.51 241,30 2590.23

2775.4 -109.13 194.55 139.27

1655,2 -42.914 149.15 56.062

37.5 28.31 82.34 -7.60
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BASIC GAUGE WIDENING TEST
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N

due to differences in rail size (e.g. 136 RE vs 130 HF rail),

fastener conditions and tie conditions, both sets of test

"data show similar characteristics.

Figure 12 is a graph showing lateral vs vertigal rail
loads, for 0.20 inch rail head defleétions {Test Series A).-
This graph shows that track that has-beenvprogressive;y
loaded to produdé.correspondingly gfeater rail head deflec-

tions can be considered to be "pre-damaged," because it

exhibits_progréssively lower 1atera1-restraint capabilities.

JFigﬁre 13, corrgsponding to 0.40 inch rail head

‘deflections, shows’ similar characteristics.

3.4 _Cohclusions

With reference to Figure. 10 it can be seen that, for
new track in good condition, most of the7meaéured lateral
rail head deflections resulted from rail rotation;.since
the rail base deflections were minimal,

Figure 12 and 13 indicate that theilatefai ioads re-
quired to displace the rail-head by predetermined amounts,
deérease when the track has been éreviously damaged."

Figure 14 is a graph showing measured rail head deflec-
tions Vs "pre-damaged" deflections (i.e. the maximum predeter-
mined rail head deflections attained during test series A),
for various applied}loading L/V-ratios'and'a 15 Kip Vertical
load.

Figure 15 is similar tb Figure 14, but for a 10 Kip
applied vertical ldad. |

In order to determine "pre—damaged" railhead deflec-

tions by the application of known lateral loads (in the pre-
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sence of fixed vertical loads), sufficient to produce a pre-
determined amount of "measured" railhead deflection, the re-
sulting'rélationships should exhibit good sensitivity (ade-
gauge widening on the track.

Using these criteriq, reference to Figure 15 shows that
there is insufficient sensitivity for all three indicated L/V
ratios, and the use of various lateral forces in the présence
of a fixed 10 Kip vertical load would not be useful for
field'test measurements.

Applying these same criteria to Figure 14, for a fixed
_15 Kip vertical'load,,it can be seen that the curve corres-
ponding to an L/V ratio of 0.6 exhibits low s_ensitivity. In
contrast, the curve corresponding ﬁo an L/V ratio of 0.8 in-
volves relatively large amounts of measured rail head deflec-
tion, i.e. excessive gauge widening. The curve corresponding
to an L/V ratio of 0.7 meeté both of the above criteria,

and could probably be used during future field measurements.
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4. ADJACENT LOADS

The purpose of the adjacent load test series was to
study the effects of a second (adjacent) set of vertical and
lateral loads on the gauge widening characteristics of the
track structure. The test series cbnsisted of fifteen
tests under varying vertical and lateral load combinations
(Table 4). A maximum lateral railhead deflection limit of
0.5 inch was used throughout the series. ‘

4.1 Test Procedure

The test track for the adjacent load test series was
the same one used in the basic tests, Section 3.1. The
spike holes resulting from the pulied spike tegts were fill-
ed with Racine Tie Saver and new spikes driven. The remain-
ing spikes were checked, and either redriven or replaced
after using Tie Saver to plug the spike holes.

The track was loaded in a manner similar to the previ-
ous test series (Figure 2). Adjacent simulated axle loads
were applied 70 inches from the primary load, thus approxi-
métihg the wheel spacing of a 100-ton capacity freight car
#ruck. Both sets of vertical andlateral applied loads were
independently controlled during the tests.

Deflections were measured at the four rail loading
points. As in the previous test series, three sets of deflec-
tion data were taken at each iocatibn: lateral railhead, and
vertical and lateral railbase deflections. Inaddition, ab-
solute vertical track deflections, measured at the point of

main vertical load application, were also taken, bringing the
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TABLE 4: VERTICAL/LATERAL LOADING SEQUENCES
FOR GAUGE WIDENING TESTS WITH SIMULATED

SINGLE AND. DUAL-AXLE (TRUCK) LOADINGS

Primary Load (Simulated Single Axle) Adjacent Load
(Simulated Second Axle) Gauge
. . Widening

Vertical Load (V1) Lateral Load (L1) Vertical Load (V2) Lateral Load Limit

(Kips) (Kips) (Kips) __(L2) (KRips) (in.)
Group 1 0 * 0 0 0.5
0 * 10 0 0.5
0 * 20 0 0.5
0 * 40 0 0.5
Group 2 20 * 0 0 0.5
20 * 10 0 0.5
20 * 20 0 0.5
20 * 40 0 0.5
Group 3 40 * 0 0 . 0.5
40 * 10 0 0.5
40 * 20 0 0.5
40 * 40 0 0.5
Group 4 20 ) 15 ' 20 * 0.5
30 . . 20 ' 30 * 0.5
0.5

40 ‘ 30 40 *

* Load increased until gauge widening limit (maximum desired displacement
of railhead) was obtained. :



total number of data channels to thirteen.
The test loadings, as defined in Table 4, were divided
into four groups:
1) Various adjacent vertical loads (V2), for zero primary
Verticél (V1) and zero adjacent lateral (L2) loads:
4 Tests
2) Various adjacent vertical loads (V2), for 20 Kip primary
vertical (V1) and zero adjacent lateral (L2) loads:
4 Tests
3) Various adjaéent vertical.loads (v2), for 40 Kip primary
verticél (V1) and zero adjacent lateral (L2) loads:
4 Tests
4) Various equal primary (V1) and adjacent (V2) vertical loads,
for vé?ious primary lateral (L1l) loads: 3 Tests
In the>fou£ tests in Group 1, each vertical adjacent load
(V2), shown iﬁ Table 4, was first applied. The primary
lateral loéd (L1) was then applied and increased incremental-
ly until a total rail head deflection of 0.5 inch was obtained.
Deflection data was also taken for each incremental step. This
lateral load (Ll) was then decreased incrementally to zero, |
with corresponding deflection data readings being taken.
Eéch test was concluded when the vertical load (V2) was re-
leased to zéro; The procedure was then repeatéd for the re-
maining tests in Group 1. For Group 2 and 3, the same test
procedure was used, however, only the adjacent vertical load
(V2) were released after each test, since V1 was being held
constant. In the Group 4 tests, the vertical loads V1 & V2

were first applied, the constant lateral load (L1l) was then
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applied, and finaily the adjacent lateral load. (L2) was
increased inc:ementally to produce a 0.5 inch maximum rail
head deflection. The railhead deflections for this test
gfoup were measured at the adjacent lateral load (L2) appli-
cation point. At the conclusion of each test in Group 4, all
of the applied loads were released to zero.
4.2 Results |

The results of this adjacent load test seriés are pre-
sented herg in a manner similar_to those from the basic
gauge widening tests. For a COmpiéte set of the test re-
sults, the reader is referred to the AAR.
A typiéal set of dataA(Groﬁp 2 - Test'B) is presented in-
Table 5 and shown graphically in Figure 16. Table 5 shows
-all of the vafious applied loads and_the corresponding mea-
sured deflections, including lateral railhead (L-H), lateral .
railbase (L-B) and vertical railbase (V—B). Table 5 also
includes the ppimary lateral loads (L1l) at which the de-
flections were'measured, and the primary (V1) énd adjacenf
(V2) vertical loads on the track. The gfaph-shown in Fi-
gure 16 is a plot of vafious deflections (rail head lateral
and rail base lateral/vertical vs applied primary lateral
load, for constant‘pfimary and adjacent vertical loads.
Most of the rail head deflection resulted from rail rota--
tion, since less than ten percent of the tbtal deflection
was cause by rail base displacement.

Figure 17 is a graph showing railhead deflection vs
primary lateral load, for various adjacent vertical loads.and

a 20 Kip primary vertical load. Figuré 18 is similar, but
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TABLE 5: GAUGE WIDENING TESTS - ADJACENT LOADS
PRIMARY VERTICAL LOAD (V1) = 20 KIPS
ADJACENT VERTICAL LOAD (V2) = 10 KIPS
ADJACENT LATERAL LOAD (L2) = ZERO

PRIMARY ' DEFLECTIONS

LATERAL

LOAD (L1) (ADJACENT LOADING POINT)

: EAST RAIL WEST RAIL

. L-H L-B V-8B L-H L-B
(LB) (IN.) (IN,) (IN.) (IN.) (IN.)
9264.97 0.0005 -0.0002 0.0004 -0.0002 -0.0001
12883.21 0.0019 -0,0002 0.0014 0.0012 -0,0001
15755.31 0.0061 0,0002 0.0039 0.0078 0.0005
17952,51 0.0144 0.0005 0.,0087 0.0161 0,0017
20108.46 0.0276 0.0008 0.0179 0.0439 0.0019
22110.68 0.0472 0.0008 0.0337 0.0691 0.0021
25110.27 0.0657 0.0010 ©0.0485 0.1018 0.0021
28949.74 0.0786 0.0011 0.0593 0.1182 0.0021
34240.25 0.0848 0.0008 0.0652 0.1228 0.0020
25998.90 0.0806 0.0011 0.0599 0.1177 0.0022
21679,49 0.0623 0.0008 0.0451 0.0832 0.0023
19752, 26 0.0474 0.0005 0.0331 0.0587 0.0024
17821.28 0.0247 0.0005 0.0154 0.0316 0,0026
15560, 34 0.0110 -0.0001 0.0068 ©0.0119 0.0018
13153.18 0.0066 -0.0002 0.0040 0.0041 0.0005
16524.79 0.0022 -0.0004 0,.0013 -0,0006 70.0001
4530.61 0.0002 -0.0005 0.0004 -0.0022 0.0000
86.24 -0.0011 -0.0005 -0.0003 -0.0028 -0.0001

(PRIMARY LOADING POINT)

EAST RAIL : WEST RAIL

L-H L-B V-B L-H L-B

9264.97 0.0476 0.0105 0.0016 0.0413 0.0075
12883,21 0.0991 0.0142 0.0297 0.0787 0.0114
15755.31 0.1508 .0.0184 0.0641 0.1416 0.0152
17952,51 . . 0.2021 0.0225 0.1013 0.1984 0.0180
20108.46 ' 0.2542 0.0261 0.1408 10,2683 0.0207
22110.68 : 0.3047 0.0298 0.1792 0.3309 0.0234
25110.27 0.3564 0.0350 0.2152 0.4027 0.0271
28949.74 0.4075 0.,0412 0.2480 0.4579 0.0331
34240.25 -0.4602 0.0516 0.2788 0.5014 0.0410
25998.90 - 0.4064 - 0.0482 0.2466 0.4513 0.0381
21679.,49 0.3447 - 0.0449 0.2020 0.3650 0.0359
19752, 26 0.3022 0.0431 0.1688 0.3087 0.0348
17821.28 0.2523 0.0407 0.1311 0,.2458 0.0334
15560, 34 0.1942 0.0379 0.0866 0.1798 0.0319
13153.18 . 0.1471 0.0344 0.0525 0.1233 0.0292
10524.79 0.0979 0.0296 .0.0194 0.0798 0.0261
4630.61 0.0456 0.0151 0.0035 0.0342 0.0147
86.24 0.0074 0.0055 -0.0012 0.0054 0.0037
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V-B
(IN.)
0.0004
0.0004
0.0006
0.0011
0.0222
0.0429
0.0695
0.0835
0.0870
0.0828
0.0562
0.0372
0.0166
0.0043
0.0011

-0.0005

-0.0010
-0.0013

V-B
0.0098
0.0335
0.0811
0.1256
0.1827
0.2313
0.2865
0.3250
0.3473
0.3157
0.2473
0.2022
0.1504
0.0970
0.0531
0.0217
0.0039

-0.0003

ABS.

0.0006
0.0020
0.0032
0.0045
0.0060
0.0072
0.0102
0.0128
0.0161
0.0158
0.0146
0.0142.
0.0133
0.0116
0.0101
0.0088
0.0060
0.0048
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for a 40 Kip primary vertical load.

With reference to Figure 17, for applied primary lateral
lqads below 15 Kip, and corresponding railhead deflections
up to 0.15 inch, the magnitude of the applied adjacent verti-
cal load has little effect. For higher values of rail head
displacement, however, adjacent Verticai loads have an ap-
parent "stiffening" effect on the track structure. Similar
comments also apply to thedata,shdwn graphically in Figure
18, with the exception that the adjacent vertical loads have
an even greater track "stiffening" effect.

From the twelve tests in Groups 1, 2, and 3, the pri-
mary lateral loads required to displace the rail head 0.4
inch were determined. These values were then plotted vs pri-
mary vertical load, for wvarious values of adjacent vertical
load, as shown in Figure 19 . (The-indicated slopes were
calculated using the least - square mefhod.). This graph
shows that the lateral load required to displace the rail
head by 0.4 inch increases with increasing adjacent vertical
loads.

4.3 Conclusions-

Referring to Figure 19, the latefal~load required to
vdisplace the rail head 0.4 inch increases when an adjacent
vertical locad is present. As an example, for a'40 Kip verti-
cal load (V1) there is a 22% difference in the lateral load
(L1) requirement in the presence of a 40 Kip adjacent verti-
cal load (V2).' This difference is also apparent in Figure
18.

In order to compare the relative effects of simulated
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single and dual-axle loadings upon gauge widening, the
corresponding L/V ratios were calculated from the measured
data, and plotted vs railhead deflections, as shown in Figure
20. For simulated single axle loadings, significant railhead
deflections were obtained for L/V ratios greater than 0.5.
In contrast, simulated dual-axle (truck) loadings produced
significant rail head displacements (e.g. as much as 0.40
inch)with L/V ratios equal to or less than 0.5.

Based on the results of this test series, it can be
concluded that the presence of adjacent vertical loads in-
creases the gauge widening resistance of the track struc-

ture.
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5. DYNAMIC LOADS

In order to examine the effects of dynamically-applied
lateral impuse loads on gauge widening, a series of dynamic
load‘tests were conducted. Table 6 shows the nine separate
vertical/lateral loading sequences, each involving impulse

loads for seven different time durations.

5.1 Test Procedure

The sét—up for the dynamic gauge widening test series
differed from the previous tests in that the lateral loading was
appiied only to'one rail. The same test track was used, but
the west rail was braced (at a point opposité'the load
application point on the east rail) to prevent movéﬁent.

Figure 21 shows the bracing arrangement of the west
rail, consisting of five tie plates with one edge placed
under the west rail head, and the o?her spiked to their
associated ties.

The Amsler hydraulic system was used to apply static-
vertical loads to both test track rails, as in the earlier
test series. The lateral load, applied to the east rail only,
was obtained from the same hydraulic system used in the |
earlier test rﬁns, except for system modifications to en-
able the generation and application of dynamic impulsé
loads, of variable time duration. Figure 22 shows the
schematic diagram for the hydraulic impulse loading system.
The principal system components‘were as follows: 'Websﬁer
40 HP pump, with rated capacity of 20 gallons per minute
at 2000 psi (maximum); hydrualic accumulatof, 10 gallon

capacity at 3000 psi (maximum); directional control valve,
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TABLE 6. VERTICAL/LATERAT LOADING SEQUENCES
FOR DYNAMIC GAUGE WIDENING TESTS

LATERAL IMPULSE LOADS

STATIC VERTICAL LOAD PEAK AMPLITUDE TIME DURATION

(Kips) (Kips) (Milliseconds)
0 10 A
0 20 A
0 ;O. A
20 - 10 A
20 20 A
20 v 30 A
40 ' 10 A
40 20 A
40 30 A

NOTE A: 50, 100, 200, 500, 1000, 2000 and 5000 Mjilliseconds.
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electrically or manually activafed.

The lateral impulse\load time durations were controlled:
by means of the directional control value. Load cells, of
the type shown earlier in Figure 5, were used to measure
lateral.load amplitudes and time durations. The east rail-
head lateral and rail b;se lateral/vertical deflections were
measured at the lateral loading point. Analog recording
instrumentation, shown in Figure 23, was used to record the
data on both m?gnetic tape and oscillograph charts.

During each test,ithe vertical loads were first ap-
plied to both rails, and the hydraulic accumulator charged
up to the required pressure. Subsequent operation of the
directional'control valve allowed the pressurized hydraulic
fluid from the accumulator to flow into the hydraulic
cylinder, producing a dynémic lateral impulée load that
was appliéd to the east rail head. This procedure was then
repéated until all seven impulse load time durations had
been appliéd to thé east rail. The vertical loads were then
released, and the test track structure checked for damage
(No damage was noted in any of the tests). The above pro-
cedurebwas then 'repeated in accordance with the desired -
loading sequences shown ih Table 6. Figure 24 shows the
general test track arrangement during the dynamic gauge
widening tests. '

Each of the nine tests (shown in Table 6) was original-
ly run using an electrically-activated directional control
valve, resulting in impulse loading waveforms whose time

durations could not be adequately controlled or feproduced.
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This valve was then replaced by a manually-activated valve,
which résulted in much better control and generation of the
desired waveforms. All nine tests were then repeated to ob-
tain more consistent data.

5.2 Results

Table 7 shows the results from a typical dynamic test
run, although the remaining data obtainéd during the dynamic
loading test series are available from the AAR.

Figure 25 is a typical graph showing lateral rail head
deflection vs time durations of a 19.5 Kip lateral impulse
load, for a constant 40 Kip vertical load.

Figure 26 is a typiqal'recording oscillograph trace
shéwing the waveforms of a 9.7 Kip lateral impulse load,
and the resulting 0.05 inch east rail head deflection, for
a constant 40 Kip vertical load. It should be noted that the
appliéd lateral impluse load aﬁd resulting rail head dgflec—
tions are in phase, both exhibit some oscillatory béhéﬁior,
and both waveforms decay relatively rapidly.

5.3 Conclusions

From the trace relationships shown in Figure 26, the

following conclusions can be made:
1. The in-phase nature of the two waveforms indicates
no physical separation occurring between the.im—'
~ pulse loading jack stilt and the rail head test '
fixture. | ”
2. A dynamically-loaded rail head exhigits a slightly
oscillatory displacement waveform, whibh éorrelates
with the results from‘published mathematical models

(8) .for this type of system.
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LATERAL
LOAD (LB)

23556
15970
11977
10380
7985
7895
9981
2981
9981

9981
9981
9669
9669
9569
9981
9569
9669

TABLE 7.
LATERAL IMPULSE LOADS AND RAIL

DYNAMIC GAUGE WIDENING TESTS -

DEFLECTIONS, FOR VARIOUS VERTICAL LOADS.

RISE

200
200
200
150
150
150
125
125
125

25
25
50
50
25
25
50
25

TIME (MSEC)

DYNAMIC IMPULSE
TEST 4
RUN 1

DURATION FALL RAIL
HEAD
500 150 .525
1000 175 .313
300 . 200 .207
600 175 .116
1500 150 .078
1700 150 .090"
1800 125 .052
1675 150 . 039
1875 150 .052
RUN 2
125 25 .073
225 25 .032
350 25 . 065
725 50 . 065
1050 50 .065
1825 25 . .065
1525 50 . 065
1800 50 . 065
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RAIL
BASE

.038

.025"

.019
.019
. 006
. 006
.006
. 006
.006

.018
.012
.010
.010
.018
.010
.012
.012

DEFLECTION (IN)

RAIL BASE
LIFT

.336
.186
.103
. 052
. 026
.013
. 010
.010
.010

.016
. 008
. 008
. 010
. 008
. 008
.012
. 008

VERTICAL
" LOAD (LB)

19,037
6,012
9,017

12,023

19,428

20,039

20,039

20,039

20,039

20,039
20,039
20,039
20,039
20,039
20,039

. 20,039

20,039



LATERAL RAILHEAD DEFLECTION (IN.)

DYNAMIC GAUGE WIDENING TESTS
TEST ¥3

LATERAL LOAD 19.5 KIPS
VERTICAL LOAD 40.0 KIPS

- o——— RUN¥|

¥

X RUN "2

0erer —O0— — VT

1 l

400 800 1200 1600 2000 2400
TIME DURATION OF LATERAL LOAD (m sec.)

FIGURE 25. LATERAL RAILHEAD DEFLECTIONS VS. TIME DURATIONS OF A
9.5 Kip LATERAL IMPULSE LOAD, FOR A CONSTANT 40 Kip VERTICAL LOAD.
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- DYNAMIC GAUGE WIDENING TEST |

TEST#7

100ms, 3

A

400 ms.—™]

LATERAL

IMPULSE
LOAD

l RAIL HEAD

DEFLECTION

VERTICAL LOAD 40KIPS
LATERAL LOAD 9.7KIPS

RAILHEAD DEFLECTION .05 (IN.)

 RISE TIME 50 ms.

DURATION 275ms.

FIGURE 26. RECORDING OSCILLOGRAPH TRACE SHOWING WAVEFORMS
OF 9.7 Kip LATERAL IMPULSE LOAD, AND RESULTING 0.05 INCH EAST
RAILHEAD DEFLECTION, FOR A CONSTANT 40 Kip VERTICAL LOAD,

51



3. The rail head returns to its original (unloaded)
position within the first 100 milliseconds after

the lateral impulse load is applied.
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6. LONGITUDINAL LOADS

In order to determine the effects of longitudinal com-
pressive rail loads upon gauge widening, and to create a data
base of load-deflection curves for various combinafions of
static veftical, lateral and longitudinal forces, a series
of twelve load tests were conducted. Table 8 shows the
longitudinel, vertical and lateral rail leading sequences

for this series of gauge widening tests.

6.1 Test Procedure

The test track set-up for this test series was the same
as for the previous dynamic load tests. The west rail brac-
ing arrangement, ‘shown ip Figure 21, was retained and all of
thelepikes were redriven.

During these tests, the track was subjected to combined
vertical, lateral and longitudinal loads. The vertical
load were applied by the Amsler hydraulic system through. the
rail head fest fixture, described in section 3.1. The ver-
‘tical loads were measured using a strain-gauge load cell of
the’type shown in Figure 5. Longitudinal loads were applied
by meane of a hydraulic rail puller. Figure 27 ehows the
test set—ﬁp,with the rail puller in position. Additional
lengths of pulling rod allowed the pulling brackets to be
.centered 14 feet from the vertical and lateral loading point
which permitted a total test track length of 28 feet.

The rail pullers were capable of applying a 250 Kip (maximum)
compressive load to the rail. Lateral loads, which were

also measured with strain-gauged load cells, were applied
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TABLE 8: LONGITUDINAL RAIL LOADING

SEQUENCES FOR GAUGE WIDENING TESTS

vVertical load Longitudinal Load Lateral Load
(V) (Kips) - (P) (RKips) (L) (Kips)
40 | 0 30~
20 0 30
0 0 30
40 75 | : 30
20 75 30
-0 ‘ 75 : 30
40 150 ‘ 30
20 - 150 ' 30
0 150 ‘ 30
40 | 240 | 30
20 . 240 30

0 240 30
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using several actuators and handbpumps, as in the previous
test serieé. The various vertical, lateral énd.longitudinal
static loadé were applied to the east rail only.

Rail deflections were measured at the eést rail loading '
point, and at distances of one, two, four and six tie centers
from the loading point, in a northerly direction only. Rail
head lateral and rail base lateral/vertical deflections were
‘taken at each location, resulfing in fifteen data channels.
Figﬁre 28 shows the instrumentation set-up for the longitudi—
nal load tests. |

During each test, the vertical load was applied first,
followed by‘the longitudinal loaa. The lateral load was
then applied and incrementally increased until the desired
maximum value of 30 Kips was reached, as shown in Table 8.
Deflection data, corresponding to each increment of applied
lateral'load, was measured and recorded. The lateral load
was then reduced incrementally to zero, the verticai and
longitudinal loads released, and the procedure repeated for
" the next test in the loading sequence. The spikes were not
redriven between tests.

6.2 Results

Table 9 is a typical data table from oné of the longi-
tudinal loading tests, showing 'lateral railhead/base de-
flections (at the five measurement locations) gg applied
lateral load, for constant 75 Kip longitudinal and 40 Kip

vertical loads. Location "28" (firét deflection column) is

the actual east rail loading point for vertical and lateral'loads.

Location "O" (center deflection column) represents the test

track center line, from the end walls with location"2s"
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TABLE 9: GAUGE WIDENING TESTS - LONGITUDINAL LOADS, LATERAL
LOADS AND RAIL DEFLECTIONS, FOR CONSTANT 75 KIP
LONGITUDINAL AND 40 KIP VERTICAL LOADS

LATERAL
LOAD
*
@ 2S5 Q@ 1s @ 0 @ 2N @ 4N
(LB) (IN.) (IN.) (IN.) (IN.) | (IN.)
172.25 -0.0290 -0.0392 -0.0172 -0.0055 -0.0033
5058.90 -0.0105 -0.0302 -0.0143 -0.0059 -0.0031
9694.67 0.0106 -0.0168 -0.0101 ~0.0053 -0.0029
14607.53 0.04256 0.0062 -0.0028 -0.0045 -0.0025
19254,.53 0.0961 0.0466 0,.,0119 -0.0024 -0.0014
24182, 37 0.2765 0.1988 0.1232 0.0650 0.0352
28997,87 0.4933 0.3940 0.2793 0.1564 0.0608
29975,20 0.5385 0.4343 0.3117 0.1732 0.0641
29522.11 0.5350 0.4313 0.3105 0.1728. 0.0642
24848,90 0.4133 0.3244 0.2239 0.1295 0.0573
20138,24 0.2023  0.1330 0.0645 0.0240 0.0146
15054.35 0.11456 0.0637 0.0167 -0.0042 0.0005
10458.556 0.0879 0.0465 0.0088 -0.0062 -0.0005
314.54 0.0098 0.0022 -0,0080 -0,0094 -0.0031
LATERAL RAIL BASE DEFLECTIONS
172.25 -0.0057 0.0005 -0.0002 -0.0005 -0.0005
'5058,90 -0.0038 0.0012° 0.0002 -0,0005 -0.000%
9694,.67 ‘0.0016 0.0025 0.0005 -0.0005 -0.0005
146907.53 0.0134 0.0090 0.0021 -0.0005 -0.0005
19254,53 0.0204 '0.0241 0.0041 -0.0006 -0.0004
24182, 37 0.0240 0.0315 0.0091 -0,0014 -0.0009
28997.87 0.0345 0.0352 0.0105 =0.0015 0.0004
29975,20 0.0368 0.0371 0.0108 -0.0015 0.0005
29522.11 0.0373 0.0373 0.0110 -0.0010 0.0007
24848,90 0.0373 0.03567 0.0110 -0.0010 0.0001
20138.24 0.03%54 0.0355 0.0110 -0.0011 -0.0004
15054, 35 0.0320 0.0345 90.0101 -0.0011 -0.0008
10458.56 0.0255 0.0334 .0.0093 -0.0015 -0.0008
314,54 0.0199 0.0045 -0.0011

LATERAL RAIL HEAD DEFLECTIONS

-0.0023

* EAST RAIL LOADING LOCATION
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being two tie centers south of location "O".

Figure 29 is a typical graph, showing lateral rail head
deflection vs lateral load, for constant 75 Kip longitudiﬁal
and 20 Kip vertical loads.

Figure 30 is a graph showing rail head deflection vs .
lateral load; for various lohgitudinal loads, and zero ver-
tical load. The presence of a 240‘Kip longitudinal load
produced less than a six percent increase in rail head dé—
flection, showing that }ongitudinal forces have little effect
upon the gauge widening resistancé of "good track."

This is also indicatied in Figure 31, a graph showing .
maximum lateral rail head deflection vs longitudinal load,
for various vertical loads,vand constant 30 Kip lateral load.
The change in line élope with increasing vertical load in-
dicates that, as the'ﬁertical load increases, the effects
of the longitudinal load increase, e.g. at a 40 Kip Ver—_:
tical load, a 250 Kip longitudinal ldad increaées1ﬁé rail
head deflection by up to 24%- “

Figure 32 is a graph showing maximum lateral rail head
deflection vs meésurement location, for Varioué vertical -
loads, constant 240 Kip longitudinal and 30 Kip léteral
loads. This Figure'shqws that maximum rail head deflection
decreases with increasing vertical load, independent 6f ény
longitudinal loads that are present{ since the longitudinal
load is constant ét 240 Kips. '

Figure 33 is a graph showing maximum lateral railhead
deflection YE measurement Jlocation, for various longitudinal.
loads, constant 20 Kip vertical and 30 Kip 1a£éral loads.
The effects of longitudinal rail forées are detectable for
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LONGITUDINAL LOAD (KIPS)

GAGE WIDENING TESTS-LONGITUDINAL LOADS
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250

200

150

100

50

—

4 5 6 T 8
MAXIMUM LATERAL RAIL HEAD DEFLEGTION (IN.)

FIGURE 31, MAXIMUM LATERAL RAIL HEAD DEFLECTION VS.
- LONGITUDINAL LOAD, FOR VARIOUS VERTICAL LOADS AND

CONSTANT 30 Kip LATERAL LOAD.
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MAXIMUM LATERAL RAILHEAD DEFLECTION (IN.)

LONGITUDINAL LOAD TESTS
LATERAL RAILHEAD DEFLECTIONS
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LATERAL LOAD L= 30 KIPS

O KIPS
O KIPS
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o N 2N

TIE LOCATION (TIE SPACING 19.51IN.)

FIGURE 32. MAXIMUM LATERAL RAILHEAD DEFLECTION VS.MEASUREMENT
LOCATION, FOR VARIOUS VERTICAL LOADS, AND CONSTANT 240 Kip
"~ LONGITUDINAL AND 30 Kip LATERAL LOADS.
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MAXIMUM LATERAL RAILHEAD DEFLECTION (IN.)

LONGITUDINAL LOAD TESTS
LATERAL RAILHEAD DEFLECTIONS

VERTICAL LOAD V=20 KIPS
LATERAL LOAD L=30 KIPS
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| = 150 KIPS
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FIGURE 33. MAXIMUM LATERAL RAILHEAD DEFLECTION VS.MEASUREMENT
LOCATION, FOR VARIOUS LONGITUDINAL LOADS, AND CONSTANT 20 Kip .
VERTICAL AND 30 Kip LATERAL LOADS. '
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approximately two tie center spacings beyond the loading point
In contrast, the effect of verticai loads, shown in Figure 32,
are detectable up to five tie center spacings beyond the load-
ing point.

Figure 34 is a graph showing gauge widening of the test
rail vs tie location (relative to test section center line),
for various longitudinal loads’, at constant 20 Kip lateral
and zero vertical loads. It presents a compariSon between
the present laboratory test data and previously pﬁblished
field test data (9). The graph shows an excellent: agreement
between the two dataysets at zero applied longitudinal load,
but poor agreement when longitudinal loads were present.
Although! Ehe field test used 42 Kips, and the laboratory
~tests used 75 Kips, of applied longitudinal load, the close
proximity of the latter curve to the zero longitudinal force
curve suégests that a 42 Kip curve would be‘very close to
the 75 Kip curve, had it been measured. The field test
lateral deflections were, therefore, about 174% higher than
the corresponding ones obtained in the laboratory tests, when
a 42.Kip longitudinal load was present. The authors' be-
lieve that the observed discrepancies can be explained by the
différences between the two track sections."The 1aborator§
test track had new 136 RE rail and new cross ties. The
field-track was a section of branch line with worn 100 1b.
rail and 25 year old hardwood ties. The sequence of load
application was also different. In the labofatory tests, in-
volving 2ero vertical loads, the longitudinal load was
applied first, followed by the lateral load. The field

tests used the reverse order of load application, which
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would suggest the presence of a misalignment in the rail, at
the time the longitudinal load was applied. As a result, the
longitudinal forces produced significant changes in the lateral
rail head deflections.

6.3 Conclusions

As noted earlier, the test rail with a 33 Kip vertical
load, corresponding to the vertical axle loading in 100 - ton
capacity freight car, experiences less than a ten percent
increase in lateral deflecﬁion (for a constant lateral load)
when a 240 Kip longitudinal load is applied. A 100 Kip
longitudinal load, under the same conditions, causes less
than a four percent increase in lateral deflection.

With reference to Figures 32 and 33, it can be seen
that fof a constant lateral load, a 40 Kip vertical load pro-
duces approximately three times the effect on lateral‘rail
head deflection than a 240 Kip longitudinal load.

Based upon the results of these longitudinal loading
tests, it appears that longitudinal rail forces have negli-
gible effects upon the gauge widening of track in good condi-
tion. Additional work, however, on aged or deteriorated track
is needed to more fully understand the effect of longitudinal

forces on various track structures.
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7. DISCUSSION AND RECOMMENDATIONS

This test program was conducted to obtain data about the
gauge widening mode of track failure, and included four
specific test series, each involving distinctly different

types of loading conditions.

The primary objective was to determine if non-destructive-

-gauge widening tests could be used te detect damaged or
weakeqing.track, and to predict the ultimate strength of
track towards failure by gauge widening.
| Evaluation of the test data from Section 3, covering

the basic gauge widening tests, indicates that gauge widening

"pre-damage" of up to 1. 0 1nch can be detected by applylng

a "safe" loading level, i.e. a suitable lateral/vertical -
load combination that would not cause the rail head te de-
fleet (laterally) morevthan.O.S inch, even for tfaek in a
relatively-weakened eondition. .The preliminary correlation
curves, shown in Figures 14 and 15, illustrate this concept.
Additional field testing, however,has‘to.be conducted to see
if these relationships are valid for various field eonditions,
including both main and branch line track with various rail
sections, tie sizings, fastener coafigurations, etc. It is
recommended that these f1eld tests be conducted using a vertl—
cal load of 15,000 1lbs and a lateral load of 10,500 1bs., re-
sultlng in an L/V ratio of 0.7.

The abiiity to detect damaged track by a field measure-
ment technique would provide the track engineer with a use-
ful tool to supplement the existing visual inspection methods.

Another objective of this test program was to examine

the effects of a simulated adjacent axle load on the gauge
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widening behavior of the track. The data indicates that the
presence of an adjacent load has a "beneficial" effect, i.e.
the resistance of the track to gauge widening is increased.

In examining the effects of.simulated single and dual-
axle (truck) loading L/V ratios, as shown in Figure 20, it
was found that significant gauge widening can occur for
any simulated truck L/V ratio, including those that are
less than 0.5. In contrast, significant gauge widening
occurred only for simulated single axle loading L/V ratios
greater than 0.5.

It is,'therefofe, the authors' opinion that the simu-
lated single axle loading I/V ratios be used for sﬁudies
of gauge widening and rail overturning behavior.

A third objective of this test program was to examine
the effects of dynamic (impulse) loads of varying time dura-
tion upon the gauge widening behavior of track. Unfor;
tunately, the results were inconclusive, because there were
little observed differences between the earlier static and
these "dynamic"'loading tests. It was found that the hy-
draulic impulse system could only generate loading waveforms
with rise times ranging from 50 to 150 milliseconds. This
approximated quasi-static loading conditions, and in the
absence of impulse loads with fast rise times, true "dynamic"
behavior could not be observed.‘ The measured data was, how-
ever, in agreement with gauge widening behavior predicted by
preliminary mathematical modelling (8).

The fourth objective of this test program was to study

the influence of compressive rail longitudinal forces upon

69



gauge widening behavior.
The results showed that longitudinal rail loads have
only,minimal effects upon the gauge widening behavior of
track in "good" condition, i.e. heavy rail and relatively
new ties. ‘As an example, the presence of longitudinal rail
load at-levelé normally encountered in track (e.g. up to -
100,000 1bs;) increaseduthe'lateral rail head deflection -
(resulting from constant abplied lateral and vertical loads)
by less than ten percent. Theése results did not agree with
thosé obtained by Herron and Flassig (9), who conducted
fiéld.tests on actual track in "poor" condition, i.e.
worn 100 RE rail and ?bor ties. _Theée‘authors foﬁnd
that longitudinal rail loads produced sighificant increases
in gauge widening.
The test results, summarized in this report;rmn%sent
a comprehehsive study of track gauge widening behavior under various
stétic and quasi-static 1oading-¢ond1tions. It is hoped that they will
provide a useful data base for future field and laboratory studies that
provide a more complete Qnderstanding of the gauge widening restraint

characteristics of track.
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