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In addition to determining the coupler loading environment, a surge pressure test 

was conducted concurrently with the OTR test. Surge pressure data was collected for 

approximately 9,500 miles of in-service conditions during which significant surge pressure 

events were recorded by the onboard data acquisition system. 

Results from the OTR testing showed that the highest surge pressures experienced 

never exceeded 40 psi. The vast majority of surge pressures were in the 10 to 30 psi range. 

Impact tests were conducted at the conclusion of the OTR testing to further validate the 

OTR data. Impact tests produced results very similar to the OTR results. The impact 

testing showed that high speed impacts (producing longitudinal coupler forces in excess 

of 1100 kips) did not necessarily produce corresponding high surge pressures. 
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The OTR testing resulted in obtaining histograms and representative time history 

data that was very similar to the FEEST data except for the absence of the hump in the 

VCF histograms. However, VCF's were still indicated that would reduce the fatigue life 

in the critical area. 

A significant contribution to the reduction of the critical area fatigue life was found 

to be a high number of relatively low-frequency (i.e., waveform frequency) VCF events. 

The source of these events was hypothesized to be caused by the changes in the vertical 

stiffness of the track such as those changes that occur at crossings. The change in track 

stiffness results in temporarily producing a dynamic height differential between the two 

adjacent cars as the wheels roll over the area. That difference in height develops the VCF. 

The ability of the couplers to sustain relatively large VCFs is demonstrated with actual test 

data acquired during the OTR test. Elimination in the number of these events or a 

reduction in the force levels produced by these events would result in significant increases 

in the fatigue life of stub sill tank cars. 

Further investigation to verify this hypothesis is recommended. The investigation 

should include the use of a dedicated instrumented coupler capable of measuring vertical, 

j longitudinal, lateral, and torque coupler forces simultaneously with the vertical wheel 
. J 

motions of the test car and adjacent cars. A more detailed understanding of the source of 

the low frequency VCFs may allow modifications to the couplers which would provide 

increased vertical compliance thus eliminating the development of the forces. Ride quality 

also may be improved by eliminating the VCFs. 

The existence of the simultaneous existence of large VCF and longitudinal coupler force 

during impact conditions was demonstrated with OTR and impact test data. Due to the high stresses 

produced in the critical region of the stub sill tank car by the VCF, we recommend that a static 

design case consisting of the simultaneous application of a 60 kip vertical (up and down) load at the 

sill and a 1000 kip longitudinal coupler force (buff) be considered. 

v 



Executive Summary 

The Federal Railroad Administration (FRA) has been investigating incidents of fatigue 

cracking of the stub sill and at the attachment of the stub sill to the tank shell of stub sill 

type tank cars. Over 162,000 of these cars have been placed in service since 1950. The FRA 

has also issued Emergency Order #17, which asks the railroad industry to investigate 

further failures of stub sill tank cars and recommend preventative measures. 

The FRA contacted with the Association of American Railroads (AAR), 

Transportation Test Center (TIC)- now known as the Transportation Technology Center 

-Pueblo, Colorado, to study effect of in-revenue-service loads on this type tank cars. The 

AAR TTC was tasked to investigate and define the forces imposed on the structure and 

validate the AAR'S Freight Equipment Environmental Sampling Test (FEEST). Data 

collected during the 1988 FEEST included vertical coupler force (VCF) levels, which were 

characterized by a high force level"hump" in the histogram. When used in a previous 

fatigue analysis project (performed by the AAR TTC for FRA), the hump resulted in a 

severe reduction of the expected fatigue life of stub sill tank cars. Because of this, the 

validity of the FEEST data, contained in the AAR Manual of Standards and Recommended 

Practices, has been questioned. 

To validate or redefine the forces measured during FEEST, a representative stub sill 

tank car was fitted with a remote data acquisition system to record the same type of 

information obtained during FEEST. Primarily, the data consisted of significant 

longitudinal and vertical coupler loads during in-service conditions. The instrumented 

tank car used for testing collected data for approximately 15,000 in-service miles and 

traversed approximately the same basic route aswas used during FEEST. This report 

presents the data collected in the over-the-road (OTR) test conducted from August, 1994 

to March, 1995. 
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1.0 INTRODUCTION 

The Federal Railroad Administration (FRA) contracted with the Association of American 

Railroads (AAR), Transportation Test Center (TIC) -now known as the Transportation 

Ted'lnolo~:,y Center- Pueblo, Colorado, to study in-revenue service loads on stub sill 

construction tank cars. The FRA has been investigating incidents of fatigue cracking in 

stub sill tank cars. These cars comprise nearly all tanks build since the 1950's and total 

over 162,000 units. Fatigue cracking at the attachment of the stub sill to the tank shell has 

been found in a number of these tanks throughout the industry. The FRA has therefore 

undertaken a program to work with industry representatives to investigate the causes of 

the fatigue cracking and recommend preventative measures. 

In 1990, the FRA tasked the AAR-TTC under contract DTFR53-82-C-00282, Task Order 

43, to study fatigue crack growth in stub sill tank cars. TIC's Simuloader (fatigue test 

fixture) was used to replicate 300,000 miles of fatigue-significant tank car service. The 

fatigue loads used were obtained by combining the representative tank car waveforms 

gathered during an over-the-road (OTR) test with the AAR's 1988 Freight Equipment 

environmental Sampling Test (hereafter referred to as FEESTl) modified to conform with 

the OTR waveforms. The modification consisted of the addition of vertical coupler forces 

(VCF) to the FEESTl parameters. This test program indicated that the VCF was the 

-,, primary contributor to crack initiation and propagation in the head and sill pads of a stub 

sill tank car without a head brace. 

' 

The AAR has been publishing the FEESTl data, since June 1988, in the AAR Manual of 

Standards and Recommended Practices, Section C, Part II, Chapter II, "Road Environment 

Percent Occurrence Spectrum- Fatigue Design of New Freight Cars." Prior to June 1988, 

I the environmental load data for tank cars were found in the original Freight Car Fatigue 
-I 

Analysis (FCFA) guidelines (AAR Report 245, dated May 1977). The FCFA data was based 

on 1970 road test data using range-mean cycle counting methods. The FEESTl uses the 

more conservative rainflow cycle counting techniques. The FCFA study recorded a 

maximum VCF of 12.5 kips for an E-type coupler. The FEESTl recorded 50 kips on the 

1 



same type coupler. The relatively high load levels and repeatability recorded during the 

FEESTl study have been questioned. 

Past testing focused on stub sill tank cars without head braces. However, many 

in-service tank cars have been fitted with head bracing designed to reduce the stress 

concentration at the sill/ tank shell interface. The effectiveness of these designs at limiting 

fatigue cracks at the tank to sill junction has not been investigated quantitatively. The VCF 

may no longer be the primary fatigue-causing force in these modified tanks. 

The FRA funded the development of finite element models of stub sill tank car designs 

for the evaluation of stresses resultant from VCF input. These models have also made 

comparative studies of head brace alternatives. Little validation of these models has been 

performed with actual data from a railcar. 

Stub Sill Tank Car Research test programs have been undertaken to address the 

concerns raised about the FEESTl data, head brace designs, and finite element model 

validation. To accomplish these tasks, the following test phases have been developed, 

corresponding to Tasks 2 through 4, as defined in the FRA statement of work for contract 

DTFR J3-93-C-00001, T0108. 

Task 2: 15,000-MILE OTR TEST OF A STUB SILL TANK CAR 

Task3: STUB SILL TANK CAR FATIGUE TEST 

Task 4: STUB SILL TANK CAR SQUEEZE TEST 

This document covers only Task 2, the 15,000-mile OTR test. 

2 
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1.1 15.000-MILE OTR TEST 

This document presents the results of the Stub Sill Tank Car 15,000-mile OTR test, which 

was co-funded by the Railway Progress Institute (RPI), FRA, and AAR. References in this 

report to "FEEST2" refer to data or events that were associated with the OTR testing 

performed from August 1994 until March 1995. The test program was designed to collect 

~ 1 revenue-service load and strain environment data for a stub sill tank car, principally to 

confirm or replace the loads characterized in 1986 under the FEEST1 test program. The 

original data collected in 1986 will be referred to as "FEEST1" in this report. The test car, 

- 1 provided by RPI, was instrumented in a fashion similar to the instrumentation used during 

the AAR FEEST1 tests. Prior to OTR testing, coupler load investigation tests were 

performed to study and optimize the instrumentation. OTR test data was recorded by an 

onboard unattended data collection system. Additional instrumentation also allowed 

- 1 surge pressure relief nozzle environmental data to be recorded. 
-- ) 

1 
_ j 2.0 OBJECTIVE 

- J 

The objective of this test program was to measure and record approximately 15,000 miles 

of revenue-service loads for a stub sill tank car, principally to confirm or replace the tank 

car loads spectra characterized in the 1986 FEEST1 test program. Additionally, the test car 

was instrumented to collect surge pressure data in order to characterize the internal tank 

pressures experienced during in-service operations. 

3.0 PROCEDURES 

3.1 FEEST2 TEST CAR SELECTION 

The RPI Tank Car Committee selected a member tank car manufacturer at random to 

provide a car for the program. As a result, Union Tank Car Company provided a DOT 

111A100W-3 tank car previously used in revenue service. The car was thoroughly 

inspected upon arrival at TIC for proper operation and no defects were found. To help 

with the surge pressure study, the car's original75 psi safety valve was replaced with a 165-

pound frangible disk, and the car was reclassified to combustible prior to entering 

interchange. Table 1lists the test car characteristics. 
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Table 1. FEEST2 Test Car Characteristics ' J 

Classification DOT E11309 -- olacard combustible liauid 

Car number UTLX 67571 
' 

Tvoical load Veaetabie oii I 
Total mileaae uoon receiot 128 000 miles 

Year built March 1981 

Sill Test Februarv 1993 

Tank Test 1991 -- 100 osi 

Safetv Vent 165 franaible disk 

Insulation 4" fiber alass· #11 aaae iacket 

Coils 16 runs of external coils 

Reinforcina oads 5/8" x 16" extendina 1 0' inboard of bodv 

Draft aear M901E 

B-end couoler Tvoe E double shelf instrumented 

A-end couoler Tvoe E double shelf no instrumentation 

Truck tvoe 1 00-ton Barber S-2 

Side bearinas as-received Friction block 
1 
I 

' ' 
Side bearinas as-tested Friction block modified with load cells 

Brake svstem Rod throuah 

Sorina arouo D-3 sorinas 

Shell 7/16"- A515 c I 
I 

Diameter 111" OD ' J 

Caoacitv 23 535 aallons 

Weiaht on rail (maximum) 263 000 oounds 

Liaht weiaht of car 74 500 oounds 

Outaae tested 1 oercent 

Weiaht on rail as tested 262 500 oounds 

Lenath between strikers 52' 9-1/2" 

Lenath between truck centers 41' 1 0-1/2" 

Truck axle centers 5' 10". 

B-end couoler heiaht (loaded) 33-1/2" 
A-end couoler heinht (lol=lrlerl) ~4" 

i 
' ' 

' 
_j 
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3.2 TEST ROUTE AND LADING 

The FEEST2 test route was the same route taken, when possible, by the FEEST1 in order 

to duplicate the loading environment as closely as possible. The test car traversed 

"'.,....,....,."'v;.,....afehr 1 ~::;: nnn ....,;lee n.f: .. enen"e "ern;,..e fract- ...:J,. .. li·...,,.... "naHended data ""'11e"h'"'"'"' ".t'.t'.l..VA..l...l...l..L 1.. .LJ ~V,VVV .L.Ll.L.l. Ll V.I. .1. V .1. U.. Ll V.I.\.. l. ..t"- \AU.I. L5 LU 1..1.. L LV J. \...L.LV.Llo 

The 15,000 miles was divided into 11 individual segments which are referred to as legs. 

The first 10 legs were completed with the tank car loaded (approximately 12,331 miles) and 

the 11th leg was completed with the tank car empty (approximately 4,179 miles). 

The tank car was filled with a water-methanol mixture designed to provide realistic 

lading volume and density. The initial outage at the beginning of the test was 1.0 percent. 

3.3 DATA ACQUISITION SYSTEMS 

Four 12-bit SOMA T 3200 data acquisition systems were configured for unattended 

operation and were mounted on the exterior of the tank car. Two of the SOMAT systems 

were used to record the FEEST1-type load measurements. A third SOMA T was used to 

record critical region strain measurements and additional measurements of sill strain 

added for the Coupler Load Investigation Test. The fourth SOMAT system recorded the 

surge pressure measurements which consisted of tank surge pressure, longitudinal coupler 

force, and tank car speed. 

Union Tank purchased two Shock Watch MAG3500 impact detectors for the program, 

which were installed on the A- and B-end of the tank car. The Shock Watch units detected 

and recorded shocks at levels of 2, 4, 6, and 10 g's (acceleration) and tagged these events 

I with the date and time of the shock event. Units were mounted to the body bolster on the 
j 

B-end-right and A-end-left sides of the car. These units were not maintained, calibrated 

or serviced by TIC personnel during the FEEST2 testing; thereby, no assurance of the data 

accuracy collected by these units is implied by their use during the OTR testing. 

5 



A global positioning satellite (GPS) system and cellular phone link was added by 

AAR/TTC. The GPS system was used to track the location and progress of the tank car 

during the FEEST2 tests. This system provided accurate location information that was 

used to monitor the correct routing of the tank car and to schedule the trips required to 

retrieve the data collected by the SOMAT units (downloading). 

3.4 DATA ACQUISITION POWER SYSTEM 

The electrical power required for the data collection system was provided by two sources, 

which acted in parallel to charge the onboard batteries. The first system was an axle driven 

alternator, providing a charging current to the batteries when the car was in motion. 

Eighteen solar panels made up the other system, providing a charging current for those 

periods of time when the tank car was stationary. The electrical storage system consisted 

of eight marine batteries, providing continuous electrical power directly to the SOMAT 

units. 

3.5 INSTRUMENTATION DATA MODES 

The SOMAT units used during the FEEST2 testing were capable of acquiring data in 

several different modes of operation. Three of these data modes were used to acquire and 

store data during the test. Data modes associated with each parameter are listed in Tables 

2, 3, 4 and 5 and are explained in more detail below. They are presented in order to 

provide an understanding of the limitations imposed on the data analysis. 

3.5.1 Rainflow Mode 

The rainflow mode was used to compress time history data into histograms for those 

channels specified. This methodology compresses data by only recording the number of 

paired peak/valley combinations that occur within a predetermined range of values 

referred to as bins. The width of the bins is specified in engineering units. As testing 

progresses, each bin's count value is incremented by one for each peak/valley occurrence 

observed. The accumulated count values for all bins are displayed in histograms which 

contain all the peak/valley occurrences distributed into the appropriate bin values. The 
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number of bins and the width of the bins are predetermined before the testing begins. The 

·· ' values chosen for the FEEST2 test were selected in order to closely match the FEESTl 

values to allow direct comparisons. 

i ) 

Due to the nature of the rainflow algorithm, peak/valley values that may have 

occurred days apart can be paired together as a single event, as a result of a high positive 

and high negative value. Indeed, these values do represent a cycle, but as previously 

mentioned, can occur at different times. For example, under similar conditions, VCF' s of 

-25 kips and +25 kips, which were both generated by impacts that occurred days apart, 

could be paired together as a 50-kip event in the resulting histogram. 

The rainflow mode ran continuously on those measurements that were specified. As 

a result, any intermittent noise in the instrumentation system or power interruptions that 

occurred during a leg would be counted as events and stored in memory as count values. 

The time history data (to be discussed in Section 3.5.2) associated with these events may 

or may not have been stored if the trigger level were exceeded and computer memory in 

the SOMA T units were not available. As such, burst history data that was triggered after 

the memory was full was not stored. These limitations made checking histogram data 

quality very difficult because the time history information used to develop the histogram 

was generally not available. 

During the FEEST2 testing, the procedure was that if the operation of a SOMA T unit 

was interrupted at any point during data collection, then the data collected by that 

individual SOMAT for that leg was considered invalid. Power interruptions did occur on 

several legs, which will be shown later. If any of the burst histories that were collected 

showed evidence of noise or intermittent operation, the rainflow data for that leg was 

considered invalid. This problem points out one of the limitations imposed by an 

unattended data collection system combined with a real time processiilg algorithm, such 

as rainflow. An example of the effects of a very brief amount of "noise" in the 

instrumentation system on the rainflow counting algorithm will be presented later in this 

report. 
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3.5.2 Burst (Time) History Mode 

The initial burst history mode (referred to as burst histories or time histories) was used on 

several measurements to collect time history data. This mode was only active after a 

selected measurement exceeded a predefined value. TI-ds measurement and value together 

are referred to as the trigger. Once the trigger was exceeded, collection of data was 

initiated on those channels specified. Due to limitations on real time processing capability, 

it was found that each SOMA T unit had to have its own individual trigger which was not 

common with the other SOMA T units. Attempts to have multiple triggers on an individual 

SOMAT unit were unsuccessful due to the inability of the processor to keep up with the 

necessary real-time calculations required. This limitation prevents the correlation of burst 

histories events acquired on one SOMA T unit to events captured on another SOMA T unit. 

The burst history mode was used to capture time history data before and after a trigger 

event. The data before the trigger event is captured by temporally storing the data in a 

buffer that is written over without being stored in long term memory until the trigger 

conditions are satisfied. When the trigger condition is satisfied, the data before the trigger 

event is still resident in a short term storage buffer which is then transferred into long term 

memory for storage. The burst history mode results in one half of the window length 

(typical window lengths were 2 or 5 seconds) being filled with data that occurred before 

the trigger level was exceeded and the last half being filled with data after the trigger 

event. 

The use of triggers implied that only those events that the trigger was sensitive to 

would be collected. This sensitivity predisposes the data collected to the type of events that 

produce conditions high enough to cause a trigger. Other events that may cause significant 

responses in the non-triggering measurements ma:y not have been recorded in the burst 

history mode due to the trigger being insensitive to that particular type of event. These 

limitations will be discussed further in the sections on the test data. 
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Due to memory limitations, the long term buffers used to store events are typically 

filled during a leg. Once these buffers are filled, no further burst histories are stored. As 

a result, many of the events that were recorded by the rainflow mode were not captured 

by the burst history mode. 

3.5.3 Peak Valley Mode 

The peak valley mode is essentially a time history with only the peaks and valleys being 

stored. All of the intermediate data is discarded. To specify how peaks and valleys are 

defined, it is necessary to define a minimum change that must occur between values before 

a new peak or valley is to be considered. This value is referred to as the hysteresis. This 

mode ran continuously and required no trigger parameter. This mode was used on the 

surge pressure measurement. 

3.5.4 Time at Level Mode 

The time at level mode uses bins which are arranged along they-axis. When a value is 

measured, the bin level associated with that value is incremented by 1. The speed 
i 

· 1 measurement used this mode to show the relative time spent at given speeds. Speed 

values were recorded, approximately once each minute, when the speed was greater than 

lmph. 

3.6 FEEST21NSTRUMENTATION 

Figure 1 shows the locations of the test car FEEST2 instrumentation and nomenclature used 

in this report. Tables 2, 3, 4 and 5 list the measurements along with a description and 

ranges for all of the measurements -SPEED, LCFlB, VCFB, YPLB, SCTB, SBBR, BOLB - that 

were active during the OTR tests. Each SOMA T unit also recorded the elapsed time (in 

seconds) which started at zero after initialization of that individual unit. The names listed 

in these tables will be used throughout the report when referring to i..11.dividual 

measurements. Individual measurement characteristics are described in the following 

sections. Tables 6, 7, 8 and 9 list the names and data mode for each measurement. 
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Sections 3.6.3 through 3.6.11 present brief descriptions of each measurement to 

familiarize the reader with the measurement locations and general characteristics. Due to 

the complexity in the measurement of the VCF, a history of the evolution of the 

measurement techniques used during the FEEST2 test is given in Section 3.8. 

LONGI;::o:A~ 
COUPLER 

BATTERIES 

SURGE PRESSURE (PR1) 
/ 

RINGS BOLSTER (BOLA) AN 
NTS (SBAR AND SBAL) MEAS RE 

AXLE MOUNTED \ 
GENERAT~ 

ERTICAL 
COUPLER 

FORCE VERTICAL COUPLER CRITICAL REGION FORCE 
(LCF1B, LCF2B) FORCE (VCFB, VCBB) ROSETTE AND HEAD (VCFA, VCBA, 

BRACE STRAIN VCFS) 

Figure 1. Locations of Test Measurements for the FEEST2 Tests 
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Table 2. FEEST2 Test Measurements Recorded by SOMAT 1 (B-end) 

MEASUREMENT DESCRIPTION AND 

I 
TYPE 

II 
RANGE 

I LOCATION 

SPEED Test car speed tachometer 0-100 mph 

LCF1B B-end, longitudinal coupler force calibrated +1,000 kips 
(double shelf coupler) strain-gage 

VCFB (trigger) Vertical Coupler Load, Sill Shear, B- calibrated +60 kips 
end shear gage 

YPLB Yoke Support Plate Load, B-end calibrated +50 kips 
shear gage 

SCTB Striker/carrier Plate Load, B-end calibrated -50-1 00 kips 
strain gage 

SBBR Side Bearing Load, B-end, right side load cell -20-100 kips 

BOLB Truck Bolster Vertical Load, B-end calibrated -120-280 kips 
shear gage 

. ' 
,I 

Table 3. FEEST2 Test Measurements Recorded by SOMAT 2 (A-end) 
I 

MEASUREMENT DESCRIPTION AND LOCATION TYPE RANGE 

SPEED Test car speed tachometer 0-100 mph 

VCFA (trigger) Vertical Coupler Load, Sill Shear, A- calibrated +60 kips 
end shear gage 

... \ VCFS Vertical Coupler Load, Coupler calibrated +60 kips 
Shank Shear, A-end shear gage 

YPLA Yoke Support Plate Load, A-end calibrated +50 kips 
shear gage 

BOLB Truck Bolster Vertical Load, B-end calibrated -120-280 kips 
shear gage 

SCTA Striker/carrier Plate Load, A-end calibrated -50-100 kips 
shear gage 

i 
' 
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Table 4. FEEST2 Test Strain Environment Measurements Recorded by SOMAT 3 

MEASUREMENT II DESCRIPTION AND LOCATION I TYPE II RANGE 

SPEED Test car speed tachometer 0-100 mph 
'· . _ .. ,..,"". -·-.-:~.=-·· .. - ----=--::- .. 

SG1A Vertical strain gage in rosette located strain gage +1200 muST 
near stub siii to tank sheii interface, 
A-end 

SG2A Diagonal strain gage in rosette strain gage +1200 muST 
located near stub sill to tank shell 
interface, A-end 

SG3A Horizontal strain gage in rosette strain gage +1200 muST 
located near stub sill to tank shell 
interface, A-end 

SG4A Strain gage on head brace, vertical, strain gage +200 muST 
A-end 

VCBA (trigger) Sill bending, A-end strain gage +1200 muST 

1muST =micro strain 

Table 5. Surge-Pressure FEEST2 Test Measurements Recorded by SOMAT 4 

MEASUREMENT I DESCRIPTION AND LOCATION I TYPE RANGE 

SPEED Test car speed tachometer 0-100 mph 

LCF28 (trigger B-end longitudinal coupler force calibrated +1,000 kips 

unloaded) (second set of gages on coupler) strain-gage 

PR1 (trigger loaded) Surge pressure at surge-pressure pressure -50 to 300 psia 1 

relief nozzle 

1psia =pounds per square inch, absolute 
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Table 6. Data Modes for Measurements Recorded by SOMAT 1 

DESCRIPTION CHANNELS 

Rainflow Mode LCF1B,VCFB,SCTB,SBBR,and 
Sample rate -- 300 s/s ~ 

·0~-

BOI:B 
Filter rate -- 30 Hz low pass 
Rainflow ranges and bins: 

LCF1B + 1 000 kips, 20 kip bins 
VCFB +60 kips, 2.5 kip bins 
SCTB -50-1 00 kips, 2.5 kip bins 
SBBR -20-100 kips, 10 kip bins 
BOLB -120-280 kips, 10 kip bins 

Initial-Burst Mode SP1, LCF1 B, VCFB, YPLB, SCTB, 
Sample rate -- 300 s/s SBBR, BOLB, and time 
Filter rate -- 30 Hz low pass 
Triggered by VCFB (+20 kips) 
(300) 5-second bursts 

Table 7. Data Modes for Measurements Recorded by SOMAT 2 

II DESCRIPTION II CHANNELS I 
Rainflow Mode VCFA, VCFS, SCTA, and SBAL 
Sample rate -- 300 s/s 
Filter rate -- 30 Hz low pass 
Rainflow ranges and bins: 

VCFA +60 kips, 2.5 kip bins 
VCFS +60 kips, 2.5 kip bins 
SCTA -50-1 00 kips, 2.5 kip bins 
BOLA -120-280 kips, 10 kip bins 

Time at Level Mode SP1 
Sample rate-- 1 s/minute 
Filter rate -- 30 Hz low pass 
Triggered by SP1 > 1 mph 

SP1 0-100 mph, 5 mph bins 

Initial-Burst Mode SP1, VCFA, VCFS, YPLA, SCTA, 
Sample rate -- 300 s/s and time 
Filter rate -- 30 Hz low pass 
Triggered by VCFA (+20 kips) 
(300) 5-second bursts 
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Table 8. Data Modes for Measurements Recorded by SOMAT 3 
(Stub Sill Strain Environment) 

I DESCRIPTION CHANNELS 
..... _, 

Rainflow Mode SG1A,SG2A,SG3A,SG4A,VCBA 
Sample rate -- 300 s/s 
Filter rate -- 30 Hz low pass 
Rainflow ranges and bins: 

SG1A + 1200 muST, 40 muST bins 
SG2A + 1200 muST, 40 muST bins 
SG3A + 1200 muST, 30 muST bins 
SG4A +200 muST, 1 0 muST bins 
VCBA +500 muST, 20 muST bins 

Initial-Burst Mode SP1, SG1A, SG2A, SG3A, SG4A, 
Sample rate -- 300 s/s VCBA, and time 
Filter rate -- 30 Hz low pass 
Triggered by VCBA (+120 muST) 
(300) 5-second bursts 

Table 9. Data Modes for Measurements Recorded by SOMAT 4 
(Surge-Pressure Measurements) 

I DESCRIPTION CHANNELS 

Peak-Valley Mode PR1 
Sample rate -- 1 000 s/s 
Filter rate -- 1 00 Hz low pass 
Peak-Valley ranges and bins: 

PR1 - 50-300 psia 
1 0 psi hysteresis 

Initial-Burst Mode SP1, LCF2B, PR1, and time 
Sample rate -- 1 000 s/s 
Filter rate -- 1 00 Hz low pass 
Triggered by PR1 (+- 20 psi) 
(150) 2-second bursts 
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3.6.1 Test Car Speed 

An axle-mounted pulse tachometer was used to monitor test car speed and recorded 

positive speed, regardless of the direction of travel. The u:oiWutlGtionRd.lJ-¥;fl:Wducing 60 

pulses per revolution of the wheel. The pulses were converted to speed by a pulse 

' converter, which is significant because in the FEEST2 test, a ground fault failure in this 
I 

transducer caused the reference voltage for all of the SOMAT units (the ground plane) to 

have a pulsed voltage due to rotation of the wheels. This voltage pulse resulted in a small 

component being added to the actual measurement values and can be seen in some of the 
r \ 

! data presented in this report. Due to the small value of this voltage, the effect on the burst 
- j 

I 
. _ l 

history data collected was minor. 

In order to mount the transducer on the axle, it was necessary to allow some rotational 

slack to prevent binding of the transducer. This resulted in speed time history traces that 

exhibit a very high rate of change of velocity as the slack is being taken up by rotation of 

the wheel during impact events. Depending upon the direction of the impact and the 

orientation of this slack, some impact data shows smooth acceleration while other impact 

data shows a very high accelerations . 

3.6.2 Longitudinal Coupler Force Measurement (LCF1 8 and LCF28) 

A type E, double-shelf instrumented dynamometer coupler, supplied by Miner, was 

purchased by AAR/TTC for this test program to measure longitudinal coupler force. The 

coupler was calibrated in a load frame prior to installation in the test car. Two independent 

sets of strain gages were used to form two independent measurements of longitudinal 

coupler forces (LCF) on the B-end of the tank car: LCFlB and LCF2B. LCFlB was acquired 

by SOMAT 1 and was operated in the rainflow mode. LCF2B was acquired by SOMAT 4 

and was used to correlate impact conditions with surge pressure events. Correlation 

between the two LCF measurements during dynamic conditions was very good as 

demonstrated during impact testing. The accuracy of the calibration procedure used for 

LCFlB was also checked during squeeze tests conducted before and after the OTR testing. 

Typical results obtained from one of these tests are presented in Figure 2, which shows the 
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measured LCF for two separate loading sequences for the measurement LCFlB compared 

to the LCF as measured by an independent load cell. Due to limitations on restraining the -' 

test consist configuration, it was only possible to develop 200-300 kips of 
40 __ ,_ ·-

compressive/tension load during these squeeze tests. As can be seen in Figure 2, the 

measurement LCFlB provided very good estimates of the actual LCF (as measured by an 

independent load cell) imposed on the tank car. The data quality obtained from LCFlB 

was verified to be within 1 percent of full scale at the beginning and at the end of the 

FEEST2 testing. The VCF cross axis sensitivity of LCFlB was not tested due to the 

complexity and safety issues involved in setting up such a test. 
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3.6.3 Coupler Shank Shear (VCFS) 

Shear gages were placed on either side of the A-end coupler just behind the knuckle in 

order to measure the shear load induced by a VCF (see Figure ~). This location was chosen 

to minimize the effect of the changing load paths caused by draft gear movement. The 

movement of the draft gear results in changes in the load path through the structure which 

affects the resulting strains measured by the various VCF measurements. The complexity 

of the effects on the various VCF measurements caused by the changing load paths resulted 

in several VCF measurement methodologies, which are discussed in more detail in Section 

3.8. This strain gage was used as a backup to the primary VCF measurements of VCF A and 

VCFB. 

The strain gage was calibrated by jacking vertically up and down on the knuckle 

(Section 3.7 will present detailed information on the calibration procedures). Figure 4 

shows the results from 6 separate VCF calibration runs plotted over the top of each other 

to illustrate the repeatability and accuracy of the measurement. Figure 4 plots the applied 

load as measured by an independent calibrated load cell against the VCF as measured by 

the VCFS measurement. The squeeze test referred to in Section 3.6.2 was used to check the 

cross axis sensitivity of VCFS to applied LCF. Figure 5 shows the results obtained from 

two separate loading sequences during the squeeze test. It can be seen that the 

measurement VCFS was relatively insensitive to applied LCF as only 2 kips of VCF were 

developed at a draft force of 200 kips. 

SHEAR GAGE -~A-END COUPLER ONLY 
(ONE ON EACH SIDE OF COUPLER) 

Figure 3. Coupler Shank Shear Measurement VCFS 
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3.6.4 Vertical Sill Bending (VCBA) 

Before the Coupler Load Investigation Test, A-end and B-end sill bending gages (see Figure 

6) were bstalled on the sill in an attempt to determine the strains introduced by bending 

in the sill. However, due to the variation in the location of the vertical coupler load 

reaction point within the draft pocket, the output of these gages varied with different load 

application locations. Only the A-end sill bending gage (VCBA) was used on the FEEST2 

test. 

This strain gage was not calibrated to measure VCF; its output is presented here in 

micro strain. However, during the calibration of VCFS, the output of this strain gage was 

recorded to determine the sensitivity to an applied VCF. Figure 7 shows the results from 

the same six VCF calibration runs as discussed in Section 3.6.3. It can be seen that the 

measurement VCBA was very sensitive to VCF inputs and responded in a linear and 

repeatable manner. This suggests that VCBA could be a good substitute candidate for the 

measurement of the VCF. Performing a linear regression analysis on the data shown in 

Figure 7 results in a conversion factor of 5.01 micro strain/kip with a correlation coefficient 

of .99. However, during the squeeze tests, it was found that this measurement was also 

sensitive to applied LCF as shown in Figure 8. As shown, the sensitivity to LCF can vary 

considerably between two different loading sequences by as much as 50 micro strain. 

Again, this is due to the variability of the VCF load paths through the draft gear and into 

the sill making it difficult to calibrate to measure pure VCF events. These results show that 

VCBA is very sensitive to VCF events and less sensitive to LCF events. Recall that this 

measurement was the trigger for the critical region strain gages SGlA, SG2A, and SG3A. 
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Figure 6. Sill Bending Measurement VCBA 
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3.6.5 Vertical Sill Shear (VCFA and VCFB) 

The VCF A and VCFB measurements were chosen to be the primary measurements because 

of their repeatability and similarity to the FEESTl instrumentation. The sill shear forces 

induced by VCFs were measured at the A- and B-end of the car by a pair of summed shear 

gages mounted on the neutral axis of the sill between the front and rear draft gear lugs (see 

Figure 9). These measurements also were sensitive to VCF load path changes but to a 

lesser extent than the bending gages. Results from several different load application points 

on the resulting calibration data are shown in Table 10 to illustrate this point. Figure 23 

shows the load application point nomenclature used. As shown in Table 10, there is good 

agreement between the A-end and B-end sensitivities and approximately a 4 to 25 percent 

change in the sensitivity depending upon the load application point used. Table 10 also 

shows the variation in sensitivity when the applied load is either down or up on the 

coupler. Because of this sensitivity difference, the jacking on sill technique was used to 

reduce the change in sensitivity due to a change in the direction of the applied load. 

1.5"! 

CAR SHOWN WITHOUT INSULATION 

lSCTA AND SCTB 
STRIKER CARRIER PLATE 

0 

YOKE SUPPORT PLATE 

-
Figure 9. Sill Shear Measurements VCFA and VCFB 
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Table 10. VCF Sensitivities for Various Calibration Methods 

CALIBRATION METHOD VCFA SENSITIVITY VCFB SENSITIVITY 
(KLBS/MVN) (KLBS/MVN) 

'. 
Jacking Up On Sill · 164 156 

Jacking down on sill 158 153 

Jacking Up On Coupler 130 120 

Jacking Down On Coupler 152.5 149.2 

Jacking Up On Sill* 164 161 
0 ••• * Cahbratwn sensihvihes developed at the end of leg 7 

To produce the most consistent set of data possible given the variable load path effect, 

the final set of sensitivities used for these measurements during the FEEST2 test were those 

c J 

. ' 
i 
I 

: 

values that were developed at the end of leg 7 which were based on jacking up on the sill · ·' 

technique of calibration. These values were found to produce the most consistent data 

along with being relatively simple to calibrate. Figure 10 shows the calibrations for VCFA 

and VCFB that were developed at the end of leg 7. The calibration quality was excellent 

as the two curves overlay one another. 

VCFA and VCFB measurements produced good estimations of the actual VCF loads 

applied during static conditions with no applied LCF. Figures 11 and 12 show the response 

of these measurements applied to LCF for the same runs referenced in Figure 5. As 

shown, these measurements were slightly more sensitive to applied LCF that was VCFS. 

However, as opposed to VCFS, the response of the sill shear force measurements VCFA 

and VCFB to applied LCF is expected due to the vertical forces that result from 

misalignments in how the LCF is applied. It is hypothesized that some VCF loads may 

result from coupler key binding as well as coupler carrier reactions. Figure 12 shows that 

the measurement VCFB is more sensitive to applied LCF with a more defined trend being 

evident. This was thought to be due to the reduced clearance in the draft gear on the B-end 

due to the installation of the instrumented coupler. The increased sensitivity at the lower 

VCF values was also seen in the histograms shown later. 
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3.6.6 Striker Carrier (SCTA and SCTB) 

Strain gages were added to the striker I carrier face very early in the test program in an 

,attempt t0 mE>asure the VCF (see Figure 13 for gage locations). At the time these gages 

were placed, the complexity of measuring the VCF ·was not fully understood. As a result, 

their location made the measurements very sensitive to the direction of the load applied 

by the coupler. During calibration of these gages, it was observed that these measurements 

were only sensitive to downward loading on the coupler. 

3.6.7 Yoke Support Plate (YPLA and YPLB) 

During the initial planning for the Coupler Load Investigation Test, it was noted that for 

the FEEST1 test, the yoke support plate (Figure 13) was outboard of the sill shear gage. 

However, with the FEEST2 instrumentation, the yoke support plate was inboard of the 

shear gage. Tank and sill geometry prevented moving the sill shear gages, so instead, the 

A- and B-end yoke support plates were instrumented with shear gages to record vertical 

force imposed on them by the draft gear. Four shear gages were installed on each plate 

and configured as a four active arm bridge circuit, as shown in Figure 14. The 

instrumented yoke plates were calibrated by placing them in an external fixture where 

calibration loads were applied. Point loads at nine locations around the center were 

averaged to compute the composite plate sensitivity. Standard deviation was computed 

for all data to determine measurement error. Table 11 shows a summary of the calibration 

data. 
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SILL TENSJCOMP. GAGE HEAD BRACE CRITICAL REGION ROSETTE 

SILL BENDING GAGE 

12" 

STRIKER/CARRIER GAGES 

Figure 13. Locations of VCF Instrumentation for the FEEST2 Test 

Table 11. Yoke Support Plate Sensitivities vs Location 

LOCATION 

·GAGE 0 1 2 3 4 5 6 7 8 
-~J 

A (KLBS/MV N) 32.7 29.9 34.3 29.1 26.9 26.9 29.0 39.8 29.3 

8 (KLBS/MV N) 37.3 30.1 40.4 32.6 30.5 30.7 38.3 29.6 28.7 
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4[EJ : : [33 I 

7 8 1 

0 0 

0 6 0 2 0 

0 5 4 3 0 

~1 : - : 2[D I 

YOKE PLATE 

Figure 14. Yoke Plate Load Calibration Points 

3.6.8 Side Bearing Load Measurements 

Four Side bearing loads were obtained with 100-kip strain-gaged load cells (GSE 100klb 

compression load €ells) inserted within the friction block side bearings. The standard side 

bearing gap of 1/8 inch was maintained. Figures 15 and 16 depict the side bearing load 

measurement installation. 
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BODY BOLSTER 

SBUEAS.GMF 

Figure 15. Side Bearing Load Measurement Installation 

SIDE BEARIND LOAD CELL ADAPTOR 

Figure 16. Side Bearing Load Measurement Installation 
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3.6.9 Truck Bolster Vertical Load Measurements (BOLA and BOLB) 

The truck bolster vertical loads were measured with summed shear gages located behind 

the gibs. Figures 17 and 18 show the installation. Two sets of Bummed bending strain 

gages were also Lnstalled on the truck bolster to serve as backups in case of gage failure 

during the FEEST2 test. Each truck bolster was calibrated by placing a 200-kip load cell in 

the center bowl, then lowering the car body with cranes onto the cell in approximately 

20-kip increments while recording the load cell and bolster shear and strain gage outputs. 

Four load application points were used to calibrate the gages. A linear regression analysis 

of the resulting data was performed which indicated that the shear output was less 

sensitive to changes in the load application point. For this reason, the shear circuits were 

used during the FEEST2 test while the bending circuits served as backups in case of failure 

of the other circuits. 

Figure 17 shows the primary shear and alternative bending force truck bolster vertical 

load measurements. The bolster calibration technique is also displayed. 

The measurements BOLA and BOLB were initially zeroed at the beginning of each leg 

so as to remove the static weight of the tank car and to remove any static offset caused by 

settling of the strain gages. This results in only the dynamic and quasi static loads being 

measured as the static weight of the tank car has been calibrated out of the measurement. 
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Figure 17. Truck Bolster Load Measurements 
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Figure 18. Truck Bolster Load Measurement Circuits 
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3.6.1 0 Micro Strain Measurements 

Several strain gages were installed to measure the strains in the region thought to be the 

most critical area and, as such, are referred to as the critical region strain gages ( SGlA, 

SG2A and SG3A). The strain gages were not calibrated but recorded micro strain values. 

Figure 19 shows the critical region and the strain gage installation location consisting of a 

strain-gage rosette that measured the strains in the critical sill-to-tank connection region. 

The initial Coupler Load Investigation Test data implied that the striker I carrier plate 

region of the sill was not necessarily the primary point of vertical load transfer. To 

quantify how much of the vertical load was imparted at the striker or carrier plates, a strain 

i gage was added to the vertical bracing at the sill end (SG4A). 

CAR SHOWN WITHOUT INSULATION 

Figure 19. Strain gage Locations- Sill bending, Critical Region 
Rosette and Head Brace 
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The sensitivity of the critical region strain gages was established by recording the 

strain gage outputs during the VCF calibrations and squeeze tests. SG1A and SG2A were 

found to be only slightly sensitive to applied VCF with typical maximum micro strain 

values of 30 at VCF values of 40 kips. These measurements were also found to be nonlinear 

with applied VCF. SG3A was very sensitive to VCF inputs, as shown in Figure 20. 

Figure 21 shows the sensitivity of the critical region strains to applied LCF and shows 

that SG1A is the most sensitive strain gage to LCF. Due to limitations on restraining the 

test consist, buff and draft forces during the squeeze tests were limited to approximately 

300 kips. Because of this, the response of the critical region strains due to LCF above 300 

kips can only be extrapolated from this data. 

Based on the data, stress levels produced in the critical region by the application of a 

40 kip VCF and a 300 kips LCF acting independently can be found. The principal stress 

levels along with the von Mises stress are shown below in Table 12 for comparison with 

events to be presented later in this report. It must be kept in mind that due to the non­

linear relations and variable load paths that exist, the stress levels shown can vary 

significantly. However, insight into the fatigue significant events is gained even with this 

uncertainty. 

Table 12. Stress Level Relations In The Critical Region 

PARAMETER 300 kip LCF 40 kip VCF 

Principal stress 81 (psi) 6741 1426 

Principal stress 82 (psi) -3955 9717 

T max (psi) 5348 4145 

.6... (degrees) 33.24 26.12 

(SG1A = 0°) 

von Mises Stress (psi) 9367 10500 
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As can be seen in Table 12, actual VCF events of 40 kips will produce stresses in the 

critical region greater than the stresses produced by a 300 kip LCF (typical impact value). 

Assuming a linear relation between the applied LCF and the strains produced in the critical 

region, extrapolation of the stress levels shown in Figure 12 to LCF values representing 

more severe impact conditions results in producing the highest stress levels in the critical 

region. 
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3.6.11 Tank Internal Surge Pressure Measurement 

One pressure transducer (Statham P A822-300 300 psia) was used to record tank car surge 

pressures from 0 to 300 psia at the safety relief valve nozzle. Th8 safety relief valve pipe 

~·rhiO>l"e thiO> <,11"gl0> r\1"0SC11ro t...O>THOr111i"'I0>1" HT<lC li'nct<>lliO>rl i"'QntO>inod no hatfling n.t 01-ny fV,...O Th1c V\'.L -..L \...L- UloA-..L '- .t'.L'-' IJLA. '- L.LL.-LLLIJ'"'-'L~--.L \o'VLI.IJ LULl. '-""""'- '- LLLI..LI..- L V .L.L.L.LI..L V.L LI..LL LJ y ...... • .J..~LJ.C) 

was done to develop the highest possible surge pressures at the transducer. Figure 22 

shows the installation used. 

3.5" _-sAFETY RELIEF VALVE 
STAND OFF 

L TANK SHELL 

FLUID SURFACE 

Figure 22. Surge Pressure Transducer Installation 

To obtain an accurate measure of internal surge pressure, the original safety relief 

valve was replaced with a frangible disk The safety relief valve would have allowed for 

possible undetectable release of internal tank pressure during surge pressure events. A 

solid frangible disk assured that the pressure transducer recorded the maximum internal 
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pressure that was developed. The disk rupture pressure was rated above the test pressure 

of the tank in an effort to reduce the possibility of a broken disk. 

Surge pressure data was also taken in the form of burst history data and peak valley 

data during the FEEST2 testing and for the dedicated impact tests. The results are 

presented in Section 4.5 

3.7 COUPLER JACKING TESTS 

Because of the different methods of measuring VCF, several methods of calibrating the 

measurements were developed. The primary method of calibrating the measurements was 

by jacking tests. These tests involved the use of a hydraulic jack combined with a load cell 

in order to input known forces into the coupler and sill. The output from the various 

i measurements was then calibrated using the known force input. Jacking tests were 

performed at various positions on the coupler and sill structure to develop calibrations 

· which would most accurately measure the VCF. Basic jacking tests were performed with I 

' 

j 

the aid of a special reaction frame that facilitated downward loading at the coupler or at 

other points along the sill/ draft gear structure. Figure 23 shows a longitudinal view of the 

sill and the locations of certain strain gage measurements, as well as significant structural 

features of the tank car along with the main locations used for jacking calibrations. As a 

result of the evolving understanding and appreciation of the complexity of the vertical load 

reaction path within the stub sill/ draft gear, changes in calibration techniques and 

procedures were made several times during the test program to obtain the most accurate 

and repeatable data. Section 3.8 discusses the changes and makes reference to the different 

methods of calibrating the measurements 
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JACKING DOWN ON COUPLER 

23.5 

29.5 

45.5 

JACKING UP ON SILL JACKING UP ON COUPLER 

Figure 23. Jacking Calibration Configurations 

3.8 VCF MEASUREMENT EVOLUTION -

COUPLER LOAD INVESTIGATION TESTS 

The test car was initially instrumented for the OTR test in the fall of 1993. The OTR 

instrumentation was originally designed so as to repeat the configuration used in the 1986 

FEEST1 investigation. However, the original instrumentation configuration was enhanced 

for the Coupler Load Investigation Test to determine if more accurate VCF loads under 

static and dynamic conditions could be obtained. 

The Coupler Load Investigation Test was performed during the spring of 1994, at 

which time additional instrumentation was added and the existing OTR instrumentation 

was improved. It had previously been assumed (during the FEEST1) that VCFs are 

imparted into the sill at the striker I carrier plate as a pure vertical force with a 

corresponding reaction force being created at the coupler key. Figure 24 shows the free 
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body diagrams for each component for this assumed VCF load path along with the 

assumed LCF load path. This VCF load path was assumed during the development of the 

parameters VCF A and VCFB and was used to develop basic static relations between the 

VCF and the internal reaction forces. 

Referring to Figure 24 and neglecting the weight of the coupler, the equations of static 

equilibrium are applied to the coupler free body diagram to obtain the static sill force 

reaction at the striker I carrier (RS) and the sill force reactions at the key slot (RK). 

I,M0 =0 (V X B)-RS X A=O 

RS= VxB 

A 

V-RS+RK=O 

V-VxB+RK=O 

A 

RK=VxB- V 

A 

(1) 

(2) 

Substituting in the dimensions for A and B as shown in Figure 23 into Equation 1 gives 

the equivalent sill force reaction produced by VCF, V. 

RS = v X 23.75 = v X 2.63 (3) 
9.00 
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The reactions RS and RK are then applied to the sill with the resulting shear diagram 

as shown in Figure 25. The resulting shear in the sill at the strain gage location for VCFA 

and VCFB can be seen to be equal to V, the applied coupler force. 

Recall that the measurements VCFB and VCF A were calibrated by applying forces at 

the face of the striker I carrier and calibrating the output of the strain gages to these applied 

forces. As shown above, the reaction force at the striker I carrier is related to the coupler 

force by Equation 3. Because of these relations, the measurements VCF A and VCFB do not 

measure the VCF directly, but rather represent the equivalent force applied at the 

striker/carrier to an applied VCF. VCFA and VCFB values presented in this report 

represent the force applied at the striker carrier required to produce the same shear load 

in the sill that would have been developed by the corresponding VCF. Despite this, the 

data from VCFA and VCFB is referred to as a VCFs. 

The existence of this particular load path was checked at the end of the OTR testing by 

observing the striker carrier and the coupler for signs of contact. These observations 

showed that there was very little evidence of contact being made. 

Many other possible VCF load paths exist. As many as five different load paths were 

observed during FAST testing. One such load path observed by Dr. Moyar, who is a 

technical consultant for the AAR, is that a pure moment may be created at the coupler face 

between identical adjacent cars. Another load path thought to exist is that the applied VCF 

is completely reacted out as a couple within the key. By performing the same analysis as 

was done in Figure 24, the value of the ratio given in Equation 3 can be found to be equal 

to 1.0 for this load path. The development of a single calibration, which would take into 

account these different load paths, was not possible to implement with the limited real time 

processing capability. 

46 

.. 1 

. 1 

I 



l 

I 
. J 

.l 
I 

1 
._j 

._J 

j 

I 
_I 

YOKE 

F-··-·· 
DRAFT GEAR 

ASSUMED SILL REACTION 
i 

POINT (RS) 

I 
I 

A 

I 
I 
I 

... = 

·--~~-~--0>~ .. _-- B 

I 
I 
~ASSUMED KEY SLOT 

REACTION POINT (RK) 

I~ 

APPLIED 
VCF (V) 

.....j.--+APPLIED 
LCF 

-··-···JL__I _ ____JG··· .... 
FOLLOWER BLOCK ........... o~-· 

FRONT DRAFT LUGS 

SILL ·--... 1 : \ 

Figure 24. FEEST1 Assumed VCF Load Path 
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Figure 25. Shear Diagram For Assumed VCF Load Path 

To gain more insight into these load paths, the Coupler Load Investigation Test was 

devised to determine if a suitable compromise could be reached. Of particular interest was 

the interaction of longitudinal coupler force LCF and VCF loads. This test used simple 

squeeze and impact tests to help empirically characterize the load paths within the stub sill 

region of the tank. The adjacent car coupled to the test car during the investigation tests 

was varied to view the effect of vertical coupler height and sill stiffness on the development 

of VCF loads. Bolster loads were monitored to determine if an equivalent loading or 

unloading equal to the sill shear loading occurred. The results from these test showed the 

variability in the different techniques used to measure the VCF. Because of the these 

results, the striker I carrier plate strain gages (SCTA and SCTB) were added to better define 

where along the length of the sill the VCF is imparted. At the recommendation of an RPI 

member, the shank of the A-end coupler was instrumented with strain gages (VCFS) in an 

attempt to remove the effects of a changing load paths from the measurement of VCF, as 
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previously discussed. It also served as a backup to the primary sill shear measurements 

(VCF A and VCFB) . 

A reliable measure of VCF in static jacking on coupler tests was found to be VCFS and 

the truck bolster measurements (BOLA and BOLB). Projections of this force based on the 

bolster gages correlated best with the load cell data from the jacking tests. As may be seen 

from the longitudinal cross section of the short stub sill design in Figure 25, vertical 

internal sill reactions to a force applied on the coupler are possible behind or inboard of the 

position of the sill shear gages (VCF A and VCFB) by a load path passing through the yoke. 

Any vertical shear reactions occurring behind the location of the strain gages for VCFA and 

VCFB would not be measured. This load path is thought to exist during dynamic events 

and is reason to expect differences between the vertical shear measured by the sill gages 

and the vertical reaction force "felt" by the tank car at the bolster, or at the sill/tank 

junction. Therefore, for the purpose of dynamic testing, the sill shear gaging was calibrated 

directly to read shear in the sill at that location. Efforts to extend this calibrated sill shear 

section inboard towards the tank junction, by considering the modifying effect of a reaction 

force measured by the specially instrumented yoke plate (sill shear- yoke plate force), were 

ultimately abandoned because of OTR data recording complexity and the reduced load 

levels seen by the yoke plate gages. 

As discussed, one of the most reliable measures of VCF in static tests was found to be 

that based on truck bolster load changes. The apparent VCF based on these load changes 

was used primarily to examine the effect of configuration and equipment variables such 

as adjacent car type, coupler height or buff versus draft loading in the special squeeze tests. 

Due to all of the additional instrumentation, a second set of tests were performed. The 

objective of the second set of testing was to determine which measurement method was the 

most reliable in measuring dynamic and static coupler forces. The results indicated that 

the separate methods of measuring VCF that were developed did not produce consistent 

VCF magnitudes during dynamic events. This result was not unexpected as other 

independent investigations have had the same result. Figure 26A shows an example of the 
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differences in VCF measured during a series of dynamic events. The data presented is time 

correlated data for the measurements VCFB, SCTB and YPLB taken from leg 10 of the OTR 

testing. The data shown spans 50 seconds of data for 10 separate burst histories. 

As mentioned previously, the parameter SCTB was only sensitive to VCF loads in the 
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negative direction (downward) as shown in Figure 26A. For those negative VCF events, I 

relatively good correlation between SCTB and VCFB existed. Figure 26A also shows the 

VCF as measured by YPLB and illustrates the reduced dynamic response levels. As a 

result, the data from YPLA and YPLB will not be presented in this report. 

Figure 26B shows data for the VCF measurements VCFA and VCFS, which were on the 

A-end of the car. The two measurements record the same basic dynamic response but the 

magnitude of the VCF measured by VCF A is higher in magnitude as predicted by Equation 

3. Taking the ratio of the predominant peaks in Figure 26B for comparison with the results 

of Equation 3, ratios between 1 and 2.8 are observed with an average value in the 1.8 range. 

In addition, there appears to be a static value that is apparent in the time range of 0 to 50 

seconds, but not from 75 to 100 seconds. This is the manifestation of the changing load 

paths. 

Figure 26C shows a very low frequency event that occurred during leg 7. The peak 

VCF, as indicated by the three different measurements, gives the values of VCFS= 26.9, 

VCFA= 20.1 and BOLA= -32.9. These values show yet another relationship between the 

VCF measurements such that the measurement VCFS produces the largest VCF. 

Due to these differences in the VCF measurements, a meeting was held on July 18, 

1994, to determine which set of VCF measurements would be used for the FEEST2 testing. 

The meeting resulted in the agreement that the VCF measurement limitations were 

understood and accepted by RPI. It was agreed that each independent VCF measurement 

technique would be utilized for the FEEST2 test with the sill shear gages (VCF A and VCFB) 

being the accepted measurement for the VCF fatigue life spectrum. 
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Leg 10 VCF Data Comparisons 
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Figure 26A. Comparison of VCF Measurements B-End 
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Leg 7 VCF Data Comparisons 
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3.9 TEST PROCEDURE 

The OTR test procedure consisted of collecting data over approximately the same route 

(when possible) that was used for FEEST1 to mat.ch.the loading environment as closely as 

possible. The selected route was broken up into 10 legs. At the end of each leg the data 

collected by the onboard data collection system was downloaded. As testing proceeded, 

the distance between download points was progressively increased as confidence in the 

system was gained. For the loaded portion of testing, the greatest distance traveled 

between download points was 2,343 miles. For the unloaded portion of the FEEST2 testing 

at TIC, only one download point was involved resulting in approximately 4,179 miles of 

unloaded data being collected. The unloaded portion of the FEEST2 testing comprised leg 

11. 

The test procedure also consisted of remotely monitoring the position of the tank car 

with the onboard Ground Positioning System (GPS). The GPS system was used to 

remotely track the location and actual routing of the tank car providing a check on the 

actual mileages traversed. In addition, the charge on the batteries was monitored remotely 

to assure sufficient electrical power availability. 

The data collected by the SOMA TS was recovered by TTC personnel who traveled to 

each download location and obtained the data stored in the SOMATS. The data was 

recovered and stored on optical disks for later analysis. Static offset caused by the normal 

settling of strain gages was removed by resetting the zero point of the measurement. 

The temperature of the water-methanol mixture was taken at the bottom, middle, and 

top of the tank car by using a thermocouple inserted into the manway at each download 

location. Outage conditions were also measured at each download location. 
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3.9.1 Parameter Operational Status 

The operational status of each measurement was checked at each download location. To 

perform the fatigue life analysis, it was necessary to keep track of the mileages traveled 

while each individual measurement was operational. Tables 13, 14 and 15 show the 

individual measurements and the miles accumulated by individual leg number. 

As shown, the side bearing measurements failed early in the FEEST2 test and very little 

data was collected. Due to the complexity and cost of installing new transducers, these 

measurements were not made operational once failure occurred. Also shown is the failure 

of the speed transducer, critical region strains, and VCFA during the unloaded portion of 

the FEEST2 OTR tests. 

Table 13. Operational Mileages By Measurement For SOMAT 1 

LEG LEG BOLB SCTB SBBR VCFB LCF1B 
LENGTH 

NUMBER (MILES) (MILES) (MILES) (MILES) (MILES) (MILES) 
1 (loaded) 114.4 114.4 114.4 114.4 114.4 114.4 
2 (loaded) 780.5 780.5 780.5 780.5 780.5 780.5 
3 (loaded) 1309 1309 1309 0 1309 1309 
4 (loaded) 1440.8 1440.8 1440.8 0 1440.8 1440.8 
5 (loaded) 878.8 878.8 878.8 0 878.8 878.8 
6 (loaded) 919.5 919.5 919.5 0 919.5 919.5 
7 (loaded) 483 483 483 0 483 483 
8 (loaded) 2343.6 2343.6 2343.6 0 2343.6 2343.6 
9 (loaded) 1973.3 1973.3 1973.3 0 1973.3 1973.3 
10 (loaded) 2088.5 2088.5 2088.5 0 2088.5 2088.5 

11 (unloaded) 4179 4179 4179 0 4179 4179 

TOTALS: 16510.4 16510.4 16510.4 894.9 16510.4 16510.4 

%OPERATIONAL 100 100 5 100 100 
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Table 14. Operational Mileages By Measurement For SOMAT 2 

LEG LEG LENGTH BOLB SCTB SBBR VCFB 

NUMBER (MILES) (MILES) (MILES) (MILES) (MILES) 

1 (loaded) 114.4 114.4 114.4 0 114.4 

2 (loaded) 780.5 780.5 780.5 0 780.5 

3 (loaded) 1309 1309 1309 0 1309 

4 (loaded) 1440.8 915 915 0 915 

5 (loaded) 878.8 878.8 878.8 0 878.8 j 
6 (loaded) 919.5 919.5 919.5 0 919.5 

7 (loaded) 483 483 483 483 483 

8 (loaded) 2343.6 0 2343.6 2343.6 2343.6 

9 (loaded) 1973.3 0 1973.3 1973.3 1973.3 

10 (loaded) 2088.5 0 2088.5 2088.5 2088.5 

11 (unloaded) 4179 0 0 0 0 

TOTALS: 16510.4 5400.2 11805.6 6888.4 11805.6 

%OPERATIONAL 32 71.5 41.72 71.5 

Table 15. Operational Mileages By Measurement for SO MAT's 3 and 4 

LEG NUMBER LEG BOLB SCTB SBBR VCFB SG1A PR1 
LENGTH (MILES) (MILES) (MILES) (MILES) (MILES) (MILES) 
{1\JIII.ESl 

1 (loaded) 114.4 114.4 114.4 114.4 114.4 114.4 114.4 

2 (loaded) 780.5 101 101 101 101 101 780.5 . l 

3 (loaded) 1309 1109 1109 1109 1109 1109 1309 

4 (loaded) 1440.8 19 19 19 19 19 1440.8 

5 (loaded) 878.8 0 0 0 0 0 878.8 

6 (loaded) 919.5 919.5 919.5 919.5 919.5 919.5 0 

7 (loaded) 483 483 483 483 483 483 483 

8 (loaded) 2343.6 2343.6 2343.6 2343.6 2343.6 2343.6 2343.6 

9 (loaded) 1973.3 1973.3 1973.3 1973.3 1973.3 1973.3 0 

10 (loaded) 2088.5 2088.5 2088.5 2088.5 2088.5 2088.5 2088.5 

11 (unloaded) 4179 0 0 0 0 0 NA 

TOTALS: 16510.4 9151.3 9151.3 9151.3 9151.3 9151.3 9438.6 

% OPERATIONAL 55.5 55.5 55.5 55.5 55.5 77 
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3.9.2 Test Lading 

The test car was initially loaded to a 1-percent outage condition, with a solution of water 

and methanol. As testing proceeded, no attempt'<.Y~f.l t_r.!.~ge to maintain the outage at 1.0% 

due to changes in the temperature of the water-methanal mixture. The loaded weight 

configuration of the tank car was: 

Car empty weight 

Weight of instrumentation (conservative to ensure total 
weight is within legal limits) 

Weight of 17,225 gallons of demineralized water 

Weight of 6,065 gallons of methanol 

Total Weight: 

74,500 lb 

2,000 lb 

145,469lb 

40,531lb 

262,500 lb 

The total weight was verified by weighing the tank car on a certified scale at the 

start of the FEEST2 test. 

3.10 SURGE PRESSURE IMPACT TESTS 

At the conclusion of the loaded portion of the FEEST2 testing, impact tests were conducted 

using three different configurations and at various speeds to characterize OTR surge 

pressure events recorded with known impact conditions. The speed at impact was 

measured with radar for checking against the onboard speed sensor. 

3.1 0.1 Surge Pressure Impact Test Configurations 

Three configurations were used for the surge pressure impact tests. Configuration A 

(Figure 27) consisted of three anvil cars (loaded hopper cars). The instrumented tank car 

was the hammer car with the B-end striking the anvil cars FEEST2 test with the sill shear 

gages (VCF A and VCFB) being the accepted measurement for the VCF fatigue life 
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spectrum. Configuration B (Figure 27) was identical to configuration A except that the test 

car was turned around so that the A-end impacted the anvil car. Configuration C (Figure 

28) consisted of the three anvil cars coupled to the test _car with another loaded hopper car 
......... -.:-:!'" ,' :· .:.~:·, .. : ;_;'. :~~.:- .• ~ .~ .• 

used as the hammer car. The B-end of the test car was facing the hammer car. 

TEST CAR 

t 
B-END 

INSTRUMENTED COUPLER 

100 -TON HOPPER CARS 

t t t 
HANDBRAKESAPPLED 

Figure 27. Surge Pressure Impact Configurations A and B 

RAM CAR 

t 
100-TON HOPPER CARS 

t t t 
B-END 

INSTRUMENTED 
COUPLER 

HAND BRAKES APPLIED 

Figure 28. Surge Pressure Impact Test Configuration C 
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4.0 TEST RESULTS 

! The FEEST2 testing resulted in obtaining a large amount of in-service loads data in the 

form of histograms and time history data. In addition, surge pressure events in the form 

i 
~. ) 

of time history data were also obtained. 

As previously mentioned, the calibration factors for the measurements VCFA and 

VCFB were redefined at the end of leg 7. This change was made in an attempt to resolve 

a discrepancy in the number and magnitude of events being recorded between the A- and 

B-ends of the tank car. The initial calibration values used were a composite of several of 

the calibration jacking point techniques described earlier. The recalibration utilized the 

jacking up on the sill method which produced the most consistent results. 

The recalibration resulted in excellent agreement between the A- and B-end of the car 

obtained on leg 8. Because of this, all of the data collected before leg 7 was adjusted using 

the calibration factors developed at the end of leg 7. All of the data presented for VCFA 

and VCFB in this report has been adjusted for the consistent set of calibrations values 

developed at the end of leg 7. 

In addition to the calibration changes in measurements VCFA and VCFB, the 

calibration for VCFS also was changed slightly at the end of leg 7 to account for initial 

settling of the strain gages. The VCFS data taken before leg 7 was not adjusted due to the 

small change in the calibration. Unfortunately, the strain gages and wiring for the VCFS 

measurement were destroyed during leg 8 and no data from the measurement VCFS was 

collected for the remainder of the OTR testing. 

The surge pressure transducer was changed several times due to intermittent noise 

caused by the vibration environment where the transducer was mounted. This intermittent 

noise did not affect the capturing of individual surge pressure burst history events since 

the level of the noise floor was below the trigger level of the measurement. However, on 

several legs, the peak valley data collected showed inconsistent high count values in the 

low bins, which was the result of the intermittent noise. The peak valley data collected for 
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the legs that showed high count values caused by the intermittent operation is not included 

in this report (approximately 23 percent of the total data). 

4.1 RELATIVE FATIGUE LIFE ANALYSIS RESULTS 

The concept of relative fatigue life was used to estimate the severity of the loads imposed 

on the tank during each leg and to check data quality. Individual leg and cumulative 

fatigue lives were calculated using the histograms obtained from the measurements VCF A, 

VCFB and LCF1B. Drastic changes in the resulting fatigue life indicated a more severe load 

environment which directly affects the fatigue life of the structural components. This 

analysis also served as a data quality check as errors in instrumentation would produce 

inconsistent changes in the resulting fatigue life between measurements. 

The AAR Fatigue Life Analysis Package (FLAP) was utilized to calculate the relative 

fatigue lives. The input measurements used for the fatigue life analysis program are listed 

below. 

Modified Goodman Diagram: 

Section Type: 

3.1.5.1 Continuous welded 1-beam with square end cover plates, welded 

all around - flexural loading. 

b = 6.3 m = 1.0 k=0.3 

Sensitivity to loads (arbitrarily chosen): 

Vertical coupler forces (VCFB and VCFA) -5 ksi I 10 kips load 

Longitudinal coupler force (LCF1B) - 10 ksi I 100 kips load 
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Since the sensitivity values chosen were not based on actual stress field data, the 

resulting fatigue lives are not based on the true stress state. As a result, the mileages 

shown should only be used for relative comparisons between legs and for tracking general 

trends in the cumulative data. The values shown in no way represent predictions of 

actual fatigue lives that can be expected and are only shown for relative comparisons. 

Note that the sensitivity values chosen for the VCF measurements was different than the 

sensitivity chosen for the LCF preventing comparison between the VCF and LCF fatigue 

life values. The VCF and LCF loads were not combined into a single input; that is, the 

loads were assumed to act independently. 

Tables 16, 17 and 18 show the resulting fatigue lives obtained from the analysis along 

with the results from FEEST1 for comparison. The FEEST1 fatigue lives were calculated 

, l using the same input measurements used for the FEEST2 estimates. This allows direct 

comparison between FEEST2 and FEESTl test data. 

, 
I , 

I. 

61 



LEG 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Table 16. Relative Leg and Cumulative Fatigue Mileage for VCFB 

FATIGUE LIVES DERIVED FROM VCFB LOADED DATA 

I SEGMENT CUM. MILES SEGMENT LIFE CUMULATIVE LIFE 
' . MILES .-.(MILES) (MILES) 

114 114 298,104 298,104 

780 894 662,340 572,863 

1,309 2,203 999,344 767,371 

1,441 3,644 1,250,190 905,618 

879 4,524 859,922 896,371 

920 5,444 1,140,836 930,044 

483 5,926 195,304 711,768 

2,343 8,269 421,129 595,416 

1,974 10,242 447,281 559,702 

2,089 12,331 603,875 566,696 
FEEST 1 CUMULATIVE LIFE 150,358 MILES 

FATIGUE LIVES DERIVED FROM VCFB UNLOADED DATA 

LEG SEGMENT CUM. MILES SEGMENT CUMULATIVE 
MILES LIFE LIFE 

(MILES) (MILES) 

11 4,179 16,510 1,210,775 1,210,775 
FEEST1 CUMULATIVE LIFE 2,065,849 MILES 
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Table 17. Relative Leg and Cumulative Fatigue Mileages for VCFA 

FATIGUE LIVES DERIVED FROM VCFA LOADED DATA 

I LEG I SEGMENT CUM. MILES SEGMENT LIFE CUMULATIVE LIFE 
MILES (MILES) (MILES) 

1 114 114 11,137,050 11,137,050 

2 780 894 964,017 1,091,146 

3 1,309 2,203 1,642,291 1,363,241 

4 915 3,118 3,440,821 1,656,710 

5 879 3,998 2,093,856 1,736,342 

6 920 4,918 1,839,890 1,754,813 

7 483 5,400 179,999 984,393 

I 
I 8 2,344 7,744 641,926 847,536 

9 1,973 9,716 1,126,256 892,387 

10 2,089 11,806 852,599 885,080 
FEEST1 CUMULATIVE LIFE 150,358 MILES 

FATIGUE LIVES DERIVED FROM VCFA UNLOADED DATA 

LEG SEGMENT CUM. MILES SEGMENT CUMULATIVE 
MILES LIFE (MILES) LIFE (MILES) 

11 4,179 16,510 not available not available 
FEEST1 CUMULATIVE LIFE 2,065,849 MILES 
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Table 18. Relative Leg and Cumulative Fatigue Mileages for LCF1 B 

FATIGUE LIVES DERIVED FROM LCF1B LOADED DATA 

-I LEG~~, SEG~ENT I CUM. MILES I SEGMENT LIFE I CUMULATIVE LIFE I 
MILES (MILES) (MILES) 

1 114 114 44,876 44,876 

2 780 894 176,000 128,138 

3 1,309 2,203 220,677 170,638 

4 1,441 3,644 224,520 188,523 

5 879 4,524 147,644 178,907 

6 920 5,444 155,498 174,469 

7 483 5,926 49,638 144,788 

8 2,344 8,270 106,517 131,406 

9 1,973 10;242 120,494 129,153 

10 2,089 12,331 97,699 122,474 
FEEST1 CUMULATIVE LIFE 63,250 MILES 

FATIGUE LIVES DERIVED FROM LCF1B UNLOADED DATA 

LEG SEGMENT CUM. MILES SEGMENT CUMULATIVE 
MILES LIFE (MILES) LIFE (MILES) 

11 4,179 16,510 81,954 81,954 
FEEST1 CUMULATIVE LIFE 270,333 MILES 
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The most interesting result obtained from the fatigue life analysis for the loaded 

portion was the dramatic relative reduction in the calculated fatigue life for leg 7. As 

shown in Tables 16, 17 and 18, the individual fatigue life (referred to as segment life) for 

all three of the measurements for which fatigue life was calculated showed a large 

reduction in the fatigue life for leg 7. The cause of this drop in fatigue life can not be stated 

for certain, but after investigation, it is suspected that the nature of the terrain and track 

where this data was collected played an important role in the resulting fatigue life. The 

effect of the distribution of speed during a given leg was checked to see if there was a 

correlation between a "slow" leg and a "fast" leg by using the time at level data presented 

in Appendix E. This data shows that Leg 7 was a slow leg as compared to the other legs, 

however, it is difficult to draw conclusions from this data alone. Comparison of the 

"Number of Events Per Mile" histograms for the A-end measurements VCFA, VCFS and 

BOLA (see Appendix A) all show the increased occurrence/load rates that occurred during 

leg 7. Leg 1 data also showed reduced fatigue life but the results were not as consistent for 

both of the VCF measurements. This may have been caused by the short length of leg 1. 

The unloaded LCF1B fatigue life values shown in Table 18 showed a very large 

reduction in the expected fatigue life as compared to the FEEST1 values and also showed 

a more severe load environment than the loaded configuration. This will be discussed in 

more detail (Section 4.2), when the unloaded histograms are presented. 

65 



4.2 TEST HISTOGRAMS 

Histograms were developed for all of the measurements which were rainflowed during the 

OTR tPsting, AppP1'1dix A presents the histograms of the data obtained for each leg during 

the loaded portion of the testirtg. Appendix B presents the histograms of the data obtained 

for the unloaded portion of the FEEST2 testing. Cumulative values represent the total of 

the individual leg values for the loaded portion. The unloaded portion consisted of only 

one leg and the resulting values were not combined with the loaded values. 

The histogram data is presented in two formats: "Number of Events" and "Number 

of Events per Mile." The basic data as acquired is referred to as Number of Events and is 

the total number of peak/valley combinations detected during that leg for each individual 

bin value. In the second format, the number of events values in each bin were divided by 

the number of miles over which the data was collected in order to normalize the data to 

obtain the "Number of Events per Mile" values. This allows a more meaningful value to 

be used for comparisons and will be the format generally shown. However, division of the 

low count value by different leg mileages is difficult when making comparisons. 

Where applicable, the corresponding FEESTl data is also presented for ease of 

comparison. Only the cumulative value for the FEESTl data is presented. Both the A- and 

B-end count values for the VCF FEESTl data were combined into a single file used as input 

to the fatigue life program to develop the cumulative fatigue life values shown. The 

cumulative mileage for the VCF FEESTl measurements was 22,994 miles due to this 

combining. 

Figures 29 and 30 show a summary of the VCF histogram data obtained from the OTR 

testing. The histograms resulting from the rainflowed data from the measurements VCF A 

and VCFB normalized for the number of events per mile are shown to allow direct 

comparison of the rate of occurrences. Note that no data for the measurement VCFA for 

the unloaded portion of the FEEST2 data is presented due to corrupted data caused by 

transducer failure. The unloaded B-end data shown (VCFB) was not corrupted and is 
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considered to be an adequate representation of the VFC loading for the unloaded 

. ] configuration. 
'- i 

The FEEST2 and FEESTl VCF loaded data, as shown in Figure 29, are similar up to 

approximately 40 kips. Above 40 kips, the FEEST2loaded data was not correlated with the 

FEESTl loaded data due to the "hump" in the FEESTl data. Figure 29 shows that the 

correlation between the A- and B-end loaded FEEST2 VCF data is very good with 

significant differences only in the lowest bin values. These differences were most likely 

caused by the draft gear pocket on the B-end having less vertical clearance than on the A­

end. At the conclusion of the OTR testing, the vertical clearance on both ends of the car 

were measured by applying a upward vertical force on the coupler and measuring the 

vertical distance traveled before striking the striker carrier face. The A-end traveled 2.0 

· 1 inches vertically and the B-end traveled 1.375 inches vertically before contact with the 

striker carrier face. 

The effect of the higher occurrence rates in the lower bin values on the fatigue life for 

the measurement VCFB were determined by removing the lowest bin count values and 

recalculating the resulting fatigue life using the FLAP program. The FLAP program 

predicts that the higher count values in the bins below 7.5 kips VCF have an insignificant 

effect on the resulting fatigue life of the structure. However, this result is a direct 

consequence of the assumptions made in determining the sensitivity values to be used in 

the fatigue analysis shown in Section 4.1. Geometric discontinuities and other types of 

stress risers, such as porosity in welds, could result in smaller loads becoming more 

significant in initiating and growing cracks in the critical region. A detailed fracture 

mechanics analysis using these loads would show the relative importance of the loading 

environment measured. 

The VCF histogram obtained from the unloaded portion of the OTR testing is 

presented in Figure 30. Due to noise in the instrumentation system, the histogram obtained 

from the measurement VCF A was corrupted and is not presented. Only the data obtained 

from VCFB is presented with the FEESTl data for comparison. Figure 30 shows that the 
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FEEST1 and FEEST2 unloaded VCF histograms are similar. The relative VCF fatigue lives 

calculated for the unloaded configuration show an increased fatigue life as compared to 

the loaded fatigue life values but were much less than the values obtained during FEEST1. 

As explained in Section 3.5.1 on rainflow algorithm, some of the VCF count values 

' l 
!, 

above 60 kips may be due to combining events that occurred separately. The events above 
1 

60 kips, shown in Figure 29, are suspected of being formed in this manner. The largest 

continuous single VCF event that could be found in the burst history data was 

approximately 60 kips and will be discussed later (Section 4.3). 

Appendix A is a listing of the VCF data (loaded data) combined in a single file for both 

the A- (VCFA) and B-end (VCFB). Appendix B is a listing of the VCF data, which is not 

combined due to transducer failure, for the unloaded data. 

Figure 31 shows a comparison of the loaded and unloaded FEEST2 VCF histograms 

as measured by VCFR As shown, the loaded VCF histogram shows higher occurrence 

rates. Figure 32 presents the cumulative histograms obtained for the LCF measurement 

LCF1B for the loaded FEEST2 testing along with the loaded FEEST1 data. As can be seen, 

there was excellent correlation between the FEEST1 and FEEST2loaded data, except for the 

events at the 800 kip level in the FEEST1 data. As shown, a very high magnitude event was 

recorded during the FEEST2 loaded testing that resulted in peak-to-peak LCF of 

approximately 1060 kips. Assuming that this event was formed during a single impact, 

from a review of the surge pressure test results, it is estimated that this could have 

represented an impact occurring at approximately 9 mph. Figures 32 and 33 also show that 

the total number of LCF events that occurred at and above 500 kips was relatively low (less 

than 30) for both the loaded and unloaded portions of the FEEST2 testing. The events above 

400 kips generally were found to represent impact conditions. Comparison of the fatigue lives 

for the loaded condition shows that the FEEST2 data was less severe, due in part to the 

events at 800 kips in the FEEST1 data. 
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Figure 33 presents the unloaded histograms obtained for the LCF measurement LCFlB 

for the unloaded FEEST2 testing along with the FEESTl data. The FEEST2 data can be seen 

to be more severe which is also shown in the reduced fatigue life of the unloaded 

configuration compared to the FEESTl data. 

Figure 34 presents a comparison of the FEEST2, LCF loaded versus unloaded data . 
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The possibility of the LCF instrumentation being the cause of the large reduction in the 

unloaded fatigue life was checked at the end of the unloaded test by performing a squeeze 

test. The results of the tests indicated that measurements LCF1B and LCF2B were accurate 

to within 1 percent of full scale. It showed that the LCF instrumentation was working 

properly and giving accurate estimates of the LCF during the unloaded OTR testing. 

Consist speed may have an effect on loads, which may have caused the unloaded LCF 

data to be more severe. Since leg 11 data was collected entirely in the western portion of 

the test area, it was suggested that the unloaded LCF may have been biased to higher 

values due to the higher speeds typically traveled in the west. The speed distribution data 

obtained during the FEEST2 test is presented in Appendix E for each leg where data was 

available. The data shows the relative time spent at speeds as recorded by the time at level 

mode. Unfortunately the data for unloaded testing (leg 11) is not available due to a speed 

transducer failure. As shown in Appendix E, legs 9 and 10 spent more time at higher 

speeds. Routes for legs 9 and 10 were located entirely in the western portion of the test 

route which tends to support the theory that the unloaded car may have experienced a 

higher average speed. 

The average value of each peak-valley range recorded by the rainflow algorithm for 

LCF1B during each leg was calculated for the loaded and unloaded configurations. Figure 

35 presents the results for the loaded configuration and shows the average value 

distribution is bimodal with peaks at approximately 175 kips and 25 kips of tensile force. 

The average value of the unloaded data is shown in Figure 36 and consists of a unimodal 

distribution centered at approximately 35 kips tension load. By plotting the average 

distribution for each leg of the loaded data, it was found that the 175 kip tension force 

distribution peak as shown in Figure 35 was caused by the conditions that only existed on 

legs 9 and 10. The remaining loaded legs showed unimodal distributions with peaks in the 

30 kips of tension region. These results show the large differences in LCF that can exist in 

any given leg which may in part be attributable to higher speed legs. 
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Consist location was also tracked during the OTR test. However, changes in consist 

makeup were found to occur very frequently within a leg, often without accurate consist 

location data being recorded. It is not possible to correlate the rainflow data with the 

changes in consist location since the rainflow mode ran continuously during the entire leg. 

This is because it is not possible to associate specific events in the rainflow data with any 

other variable such as time or location of the tank car. This point illustrates a limitation 

imposed by the use of an automatic remote data acquisition system to collect non­

stationary data. 

Many other random variables also exist which would affect the resulting LCF 

developed such as handling quality and track condition. Figure 37 shows the leg to leg 

variation that was experienced during the loaded portion of the testing and demonstrates 

the variability that can exist. As shown in Figure 37, large differences in occurrence rates 

are apparent even in the longer length legs such as legs 8, 9 and 10. Since the unloaded 

LCF loads were influenced by many of the same random variables that are evident in the 

loaded data, the unloaded data variability can be expected to be similar to the loaded data. 

Two different statistical procedures were used to test if the LCF environment obtained for 

the unloaded car was within the expected random variation. These analysis concluded that 

"the occurrence rates for the loaded and unloaded tank car are statistically the same and 

that the observed differences can be explained by the random variation. Both the loaded 

and unloaded tank car have, from a statistical viewpoint, the same occurrence rates." 

(Excerpt from April19, 1995, letter from Dan D. Steeples to C.P.L. Barkan, Environmental 

& Hazardous Materials Research Division, AAR, Washington.) Appendix B lists the 

unloaded LCF1B data.) 

The correlation between the histograms obtained for the various VCF measurement 

techniques used during the FEEST2 loaded testing is shown in Figure 38. Figure 38 shows 

the number of events per mile obtained during the loaded portion of the FEEST2 test for 

the measurements VCFA, VCFB, SCTA, SCTB, and VCFS. As shown, good correlation 

between like measurements (such as SCTA and SCTB) was obtained during the FEEST2 

testing. The correlation between the separate measurement techniques shows significant 
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differences as explained in Section 3.8. As previously explained, measurements VCF A and 

VCFB represent the equivalent force applied at the striker carrier required to produce the 

same shear forces that would be produced by the corresponding coupler load. Figure 39 

compares the measurements VCFA and VCFB, corrected to the equivalent coupler force 

using Equation 3 to VCFS. As shown, the correlation between the two methods produces 

similar results with the differences attributed to the variation in load paths. 

Figure 40 shows the histograms obtained from the loaded FEEST2 testing for the 

vertical bolster load measurements BOLA and BOLB along with the FEEST1 data. As 

shown, the FEEST2 bolster loads for the A- and B-end were very similar with each other 

but were different than the FEEST1 data below 100 kips peak-to-peak. Figure 41 shows the 

histograms obtained for the unloaded FEEST2 data along with the FEEST1 data. Note that 

the data for the measurement BOLA FEEST2 unloaded data is not shown due the 

transducer failure that occurred during leg 11. 

Figure 42 shows the cumulative histogram obtained from the FEEST2 loaded testing 

for the sill bending gage on the A-end (VCBA). Due to a transducer failure, the unloaded 

data was not available. Figure 43 shows the results of converting the microstrain data to 

equivalent sill force using the conversion factor in Section 3.6.4 along with VCFA for 

comparison. This comparison shows the relative increase in bending strains introduced 

by LCF events as VCBA was shown to be sensitive to LCF. This result indicates that the 

bending strains induced into the sill are not totally dominated by VCF as LCF also has an 

influence. The difference between the sill equivalent force derived from VCBA and VCF A 

is the result of the sensitivity of VCBA to LCF. 
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The histogram format shown in Figures 29-43 only shows the peak-to-peak range of 

the data and as such does not show the actual peak/valley values and the corresponding 

average value of the dynamic events recorded. Obviously, the stress distribution at any 

location is influenced by average values upon which dynamic events are superimposed 

and must be accounted for in any analysis. The formats of Figures 35 and 36 present these 

average values but do not show the dynamic range of the data. 

By presenting all of the data on one plot, additional insight into the dynamic force 

environment can be gained. Figures 44 and 45 show all of the LCF rainflow data for the 

loaded and unloaded configurations as collected on the same plot with the peak/valley 

range represented by the solid vertical lines and the corresponding number of count values 

associated with that range represented by the triangle symbols. The peak/valley ranges 

(in kips) are read on the left-hand axis and the number of events are read on the right-hand 

axis. Average values of each range are at the midpoint of each vertical peak/valley line. 

Each vertical peak-valley range line in these plots has a triangle associated with it 

indicating the number of events that occurred within that range. The triangular grouping 

of the individual ranges was done in anticipation of using the data to develop time history 

data that could be used to perform full scale fatigue testing. Each triangular grouping of 

the individual peak/valley ranges can be reduced to an equivalent peak/valley 

combination with values based on the average values within each region. This approach 

greatly reduces that amount of time required to develop force functions for fatigue testing 

as the number of individual ranges is greatly reduced. Figure 44 shows the bimodal 

response with the average values as previously discussed. Figures 44 and 45 show that the 

dynamic environment in draft conditions accounts for the vast majority of the total number 

events recorded for the loaded and unloaded configurations. It also can be seen that the 

largest peak/valley ranges occur during buff conditions. 

Figure 46 presents the VCF peak-to-peak/number of occurrences data in the same 

format as Figures 44 and 45. Figure 46 shows the data for the measurement VCF A which 

indicates an average peak/valley value of VCF of approximately 0 kips. The extreme 

dynamic range events, shown by the longest vertical peak/valley range lines at the right 
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of the graph, are characterized by a positive (upward) average value. These conditions 

were found to exist during impact conditions. 

Similarly, Figures 47 and 48 display results for measurement VCFB for the loaded and 

unloaded configurations. 
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4.3 FEEST2 TEST BURST HISTORY DATA 

I 
i This section presents representative burst history data of significant events taken from the 

. i 

r l 
I 

I 
___ j 

) 

FEEST2 data. To convey the general characteristics of the data: all of the data collected (for 

the measurements VCFB, BOLB, LCF1B and SPEED) during leg 9 is showTL in Appendix 

F. 

The format of Figure 49 will be used to illustrate burst history data in this report. The 

basic layout and meaning of this format is now reviewed. The column of numbers on the 

left side of the plot indicates the minimum and maximum engineering unit values 

associated with the scale immediately to the right. The minimum engineering unit value 

is at the bottom of the scale and the maximum engineering unit value is at the top of the 

scale. The range between the minimum and maximum values is divided into equal 

portions. The X Range: 0 to 5 notation at the bottom of the figure is the burst history time 

(in seconds). This particular burst history was 5 seconds in duration and was the first burst 

taken as noted by the 0 to 5 X Range. Subsequent bursts will have an elapsed time range 

with increments of 5 seconds (or 2 seconds as appropriate) which is the window length 

selected for this measurement. The time range is divided into equal increments of time by 

the vertical tick marks. The measurement name is shown of the right side of each time 

history. The measurement names VCFB, BOLB LCF1B and SPEED identify the data shown 

(see Section 3.6). The leg from which the data was taken along with additional descriptive 

information is shown at the top of the plots. 

Figure 49 shows the first 5-second burst of data which was taken on leg 9 which was 

an impact event as evidenced by the SPEED measurement and the characteristic 

longitudinal coupler force signature. The VCF measurement VCFB, and the bolster 

measurement BOLB both show vertical response characteristics caused by the impact. The 

bolster response shown is highly damped with a frequency of approximately 4.5 cycles per 

second (Hz) for the primary mode with a low damped secondary mode at approximately 

8-10 Hz. The 8-10 Hz mode is highly attenuated in the measurement VCFB. LCFlB shows 

multiple peaks that represent the dynamic longitudinal elastic response of the coupler and 
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tank car at 10 cycles per second. The SPEED parameter shows a near vertical velocity 

change resulting from slack in the speed transducer. as explained in Section 3.6.1. 

The second event captured on leg 9 is shown in Figure 50. This event, characterized 

by a low frequency VCF with little corresponding longitudinal coupler force, comprised 

the vast majority of VCF events recorded during the FEEST2 test. For leg 9, approximately 

90 percent of the recorded events were of this type. Similar occurrence rates and wave 

forms existed on the other legs. Some noise is present on the SPEED channel as previously 

discussed. Figure 51 shows a similar low frequency coupler event taken from leg 10, which 

produced a la:rge single event VCF of approximately 55 kips. The SPEED measurement 

shows little change and only a small variation in LCF is shown. The event shows the 

existence of large VCF events that are not associated with impact conditions or with 

corresponding LCF dynamics. Figure 52 shows a similar event with the notable difference 

being the frequency of the event is higher corresponding with the higher speed when the 

event occurred. Again, these events occur with little or no change in the LCF. From these 

events, wavelengths based on the respective speed and duration of the event can be 

calculated as shown below. 

Figure Event Duration Event Speed Event Wave Length 
(seconds) (mph) (feet) 

50 .75 13 14.3 

51 1.5 8.8 20.0 

52 .25 43 15.7 

The three events produce wave lengths which are similar and are approximately equal 

to the spacing between wheel sets on adjacent cars. Based on this result, the hypothesis of 

relative vertical movement between the couplers on adjacent cars due to changes in the 

vertical stiffness of the track (such as at crossings) and differential car suspension stiffness 

is suggested as a source for the low frequency VCF events. Such differences would allow 

for relative coupler motion to be developed between adjacent cars. If the loads induced by 
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these events could be reduced or eliminated, which could be accomplished by increasing 

the vertical compliance of the coupler, the resulting fatigue life would improve. 

We recommend that testing of this hypothesis be conducted to determine the exact 

cause of the low frequency VCF events, and if increased vertical compliance of the coupler 

reduces these types of loads. 

Figure 53 illustrates another VCF event which is characterized by a sudden reduction 

in the VCF. This demonstrates the ability of the couplers to sustain high VCFs at relatively 

low LCF. The bolster load burst histories also show the rapid release of VCF. This type of 

locking of couplers was relatively common in the data and will be referred to as "sticktion." 

It is difficult to explain how these large VCF events can be developed with such low 

corresponding LCF values. The actual mechanics of sticktion are unknown at this point. 

If the sticktion phenomenon could be reduced, fatigue life would improve and VCF events 

like those shown in Figure 53 would be eliminated. 

Figure 54 presents the highest magnitude VCF event captured during the FEEST2 

testing. The sticktion phenomenon tended to be the most severe at very low speeds. There 

was no jitter to cause redistribution of the forces. Again, calculating the wavelength of the 

event shown in Figure 54 gives approximately 18.5 feet, similar to the spacing between 

trucks on adjacent cars. 

Figure 55 continues the representative data taken from leg 9 and shows another VCF 

very similar to the events previously shown. 

Figure 56 shows a "smooth" coupling event as evidenced by the LCFlB force signature 

and the SPEED parameter which occurred during leg 7. The VCF and LCF both peak at 

approximately the same time as opposed to the sticktion event, where significant LCF did 

not co-exist. Peak VCF and LCF loads can occur at the same time as based on this event. 
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Because of this, we recommend that a static design loading case consisting of the 

simultaneous application of LCF and VCF be adopted for the design and analysis of stub 

sill tank cars. The actual values used for this analysis should be based primarily on impact 

data presented later in this report. This conclusion raises the question as to how many of 

the VCF and LCF events recorded and shown in the histograms occur simultaneously. 

Obviously, the simultaneous occurrence scenario will produce much higher stress values 

in the critical region. Data indicated that the simultaneous occurrence of LCF and VCF 

almost always was associated with impact type events. The low frequency VCF events 

were found not to have corresponding LCF values associated with them as previously 

shown. Based on these conclusions, we recommend that the simultaneous application of 

LCF and VCF values only be associated with impact events. 

The remainder of the leg 9 data was composed of the type of events presented in 

Figures 49 through 56 with minor variations in response characteristics. The low frequency 

VCF events comprised the majority of the VCF loads imposed during leg 9 typical of all the 

data collected. Appendix F shows all of the burst time history data collected during leg 9. 

Keep in mind, when reviewing the data shown in Appendix F, that the data between the 

vertical lines represent a single 5-second burst of data and that the data immediately before 

and following may or may not be continuous in time. The data must be viewed as a 

collection of independent 5-second-long events strung together. 

One of the limitations of using an unattended instrumentation system is shown in 

Appendix F during time from 200 to 400 seconds where there was a static offset in the VCF 

of sufficient value to cause constant triggering of the measurement VCFB for an extended 

period. This results in filling the allocated memory with relatively uneventful data. Not 

all events evident in the histograms have a corresponding burst history as the event may 

have occurred after the memory space was full. It was very difficult to select a trigger that 

would capture significant events and not be affected by the static values that exist in the 
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VCF due to the low frequency high magnitude events. Static VCF values of this magnitude 

and higher were very common on all of the legs. 
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4.4 FEEST2 CONSIST LOCATION 

The location of the test car in the consist was tracked during the FEEST2 testing to 

determine if consist location influenced the coupler loads environ..f!lenLTahle 19 shows the 

cor1sist irJormation collected and uses the notation "1'-J.A:r.." for legs v;here tlle location v1as 

not available or was known to have changed during the leg. Many times during the 

FEEST2 test the actual location of the car listed in the destination consist list was different 

than that listed at the beginning of the leg. When this occurred, consist data was not 

considered useful as changes to the consist makeup may have occurred during the leg. 

The test car consist location is given as the car count from the last engine. Several of 

the legs were comprised of different consists as noted by the designations such as leg 2A 

and 2B. 

From this data, no definite trends in the VCF or LCF load environments could be 

found due to the complexity of time correlation with the rainflow data. 
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Leg 

1 

2A 

28 

3A 

38 

4A 

48 

SA 

58 

5C 

50 

5 

6A 

68 

7 

8A 

88 

ac 
80 

8 

9 

10 

Table 19. FEEST2 Test Consist Information 

Consist Consist Leading 
Location Length CarTons 

47 50 30 

36 40 30 

13 60 74 

20 21 53 

50 108 95 

53 98 NA 

24 127 35 

58 90 NA 

63 103 NA 

101 107 NA 

92 106 NA 

130 131 NA 

7 92 NA 

14 74 NA 

NA NA NA 

73 84 NA 

133 164 NA 

96 108 NA 

104 148 NA 

NA NA NA 

NA NA NA 

NA NA NA 
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Trailing 
Car Tons 

110 

NA 

51 

115 

130 

135 

121 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 



4.5 FEEST2 OUTAGE AND TEMPERATURE MEASUREMENTS 

At the end of each leg, the outage conditions and temperature of the water-methanol 

mixture at the bottom, middle, and top of the tank vv:ere rec:'orded. Table 20 shows the 

Table 20. FEEST 2 Outages and Water-Methanol Temperatures 

LEG OUTAGE TOP MIDDLE BOTTOM AVERAGE 
(%) Temp Temp Temp Temp 

1 1.03 87.40 86.10 82.90 85.47 

2 1.22 85.10 84.50 80.20 83.27 

3 1.3 84.50 84.50 82.40 83.80 

4 1.3 83.10 82.70 81.60 82.47 

5 1.35 81.30 80.90 80.40 80.87 

6 1.22 78.90 78.60 78.00 78.50 

7 NA NA NA NA NA 

8 1.67 60.10 58.50 58.00 58.87 

9 1.8 56.60 56.60 55.90 56.37 

10 1.7 49.40 49.40 49.40 49.40 
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Some variation in the data was caused by the outage conditions being measured at an 

unlevel download location, such as leg 6 data. As shown in Table 20, the outage change 

was almost -1 percent under the long term conditio_ll.s of the FEEST2 test. If the 

temperature differential during the test had been in the opposite direction, the surge 

pressure data would have been very different as a shell full condition could have been 

J produced. 

4.6 FEEST2 SURGE PRESSURE DATA 

During the loaded portion of the FEEST2 test, 14 surge pressure events were recorded by 

the data collection system. All14 of FEEST2 surge pressure events collected are shown in 

Appendix C. The maximum value of all of the surge pressure events collected was less 

than 40 psia. 

The speed transducer introduced a variable ground level which resulted in the 

appearance of a low level oscillation in the surge pressure data. The oscillation can be seen 

in some of the surge pressure events shown in Appendix C. The oscillations had a 

maximum magnitude of approximately 4 psi at low speeds and diminished to zero at 

speeds above 10 mph. Due to the small magnitude of oscillation, data quality was not 

··: affected seriously. The speed transducer was replaced several times during the test due 

to the harsh vibration environment where the transducer was located. 

All surge pressure events recorded during the FEEST2 testing were the result of impact 

events. Some of the surge pressure events captured show no corresponding LCF. Impacts 

that occurred on the A-end of the car with the B-end being uncoupled resulted in no record 

of LCF response data because only the B-end LCFwas acquired by SOMAT 4. 
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The peak/valley surge pressure data collected for those legs where the data quality 

was acceptable is presented in Figure 57. The peak/valley data shown corresponds very 

well with the burst history data and with the surge pressure impact test results, which will 

be discussed later (Section 4.7). 
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Figure 57. FEEST2 Surge Pressure Peak Valley Results 
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4.7 SURGE PRESSURE IMPACT TESTS RESULTS 

The results of the surge pressure impact testing were in good agreement with the FEEST2 

OTR results; no surge pressure events exceeding 40 psi were produced. The majority of 

t"ho 1'"'10:::1 lc C111"go 1'"'11"0SS111"0C 1'Y'IOOIC111"0rl HTel"o nnrie,. 1 t:; -nci ThP ~11,.J.£:P D .... J.e~~'ure -1-Le~-~-L ,.J.e~11J.l-1-LS are \..LI.- r--'-'L.L"- U'-"L.&.. '- _t"L'- '-"L.L'-U .L.LL'-......_UIIo.A..L-\,.oL VV L'- "-''..LL\,.4. ..L ..LV .t-'IJ~• ..L - .....,.....,. (.J- l. ._,...., ._, ._,_._ 

presented in Table 21, which shows the configurations and a brief description of the 

resulting surge pressure impact response data. 

Initially, it was thought that the variability of the impact conditions would make 

defining any trends in the surge pressure data very difficult. For this reason, several 

impacts at the same speed and configuration were conducted to check for this variability. 

Figure 58 shows the results of five separate impact tests that were conducted in the A 

configuration (see Figure 16) at 8 mph. Figure 58 illustrates the relative repeatability of 

the surge pressure responses that were developed during the impact tests. Figures 59 and 

60 show the results of impact tests at 9 mph plus the repeatability of the response data. The 

repeatable nature of the data demonstrates the accuracy and precision of the test setup. 

These results also build confidence in the FEEST2 surge pressure burst history data as the 

same types of response data were obtained. 
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J 

' ' 
I 

Figures 59 and 60 show that the surge pressure response data consists primarily of a ._ J 

single large pressure wave followed by much smaller pressure peak with an oscillatory 

response characteristic. As shown in Table 21, the highest surge pressure event obtained 

was in the A configuration at an impact speed of 6 mph. The possibility that impact speeds 

around the 6 mph speed produced higher surge pressures was investigated by performing 

several impacts at approximately 6 mph. No evidence of surge pressures peaking at a 

given impact speed were found. 

LCF data for several impacts are shown in Table 21 and demonstrate the accuracy of 

the two separate measurement channels (LCF1B and LCF1B). 
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IMPACT 
NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

Table 21. Surge Pressure Impact Test Configurations and Results 

TEST SPEED Peak Surge Pressure Peak LCF Peak LCF 
CON FIG. (mph) {psia) LCF1B LCF2B 

(kips (kips) 
""' ... ·'·'·' ·-

A 2.6 less than 15 psi 

A 2.6' less than 15 psi 

A 2.6 less than 15 psi 

A 2.5 less than 15 psi 

A 3.1 less than 15 psi 

A 3.9 less than 15 psi 

A 4 less than 15 psi 

A 3.8 less than 15 psi 

A 3.8 less than 15 psi 

A 4 less than 15 psi 284.00 223.00 

A 6.5 less than 15 psi 

A 6.3 less than 15 psi 

A 6.1 less than 15 psi 

A 6 20 psi 324.00 

A 6 less than 15 psi 

A 6 less than 15 psi 327.00 400.00 

A 8 less than 15 psi 

A 7.8 less than 15 psi 

A 8 less than 15 psi 

A 7.9 less than 15 psi 877.00 832.00 

A 8.1 less than 15 psi 

B 2.5 less than 15 psi 

B 3.9 less than 15 psi 

B 6 less than 15 psi 

B 8.2 less than 15 psi 

B 9 less than 15 psi 

c 2.4 less than 15 psi 

c 3.9 less than 15 psi 

c 5.7 less than 15 psi 1150.00 1100.00 
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Table 21. Surge Pressure Impact Test Configurations and Results -- continued 

IMPACT TEST SPEED Peak Surge_ F.~rE!!?!mr~.,- !. PeakLCF PeakLCF 
NUMBER CON FIG. (mph) . < . • I LCF18 LCF28 ·· pSi8J 

(kips) (kips) 

30 A 7.7 less than 15 psi 

31 A 9 less than 15 psi 

32 A 9 less than 15 psi 

33 A 8.9 less than 15 psi 
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J Surge Pressure Impact Data Configuration A 8 mph 
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Figure 58. Surge Pressure Repeatability 8 mph 
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Figure 59. Surge Pressure Repeatability 9 mph 
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Figure 60. Surge Pressure Repeatability 9 mph 

119 



4.8 FEEST2 SHOCK WATCH DATA 

The Shock Watch units recorded data continuously during the FEEST2 tests. The units 

recorded shock events by recording the date and time of each event with small differences 

in the recorded time for the same event due to differences in the individual clocks. The 

"g's" recorded are shock levels and may better be thought of as "impact severity" in order 

to reduce the temptation to infer rigid body acceleration values from this data (see Section 

4.8.1). These units were not serviced or calibrated by TTC and as such no responsibility for 

the data quality is assumed by TTC. 

I 
I 

' j 

The data collected by the Shock Watch units for each leg is presented in Appendix D. · ·
1 

The data collected for leg 7 is shown in Table 22. 

In general, there was an inconsistency between the A- and B-end shock levels recorded 

as shown by the number of "10 G" events occurring on the A-end and not on the B-end. 

This may have been due to the slightly different mounting locations of the units or in the 

attachment to the tank car. 

It is interesting to note that the leg 7 Shock Watch data did not show a significant 

increase in the number of events recorded even though leg 7 produced the most severe 

VCF fatigue life environment. This again suggests that high LCF coupling events are not 

a major contributor to the resulting fatigue life reduction seen in leg 7. This conclusion is 

based on the impact test results which allowed a generalized correlation of known impact 

speeds with the Shock Watch data to be made. A severe LCF environment caused by 

impact events would have been indicated by a large number of high level shock events 

being recorded. Since only one 10-g event was recorded by the Shock watch units on leg 

7, it is concluded that other dynamic inputs were responsible for the reduced fatigue life. 
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The Shock Watch data indicates that leg 9 was the most severe for producing high 

· l impact coupling events along with a higher frequency of occurrence . 
. J 

i 
. J 

j 

Table 22. Leg 7 Shock Watch Data 

B-END ( SERIAL NUMBER 334) I A-END (SERIAL NUMBER 335) 

DATE TIME G's DATE TIME G's 

10119/94 13:59 2.0 10119/94 13:59 10.0 

10/19/94 14:53 2.0 10119/94 14:54 2.0 

10/19/94 15:30 2.0 10119/94 15:31 2.0 

10119/94 15:30 2.0 no data recorded 

10/20/94 22:23 2.0 10/20/94 22:24 2.0 

10/24/94 10:31 2.0 10/24/94 10:32 2.0 

10/24/94 10:39 2.0 10/24/94 10:39 2.0 

4.8.1 Surge Pressure Impact Tests Shock Watch Data 

The surge pressure impact testing performed at the end of leg 10 was used to correlate the 

Shock Watch readings with known impact conditions. Table 23 presents the data obtained 

along with the configuration and initial impact velocity for all of the impact tests. The 

abbreviation "NDR" in Table 23 indicates that no data was recorded by the Shock Watch 

unit for that event. Refer to Figures 16 and 17 for test configuration setups. Unfortunately, 

the A-end unit failed during the test and no data was recovered. 
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IMPACT 

NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Table 23. Surge Pressure Impact Tests Shock Watch Data 

TEST TEST I SPEED Shock Watch "G" Value 
' T!ME CONF!G. (mph) B-END 

10:05 A 2.6 2.00 

10:07 A 2.6 2.00 

10:08 A 2.6 2.00 

10:10 A 2.5 2.00 

10:11 A 3.1 2.00 

10:15 A 3.9 2.00 

10:16 A 4 2.00 

10:18 A 3.8 2.00 

10:20 A 3.8 2.00 

10:21 A 4 2.00 

10:24 A 6.5 2.00 

10:27 A 6.3 2.00 

10:30 A 6.1 2.00 

10:33 A 6 2.00 

10:36 A 6 2.00 

11:27 A 6 2.00 

11:42 A 8 6.00 

11:45 A 7.8 6.00 

11:48 A 8 6.00 

11:52 A 7.9 6.00 

11:57 A 8.1 6.00 

13:10 B 2.5 NOR 

13:11 B 3.9 2.00 

13:13 B 6 NOR 

13:17 B 8.2 4.00 

13:24 B 9 4.00 
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Table 23. Surge Pressure Impact Tests Shock Watch Data- continued 

IMPACT TEST TEST SPEED Shock Watch "G" Value 
NUMBER TIME CON FIG. (mph) B-END 

,_., -.,. ',• ·~· 

27 13:40 c 2.4 2.00 

28 13:42 c 3.9 2.00 

29 13:45 c 5.7 6.00 

30 13:48 A 7.7 10.00 

31 14:46 A 9 10.00 

32 15:01 A 9 10.00 

33 15:05 A 8.9 10.00 

Figure 61 shows the burst time history data for impact 32 which was a 9.0 mph 

impact in the A configuration. From this data, an estimate of the rigid body acceleration 

of the tank car can be derived from the SPEED vs TIME time history. From Figure 58, the 

change in speed (Ll V) is 4.8 mph during a time (Ll t) of approximately .1 seconds. This 

corresponds to an average rigid body acceleration of 70.4 ft/ sec2 or approximately 2.2 g's 

which is a reasonable result. This illustrates that the 10 g's as recorded by the Shock Watch 

units have a higher frequency response (approximately 15Hz) and as such are measuring 

the shock response of the tank car and the rigid body acceleration combined. When 

reviewing the data from the Shock watch units, the shock response as measured must not 

be confused with the rigid body acceleration values as illustrated above. 

Every effort was made to camouflage the instrumentation that was added on the 

tank car. No impact events above 10 mph were captured; however, several6 and 7 mph 

impacts were recorded. The highest magnitude LCF event that was captured by the burst 

history mode during the FEEST2 testing occurred during leg 11 and resulted in a LCF peak 

value of approximately 900 kips. 
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4.9 CRITICAL REGION STRAINS 

The stress levels in the critical region were measured by the strain gage rosette with 

measurements SG1A, SG2A and SG3A. The trigger for the rosette strain gage 

measurements was the measurement VCBA at a levels greater than ±120 pStrain. This is 

significant in that the VCBA measurement was shown to be sensitive to VCF. Sensitivity 

resulted in VCF events being the primary trigger source for the critical region strains and 

was demonstrated during the surge pressure impact tests, which resulted in only a single 

impact (surge pressure impact event number 30) event for the critical region strains being 

recorded. Data obtained from this event shows the rosette strains along with the SPEED 

measurement (Figure 62). Figure 63 shows the corresponding coupler forces that were 

j developed. Figure 63 shows that a VCF peak value of approximately 63 kips was produced 

with a corresponding LCF of 1,000 kips. These force levels represent a severe combined 

loading condition. 

The rosette strain data in Figure 62 was converted to von Mises stress values to 

allow direct comparison of the data. The corresponding von Mises stress values for this 

event, Figure 64, shows peak stress levels are approximately 17,000 psi. This is significant 

· 1 in that the critical region strain gages were located in a position that was shown to have 

relatively small stress risers and relatively widely spaced stress gradients. Other areas will 

be subjected to higher stress values due to localized stress raisers. 

Using the above characteristics as a guide, the FEEST2 data obtained was reviewed 

to determine the primary source of the stress levels produced in the critical region. Recall 

that there is no direct way to correlate VCF and LCF to the critical region strain data due 

to measurements being acquired on separate SOMA T units. Due to the nature of the 

rosette strain gage response data, it is possible to identify some of the events recorded by 

the rosette strain gages as being the result of impacts or the low frequency VCF events 

shown previously. 
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Figure 65 shows the von Mises Stresses for an impact event that occurred during leg 

10. The resulting maximum stress levels can be seen to be approximately 11,000 psi. 

Figure 66 shows the von Mises stress for a low frequency event also obtained during leg 

10. Tile characteristics of this event are similar to the low frequency VC.::F event shown in 

Figure 55. The maximum stress level developed during this event was approximately 9000 

psi and was representative of the vast majority of the critical region strain gage data 

collected. 

Based on the above, the general conclusion is made that impact events produced the 

highest stress levels in the critical region, typical levels being on the order of 11,000 to 

15,000 psi. The maximum stress levels associated with the low frequency VCF events was 

lower with maximum values being between 5,000 to 10,000 psi. By calculating the percent 

of fatigue damage associated with each peak-to-peak bin value, the basic fatigue damage 

characteristics of the VCF and LCF acting independently can be seen. Figures 67 and 68 

show that the basic characteristics of the fatigue damage caused by the VCF events is very 

different than the fatigue damage caused by the LCF events. Figure 67 shows that the VCF 

events at low peak-to-peak values and high occurrence rates account for the majority of the 

fatigue damage due to VCF. Figure 68 shows that individual LCF events at peak-to-peak 

values above 400 kips have a significant contribution to the total fatigue damage caused 

1 
by LCF events. Results show that the high occurrence rates of the low frequency VCF 

' l 

I 
- ~ 

I 
I 

. J 

1 
J 

events and the high stress values associated with LCF impact events are the major 

contributors to the fatigue damage caused in the critical region. 
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4.10 IMPACT TEST DATA 

Appendix G contains some of the recorded impact events that occurred during the FEEST2 

OTR test. Typical LCF values range :.tc:m luD~~ps tv over 900 kips occurring during leg 

11. All of the impact data available was reviewed to determine if there were any definite 

relations between the LCF and VCF produced during the impacts. No trends were found 

in the data, and it is concluded that during impact conditions there are no predictable 

relationships that exit between the LCF and VCF produced. However, the existence of the 

simultaneous of VCF and LCF was shown in many of the impacts such as the impact 

presented in Figure 69. Figure 69 shows a 6.5 mph impact producing simultaneous peak 

LCF and VCF of 403 kips and 37 kips respectively. The highest VCF recorded due to a 

known impact was 47 kips. Although the peak VCF and LCF data shown in Figure 63 do 

not occur at the same time, the development of very high VCF is demonstrated. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

The FEEST2 test resulted in obtaining VCF and LCF histograms which are representative 

of the coupler load environment that stub sill tank ca;.; are subjech.>d. In addition, a basic 
., -- . . . ~ .-

understanding as to possible sources for the forces producing the damaging stress levels 

were identified. Based on the data collected, the following recommendations are made. 

1. A significant cause of fatigue damage is caused by low frequency (waveform) high 

occurrence rate VCF events. The possible source of these VCF events was thought 

to be due to differential coupler height between adjacent cars caused by vertical 

stiffness changes in the track. This hypothesis should be investigated further to 

provide a basic understanding of the source of these VCF events which would allow 

formulation of possible corrective measures to be taken. 

2. The existence of the simultaneous application of large VCF and LCF during impact 

conditions was demonstrated with OTR and impact test data. Due to the high 

stresses produced in the critical region of the stub sill tank car by the VCF, we 

recommend a static design case consisting of the simultaneous application of a 60 

kip vertical (up and down) load at the sill and a 1000 kip LCF (buff) be considered. 

3. VCF and LCF histograms were obtained which represent the coupler force 

environment for a stub sill tank car. 

4. Individual LCF events at peak-to-peak values above 400 kips have a significant 

contribution to the total fatigue damage caused by LCF events. We conclude that 

the high occurrence rates of the low frequency VCF events and the high stress 

values associated with LCF impact events are the major contributors to the fatigue 

damage caused in the critical region. 
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Appendix A 

Histograms for the Loaded Portion of the OTR Testing 

Appendix A presents the histograms obtained from the load portion of the OTR testing. The 
histograms present the number of events for each individual leg along with the FEESTl cumulative 
values. In addition, the number of events per mile values are also presented. Tables A 1 and A2 
contain tabular listings of the vertical and longitudinal coupler force values. The values shown in 
Table AI were obtained by combining the results obtained from the A-end (VCFA) and the B-end 
(VCFB). The values in Table A2 were obtained from the measurement LCFlB only and as such were 
not combined with any other values. 
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Figure A12. Loaded Portion Histograms for Measurement VCFS 
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TABLE Al. TABULAR LISTING OF VERTICAL COUPLER FORCE 
FULLYLOADEDTANKCAR 

MAXIM:UM MINIMuM PERCENT MAXIMUM MINIMUM PERCENT 
LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

61.25 -41.25 0.000051 31.25 28.75 0.000305 
58.75 -28.75 0.000051 31.25 26.25 0.000255 
51.25 -18.75 0.000051 31.25 6.25 0.000102 
48.75 -18.75 0.000051 31.25 3.75 0.000255 
46.25 3.75 0.000051 31.25 -1.25 0.000051 
46.25 -1.25 0.000051 31.25 -3.75 0.000102 
46.25 -48.75 0.000051 31.25 -6.25 0.000102 
41.25 38.75 0.000051 31.25 -11.25 0.000051 
41.25 -3.75 0.000051 31.25 -13.75 0.000153 
41.25 -13.75 0.000051 31.25 -16.25 0.000102 
38.75 33.75 0.000051 31.25 -18.75 0.000051 
38.75 3.75 0.000051 31.25 -23.75 0.000051 
38.75 -11.25 0.000051 31.25 -26.25 0.000051 
38.75 -21.25 0.000051 31.25 -28.75 0.000051 
38.75 -26.25 0.000051 31.25 -31.25 0.000051 
38.75 -33.75 0.000051 31.25 -33.75 0.000153 
38.75 -36.25 0.000051 31.25 -43.75 0.000051 
38.75 -38.75 0.000051 28.75 26.25 0.004633 
38.75 -48.75 0.000051 28.75 23.75 0.000153 
36.25 33.75 0.000204 28.75 21.25 0.000102 
36.25 31.25 0.000051 28.75 13.75 0.000051 
36.25 6.25 0.000051 28.75 6.25 0.000051 
36.25 3.75 0.000051 28.75 3.75 0.000204 
36.25 -8.75 0.000102 28.75 1.25 0.000153 
36.25 -13.75 0.000051 28.75 -1.25 0.000102 
36.25 -26.25 0.000051 28.75 -6.25 0.000051 
36.25 -31.25 0.000051 28.75 -8.75 0.000102 
33.75 31.25 0.000662 28.75 -11.25 0.000051 
33.75 26.25 0.000051 28.75 -16.25 0.000204 
33.75 1.25 0.000051 28.75 -18.75 0.000204 
33.75 -1.25 0.000051 28.75 -21.25 0.000102 
33.75 -3.75 0.000102 28.75 -23.75 0.000102 
33.75 -13.75 0.000051 28.75 -26.25 0.000051 
33.75 -18.75 0.000051 28.75 -28.75 0.000102 
33.75 -23.75 0.000051 28.75 -31.25 0.000051 
33.75 -41.25 0.000051 28.75 -36.25 0.000051 
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TABLE Al. TABULAR LISTING OF VERTICAL COUPLER FORCE 
FULLYLOADEDTANKCAR 

c 1 

! 

c 1 
I 
I MAXIMUM MINIMUM PERCENT MAXIMUM MINIMUM PERCENT I 
I 

LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 
" 1 

I 
28.75 -51.25 0.000051 23.75 -8.75 0.000204 I 
26.25 23.75 0.003971 23.75 -11.25 0.000305 
26.25 21.25 0.001935 23.75 -13.75 0.000255 

,, 
I 
I 

26.25 18.75 0.000051 23.75 -16.25 0.000305 J 

26.25 13.75 0.000102 23.75 -18.75 0.000305 
26.25 11.25 0.000255 23.75 -21.25 0.000255 
26.25 8.75 0.000102 23.75 -23.75 0.000153 ~ "J 

26.25 6.25 0.000204 23.75 -26.25 0.000204 
26.25 3.75 0.000407 23.75 -28.75 0.000102 i 
26.25 1.25 0.000153 23.75 -31.25 0.000102 . J 

26.25 -1.25 0.000407 23.75 -38.75 0.000051 
26.25 -3.75 0.000204 21.25 18.75 0.016649 
26.25 -6.25 0.000407 21.25 16.25 0.009725 
26.25 -8.75 0.000255 21.25 13.75 0.000305 
26.25 -11.25 0.000305 21.25 11.25 0.001375 
26.25 -13.75 0.000204 21.25 8.75 0.001935 
26.25 -16.25 0.000407 21.25 6.25 0.001069 
26.25 -18.75 0.000153 21.25 3.75 0.001324 
26.25 -21.25 0.000102 21.25 1.25 0.000611 
26.25 -23.75 0.000255 21.25 -1.25 0.000866 
26.25 -26.25 0.000102 21.25 -3.75 0.000560 
26.25 -28.75 0.000051 21.25 -6.25 0.000509 
26.25 -31.25 0.000102 21.25 -8.75 0.001120 
26.25 -33.75 0.000051 21.25 -11.25 0.000662 
23.75 21.25 0.009827 21.25 -13.75 0.000458 
23.75 18.75 0.009318 21.25 -16.25 0.000611 
23.75 16.25 0.000255 21.25 -18.75 0.000764 
23.75 13.75 0.000153 21.25 -21.25 0.000204 
23.75 11.25 0.000153 21.25 -23.75 0.000204 
23.75 8.75 0.000051 21.25 -26.25 0.000051 
23.75 6.25 0.000713 21.25 -38.75 0.000051 
23.75 3.75 0.000764 18.75 16.25 0.076781 
23.75 1.25 0.000407 18.75 13.75 0.004124 
23.75 -1.25 0.000204 18.75 11.25 0.005804 
23.75 -3.75 0.000102 18.75 8.75 0.004786 
23.75 -6.25 0.000255 18.75 6.25 0.002189 . _) 
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TABLE Al. TABULAR LISTING OF VERTICAL COUPLER FORCE 
FULLYLOADEDTANKCAR 

MAXIl\1UM MINil\1UM PERCENT MAXIl\1UM MINil\1UM PERCENT 
LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

18.75 3.75 0.002342 16.25 -33.75 0.000051 
18.75 1.25 0.002953 16.25 -41.25 0.000051 
18.75 -1.25 0.001935 13.75 11.25 0.111658 
18.75 -3.75 0.001782 13.75 8.75 0.103206 
18.75 -6.25 0.001578 13.75 6.25 0.025560 
18.75 -8.75 0.001375 13.75 3.75 0.022658 
18.75 -11.25 0.000967 13.75 1.25 0.014715 
18.75 -13.75 0.000764 13.75 -1.25 0.012423 
18.75 -16.25 0.000713 13.75 -3.75 0.010489 
18.75 -18.75 0.000407 13.75 -6.25 0.008503 
18.75 -21.25 0.000102 13.75 -8.75 0.005295 
18.75 -23.75 0.000204 13.75 -11.25 0.004481 
18.75 -26.25 0.000102 13.75 -13.75 0.003513 
18.75 -28.75 0.000153 13.75 -16.25 0.002902 
18.75 -31.25 0.000051 13.75 -18.75 0.001629 
18.75 -33.75 0.000051 13.75 -21.25 0.000713 
18.75 -41.25 0.000051 13.75 -23.75 0.000509 
16.25 13.75 0.087728 13.75 -26.25 0.000255 
16.25 11.25 0.041395 13.75 -28.75 0.000102 
16.25 8.75 0.011812 13.75 -38.75 0.000051 
16.25 6.25 0.008758 11.25 8.75 0.206260 
16.25 3.75 0.008452 11.25 6.25 0.218276 
16.25 1.25 0.006568 11.25 3.75 0.073930 
16.25 -1.25 0.006568 11.25 1.25 0.041700 
16.25 -3.75 0.003564 11.25 -1.25 0.037423 
16.25 -6.25 0.005346 11.25 -3.75 0.026120 
16.25 -8.75 0.003615 11.25 -6.25 0.021537 
16.25 -11.25 0.002699 11.25 -8.75 0.011252 
16.25 -13.75 0.001477 11.25 -11.25 0.007790 
16.25 -16.25 0.002291 11.25 -13.75 0.004582 
16.25 -18.75 0.000916 11.25 -16.25 0.002546 
16.25 -21.25 0.000509 11.25 -18.75 0.001375 
16.25 -23.75 0.000356 11.25 -21.25 0.000764 
16.25 -26.25 0.000662 11.25 -23.75 0.000509 
16.25 -28.75 0.000153 11.25 -26.25 0.000102 
16.25 -31.25 0.000051 11.25 -28.75 0.000051 
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TABLE Al. TABULAR LISTING OF VERTICAL COUPLER FORCE 
FULLY LOADED TANK CAR 

MAXIMUM MINIMUM PERCENT MAXIMUM MINIMUM PERCENT 
LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

11.25 -31.25 0.000102 6.25 -46.25 0.000051 
11.25 -36.25 0.000051 3.75 1.25 11.076828 
11.25 -38.75 0.000051 3.75 -1.25 8.445959 

8.75 6.25 1.862804 3.75 -3.75 1.064445 
8.75 3.75 0.419190 3.75 -6.25 0.337775 
8.75 1.25 0.210435 3.75 -8.75 0.095111 
8.75 -1.25 0.139866 3.75 -11.25 0.037780 
8.75 -3.75 0.073777 3.75 -13.75 0.019348 
8.75 -6.25 0.049185 3.75 -16.25 0.008452 
8.75 -8.75 0.023829 3.75 -18.75 0.004124 
8.75 -11.25 0.012780 3.75 -21.25 0.002138 
8.75 -13.75 0.007943 3.75 -23.75 0.000407 
8.75 -16.25 0.004633 3.75 -26.25 0.000102 
8.75 -18.75 0.001629 3.75 -28.75 0.000153 
8.75 -21.25 0.000815 3.75 -31.25 0.000051 
8.75 -23.75 0.000458 3.75 -38.75 0.000051 
8.75 -26.25 0.000458 1.25 -1.25 18.199028 
8.75 -28.75 0.000051 1.25 -3.75 10.056323 
8.75 -31.25 0.000051 1.25 -6.25 0.864906 
8.75 -33.75 0.000051 1.25 -8.75 0.188185 
8.75 -43.75 0.000051 1.25 -11.25 0.074897 
6.25 3.75 4.398613 1.25 -13.75 0.030957 
6.25 1.25 3.537220 1.25 -16.25 0.011151 
6.25 -1.25 0.894743 1.25 -18.75 0.003157 
6.25 -3.75 0.289354 1.25 -21.25 0.001273 
6.25 -6.25 0.150660 1.25 -23.75 0.000204 
6.25 -8.75 0.048625 1.25 -26.25 0.000305 
6.25 -11.25 0.025662 1.25 -28.75 0.000102 
6.25 -13.75 0.014053 1.25 -31.25 0.000204 
6.25 -16.25 0.007230 1.25 -36.25 0.000102 
6.25 -18.75 0.002138 -1.25 -3.75 11.265776 
6.25 -21.25 0.001273 -1.25 -6.25 5.630775 
6.25 -23.75 0.001069 -1.25 -8.75 0.357480 
6.25 -26.25 0.000356 -1.25 -11.25 0.111200 
6.25 -28.75 0.000255 -1.25 -13.75 0.042311 
6.25 -31.25 0.000051 -1.25 -16.25 0.012220 
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TABLE Al. TABULAR LISTING OF VERTICAL COUPLER FORCE 
FULLY LOADED TANK CAR 

MAXIMUM MINIMUM PERCENT MAXIMUM MINIMUM PERCENT 
LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

-1.25 -18.75 0.003360 -8.75 -31.25 0.000102 
-1.25 -21.25 0.001782 -8.75 -38.75 0.000051 
-1.25 -23.75 0.000866 -11.25 -13.75 0.165629 
-1.25 -26.25 0.000458 -11.25 -16.25 0.055651 
-1.25 -28.75 0.000102 -11.25 -18.75 0.002800 
-1.25 -36.25 0.000102 -11.25 -21.25 0.000815 
-3.75 -6.25 15.775946 -11.25 -23.75 0.000204 
-3.75 -8.75 0.535532 -11.25 -26.25 0.000102 
-3.75 -11.25 0.142055 -11.25 -28.75 0.000051 
-3.75 -13.75 0.056313 -13.75 -16.25 0.110895 
-3.75 -16.25 0.011354 -13.75 -18.75 0.002444 
-3.75 -18.75 0.004786 -13.75 -21.25 0.000560 
-3.75 -21.25 0.001578 -13.75 -23.75 0.000407 
-3.75 -23.75 0.000458 -13.75 -26.25 0.000051 
-3.75 -26.25 0.000305 -13.75 -28.75 0.000051 
-3.75 -36.25 0.000051 -13.75 -31.25 0.000051 
-3.75 -41.25 0.000051 -16.25 -18.75 0.024490 
-6.25 -8.75 0.898052 -16.25 -21.25 0.005499 
-6.25 -11.25 0.222298 -16.25 -23.75 0.000255 
-6.25 -13.75 0.045570 -16.25 -26.25 0.000102 
-6.25 -16.25 0.011711 -16.25 -31.25 0.000051 
-6.25 -18.75 0.002953 -18.75 -21.25 0.006314 
-6.25 -21.25 0.000866 -18.75 -23.75 0.007026 
-6.25 -23.75 0.000407 -18.75 -26.25 0.000153 
-6.25 -26.25 0.000051 -18.75 -28.75 0.000051 
-6.25 -28.75 0.000153 -21.25 -23.75 0.005193 
-6.25 -31.25 0.000051 -21.25 -26.25 0.002699 
-6.25 -36.25 0.000051 -23.75 -26.25 0.002800 
-8.75 -11.25 0.261249 -23.75 -28.75 0.000102 
-8.75 -13.75 0.115935 -26.25 -28.75 0.000967 
-8.75 -16.25 0.010489 -26.25 -31.25 0.000356 
-8.75 -18.75 0.002902 -28.75 -31.25 0.000305 
-8.75 -21.25 0.001629 -28.75 -33.75 0.000051 
-8.75 -23.75 0.000560 -31.25 -33.75 0.000102 
-8.75 -26.25 0.000255 -31.25 -36.25 0.000051 
-8.75 -28.75 0.000051 -31.25 -43.75 0.000051 
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TABLE Al. TABULAR LISTING OF VERTICAL COUPLER FORCE 
FULLYLOADEDTANKCAR 

MAXIMUM MINIMUM PERCENT MAXIMUM MINIMUM PERCENT 
LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

-33.75 -36.25 0.000051 
-36.25 -38.75 0.000204 
-41.25 -43.75 0.000051 
-46.25 -48.75 0.000051 
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Table A2. TABULAR LISTING OF LONGITUDINAL COUPLER FORCE 
FULLY LOADED TANK CAR 

! 
' ~ 

" ' 
' ' ~.4/\VIl.AI ll.A l.JIU.IU.JII ll.l nr-n,..,.,.... .. r"T" 

MAXiMUM MiNiMUM PERCENT IVII"\.1\.IIVIU lVI IVIII'IIIVIUIVI r-t:nvt:l'l 1 

LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

! 
830 -230 0.001114 290 -110 0.001114 
550 -130 0.001114 290 -70 0.001114 

,--l 530 -230 0.001114 290 -150 0.001114 
490 -170 0.001114 290 -290 0.001114 
470 -330 0.001114 290 -210 0.001114 
450 30 0.001114 290 -170 0.003342 
430 -410 0.001114 290 150 0.001114 
430 -190 0.001114 290 230 0.002228 
430 190 0.001114 290 270 0.001114 

_j 410 -250 0.001114 290 130 0.001114 
410 -150 0.001114 290 -30 0.001114 
390 -250 0.001114 290 30 0.001114 
390 330 0.001114 290 70 0.001114 
370 -30 0.001114 270 -190 0.003342 
370 -290 0.001114 270 -150 0.003342 
370 -370 0.001114 270 -130 0.002228 
370 -10 0.001114 270 -290 0.001114 

' -, 

370 270 0.001114 270 -270 0.001114 
! 

370 190 0.001114 270 -210 0.001114 
370 130 0.001114 270 -110 0.003342 ·-1 

350 -190 0.001114 270 130 0.002228 
350 -270 0.001114 270 210 0.002228 
350 310 0.001114 270 230 0.003342 
350 210 0.002228 270 -10 0.002228 
330 -330 0.001114 270 10 0.002228 
330 -350 0.001114 270 110 0.001114 
330 -130 0.001114 250 -110 0.002228 
330 310 0.001114 250 -130 0.001114 

1 330 -30 0.001114 250 -90 0.001114 
. ! 310 110 0.001114 250 -30 0.001114 

310 -110 0.001114 250 -50 0.001114 
310 -270 0.001114 250 -290 0.001114 
310 290 0.003342 250 -330 0.002228 
310 210 0.001114 250 -250 0.001114 
310 150 0.002228 250 -150 0.002228 
290 -130 0.001114 250 -230 0.001114 
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Table A2. TABULAR LISTING OF LONGITUDINAL COUPLER FORCE 
FULLY LOADED TANK CAR 

MAXIMUM MINIMUM PERCENT MAXIMUM M!N!MUM PERCENT 
LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

250 170 0.001114 210 -210 0.001114 
250 150 0.001114 210 -150 0.001114 
250 190 0.006684 210 -170 0.001114 
250 230 0.001114 210 -10 0.001114 
250 210 0.003342 210 130 0.003342 
250 50 0.003342 210 110 0.001114 
250 30 0.001114 210 150 0.004456 
250 90 0.002228 210 190 0.007798 
250 130 0.001114 210 170 0.007798 
250 110 0.001114 210 30 0.001114 
230 -70 0.001114 210 10 0.004456 
230 -90 0.002228 210 50 0.002228 
230 -10 0.002228 210 90 0.001114 
230 -50 0.004456 210 70 0.001114 
230 -110 0.002228 190 -110 0.004456 
230 -210 0.002228 190 -130 0.004456 
230 -270 0.001114 190 -90 0.005570 
230 -150 0.003342 190 -50 0.003342 
230 -170 0.002228 190 -70 0.004456 
230 10 0.002228 190 -210 0.001114 
230 170 0.003342 190 -250 0.002228 
230 150 0.002228 190 -190 0.002228 
230 210 0.004456 190 -150 0.005570 
230 190 0.006684 190 -170 0.001114 
230 110 0.002228 190 -30 0.003342 
230 50 0.001114 190 110 0.002228 
230 30 0.001114 190 90 0.005570 
230 90 0.001114 190 130 0.001114 
230 70 0.002228 190 170 0.006684 
210 -110 0.002228 190 150 0.005570 
210 -130 0.001114 190 10 0.005570 
210 -90 0.005570 190 -10 0.004456 
210 -30 0.003342 190 30 0.003342 
210 -50 0.002228 190 70 0.003342 
210 -250 0.004456 190 50 0.001114 
210 -330 0.001114 170 -130 0.003342 
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Table A2. TABULAR LISTING OF LONGITUDINAL COUPLER FORCE 
FULLY LOADED TANK CAR 

MAXIMUM MINIMUM PERCENT MAXIMUM M!N!MUM PERCE~JT 
LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

170 -150 0.004456 150 30 0.014483 
170 -110 0.011141 150 -50 0.007798 
170 -70 0.011141 150 -70 0.005570 
170 -90 0.012255 150 -30 0.007798 
170 -250 0.001114 150 10 0.022281 
170 -330 0.001114 150 -10 0.007798 
170 -230 0.001114 130 -110 0.018939 
170 -170 0.002228 130 -130 0.007798 
170 -190 0.003342 130 -70 0.014483 
170 -50 0.002228 130 -90 0.023395 
170 90 0.013369 130 -150 0.007798 
170 70 0.006684 130 -270 0.002228 
170 110 0.012255 130 -290 0.001114 
170 150 0.022281 130 -170 0.001114 
170 130 0.021167 130 -190 0.008913 
170 -10 0.008913 130 70 0.041221 
170 -30 0.006684 130 50 0.036764 
170 10 0.008913 130 110 0.064616 
170 50 0.005570 130 90 0.081327 
170 30 0.002228 130 30 0.020053 
150 -150 0.008913 130 -30 0.008913 
150 -170 0.003342 130 -50 0.014483 
150 -130 0.004456 130 10 0.044563 
150 -90 0.027852 130 -10 0.027852 
150 -110 0.013369 110 -30 0.017825 
150 -190 0.001114 110 -10 0.035650 
150 -270 0.001114 110 -50 0.020053 
150 -350 0.001114 110 -90 0.045677 
150 -250 0.001114 110 -70 0.045677 
150 -210 0.001114 110 70 0.191620 
150 -230 0.001114 110 90 0.162654 
150 70 0.015597 110 50 0.059046 
150 50 0.014483 110 10 0.062388 
150 90 0.015597 110 30 0.054589 
150 130 0.038992 110 -110 0.026738 
150 110 0.026738 110 -290 0.001114 
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Table A2. TABULAR LISTING OF LONGITUDINAL COUPLER FORCE 
FULLY LOADED TANK CAR ~ ' 

' - J 

MAXIMUM MINIMUM PERCENT MAXIMUM MIN! MUM PERCENT 
-~ 
I LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE ' j 

110 -250 0.002228 70 -250 0.006684 
110 -330 0.001114 70 -270 0.002228 
110 -310 0.001114 70 -130 0.016711 - ' ' 110 -210 0.002228 70 10 0.479050 
110 -150 0.010027 70 -10 0.163768 
110 -130 0.021167 70 50 0.777621 
110 -190 0.004456 70 30 0.727487 
110 -170 0.008913 70 -30 0.066844 
90 -210 0.001114 70 -90 0.049019 - ' 
90 -230 0.007798 70 -110 0.028966 ! 

90 -190 0.003342 70 -50 0.084669 
90 -150 0.008913 70 -70 0.082441 - 1 

I 90 -170 0.012255 50 -190 0.010027 
90 -330 0.001114 50 -210 0.007798 
90 -350 0.001114 50 -150 0.013369 
90 -290 0.001114 50 -170 0.007798 
90 -250 0.005570 50 -230 0.004456 
90 -270 0.003342 50 -290 0.002228 
90 -130 0.013369 50 -350 0.001114 
90 10 0.196076 50 -250 0.003342 
90 -10 0.069072 50 -270 0.003342 0 

'! 

90 30 0.176023 50 -10 0.381012 I 
,_) 

90 70 0.416662 50 -30 0.144829 
90 50 0.375441 50 30 1.761344 
90 -90 0.061274 50 10 1.751317 
90 -110 0.026738 50 -50 0.143715 
90 -70 0.073529 50 -110 0.041221 
90 -30 0.040107 50 -130 0.018939 
90 -50 0.059046 50 -70 0.143715 
70 -190 0.004456 50 -90 0.049019 
70 -210 0.007798 30 -190 0.020053 
70 -150 0.016711 30 -170 0.008913 
70 -170 6.004456 30 -150 0.021167 
70 -230 0.003342 30 -210 0.012255 
70 -290 0.001114 30 -270 0.004456 
70 -350 0.001114 30 -250 0.001114 
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Table A2. TABULAR LISTING OF LONGITUDINAL COUPLER FORCE 
FULLY LOADED TANK CAR 

MAX! MUM ~-~I f'.J I f\1 U ~v1 PERCENT iviAXiiviUiv1 MiNiMUM PERCENT LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

30 -230 0.004456 -30 -210 0.023395 
30 -130 0.020053 -30 -190 0.023395 
30 -30 0.339791 -30 -290 0.001114 
30 -10 1.540758 -30 -270 0.002228 
30 10 3.602901 -30 -250 0.003342 
30 -50 0.219472 -30 -170 0.020053 
30 -110 0.035650 -30 -90 0.479050 
30 -90 0.083555 -30 -70 3.016900 
30 -70 0.184936 -30 -50 11.180802 
10 -190 0.011141 -30 -150 0.047905 
10 -170 0.015597 -30 -130 0.088011 
10 -150 0.022281 -30 -110 0.173795 
10 -250 0.002228 -50 -190 0.022281 
10 -230 0.011141 -50 -170 0.034536 
10 -210 0.006684 -50 -210 0.020053 
10 -130 0.040107 -50 -250 0.003342 
10 -50 0.582658 -50 -230 0.008913 
10 -30 1.995299 -50 -90 1.280066 
10 -10 2.481033 -50 -70 3.819031 
10 -110 0.052361 -50 -110 0.243981 
10 -90 0.128118 -50 -150 0.041221 
10 -70 0.325308 -50 -130 0.084669 

-10 -210 0.006684 -70 -210 0.014483 
-10 -190 0.016711 -70 -190 0.028966 
-10 -170 0.026738 -70 -250 0.001114 
-10 -270 0.003342 -70 -230 0.008913 
-10 -250 0.005570 -70 -170 0.033422 
-10 -230 0.004456 -70 -110 1.023830 
-10 -150 0.030080 -70 -90 2.091109 
-10 -70 1.041655 -70 -150 0.056818 
-10 -50 7.009726 -70 -130 0.197190 
-10 -30 13.211751 -90 -210 0.024510 
-10 -130 0.063502 -90 -190 0.060160 
-10 -110 0.132574 -90 -250 0.004456 
-10 -90 0.301913 -90 -230 0.013369 
-30 -230 0.004456 -90 -130 1.187598 

A-33 



Table A2. TABULAR LISTING OF LONGITUDINAL COUPLER FORCE 
FULLY LOADED TANK CAR 

MAXIMUM MINIMUM PERCENT MAXIMUM MINIMUM PERCENT 
LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

-90 -110 1.756888 -170 -210 0.603826 
-90 -170 0.090240 -170 -230 0.102494 
-90 -150 0.280746 -190 -270 0.016711 

-110 -270 0.006684 -190 -310 0.001114 
-110 -250 0.013369 -190 -250 0.054589 
-110 -290 0.002228 -190 -210 0.805472 
-110 -330 0.001114 -190 -230 0.282974 
-110 -310 0.001114 -210 -290 0.005570 
-110 -230 0.040107 -210 -310 0.004456 
-110 -150 2.707189 -210 -330 0.001114 
-110 -130 4.431769 -210 -230 0.307483 
-110 -170 0.482392 -210 -250 0.200533 
-110 -210 0.074643 -210 -270 0.030080 
-110 -190 0.158198 -230 -310 0.001114 
-130 -270 0.002228 -230 -330 0.003342 
-130 -250 0.008913 -230 -290 0.023395 
-130 -310 0.001114 -230 -250 0.180479 
-130 -290 0.001114 -230 -270 0.079099 
-130 -230 0.022281 -250 -330 0.003342 
-130 -170 3.003532 -250 -350 0.001114 
-130 -150 7.159011 -250 -310 0.005570 
-130 -210 0.074643 -250 -270 0.123662 
-130 -190 0.328651 -250 -290 0.038992 
-150 -290 0.002228 -270 -330 0.002228 
-150 -270 0.004456 -270 -310 0.027852 
-150 -330 0.001114 -270 -290 0.028966 
-150 -310 0.001114 -290 -330 0.007798 
-150 -250 0.007798 -290 -310 0.020053 
-150 -190 1.391473 -310 -330 0.004456 
-150 -170 3.680886 -330 -350 0.001114 
-150 -230 0.035650 -350 -390 0.001114 
-150 -210 0.186050 -350 -370 0.002228 
-170 -250 0.024510 -510 -910 0.004456 
-170 -270 0.005570 
-170 -290 0.003342 
-170 -190 1.553013 
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Appendix 8 

Histograms for the Unloaded Portion of the OTR Testing 

Appendix B presents the histograms obtained for the unloaded portion of the OTR testing. The 
histograms present the number of events for the empty portion of the OTR testing (Leg 11). In 
addition, the number of events per mile values are also presented. Tables B 1 and B2 contain listings 
of the vertical and longitudinal coupler force values. The values shown in Table B2 for the VCF 
histogram were obtained from the B-end measurment VCFB only. 

B-0 





• 'jl 

t:P 
I 

........ 

/f· 

!'! 
(Q 
c 
""'l 
CD 

Dl 
...1. . 
c: 
:::s 
0 
Q) 
a. 
CD a. 
"tJ 

zo 
~ 

s::::: -· 3 0 
C":::s 
CD :I: 
""'l -· 
0 tn 
-8' 
m(Q 
< ""'l 
CD I» 
:::J 3 
(ittn -0 

""'l 

s: 
CD 
Q) 
tn 
c 
C1l 
3 
CD 
:::s -r-
0 
"11 
...1. 

Dl 

100000 
(f) 

10000 I-z 
w 
> 1000 w 
LL 
0 100 
a: 
w 10 (l) 

~ 
:::) 1 z 

0 
0 

-.--~ ~- ... ) '-----'_.,,.. __ / _j 

LONGITUDINAL COUPLER FORCE (LCF1B) 

.. j 

100 200 300 400 500 600 700 800 900 1000 1100 
PEAK-TO PEAK (KIPS) 

II . FEEST2 UNLOADED D FEEST1 UNLOA~ED II 



to 
I 

N 

r·11 1' 

L--------" 

!! cc 
c 
(il 
lXJ 
1\) . 
c 
:::s -0 
Q) 
a. 
CD 

za. 
c 1J 
3 0 
C";::l. 
CD -· 
""l 0 
0 :::s 
-::~: 
m -· 
< 21. 
CD 0 
:::sec -.., en m 

'tl 3 
CD en 
""l-

3:0 -· .., 
CD':s: 

CD 
Q) 
en 
c 
""l 
CD 
3 
CD 
:::s -r 
0 
"11 ...... 
lXJ 

10.0000 
w 
_J 

LONGITUDINAL COUPLER FORCE (LCF1B) 

~ 1.0000 T. 
0: 
w 1---

~ 0.1 000 ., ' ' 
1--z ,._ 
w ,-. 

o. o 1 oo nl•·•••••-·-i• •••--:-: ___ :_:_· .••••• ;:._;~i~·~::~:~-._r···••••······ ... : .. :::::.~---:::: ...... : :-. _;--n_.::.•••-•:::: __ -- ..• j :- •• -.~-_:: --_:_.~---:._.-I_: _,•:•••----:-:i· ___ -•:::;:::--··--::·•: ...... ,.. --•--j > w 
LL 

ffi 0.0010 -~~~ 
(() 

~ o.ooo1 -lrn~:n !:1:1"rrr{r(rj::IJ[[~~nni~::I;:::::r: 
z 

0.0000 + -i - !--- i ---!--- i - - +- + - +- ' ' _______ .; ____________ , ; : ---+ -- - + + -+- +----- i 

0 100 200 300 400 500 600 700 800 900 1000 1100 
PEAK-TO-PEAK (KIPS) 

II . FEEST2 UNLOADED • FEEST1 UNLOADED] 

'----~1-,.) 



,_1 

r J 

-, 
! 
' ·~ __ ) 

--, 
' 
' 

J 

0 0 0 0 0 0 T"" 

0 0 0 0 0 T"" 

0 0 0 0 T"" 

0 0 0 T"" 

0 0 T"" 

0 T"" 

S.LN3/\3 ::10 H38V\InN 

0 

0 
C\1 
T"" 

0 
0 
T"""' 

0 
co-

(J) 
0.... 
::::s::: ._ 
::::s::: 
<{ 

oLU 
<OO.... 

I 

0 
I-

I 

::::s::: 
<{ 
LU 

aD... 
"<j" 

0 
C\1 

0 

I I 

I 1"'\ .... 
w 
c 
<C 
0 
..J 
z 
:J 
T"" 

1-en 
w 
w 
LL 

.. 
c 
w 
c 
<C 
0 
..J 
z 
:J 
C\1 
1-en 
w 
w 
LL 

I 

Figure 83. Unloaded Portion Histograms for Measurement VCFB 
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Figure 84. Unloaded Portion Histograms for Measurement VCFB 
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Figure 88. Unloaded Portion Histograms for Measurement BOLB 
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Table 81. TABULAR LISTING OF LONGITUDINAL COUPLER FORCE 
1 UNLOADED TANK CAR ! 

. J 

1 
I 
I I. .I A '\.II a •• Ia • MiNiMUM PERCENT MAXiMUM MINIMUM PERCENT I IVII-\AIIVIUIVI I 

LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

650 -230 0.004306 330 -90 0.004306 
630 -110 0.004306 330 -110 0.004306 

. I 590 50 0.004306 330 -130 0.004306 
I 

590 -230 0.004306 310 270 0.004306 
I 
I 
I 

450 250 0.004306 310 210 0.004306 
450 -170 0.004306 310 190 0.008613 
450 -270 0.004306 310 170 0.004306 
430 30 0.004306 310 110 0.004306 

i 430 -210 0.008613 310 -70 0.004306 
'i 410 230 0.004306 310 -110 0.004306 . .J 

410 -110 0.004306 310 -190 0.004306 
410 -130 0.004306 310 -250 0.004306 
410 -150 0.004306 290 270 0.008613 
390 330 0.004306 290 250 0.004306 
390 270 0.004306 290 230 0.004306 
390 -110 0.008613 290 190 0.004306 
390 -150 0.008613 290 170 0.004306 
390 -190 0.004306 290 70 0.004306 
370 350 0.004306 290 10 0.004306 
370 170 0.004306 290 -30 0.008613 

i 370 -70 
I 

0.004306 290 -50 0.008613 
~ ~j 370 -150 0.004306 290 -150 0.004306 

350 310 0.004306 290 -210 0.004306 
350 270 0.008613 270 250 0.008613 
350 210 0.004306 270 230 0.008613 
350 130 0.004306 270 190 0.008613 
350 -10 0.004306 270 170 0.004306 
350 -70 0.004306 270 30 0.004306 
350 -170 0.004306 270 -50 0.008613 

I 

350 -210 0.004306 270 -90 0.008613 I 

... ) 
330 310 0.004306 270 -110 0.004306 
330 250 0.008613 270 -130 0.004306 
330 230 0.004306 270 -150 0.004306 
330 50 0.004306 270 -270 0.004306 
330 -50 0.004306 250 230 0.004306 
330 -70 0.004306 250 210 0.008613 
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Table 81. TABULAR LISTING OF LONGITUDINAL COUPLER FORCE j 

UNLOADED TANK CAR 1 
I 

. J 

MAXIMUM MINIMUM PERCENT MAXIMUM MINIMUM PERCENT 
LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

250 190 0.004306 210 110 0.004306 
. I 

250 150 0.004306 210 90 0.008613 
250 130 0.004306 210 70 0.004306 
250 50 0.004306 210 50 0.004306 1 

250 30 0.004306 210 30 0.008613 
] 

250 10 0.004306 210 10 0.021531 
250 -50 0.004306 210 -10 0.025838 
250 -90 0.004306 210 -30 0.008613 
250 -110 0.004306 210 -50 0.004306 
250 -130 0.008613 210 -70 0.012919 ~- j 
250 -150 0.004306 210 -90 0.004306 
250 -190 0.012919 210 -130 0.004306 . 1 

230 210 0.008613 210 -150 0.008613 
230 190 0.017225 210 -210 0.008613 
230 170 0.004306 210 -230 0.004306 
230 150 0.008613 190 170 0.017225 
230 130 0.008613 190 150 0.025838 
230 110 0.012919 190 130 0.012919 
230 50 0.004306 190 110 0.004306 
230 30 0.004306 190 90 0.012919 
230 10 0.012919 190 70 0.008613 1 

i 230 -10 0.012919 190 50 0.021531 .. ' 
230 -30 0.008613 190 30 0.008613 
230 -50 0.004306 190 10 0.043063 
230 -70 0.004306 190 -10 0.008613 
230 -90 0.004306 190 -50 0.008613 
230 -130 0.004306 190 -70 0.008613 
230 -150 0.008613 190 -90 0.004306 
230 -170 0.004306 190 -110 0.008613 
230 -190 0.004306 190 -130 0.012919 
230 -210 0.004306 190 -150 0.004306 
230 -230 0.012919 190 -170 0.004306 
210 190 0.025838 190 -230 0.004306 
210 170 0.038756 170 70 0.004306 
210 150 0.008613 170 90 0.017225 
210 130 0.008613 170 -130 0.021531 
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Table 81. TABULAR LISTING OF LONGITUDINAL COUPLER FORCE 

UNLOADED TANK CAR 

MAXIMUM MINIMUM PERCENT MAXIMUM ~~11\IIUI ~~~ 
IVIII'f.IIVIVIVI PERCENT 

LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

170 150 0.021531 130 -10 0.073206 

170 -10 0.030144 130 -30 0.012919 

170 10 0.021531 130 -50 0.030144 

170 130 0.038756 130 -70 0.051675 

170 -30 0.021531 130 -90 0.060288 

170 -90 0.004306 130 -110 0.030144 

170 -70 0.017225 130 -130 0.021531 

170 -50 0.004306 130 -150 0.034450 

170 -110 0.012919 130 -170 0.008613 

170 -190 0.004306 130 -190 0.021531 

170 -170 0.008613 110 90 0.301438 

170 30 0.012919 110 70 0.301438 

170 50 0.021531 110 50 0.133494 

150 130 0.038756 110 30 0.077513 

150 110 0.068900 110 10 0.211007 

150 90 0.030144 110 -10 0.172250 

150 70 0.008613 110 -30 0.034450 

150 50 0.017225 110 -50 0.034450 

150 30 0.038756 110 -70 0.021531 

150 10 0.043063 110 -90 0.038756 

150 -10 0.051675 110 -110 0.034450 

150 -30 0.017225 110 -130 0.055981 

150 -50 0.025838 110 -150 0.008613 

150 -70 0.021531 110 -170 0.008613 

150 -90 0.017225 90 70 0.413401 

150 -110 0.030144 90 50 0.723452 

150 -130 0.021531 90 30 0.434932 

150 -150 0.008613 90 10 0.456464 

150 -170 0.017225 90 -10 0.266988 

150 -190 0.004306 90 -30 0.038756 

130 110 0.146413 90 -50 0.068900 

130 90 0.223926 90 -70 0.103350 

130 70 0.176557 90 -90 0.077513 

130 50 0.086125 90 -110 0.038756 

130 30 0.068900 90 -130 0.017225 

130 10 0.081819 90 -150 0.030144 
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Table 81. TABULAR LISTING OF LONGITUDINAL COUPLER FORCE 

UNLOADED TANK CAR '-~ 

i 

-; 

MAXIMUM MINIMUM PERCENT MAXIMUM MINIMUM PERCENT j 
LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE - j 

90 -170 0.004306 10 -70 0.193782 

90 -190 0.008613 10 -90 0.081819 
70 50 1.477048 10 -110 0.038756 
70 30 1.545948 10 -130 0.004306 
70 10 1.024890 10 -150 0.008613 
70 -10 0.546895 -10 -30 11.497718 

70 -30 0.111963 -10 -50 10.214452 
70 -50 0.129188 -10 -70 1.675136 
70 -70 0.150719 -10 -90 0.533976 
70 -90 0.116269 -10 -110 0.189475 j 
70 -110 0.090431 -10 -130 0.068900 
70 -130 0.025838 -10 -150 0.034450 - 1 

70 -150 0.017225 -10 -170 0.017225 
70 -190 0.004306 -10 -190 0.008613 
50 30 3.531134 -10 -210 0.008613 
50 10 4.078029 -10 -230 0.004306 
50 -10 1.300491 -30 -50 15.425028 
50 -30 0.133494 -30 -70 3.957454 
50 -50 0.202394 -30 -90 0.684696 
50 -70 0.163638 -30 -110 0.262682 
50 -90 0.124882 -30 -130 0.094738 - 1 

I 

50 -110 0.086125 -30 -150 0.017225 ~I 

- J 

50 -130 0.043063 -30 -170 0.012919 
50 -150 0.017225 -30 -190 0.004306 
50 -170 0.004306 -50 -70 6.601499 
30 10 7.475670 -50 -90 1.726811 
30 -10 3.500990 -50 -110 0.422014 
30 ·-30 0.344501 -50 -130 0.129188 
30 -50 0.310051 -50 -150 0.012919 
30 -70 0.211007 -50 -170 0.008613 
30 -90 0.081819 -50 -190 0.004306 
30 -110 0.012919 -70 -90 2.402894 
30 -130 0.012919 -70 -110 1.098097 
10 -10 3.910085 -70 -130 0.137800 
10 -30 1.322022 -70 -150 0.021531 
10 -50 0.486608 -70 -170 0.004306 
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Table 81. TABULAR LISTING OF LONGITUDINAL COUPLER FORCE 
UNLOADED TANK CAR 

MAXIMUM MINIMUM PERCENT MAXIMUM MINIMUM PERCENT 
LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

-70 -190 0.012919 

-90 -110 1.102403 

-90 -130 0.430626 

-90 -150 0.068900 

-90 -170 0.017225 

-90 -190 0.008613 

-90 -230 0.004306 

-110 -130 0.542589 

-110 -150 0.163638 

-110 -170 0.021531 

-110 -190 0.017225 

-110 -210 0.004306 

-130 -150 0.120575 

-130 -170 0.047369 

-130 -190 0.004306 

-150 -170 0.124882 

-150 -190 0.012919 

-170 -190 0.017225 

-170 -230 0.004306 

-190 -210 0.034450 

-190 -230 0.012919 

-210 -230 0.025838 
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TABLE B2. TABULAR LISTING OF VERTICAL COUPLER FORCE j 
UNLOADED TANK CAR 

c 1 

! 

, 

MAXIMUM MINIMUM PERCENT MAXIMUM MINIMUM PERCENT 
1 

'J 

LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 
l 
! 

33.75 -33.75 0.000771 21.25 16.25 0.001542 ~- J 
31.25 -11.25 0.000771 21.25 1.25 0.000771 ',, 
28.75 -18.75 0.000771 21.25 -8.75 0.001542 , 

,I 

28.75 -41.25 0.000771 21.25 -6.25 0.000771 \ 

28.75 -13.75 0.000771 21.25 -1.25 0.002313 
28.75 26.25 0.000771 18.75 -8.75 0.004625 
28.75 23.75 0.000771 18.75 -6.25 0.003854 

, __ ) 

26.25 -11.25 0.000771 18.75 -3.75 0.004625 
26.25 -13.75 0.000771 18.75 -16.25 0.003084 
26.25 -26.25 0.000771 18.75 -13.75 0.001542 
26.25 -8.75 0.000771 18.75 -11.25 0.000771 c l 

26.25 18.75 0.000771 18.75 
I 

6.25 0.001542 
J 26.25 3.75 0.000771 18.75 13.75 0.001542 

26.25 -6.25 0.001542 18.75 16.25 0.001542 
23.75 -13.75 0.000771 18.75 -1.25 0.005396 
23.75 -11.25 0.002313 18.75 1.25 0.004625 
23.75 -8.75 0.000771 18.75 3.75 0.010792 
23.75 -23.75 0.000771 16.25 -11.25 0.010022 
23.75 -18.75 0.001542 16.25 -13.75 0.006167 
23.75 -16.25 0.001542 16.25 -6.25 0.009251 
23.75 -6.25 0.003084 16.25 -8.75 0.010022 
23.75 6.25 0.000771 16.25 -21.25 0.001542 
23.75 18.75 0.001542 16.25 -23.75 0.000771 
23.75 21.25 0.000771 16.25 -16.25 0.003854 
23.75 -1.25 0.000771 16.25 -18.75 0.001542 
23.75 1.25 0.001542 16.25 8.75 0.014647 
23.75 3.75 0.001542 16.25 6.25 0.006938 
21.25 -16.25 0.001542 16.25 13.75 0.013105 
21.25 -13.75 0.000771 16.25 11.25 0.038544 
21.25 -11.25 0.002313 16.25 -1.25 0.016189 
21.25 -18.75 0.000771 16.25 -3.75 0.007709 

1 21.25 -31.25 0.000771 16.25 3.75 0.042399 i 
21.25 -26.25 0.000771 16.25 1.25 0.014647 ' j 

21.25 -21.25 0.001542 13.75 -8.75 0.018501 
' 21.25 3.75 0.003084 13.75 -6.25 0.021585 I 

21.25 11.25 0.000771 13.75 -3.75 0.023127 
J 
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TABLE B2. TABULAR LISTING OF VERTICAL COUPLER FORCE 
UNLOADED TANK CAR 

MAXIMUM MINIMUM PERCENT MAXIMUM MINIMUM PERCENT 
LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

13.75 -16.25 0.005396 8.75 -3.75 0.206597 
13.75 -13.75 0.006938 8.75 -1.25 0.497992 
13.75 -11.25 0.011563 6.25 -11.25 0.041628 
13.75 6.25 0.022356 6.25 -8.75 0.056275 
13.75 8.75 0.026210 6.25 -13.75 0.011563 
13.75 11.25 0.081714 6.25 -18.75 0.001542 
13.75 -1.25 0.026981 6.25 -16.25 0.003084 
13.75 1.25 0.043940 6.25 1.25 9.346983 
13.75 3.75 0.185783 6.25 3.75 7.752793 
13.75 -18.75 0.001542 6.25 -1.25 2.563193 
13.75 -23.75 0.000771 6.25 -6.25 0.165740 
13.75 -21.25 0.001542 6.25 -3.75 0.649085 
11.25 -13.75 0.008480 3.75 -13.75 0.011563 
11.25 -11.25 0.020043 3.75 -11.25 0.034690 
11.25 -8.75 0.020043 3.75 -16.25 0.003854 
11.25 -16.25 0.007709 3.75 -21.25 0.000771 
11.25 -26.25 0.000771 3.75 -18.75 0.001542 
11.25 -21.25 0.000771 3.75 -1.25 13.502054 
11.25 -18.75 0.002313 3.75 1.25 27.808913 
11.25 3.75 0.890372 3.75 -3.75 2.281820 
11.25 6.25 0.241287 3.75 -8.75 0.119487 
11.25 8.75 0.053962 3.75 -6.25 0.414736 
11.25 1.25 0.203514 1.25 -11.25 . 0.061671 

11.25 -6.25 0.040086 1.25 -13.75 0.015418 
11.25 -3.75 0.081714 1.25 -16.25 0.003084 
11.25 -1.25 0.104840 1.25 -8.75 0.231266 

8.75 -13.75 0.013105 1.25 -1.25 9.005481 
8.75 -11.25 0.012334 1.25 -3.75 4.063336 
8.75 -8.75 0.031606 1.25 -6.25 0.629813 
8.75 -28.75 0.000771 -1.25 -13.75 0.012334 
8.75 -18.75 0.001542 -1.25 -16.25 0.004625 
8.75 -16.25 0.003854 -1.25 -33.75 0.000771 
8.75 1.25 0.894227 -1.25 -11.25 0.085568 
8.75 3.75 4.738631 -1.25 -3.75 3.354122 
8.75 6.25 1.896378 -1.25 -6.25 2.111455 
8.75 -6.25 0.090964 -1.25 -8.75 0.507242 
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TABLE B2. TABULAR LISTING OF VERTICAL COUPLER FORCE 
UNLOADED TANK CAR 

MAXIMUM MINIMUM PERCENT MAXIMUM MINIMUM PERCENT 
LOAD LOAD OCCURRENCE LOAD LOAD OCCURRENCE 

-3.75 -13.75 0.004625 
-3.75 -16.25 0.003084 
-3.75 -11.25 0.118716 
-3.75 -6.25 2.025115 
-3.75 -8.75 1.224166 
-6.25 -13.75 0.014647 
-6.25 -16.25 0.005396 
-6.25 -8.75 0.767031 
-6.25 -11.25 0.099444 
-8.75 -16.25 0.002313 
-8.75 -13.75 0.010792 
-8.75 -11.25 0.022356 

-11.25 -21.25 0.000771 
-11.25 -16.25 0.001542 
-11.25 -13.75 0.006938 
-13.75 -18.75 0.000771 
-13.75 -16.25 0.001542 
-16.25 -23.75 0.000771 
-16.25 -18.75 0.000771 
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Appendix C 

OTR Surge Pressure Response Data 

Appendix C contains all of the surgre pressure events recorded during the OTR testing. The 
measurments PRl (surge pressure), LCF2B (LCF) and SPEED are shown for each event. 
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Leg 1 Data 

0829_4.DAT-CH_1 DM_1 

' 
I 

_j -10 to 30 

. . . .. ...... .. . ......... ....... . 

0829_4.DAT-CH_2 DM_1 

-100 to 500 . . . . ........•.... 

: LCF2B vs Time 

·· . · ·· ··0829_4.DAT-CH_3 DM_1 

Oto 10 .. ' ..... ; ....... :. ...... · 

: SPEED vs Time 

XRange:Oto2 

Figure C1. Surge Pressure Event 1 Leg 1 
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Leg 2 Data 

· 0906_ 4.DAT-CH_1 DM_1 

-10 to 30 

. 0906_4.DAT-CH_2 DM_1 

. . . ·- ......... , ...... _ .... . 

-100 to 500 

: LCF2B vs Time 

·· · · · · · 0906_ 4.DAT-CH_3 DM_1 

0 to 10 - . -- ' .... ~ '. . . · ...... '. 

: SPEED vs Time 

· .... ·. ·----:--

X Range : 0 to 2 

Figure C2. Surge Pressure Event 1 Leg 2 
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-10 to 30 

l 

-100 to 500 

Oto 10 

Leg 4 Data 

0922_ 4o DAT -CH_1 DM_1 

0 0922_ 4oDAT-CH_2 DM_1 

. . . ~ 

: LCF2B vs Time 

0 
00 :0922_4oDAT-CH_3 DM_1 

0 0 0 . . ~ ....... ·. - .... --· .. -. . ..... -.- ... -.,. ..... , .. 

· ... . : ..... : . ............ ·.·. 

: SPEED vs Time 

XRange:Oto2 

Figure C3. Surge Pressure Event 1 Leg 4 
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-10 to 40 

-100 to 500 

Oto 10 

. · ..... · ...... . 

. . . -.... -.. ---. . . ~- .. -. ·--. -.. ·-.-- .. 

. . . . · ...... ~- - ... -.- . . . . . ...... . 

Leg 4 Data 

.l 

. . . ·············. 

· :0922_4.DAT-CH_1 DM_1 

'PR1 vs Time 

. 0922_4.DAT-CH_2 DM_1 

. -.. ~ . 

: LCF2B vs Time 

·· • ··· ·· ·· ·~0922_4.DAT-CH_3 DM_1 

: SPEED vs Time 

XRange:2to4 

Figure C4. Surge Pressure Event 2 Leg 4 
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"' 
I 

,] 

'c __ j 

-10to40 

.... , ..... .; .. 

Oto 10 

Leg 4 Data 

- :0922_4.DAT-CH_1 DM_1 

. . . ..... _ ....... , ........................ ,. 

. PR1 vs Time 

: 0922_4.DAT-CH_2 DM_1 

. . . . .... ----- .............. ······-··. ·-··· 

; LCF2B vs Time 

. . . . . -- ....... - ........... . 

-- ·: 0922_ 4. OAT -CH_3 DM_1 

. . . . .... -·-- ...... -·.- .. -~ 

SPEED vs Time 

XRange:4to6 

Figure C5. Surge Pressure Event 3 leg 4 
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Leg 4 Data 

·· . ·· ·:0922_4.DAT-CH_1 DM_1 

.. ~ . :~ .. - .. :. . -.. -~ . 

-10 to 40 

: PR1 vs Time 
-..: .............. ------' 

: 0922_4.DAT-CH_2 DM_1 

.... · ...... '. . .. -~- . . . . . . .. . . . . . 

: LCF2B vs Time 

-. : . . - . . : . .... ·. 

. . . -- ..... ~- .... ··- . . . . . -.. -:- ..... : .. - ... ; . · ·: 0922_ 4. DAT -CH_3 DM_1 

. ... .' .... : .. 

. .. ; -.... ; .... -; . . . . -: .. -.. ~- -. . -.- .. - ..... -..... 

Oto 10 
.; ...... : ...... ; ... . 

-.-----·· - --f SPEED vsTime 

X Range : 6 to 8 

Figure C6. Surge Pressure Event 4 Leg 4 
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Leg 5 Data 

,-\ 

·· .................. · ·:1001_4.DAT-CH_1 DM_1 

-19 to 30 

: PR1 vsTime 
. . . ··············-···· .. _ ......... . 

'. -... ~- ..... · .. - . . . . . : . ... : ... : ....... · ... . 
: 1001_4.DAT-CH_2 DM_1 

-100 to 500 . . . ..... ............... ... 

: LCF28 vs Time 

. . .. -........ -. ·· ··· · ·· ······ ··· ·• ··· ···· · -~ 1001_4.DAT-CH_3 DM_1 

. . . ·······-···· .. _ ............. _ ..... ····-···· ·-··.··-····· .... .. 

0 to 10 . . . . . . ········.··-···-·- ......... , -·-··--· . ...... , .... -

: SPEED vs Time 

: .. .. · ...... ' .. . 

Figure C7. Surge Press~re Event 1 Leg 5 
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leg 7 Data 

: 1025_4.DAT-CH_1 DM_1 
; 

-10 to 30 

· 1025_4.DAT-CH_2 DM_1 

. . . . . . .... - ~- .... - • ...... -~-. . . . 

-100 to 500 

. LCF2B vs Time 

.. ' ..... · ...... · .. -

·· ·: 1025_4.DAT-CH_3 DM_1 

'• • •' '• '' • • ,• ' •' •: • • • • • T • '• • 1 • ' • • .: o • • •' ~- • •' • -:- • • • • :, ' • • • ,:- '• • •':. • • • • • ~ ' '• ;'" 

Oto 10 
.· ....... ; ..... ..: ... ·-·-·-··-·····-.---- ·. 

-----------.------. 
: SPEED vs Time 

XRange:Oto2 

Figure C8. Surge Pressure Event 1 Leg 7 
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-10 to 30 

-100 to 500 

Oto 10 

r··. 
I 

leg 7 Data 

. . . . - ... - . . . .... ~-.. . ....... ' . . 

.· ....... : ...... :. 

. . . .. .... , ..... ········· ., 

. . . ........ , ..... 

: 1025_4.DAT-CH_1 DM_1 

: 1025_4.DAT-CH_2 DM_1 

. LCF2B vs Time 

·• ... · · ·: 1025_4.DAT-CH_3 DM_1 

. . ... ~ ·-·· . . . .. ·.- . - -' . 

. . . . . ...... ~ ..... ·.·· - . . .. ·-· . . . ........ ' . . -·. -. . .. -•, . . . ....... ·.. . . . ''• .. --

...• f .. 

: SPEED vs Time 

Figure C9. Surge Pressure Event 2 Leg 7 
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Leg 8 Data 

~- J 

: 1115_4.DAT-CH_1 DM_1 

-10 to 30 .. ;.. . . . .. :. . .. . . . ~ . 

. ~ ... ~ .. : ....... : .. 
; 1115_4.DAT-CH_2 DM_1 

. . ' ..... - . .. . ... ~ .. 

-100 to 500 .... ' ...... '. . . ..... ~-

.. · .... -.. ·. . .. :-. ~ ... ; ..... •, .. 

: LCF28 vs Time 

··· ·· ··· ··· · .: 1115_4.DAT-CH_3 DM_1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . 
' ' . . ' . . . . 

0 0 ~ 0' 0 0 0 0 ' ' 0 0 0' 0 0 0 0 0 • 0 0 0 H '0 0 0 0 ', 0 0 0 0 0 ,. '0 0 0 ','' 0 0 0 0 .. -. :- .. - .. :- . -.. -~ . . . ,. 

0 to 10 
__ . _____ ._ ... :. ·····:···-··-·· 

------ ----.------· 
: SPEED vs Time 

XRange:2to4 

Figure C1 0. Surge Pressure Event 1 Leg 8 
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c 1 
I 
1 

-10 to 30 

-100to 500 

Oto 10 

Leg 8 Data 

·1115_4.DAT-CH_1 DM_1 . . ' ······ ....... , 

. . . ........ . , .... 

''''''''0M0000 ,.',, ,,;,,,oo 0 

: 1115_4.DAT-CH_2 DM_1 

. . . ............•.. 

: LCF2B vs Time 

·· ·• · .· .. ·· ·: 1115_4.DAT-CH_3 DM_1 

.... ' . . ... ~. . . . · .... - ~ .. 

. .. ;.. 

: SPEED vs Time 

XRange:6to8 

Figure C11. Surge Pressure Event 2 Leg 8 
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Leg 10 Data 

.1229_4.DAT-CH_1 DM_1 

-10 to 30 

: 1229_4.DAT-CH_2 DM_1 

. '. . ... ~- ..... :. 

-100 to 500 

: ... " .. : ..... "; .... 

: LCF2B vs Time 

· ··· ·· ··· ····· ·· : 1229_4.DAT-CH_3 DM_1 

. . . ..... ........ ....... . 

Oto 10 

: SPEED vs Time 

. -. - . . . . . ·, ..... ~ ... - . ·.·· . . . . . . ... ~- ..... :- · ...... .; ....... : ..... · 

.. : .... . ' .... : .... -:-

Figure C12. Surge Pressure Event 1 Leg 1 0 
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Leg 10 Data 

I 

J 

: 1229_4.DAT-CH_1 DM_1 

-10 to 30 . . . ' . . . ' . . .. . . . . . · ...... ~ ..... ·.··.. . . . .... ~- ..... -·. .. . . . . - ...... ' ... - . ~ . 

: 1229_4.DAT-CH_2 DM_1 

-100to500 

: LCF2B vs Time 

.. : ..... : . ... . :. -. · .... · ...... :. 

· ····· ·· ·· ····· ·· ·• ·· ··· · .; 1229_4.DAT-CH_3 DM_1 

-.. --· - .... : ..... -:. ... - . ~ . . ' . . . . ... , ........... , ..... _ ..... , ............. ···-·--·· . . 
0 to 10 . . . .... , .... , ... ··.············.-····. ------··· . .. , ... ;. ... --------·-·· . 

... · ..... · ..... ; ......... ,. 

X Range: 4to 6 

Figure C13. Surge Pressure Event 2 Leg 1 0 
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-10to40 

-10010 500 

Oto 10 

Leg 10 Data 

l·· ··:1229_4.DAT-CH_1 DM_i 

.. - -:- -. - .. : .. -.... ~ . 

: PR1 vs Time 

. · ...... · ..... · ... . ... : . ... · ...... · . 

. . . . . . .. _ ..... , ....... . . ........... , 

: 1229_4.DAT-CH_2 DM_1 

. . . . . -- ~- -.... : .. -. -' . . . . . ······· ... , ..... 

' .. : ...... : ....... , 

: LCF2B vs Time 

........... · ..... · .... ········· 

· · ······ · · ·· ·· ·· ; 1229_4.DAT-CH_3 DM_1 

: SPEED vs Time 

XRange:6to8 

Figure C14. Surge Pressure Event 3 Leg 1 0 
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Appendix D 

Shock Watch Data Obtained During the OTR Test 

The Shock Watch data obtained on each leg of the OTR testing is presented in Appendix D. The 
Shock Watch units were not maintained, operated or calibrated by TTC. Because of this, no claim 
as to the accuracy of the data obtained from these units is implied by the inclusion of these data in 
this report. The data from the A-end unit is suspect and is included for completeness. The A-end 
unit failed completely during the surge pressure tests. 

Based on the data obtained from the B-end unit during the surge pressure testing, the conclusion was 
drawn that the tank car was subjected to severe impact events during the OTR testing. Using the B­
end shock watch unit data, there were approximately 136 impact events recorded during the loaded 
portion of the OTR testing which gives an occurrence rate of .011 impacts per mile. 

Data from Leg 11 (unloaded) is not included. 
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Leg 1 Shock Watch Data 

BEND (SERIAL NUMBER 334) A END (SERIAL # 335) 
~ l DATE TIME G's· DATE TIME G's 

8/9/94 17:23 2.0 8/9/94 17:25 2.0 
8/11/94 0:59 2.0 

8/10/94 8:21 2.0 
8/11/94 1:01 2.0 

8/11/94 17:08 2.0 8/11/94 17:08 4.0 
8/11/94 17:17 2.0 8/11/94 17:19 2.0 
8/12/94 10:29 2.0 8/12/94 10:29 2.0 

8/12/94 10:31 2.0 
8/16/94 15:56 2.0 
8/16/94 15:58 6.0 8/16/94 15:58 2.0 

8/16/94 16:00 10.0 

8/16/94 17:50 10.0 8/16/94 17:52 10.0 
8/16/94 17:51 6.0 8/16/94 17:53 1 0. 0 

8/21/94 11:02 2.0 8/21/94 11:04 2.0 
8/21/94 12:21 2.0 8/21/94 12:23 10.0 
8/21/94 19:34 2.0 8/21/94 19:37 2.0 
8/22/94 20:06 2.0 8/22/94 20:08 2.0 
8/24/94 19:23 2.0 8/24/94 19:25 2.0 
8/26/94 2:36 2.0 8/26/94 2:38 2.0 
8/28/94 17:56 2.0 8/28/94 17:59 2.0 
8/28/94 18:38 2.0 

8/28/94 21:20 2.0 
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i 
Leg 2 Shock Watch Data 

8 END (SERIAL NUMBER 334) A END (SERIAL NUMBER 335) 
DATE TIME G's DATE TIME G ' s . J 

9/2/94 0:24 2.0 
9/2/94 21:13 2.0 9/2/94 21:15 2.0 

9/2/94 22:27 2.0 . 1 

9/3/94 4:05 2.0 i 
9/3/94 5:18 10.0 9/3/94 5:20 10.0 

) 

9/3/94 6:36 2.0 9/3/94 6:39 2.0 
' 

9/3/94 6:42 2.0 9/3/94 6:45 2.0 i 

. J 

9/3/94 11:08 2.0 
9/3/94 11:11 2.0 9/3/94 11:10 2.0 

9/3/94 11:14 10.0 
9/4/94 7:07 2.0 9/4/94 7:10 2.0 
9/5/94 9:47 2.0 

9/5/94 13:08 2.0 

' I 
- J 

' i 
• J 
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Leg 3 Shock Watch Data 
I 
i B-END (SERIAL NUMBER 334) A-END (SERIAL NUMBER 335) . j 

DATE TiME G's DATE TIME G's 
9/9/94 8:51 2.0 
9/9/94 9:32 2.0 9/9/94 9:35 2.0 

,. 1 

9/12/94 16:52 2.0 9/12/94 16:55 2.0 
9/13/94 17:55 2.0 
9/13/94 19:11 2.0 9/13/94 19:13 2.0 

D-3 



Leg 4 Shock Watch Data 

B-END (SERIAL NUMBER 334) A-END (SERIAL NUMBER 335) 

nAT!= TII\JII= ~'c o.a.TE T!ME G's L....tr\. I'- I IIVII_, ...... oJ 

9/15/94 2:03 2.0 
9/15/94 3:22 2.0 

9/19/94 7:55 2.0 
9/15/94 9:06 2.0 
9/19/94 7:58 2.0 

9/19/94 10:37 10.0 9/19/94 10:40 6.0 
9/19/94 15:09 4.0 9/19/94 15:12 4.0 
9/19/94 15:28 2.0 
9/19/94 16:38 2.0 
9/19/94 18:50 4.0 9/19/94 18:53 4.0 
9/19/94 19:48 2.0 9/19/94 19:51 2.0 
9/20/94 14:39 2.0 
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Leg 5 Shock Watch Data 

I 
I 

' J 

B-END ( SERIAL NUMBER 334) A-END (SERIAL NUMBER 335) 
~-- l 

I 
DATE TIME G's DATE TIME Gis ' I 

'- ) 

9/24/94 1:19 2.0 
9/24/94 4:33 2.0 9/24/94 4:33 2.0 
9/24/94 4:45 2.0 9/24/94 4:45 2.0 
9/24/94 5:19 2.0 9/24/94 5:19 2.0 
9/24/94 21:09 2.0 

9/27/94 18:42 2.0 
9/28/94 17:12 2.0 
9/28/94 17:13 2.0 
9/29/94 10:10 2.0 
9/29/94 10:12 2.0 9/29/94 10:13 2.0 
9/29/94 10:14 2.0 9/29/94 10:14 2.0 

' i 
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leg 6 Shock Watch Data ' j 

,- -,, 

B-END (SERIAL NUMBER 334) A-END (SERIAL NUMBER 335) 
I 

I 
1 

" 

DATE TIME G•s DATE TIME G's 
r ~ 

1 f\/'l/OA 1 Q•C:A ')(\ 
IV/~/V~ IV•'-'~ c...v I 

10/3/94 8:55 2.0 
~ } 

10/3/94 9:27 2.0 10/3/94 9:28 2.0 
c 1 

10/3/94 14:31 2.0 10/3/94 14:31 2.0 ( 

10/4/94 15:52 2.0 10/4/94 15:53 2.0 
c ) 

10/4/94 15:57 2.0 10/4/94 15:57 2.0 l 
10/6/94 1:48 2.0 10/6/94 1:49 2.0 
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Leg 7 Shock Watch Data 

B-END (SERIAL NUMBER 334) A-END (SERIAL NUMBER 335) 

' 
DATE TIME G's DATE TIME G's 

i ! 
. j 

10/19/94 13:59 2.0 10/19/94 13:59 10.0 
10/19/94 14:53 2.0 10/19/94 14:54 2.0 
10/19/94 15:30 2.0 10/19/94 15:31 2.0 
10/19/94 15:30 2.0 
10/20/94 22:23 2.0 10/20/94 22:24 2.0 
10/24/94 10:31 2.0 10/24/94 10:32 2.0 
10/24/94 10:39 2.0 10/24/94 10:39 2.0 

\ 

I 
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Leg 8 Shock Watch Data 

B-END (SIN 334) A-END (SIN 335) 

DATE TIME G'S DATE TIME 
10/28/94 14:53 2.0 10/28/94 14:54 
10/30/94 18:28 2.0 10/30/94 18:29 
10/30/94 18:31 2.0 
11/1/94 2:22 2.0 1111/94 2:23 
1114/94 15:26 2.0 11/4/94 15:28 
1114/94 15:28 2.0 11/4/94 15:29 
11/5/94 18:07 2.0 1115/94 18:08 
11/6/94 15:48 4.0 1116/94 15:49 
1117/94 17:29 6.0 1117/94 17:30 
1117/94 17:50 2.0 
1118/94 5:31 2.0 11/8/94 5:32 
11/8/94 9:13 2.0 1118/94 9:13 

1118/94 11:13 
11/9/94 9:03 2.0 1119/94 9:04 
1119/94 16:58 2.0 11/9/94 17:00 
11/9/94 17:11 2.0 11/9/94 17:12 
11/13/94 0:42 2.0 11113/94 0:41 

11113/94 0:43 
11113/94 12:00 2.0 11113/94 12:02 
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G'S 
2.0 
2.0 

10.0 
2.0 
10.0 
10.0 
6.0 
10.0 
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10.0 
10.0 
2.0 
6.0 
2.0 
2.0 
2.0 
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Leg 9 Shock Watch Data 

B-END (SERIAL NUMBER 334) 
DATE TIME G's 

l ; i/21/94 18:48 2.0 
' I 

11/23/94 2.0 ' i 0:39 J 

11/23/94 1:22 2.0 
11/23/94 8:37 2.0 
11/23/94 20:34 2.0 
11/23/94 22:19 2.0 
11/23/94 22:29 2.0 
11/23/94 22:36 2.0 
11/23/94 

'-1, 
23:54 2.0 

I 11/24/94 3:54 2.0 I 

11/24/94 4:29 2.0 
11/24/94 4:52 2.0 
11/24/94 5:17 2.0 
11/24/94 7:06 2.0 
11/24/94 7:15 2.0 
11/24/94 7:24 2.0 
11/24/94 9:59 2.0 
11/25/94 11:25 2.0 
11/25/94 11:31 2.0 
11/25/94 11:36 2.0 
11/25/94 11:36 2.0 
11/25/94 12:10 2.0 
11/27/94 1:11 2.0 

,, 1 
11/27/94 1:17 2.0 i 

I 11/28/94 13:53 2.0 
11/28/94 15:38 2.0 
11/28/94 19:28 2.0 
11/28/94 23:57 2.0 
11/30/94 9:04 2.0 
11/30/94 16:57 2.0 
11/30/94 16:58 2.0 
12/1/94 8:25 2.0 
12/1/94 8:31 2.0 
12/1/94 16:48 2.0 
12/1/94 16:59 2.0 
12/1/94 19:21 2.0 
12/1/94 19:32 2.0 
12/2/94 14:37 2.0 
12/3/94 9:15 2.0 
12/3/94 14:29 2.0 
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Leg 9 Shock Watch Data 

A-END (SERIAL NUMBER 335) 
DATE TIME G's 

~l 

12/4/94 12:11 2.0 
' J 

10/28/94 14:54 2.0 
! 

10/30/94 18:29 2.0 I 

J 
11/1/94 2:23 10.0 
11/4/94 15:28 2.0 
11/4/94 15:29 10.0 ' J 
11/5/94 18:08 10.0 
11/5/94 18:08 2.0 
11/6/94 15:49 6.0 ' j 

11/7/94 17:30 10.0 
11/8/94 5:32 2.0 
11/8/94 9:13 10.0 
11/8/94 11:13 10.0 
11/9/94 9:04 2.0 

.. I 

I 

11/9/94 17:00 6.0 
11/9/94 17:12 2.0 
11/13/94 0:41 2.0 
11/13/94 0:43 2.0 
11/13/94 12:02 2.0 
11/21/94 18:50 10.0 
11/23/94 8:38 2.0 
11/23/94 8:39 2.0 
11/23/94 10:00 2.0 
11/23/94 20:36 2.0 
11/23/94 22:21 2.0 . 1 
11/23/94 22:31 2.0 
11/23/94 22:37 2.0 
11/23/94 23:56 2.0 
11/24/94 2:23 10.0 
11/24/94 3:12 10.0 
11/24/94 3:56 2.0 \ 

I 

11/24/94 4:31 2.0 I 
' ) 

11/24/94 4:46 2.0 
11/24/94 4:54 2.0 
11/24/94 5:19 2.0 
11/24/94 5:37 2.0 
11/24/94 6:20 10.0 
11/24/94 6:27 10.0 ' J 
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Leg 9 Shock Watch Data 

A-END (SERIAL NUMBER 335) 
DATE TIME G's 
11/24/94 7:08 2.0 
11/24/94 7:11 10.0 
11/24/94 7:17 2.0 
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Leg 9 Shock Watch Data 

A-END (SERIAL NUMBER 335) 

11/24/94 
11/24/94 
11/24/94 
11/24/9 
11/25/94 
11/25/94 
11/25/94 
11/28/94 
11/28/94 
11/30/94 
11/30/94 
11/30/94 
12/1/94 
12/1/94 
12/1/94 
12/1/94 
12/2/94 
12/3/94 
12/3/94 
12/3/94 
12/3/94 
12/4/94 

7:26 
8:54 
8:55 
10:01 
11:27 
11:33 
11:38 
19:30 
23:59 
16:49 
16:59 
17:01 
8:27 
16:50 
19:23 
19:34 
14:39 
7:06 
7:44 
9:17 
14:16 
12:13 

2.0 
10.0 
10.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
10.0 
2.0 
2.0 
2.0 
2.0 
2.0 
10.0 
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Leg 10 Shock Watch Data 

B-END ( SERIAL NUMBER 334) 
DATE TIME G's 
12/8/94 22:03 2.0 
12111194 23:09 2.0 
12111194 23:11 2.0 
12112/94 7:08 2.0 
12113/94 15:37 2.0 
12114/94 0:31 2.0 
12115/94 9:26 2.0 
12115/94 18:14 2.0 
12115/94 18:15 2.0 
12/20/94 5:39 2.0 
12/20/94 7:57 2.0 
12/20/94 18:54 2.0 
12/20/94 19:41 2.0 
12/21194 6:37 2.0 
12/27/94 15:47 2.0 

A-END (SERIAL NUMBER 335) 
DATE TIME G's 
12/8/94 14:14 10.0 
12/8/94 22:06 10.0 
12/11/94 23:12 2.0 
12111194 23:14 2.0 
12112/94 7:11 2.0 
12/13/94 12:18 2.0 
12113/94 15:40 2.0 
12114/94 0:33 2.0 
12115/94 9:29 2.0 
12115/94 18:17 2.0 
12115/94 18:18 2.0 
12116/94 2:03 2.0 
12/20/94 6:13 2.0 
12/20/94 6:13 2.0 
12/20/94 8:00 2.0 
12/20/94 18:56 2.0 
12/20/94 19:44 2.0 
12/21/94 6:40 2.0 
12/26/94 20:08 2.0 
12/27/94 15:50 2.0 
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Appendix E 

Leg to Leg Speed Distribution 

Appendix E contains the speed time at level data for those legs that had acceptable data quality. 
Due to the vibration environment, the speed transducer experienced several failures and no data 
is available for legs 1,2 4 and 11. The data presented was acquired by the time at level mode of 
operation which functions by recording a speed value once every minute for any speed greater 
than 1 mph. Thus the number of counts in any given speed bin is a direct indication as to the 
amount of time spent at that speed. The x axis has units of mph with divisions of 5 mph per bin . 
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Appendix F 

OTR Leg 9 Burst History Data 

Appendix F contains all of the burst history data that was collected for the measurments VCFB, 
BOLB, LCFlB and SPEED. 
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Appendix G 

OTR Loaded and Empty Impact Events 

A endix G contains some of the im act events that were recorded durin the OTR testin . 
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Figure G24. Leg 11 Impact Event 
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