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In recent years, service demands on the railroad industry
have undergone significant changes. As a result, a number
of important design innovations have been introduced to the
freight car fleet. The resultant has been the construction
of a large number of heavy, high volume freight cars. As the
utilization of this type of equipment has increased, so have
the operating problems. One important problem is that of har-
monic roll, most commonly referred to as "Rock and Roll".

There are several synonymous terms for harmonic roll that
may be used throughout the text. They are:

Harmonic Roll - Rock and Roll
Car Rocking
Lateral Instability

In general, the rock and roll problem is related to the
operation, of high capacity, high center of 'gravity freight
cars over track that has anuneven surface. The problem is
most predominant on track that has surface variation due to
alternately staggered joints. When operating over rough
track of this nature at speeds usually between 15-25 mph,
excessive carbody roll may be developed. Energy is added
to the moving system with each roll cycle, and, if the car sus-
pension does not have adequate damping, extreme carbody roll
will develop, resulting in wheel lift and. probably derailment.

A general solution to the rock and roll problem involves
an extensive study of the entire system consisting of track,
suspension, and carbody design. A study of this scope results
in a better understanding of the mechanics and dynamic inter-
actions of a freight car in: its iiperaUng environment. The
result can be a.freight car that not only meets marketing
requirements, but one that can be operated safely with minimal
problems.

In order to begin investigation of track-train dynamics
problems, the Southern Pacific under contract to the AAR
sent a questionnaire to sixteen selected railroads in mid-1971.
From the responses received, it was realized that two serious
problems faced the railroads. These problems were

(a) Rock and Roll
(b) Sudden gage widening and rail roll-over

Keeping this in view and realizing work was needed in
these areas, the planners of Phase I of the track-train dynamics
research program designated Task 13, Special Projects, to
handle these areas. With respect to rock and roll, the
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primary objectives of Task 13 were to

(1) Develop guidelines which could be ¯used by individual
railroads to assist them in minimizing rock and
roll problems

(2) Develop a document to be used as a reference in solv-
ing rock and roll problems

(3) Develop a model .for computer simulation of freight
car dynamics

(4) Develop characteristics of common freight car
trucks and their related components.

(5) Develop a log of freight car characteristics critical
in designing stable freight cars

(6) Develop comparisons of important parameters control-
ling rock and roll by using existing computer
simulations

By using the information developed from the primary
objectives, certain secondary goals could be accomplished dur-
ing Phase II of the overall research program. These goals will
beto

(1) Develop car design specifications
(2) Develop specifications for truck design
(3) Aid in developing laboratory procedures for

evaluation of damping devices
(4) Define the function of the freight car truck

within the dynamic system as related to transfer
of energy from track to carbody

(5) Perform simulations to evaluate new car designs

To present the findings related to the primary objectives
of Task 13 outlined above, it was decided to present a series
of harmonic roll related documents to the industry to be used
as reference material in a similar manner as the Track-Train
Dynamics Bibliography. This document, Volume IV of the
Harmonic Roll Series, presents experimental test data and
calculated values characterizing flexural stiffness and
torsional rigidity of various types of vehicles. This data
in turn will be incorporated into our mathematical models tO
simulate the dynamic responses of freight cars to various
operating conditions.
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INTRODUCTION

A Track Trairi Dynamics Program has been instituted as
a cooperative effort of the AssQciti-Qn of Axnerican Railroads
and the Railway Progress Institute (AAR/RPI) whereby computer
simulation of dynamic freght tran behavior may be obtained
from the input of certan key vehicle parameters, e g torsional
and flexural rigidity, center Qf gravity of loaded and unloaded
cars arid rotational iriertias.

Dr. Greg Martin of the MR Technical Center is responsible
for the overall dynamic simulation, and Mr. Qeorge E. Reed,
Director of Railroad Sales who is also Chairman of the RPI
Technical Subcommittee on Rolling Stock, is coordinating Amcar's
effort in the program.

The original request for determination of these key
vehicle parameters was directed to Mr. R. H. Billingsley, Jr.,
Amcar's Director of Engineering and Research, by Mr. E. F.
Lind, Project Director of the Track Train Dynamics Program,
by letter dated February 27, 1973. As a result, a test pro-
gram was initiated to experimentally determine the torsional
and flexural rigidities for the following types of cars:

a. 40 -ft. 50 -tori box car.
b. 60 -ft. 100-ton ho car (cushioned).
c. 86 -ft. 70-ton hi-cube box car.
d. 70-ton TOFC flat car.
e. Model 4600 100-ton covered hopper.

These cars were supplied through the efforts of the AAR
who have agreed to accept calculated values for the center of
gravity and rotational inertia parameters.

This report deals solely with the ests which were con-
ducted to determine torsional and flexural rigidities of the
five cars for the rogram.

OBJECT

To experimentally etermino the torsional and flexural
rigidity of three box cars, one cçvered hopper car and one
flat car in conjunction with the AAR/RPI Track Dynamics Pro-
gram.

CONCLUSIONS A.D RECONMNPATIQN$

The shorter cars dispiaye. a larger value of torsional
rigidity than the longer ones, The ACF flat cars was the
least rigid of all the cars tested. The Center Flow was
stiffer in torsion than the 60 fpot box car because of its
unibody type construction. The torsional rigidity of the ACF
40 foot box car (171 x 10 lb, -in./radian) may not be precise
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since the amo\unt of twist waS very small. The Thrall
Hi-Cube and the ACF 60 foot box car had torsional rigidities
of the same magnitude. These two cars also exhibited
approximately the same fiexuräl stiffness. The ACF Center
Flow showed the highest flexural stiffness of the five cars
tested (918,800 lb./in.), although this value may be slightly
low due to deflection of the rails on the transfer table.

It is recommended for future tests of this type that
car body defléctions be measured at the center of the truck
bolsters, at the jacking pads, and at the center plus two
intermediate points along the longitudinal centerline of the
car. If additional torsion testing is also performed, a
technique for measuring car 'body twist should be developed
to determine the torsional rigidity constant with greater
accuracy.

DESCRIPTION OF TEST ITEM

The five cars used for determining torsional rigidity
and flexural stiffness in conjunction with the AAR/RPI Track
Train Dynamics Programwere furnished through the efforts of
the AAR. All except one were ACF built. The exception was
the 86 foot hi-cube box car which wasbui1t by the Thrall Car.:
Manufacturing Company. The cars, in order of test, are list-
ed below along with a brief description and any pertinent
comments relative to their condition at the time, of testing.

I. Flat car, 70 ton, 89 foot, ACF. built, TOFC-COFC,
STOX 763, new 5-73. ' This unit had a capacity of
149,400 pounds and a lightweight of 70,600 pounds.
A photograph of the 'car is 'included, as Figure 1.
The car body was 108.25 inches wide and measured
1068.42 'inches -over the end sills. . Distance between
truck centers was 793 inches. The car was in ex-
cell'ent condition and appear'ed to have seen very
little service.

.

'

.

.

.

II. Box car, 100 ton, 60 foot, ACF built, N&W 600976,'
new 12-69. This unit had a capacity of 184,000
pounds, a load limit of 185,000 pounds and a light-
weight of 77,100' pounds. The serial¯ number stamped
on the 'A's end of the sliding center sill:was 11-06354.
It -was of cushion underframe construction equipped
with an ACF 20B Freight-Saver. It had double slid-
ing doors and a volume 'of 6460 cubic feet. The car
length over end sills' was. 7.31 inches, a width of
119.8 inches and measured 555 inches between truck

-
centers. ' Both sides of the car were damaged to the
extent that operation of the doors was very difficult.

car was loaded with .17 tiers of automobile trans-
mission racks '(5 per tier) as shown 'in Figure 2., Each
of the eighty-five racks weighed ,approximately 555
pounds 'for a total weight of 47,175 pounds. The car
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was tested with the three center tiers removed
to gain access to the floor area at the center of
the car. The air brake hose bracket which is
fastened to the underside of the coupler carrier
was broken loose at both ends of the car - this
was later repaired by welding. A side sheet
seam weld, approximately ten inches long, had
failed near the A-right corner of the car. This
was also repaired by welding. When the trucks
were removed from the car, the body bolster center
plates on both ends were dye-checked. No cracks
were detected on either center plate.

III. Box car, 70 ton, 86 foot, Thrall built, N&W 355230..
new 10-65. This was 10,000 cu. ft. hi-cube box
car wi•ha capacity of 100,000 pounds, a load limit
of 106,900 lbs. and a lightweight of 113,000 pounds.
A photograph of the car is shown in Figure 3. It
was of cushion underframe construction and had
double plug doors. The car length over the end
sills was 1038 inches, a width of 112 inches and
measured 769 inches between truck centers. The sides
of this car were also damaged making door operation
rather difficult. Both ends of the sliding center
sill including the coupler carriers had been severe-
ly damaged due to by-passed couplers. No attempt
was made to repair any of this damage.

IV. Box car, 50 ton, 40 foot, ACF built, W.A.B. 6335,
new 5-56. This was a 3885 cubic foot car with a
capacity of 110,000 pounds, a load limit of 126,900
lbs. and a lightweight of 50,100 pounds. The car
length over the end sills was 489 inches, the width
was 119 inches and it measured 371 inches between
truck centers. A photograph of the car ¯is included
as Figure 4. It had single sliding doors which were
8 ft. wide and 10 ft. high. The car had a wood plank
floor and was in very good condition for its age.

V. Covered hopper, 100 ton, 50 foot, ACF Center Flow,
N&W 171108. This was a three compartment, 4650 cu.
ft. car with a capacity of 200,000 lbs., a load limit
of 201,600 lbs., and a lightweight of 61,400 lbs. A
photograph of the car is included as Figure 5. The
car .was built in May 1966 and was stamped with a
'steel number' of 10776. It was of the continuous
hatch design and equipped with three gravity outlets
and measured 604.5 inches over the end sills, 121
inches over the side sills and 496 inches between
truck centers. The car interior had a Polyclutch
lining which was applied at the time of manufacture.
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It was in excellent conditiOn, Cracks in the
roof panel were observed at the juncture of both
interior bulkheads adjacent to the hatch opening,
This would account for the water streaking which
was present on both sides of each interior bulkhead.
No repair work was performed in this area.

METHOD OF TEST

Each car in succession was first tested to determine
its torsional rigidity and then tested to determine its flexural
stiffness. The general method of torsional testing for each
car was to place the car on a level track in the laboratory and
disconnect any of the brake linkage mechanism which might inter-
fere with raising the car body clear of the trucks, Load cells
were then placed on two jacks which were located at diagonal jack-
ing pads at the centerline of the trucks. A clinometer was
located at each end of the car at the body bolster centerline
(longitudinally to length of bolster) to measure car body twist,
A zero reading was recorded for each clinometer and each load
cell. The jacks were then extended raising the car body 2½
to 3 in. or until the body bolster center plate was clear of the
truck bolster center bowl. Readings of each clinometer and load
cell were recorded. The jacks were then retracted until the body
was again supported by the trucks. From this data the jacking
loads and corresponding car body twist was determined from which
torsional rigidity values were calculated.

The cars were then prepared for the flexure test. The
general method of flexure testing for the flat car and the box
cars was to rigidize the trucks by replacing the springs with
9 inch lengths of 4 inch schedule 40 pipe. The cars were then
positioned in the strain frame and a specially fabricated beam
(Figure 6) was placed directly on the floor at the transverse
centerline of the car. Two 1½ inch diameter rods five feet long,
which have threaded ends, were inserted through the ends of the
beam - through the floor of the car and into a short intermediate
beam beneath the car. Nuts were threaded onto each end of the
rods. Two additional rods were similarly attached to the inter-
mediate beam from which they extended downward through a rigidly
fixed cross member of the strain frame and through the two center
hole hydraulic loading rams. This set-up is shown in Figure 7
as it was attached to the ACF TOFC-COFC flat car.

Dial indicatinggages were located at each side sill and both
center sill flanges at the transverse centerline of the car to
measure car body deflection. The average car deflection at the
centerline, for the maximum load was then used to calculate the
flexural stiffness. Since the method of test for each car varied
slightly, the following paragraphs explain in detail the exact
procedure used.



I. Flat car, 70 toni TOFC-COFC, The first attempts
at jacking the flat car for the torsion test were
unsuccessful. The car would not balance since
the 'B' end was heavier. Balance was obtained
by placing a 10 kip weight on the car deck and ad-
justing it along the longitudinal centerline. The
final position for the weight was 65 inches from
the transverse centerline toward the 'A' end. This
weight is shown in the photograph included as Fig-
ure 1. Car body twist was first measured at the
truck centerline along the longitudinal centerline
of the car. Several runs were made. and good repeat-
ability was obtained. In order to determine if the
body bolster was deflecting, which would produce un-
reliable angular measurement data, three clinometers
were placed along the bolster centerline (transverse
to length of car) at the 'A' end and the jacking
test was repeated. The car body twist agreed
within one minute of arc as recorded with the three
clinometers. It was therefore assumed that the
body bolster was only rotating and not deflecting
during the torsion test.

The deflection measurements for the flexure test
were obtained by placing the dial indicators on the
car deck at each side sill and over the center sill
on top of the short loading beam. The dimensions
were reference to a 4 in. x 6 in. tubular steel beam
which spanned the car deck and was anchored to the
side rails of the strain frame. This setup is shown
in the photo which is included as Figure 8. The
10 kip weight used for the torsion test, was removed
before flexure testing began. After the flexure
test was completed, the holes in the deck were re-
paired, the springs were replaced in the trucks and
the car was prepared for shipping.

II. Box car, 100 ton, N&W 600976. The three center
tier.s of transmission racks were removed for both
the torsion and flexure tests. Car body twist for
the torsion test was measured by placing the Clino-
meters on a bracket which was rigidly clamped to the
body bolster on both sides of the center plate. A

sketch of this bracket is included as Figure 9 and
it can also be seen installed on the car in the
photograph of Figure 10. At the 'B' end of the car,
a 14 inch length of 2 inch angle was also welded to
to the jack pad opposite to that of the lifting jack.
A clinometer was attached to the angle and readings
were compared after the car was raised clear of the
center plates. Both readings were identical, which
indicated the bolster was only rotating and not
deflecting.
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When the torsion test was complete, the truck
springs were removed and the car was positioned
in the strain frame for flexure testing. Holes
were cut through the car floor and the fabricated
beam was installed as shown in Figure 6. Dial
gages were placed beneath each side sill and on
each flange of the fixed center sill at the center
of the car. Using the hydraulic rams, a 70 kip
vertical down load was applied to the beam in
four increments while dial gage readings were re-
corded. The load was cycled twice prior to re-
locating the dial gages to measure the sill deflec-
tions beneath the 'A' end door posts.. The 70 kip
vertical loading was again applied and deflection
measurements recorded. The car was then prepared
for shipping by repairing the floor, replacing the
transmissiOn racks and reinstalling all truck
springs.

III. Box car, 70 ton, N&W 355230. The Thrall hi-cube
car was tested to determine its torsional rigidity
in the same manner as the previous two cars. Clino-
meters were attached to short lengths of angle which
were weld.ed to the body bolster jacking pads
opposite the lifting jacks at each end of the car.
The clinometer bracket was not attached to the body
bolster for this or, the following cars since it was
previously determined that the body bolsters were
not deflecting in this type of test.

Flexural rigidity was also determined for this car
as it was for the first two cars. The springs were
removed and lengths of pipe were inserted to rigidize
the truck bolsters. Deflection measurements were re-
corded at 10 kip load increments, to a maximum of
75 kip at the center of the car with the doors open
and also with the doors closed. Two cycles were re-
corded with the doors open. One cycle at each door
position was also recorded at the 'A' end doorpost.
At the completion of the tests, the car was restored
and prepared for shipping.

IV. Box car, 50 ton, W.A.B. 6335. The clinometers were
attached tp angles on the body bolsters to measure
car body twist for this car also. For flexure test-
ing the springs were removed from the trucks and the
fabricated 'beam was installed on the floor at the
center of the car. The car doors were closed for
both torsion and flexure testing. Dial gages were
located below the side and center sills at the center
of the car.. Two dials' were also located to measure



deflection of the body bolster relative to
the strain frame member at the tB end of
the car. Loading was applied in 10 kip in-
crements to a maximum of 60 kip and deflections
¯were recorded at each increments After the first
loading cycle, a gap was noticed between the
bottom of the loading beam and the surface of the
car floor. This was due to the floor being cupp-
ed. Therefore for thesecond cycle, shims were
inserted to fill thegap. Deflections of the side
and center sills was not measured at the door post
location for this test. After testing the car was
restored and made ready for shipment,

V. Covered hopper, 100 ton, N&W 171108. For torsion
testing the clinometers were attached to the body
bolsters as described previously. A 1650 pound
block of concrete was placed on the shear panel at
the 'A' end of the car (Figure 11). Without this
additional weight, the car could not be made to
balance with jacks located at the jacking pads. The
continuous hatch covers were in place during the
torsion test. The car was prepared for flexure
testing by removing the truck springs and replacing
them with 9 in. lengths of pipe, the outlets were
removed and fiat steel cover plates were installed
in their place (Figure 14). The empty car was then
moved to the track scale and the weight was record-
ed. The car was placed on the transfer table at
the North nd of the laboratory (Figure 5) and seven
dial gages were positioned to measure car body de-
flection (Figures 12 and 13). Two gages were locat-
ed at the center of the car, two at the jack pads
at the 'A' end, and two midway between the center of
the car and the 'A' end bolster centerline. The
seventh gage was located between the truck bolster
and the transfer table directly under the center
plate pin. A zero reading was recorded for each
gage and then all three compartments were filled with
water to a height of 79½ in. below the underside of
the hatch opening. All of the deflection gag read -

iñgs were recorded and the car was moved to the track
scale and reweighed to determine the amount of water
contained in the three compartments. The water was
then drained from all three compartments,.the outlets
and the truck springs were replaced and the car was
made ready to be shipped. The water remained in the
three compartments for a total elapsed time of five
hours.

INSTRUMENTATION

In performing the torsional rigidity tests on all five
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cars, the suspended vertical car body forces were measured by
using two 50,000 pound capacity bonded strain gage type load
cells. One load cell was a Baidwin-Lima--Hamilton type "C
compression only, 120 ohm bridge, serial number 2800l having
a full scale sensitivity of 2 millivolts per volt. The cell
was monitored using a Vishay Instruments, Model P-350AK digital
strain indicatoz-, serial number 7776. The calibration chart
for the above load cell and strain indicator is included as
Table I. The other cell was a Baldwin-Lima-Hamilton type U-l,
universal tension compression unit, 120 ohm single bridge, serial
number 4991, with a full scale sensitivity of 2 millivolts per
volt. This cell wa monitored using a Baldwin-Lima-Hamilton,
type 20 digital strain indicator, serial number 25-4917. A
calibration chart for this cell and indicator combination is
included as Table II.

Angular twist or rotation of the five cars tested was
measured with a M.C. Clinometer, Model TB 108-1, manufactured
by Hilger and Watts Limited, London, England. It is a pendulum
type clinometer fitted with a loaded, divided drum and vernier
from which readings to an accuracy of one minute of arc can be
obtained. Repeatability on any one setting is to one minute
of arc.

In performing the flexure tests of the three box cars
and the one flat car, midpoint loads were applied using two
60 ton hydraulic center-hole rams, Simplex Model RC-6010, each
having an effective ram area of 13.75 in2 and a 10 in. lift.
These rams were hydraulically connected in parallel and pressure
calibrated using a 100,000 pound, Southwark-Emery Universal
Testing Machine, Model 100 BTE, serial number 65365, which was
certified against secondary standards traceable to the National
Bureau of Standards on October 2, 1974. Hydraulic ram pressure
was sensed with a Baidwin-Lima-Hamilton 10,000 psi, type GP,
bonded strain gage pressure transducer having a 350 ohm bridge
and a full scale sensitivity of 3 millivolts per volt of ex-
citation. The pressure cell was read with a Vishay Instruments
Model P-350AK Digital Strain Indicator, serial number 7776. A
calibration chart of the dual ram load versus pressure cell out-
put in micro-inches per inch is included as Table III.

Loading for the flexure test of the Center Flow car was
determined by filling all three compartments with water. The
magnitude of the load was determined by weighing each end of the
car, both before the after the compartments were filled. The
car was weighed on the Amcar Tehnical Center weigh scale which
is located on the rail siding at the East side of the laboratory.
The scale was calibrated on April 4, 1974 by the Missouri --Kansas -

Texas Railroad Company using scale test car number MKT-77 having
a gross rail weight of 80,000 pounds.

Car body deflections, measured on all five cars to
determine flexural rigidity, were recorded using Federal dial
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indicating gages which are accurate to within plus or
minus 0.001 inch,

RESULTS

The torsional rigidity for all cars tested was
determined by dividing the torque applied to the car body
as a result of its own weight when supported at diagonal
corners, by t1ie measured amount of angular rotation under
the same condition. Specifically, T/e was calculated by
multiplying the average car body support load by the distance
from the longitudinal centerline to the support points and
dividing the product by the total angular rotation in radians
of both ends of the car body. The support load includes the
car body plus the weight of any lading present or loading
added to achieve balance.

The flexural stiffness for each car was calculated by
dividing the magnitude of applied load by the measured car body
deflection at that load.

The equivalent JG was obtained by using the basic re-
lation for determining the angle of twist of circular members,
i.e.,

e =

JG
where the torque (T) is the average of the two support loads
multiplied by the distance from the longitudinal centerline of
the car to the support points,, L is the distance between truck
centers where the jacks are located and e is the total angle of
twist in radians as measured by the inclinometers.

To obtain the equivalent El for the flat car and box cars,
the elementary formula for calculating the deflection of a simply
supported beam of uniform cross section with a concentrated load
at mid-span was used, e.g.,

A - PL3
'- 48EI

The equivalent El for the Center Flow car was calculated from the
deflection formula for a uniformly loaded, symmetrically supported
beam with both ends overhanging the supports, e.g.,

= WA2 r5A2 6c2
96EIL [ 4

where W is the total load, L is the overall length, A is the
distance between supports and c is the length of overhang.

The calculated torsional rigidity and flexural stiffness
values for each car are included as Table IV. The load versus

11



versus deflection data for the 40 foot boxcar ispresented
in Tables V and VI. The flexural stiffness value was, cal-
culated using the data from Table VI (with shims between beam
and floor). The torsional rigidity of 171 x l0 lb. -in. per
radian for this car could be in considerable error since the
measured angle of twist was only 2 minutes (0,033 degrees)
and the clinometer is accurate to plus or .minus 1 minute. .of a
degree. If the error is assumed to be in the low direction
and the angle of twist was in fact 4 minutes the torsional
rigidity would still be greater than 85 x lo' lb. -in. pr
radian. For future torsional tests of short cars, a method
should be devised to obtain either greater and/or more accurate
twist angles. .

.

Table VII contains two.cycles of load-deflection data
for the 89 foot flat car. Load versus deflection data for
the 60 foot box car is presented in Table VIII, while Tables
IX anc X present data for the 86 foot hi-cube with and without
the doors open at the center and at the door post respectively.

Table XI contains the measured deflections along with
the deflection gage locations for the Center Flow car. The
flexural stiffness of this car (918,800 lb./in.) is.probably
slightly low because of the deflection of the rails on the
transfer table. If this type of test is ever repeated, the.
car should be placed at a more rigid location or additional
measurements should be made to accurately determine the track
deflections. .

.
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TABLE I

CALIBRATION DATA

50,000 Pound Compression Load Cell

LOAD

(pounds)

CYCLE I

(microinches/inch)

CYCLE II

(microinches/inch)

-0- 0 0

10,000 998 995

20,000 1997. 1994

30,000 2993 2994

40,000 4002 4001

50,000 5005 5001

-0- 3 2

BLH, Type C, Compression Load Cell, 50,000 pound Serial
No. 28001, 120 ohm, 2 mV/Volt Full Scale

Vishay, Type P-350AK DSI, Serial No. 7776, G.F. 1.60
Zero Balance (-1592 microstrain)

13



TABLE II

CALIBRATION DATA

50,000 Pound Universal Load Cell

LOAD,

(pounds)

CYCLE I

(microinches/inch)

CYCLE II

(microinches/inch)

-0- 25-4754 25-4755

10,000 25-3950 25-3955

20,000 25-3160 25-3167

30,000 25-2369 25-2375

40,000 25-1609 25-1590

50,000 25-0804 25-0803

-0- 25-4755 25-4755

BLH, Type U-i, Tension-Compression Load Cell, 50,000 pounds
Serial No.4991, 120 ohm, 2 mV/Volt Full Scale

BLH, Type 20 DSI, Serial No.- 25-4917, G.F. 2.00

14



TABLE III

CALIBRAT ION DATA

Two 60-Ton Center Role Rams in Parallel

LOAD

(pounds)

CYCLE I

(microinches/inch)

CYCLE II

(microinches/thch)

-0- - 146
.

.

- 146

10,000 . + 91 ± 90

20,000 + 311 + 3.10

30,000 ± 530 + 532

40,000 + 750 + 750

50,000 + 972 + 971

60,000 . +1189 +1192

70,000 +1411 +1409

80,000 +1625 +1628

90,000 +1845 +1848

100,000 +2069 +2070

-0- - 147 - 147

BLH, Type C?, Pressure Cell, 10,000 PSI, Serial No. 20863,
350 ohm, 3.0 mV/Volt Full. Scale

Vishay, Type P-350AK DSI, Serial No. 7776, C F 2 00

15
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TABLE V

LOAD VERSUS DEFLECTION. }UN NO. 1
5O-TON ACF BOX CAR,. W.A.B. 6335

(Gap Between Loading l3eam and Floor)

LOAD
(pounds)

DEFLECTION_(inch)
___________

_______

Gage 1
______

Gage 2 Gage 3 Gage 4 'B' Left 'B' Right

10,000 .023. .023 .023 .035 .022 .013

20,000 .053 .048 .048 .069 .042 .029

30,000 .089 .074 .075 .104 .061 .046

4O,OO .121 .O98 .098 .135 .079 .063

50,000 .154 .123 .124 .169 .098 .078

60,000 .184 .147 .149 .203 ;'115 .093

-0- .006 .008 .007 .014 .013 .004

'B' end
south
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TABLE VI

LOADVERSUS DEFLECTION,RUN NO. 2
50-TON ACF BOX CAR, W.A B 6335

(Shims Between Loading Beam and Elpor)

LOAD
(Pounds)

DEFLECTION_inch
______

Gage 1
_______

Gage 2 Gage 3 Gage 4 'B' Left
____________

'B' Right

10,000 024 044 051 027 018 017

20,000 .055 .082 .089 .057 .035 .035

30,000 .087 .117 .126 .085 .051 .053

40,000 .117 .153 .162 .114 .067 .069

50,000 .146 .188 .196 .144 .082 .085

60,000 175 221 230 174 098 100

-0- .012 .010 .008 .004 -.003 .011

'B' end
south
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TABLE VII

LOAD VERSUS DEFLECTION
ACF, TOFC-COFC, STOX 763

LO DA
DEFLECTION (Run No. 1)

__________

Gage 1 Gage 2 Gage 3 Gage 4

10K .284 .306 .307 .289
20K .587 .608 .619 .591
30K .891 .910 .935 .895
40K 1.195 1.220 1.244 1.199
50K 1.501 1.529 1.552 1.503
60K 1.820 1.847 1.872 1.825
70K 2.157 2.190 2.211 2.164
Zero 0.042 0.044 0.043 0.040

LOAD
DEFLECTION (Run No. 2)

__________

Gage 1 Gage 2 Gage 3 Gage 4
_________

10K .277 .277 .293 .271
20K .580 .579 .604 .574
30K .880 .882 .910 .877
40K 1.183 1.189 1.215 1.181
50K 1.489 1.495 1.521 1.486
60K 1.806 1.815 1.841 1.805
70K 2.142 2.156 2.180 2.142
Zero 0.050 0.052 0.052 0.049

'B' end
south
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TABLE VIII

LOAD VERSUS DEFLECTION
ACF, 60 Foot, 100-Ton Box Car, N&W 600976

LOAD
DEFLECTION AT CENTER OF CAR

___________

_____________

Gage 1 Gage 2 Gage 3 Gage 4

'10K .053 .046 .053 .055
30K .170 .151 .164 .175
50K .288 .261 .276 .298
70K .402 .371 .384 .413
Zero .022 .014 .013 .011

LOAD
DFFLECTION AT 'A' END DOOR POST

Gage 1 Gage 2 Gage 3 Gage 4

10K .023 .032 .034 .030
30K .072 .100 .105 .090
50K .127 .172 .177 .148
70K .182 .242 .249 .206
Zero .001 .002 .001 .002

©
'B' end
south
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TABLE IX

LOAD VERSUS DEFLECTION CENTER OF CAR
Thrall - 86 Foot Box Car, N&W 355230

LOAD
DEFLECTION (Doors Closed)

Gage 1 Gage 2 Gage 3
___________

Gage 4
_________

10K .043 .052 .053 .063
20K .089 .110 .113 .137
30K .136 .168 .176 .217
40K .185 .226 .238 .296
50K .238 .286 .301 .372
60K .290 .346 .363 .447
70K .344 .407 .424 .519
75K .371 .437 .453 .554
Zero .013 .012 .013 .017

LOAD
__________

DEFLECTION (Doors Open)
Gage 1 Gage 2 Gage 3

___________

Gage 4

10K .040 .057 .058 .070
20K .086 .115 .121 .153
30K .134 .175 .186 .237
40K .191 .235 .246 .309
50K .250 .296 .306 .380
60K .306 .357 .367 45l
70K .357 .415 .425 .518
75K .386 .445 .445 .552
Zero

I ______

-0-
________

.002
_________

.002
_________

.003
_______

'B' end
south
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TABLE.X

LOAD VERSUS DEFLECTION, lAy END DOOR POST
Thrall - 86 Foot. Box Car, N&W 355230

LOAD
DEFLECTION (Doors Closed)

___________

____________

Gage 1 Gage 2 Gage 3 Gage 4
__________

10K .027 .036 .037 .035
20K .051 .070 .074 .075
30K .077 .105 .114 .115
40K .105 .140 .150 .151
50K .145 .176 .186 .184
60K .166 .211 .222 .217
70K .195 .245 .256 .248
75K .210 .262 .274 .263
Zero .002 .002 .002 .202

LOAD
DEFLECTION (Doors Open)

Gage 1 Gage 2 Gage 3
___________

Gage 4
__________

10K .026 .035 .035 .032
20K .050 .069 .073 .071
30K .077 .104 .110 .110
40K .107 .140 .146 .143
50K .140 .176 .182 .175
60K .172 .212 .218 .206
70K .203 .247 .253 .237
75K .220 .624 .271 .253
Zero -.002 -.002 -.002 -0-

'B' End
South

22



PABLE XI

FLEXURAL STIFFNESS DATA
100 -Ton ACF: Center Flow, N&W 171108

496th.
- 248 in.

124 in.

'B' end
north

(0

'A' end
south

121 in.

604 5 in

All three compartments filled with water to 79.5Inch of underside of
hatch opening.

Scale weight of empty car - 62,163 pounds
Scale weight of loaded car - 167,826 pounds
Weight of water - 105,663 pounds (12,668 gallons)

GAGE NUMBER 1 2 3 4H 5 6 7

LDeE1ectj0n (inches) .162 .175 .120 .105 .065 .054 .079

Average midpoint deflection minus bolster deflection =

(.162) + (.175)
- .054 = .115 inch

2

p/A 105.663 lb.
= 918,800 lb./in.

0.115 in.

WA2 [5A2 21 - 105,663 lb. (496 in.)2Equivalent El
96LA L- - 6C j 96(604.5 in.)0.115 in.

[54961fl.2 - 6(54.25 in.)21 = 11.3 x io11 u. -in.2
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FLEXURAL RIGIDITY TEST LOADING ARRANGEMENT, STOX 763

Figure 7
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CLINOMETER SUPPORT BRACKET

Figure 9
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PART II

TORSIONAL STIFFNESS, FLEXURAL RIGIDITY AND

MASS INERTIA CHARACTERISTICS

Pullman-Standard Participation

In AAR/RPI/FRA Track-Train Dynamics

Program
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INTRODUCTION

The following is a report of the work performed by
Pullman-Standard, paralleling the efforts of American Steel
Foundri.es, to develop torsional stiffness, flexural rigidity,
and mass moments of inertia for additional types of freight
cars. The following types of cars were used in the test
program:

a. 100 ton covered hopper car
b. 70 ton box car
c. 100 ton open top hopper car

DESCRIPTION OF TEST CARS

1. The 100 ton covered hopper car, PS-2 -CD, has
a capacity of 4,750 cubic feet. Car measures
57 ft. 4 in. over strikers, 45 ft. 9 in. between
truck centers, and has a lightweight of 60,200 lbs.

2. The 70 ton PS-I box car was supplied by the L.&N.
Railroad for the tests. Car measures 54 ft.
10 in. over strikers, 39 ft. 6 in. between truck
centers and has 10 ft. sliding doors; the
lightweight is 62,500 lbs.

3. The open top hopper car was a "New Family"
PS-3-SD of 4,000 cubic foot capacity. The car
is 50 ft. 5½ in. over strikers and 40 ft. 6 in.
between truck centers; the lighweight is 60,200 lbs.

PROCEDURES

The following is a brief description of the procedures
used by Pullman-Standard to obtain the flexural rigidity,
center of gravity height for both empty and loaded car,
torsional rigidity, and mass moments of inertia in pitch
and roll for the cars tested.

I. Flexural Rigidity

For the two hopper cars, the flexural rigidity is
obtained analytically rather than experimentally since
the moment of inertia of the side girders is readily
calculated.. The mOment of inertia, the modulus of
elasticity and the truck center distance of a given
car are combined in the equation,

Flexural Rigidity = in ft-lb radian.

41



For the box car, due to the doorway, an equivalent
flexural inertia was calculated as illustrated below.

Assume the carbody is a simply supported. b.e.aih in
bending:

w

L

where Length - L 473.376 in.

Uniformly Distributed Load - W = 115.512 lb/in

Modulus of Elasticity - E = 30x106
Deflection of the Centerline -A Max

= 5wL4
-

5(115.5121b/in) (473.376)i.n4
384 E Iq

-

'384 (3Oxl0bib/j) Ieq

A Max =
Ie

= (2517.5002)

The deflection at centerline from test A Max = .0491971"

Therefore, . .049l971 (2517.5002)

Therefore, Ieq =51223.779 in

Then:

F1eura1 Rigidity =
E Ieq

Eleq

Eleq
L

1.5367133 x 1012 lb-in2
473.376 rad

1.067162 x 1010 ft2 -lb
39.448 . rad

2.7O52343 x 108 ft-lb
rad
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II. Center of Gravity Heiqht Test

Thetest was conducted by placing four (4) jacksat
each jacking pad of the car with load cells in be-
tween. The:car body was then jaöked up until free of
of trucks and set generally in level position. An
attempt was made to adjust the load on the jacks at
both sides of each car end to be equal. The car was
then, jacked up to tip the car with height increments
of 2.1 in. until 10.5 in. maximum height was reached.
The load cell readings were recorded at each position
of tip.

The recorded data were then fed in the following
equation to obtain the c.g. height of the car relative
to the jacking pad.

-h_w s

where h = c.g. height relative to jacking pad (in.)

= distance between two jacking pads (in.)

S = tip height (in.)

W = Totaiweight of empty car (ibs.)

= Weight change in tip position (lbs.)

By adding the height of the jacking pad to rail, the
c.g. height of the car relative to the rail was then
obtained.

The problem geometry is depicted as follows:

S
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III. Torsional Rigidity Test

The preparation or the car body torsional rigidity
test is identical to the c.g. height test. In this
the test, the two diagonal corners were jacked up in
an equal amount of height with ¼" increments until
the other two corners were lifted off the jacks. The
height of all four corners, along with their load cell
readings, were recorded. This test procedure was
repeated by jacking up the opposite diagonal corners.

The test data were then fed into the following equa-
tion to obtain the GJ values.

T+Wh S
GJ- 22 TC

S 2

where

GJ

h

S

T

TC

w

The problem g

= Torsional Rigidity 1b -ft2/rad.

= c.g. height relative to jacking pad (ft.)

= Distance between jacking pads (in.)

= Average elevation of the jacked-up corners
relative to the corner at the other side (in.)

= Average of applied torque at two bolsters
(ft-lbs)

= Truck center distance (ft.)

= Empty car weight (ibs)

eometry is depicted as follows:

Center of the Car
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IV. Mass Moment of Inertia

A. Pitch Inertia at car C.G.

The mass moment of inertia for the car in pitch
is obtained byan actual dynamic test. Inthis
test, the car was hinge-supported at the side
sill directly beneath the c.g. of the car as a
pivot point in pitch motion. Truck snubbers
were inactive. The car was then excited in
pitch at one end of the car. The response
pitch motions were then recorded on the oscillo-
graph. The resonant frequency was then fed in
the following equation to obtain the pitch inertia
of the empty car about its c.g.

TC2
K -y--Wh w

Ip= 2 -h2

where

g Gravitational acceleration (32.2 ft/sec2)

h = Pivot point to c.g. (ft.)

I = PItch inertia (ft-lb-sec2)

K = Spring constant per truck (lbs/ft)

TC = Truck center distance (ft)

W = Empty car weight (lbs)

= Measured resonant pitch frequency
(rad./sec)

The problem geometry is depicted as follows:
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V. Mass Moment of Inertia (Cont'd)

B. Roll Mass Inertia at car C.G.

The mass moment of inertia for the car in roll
is also obtained by an actual roll test. In
this test, the car was hinged at center sill
ends as a pivot point in roll motion. Shims
were provided at side bearings to restrict rela-
tive movement between car body and truck bolster;
therefore, when the car rolls, the car body and
truck bolster roll together. The car was excit-
ed at the middle of the side sill to determine
resonance. The motion was recorded on an
oscillograph. The resonant frequency was then
fed into the following equation to obtain the
roll mass inertia of the empty car at its c.g.

d2_WR w
I - 2 -R2r Wr g

where

d = Distance between truck spring group
centers (ft.)

g = Gravitational acceleration (32.2 ft/sec2)

= Roll inertia (ft-lb-sec2)

K = Spring constant (lbs/ft.)

R = Distance of c.g. to the pivot point (ft)

W = Empty car weight (lbs.)

= Measured resonant roll frequency
(rad./sec)

The problem geometry is depicted as, follows:

cg.

1w
Wr
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VI. Example Calculation for Loaded Car Moment of Inertia
50 Foot 70-Ton Box Car, L&N 450019

1). Mass &nt of Thei±ia - Lading

Assuming lading diirension as:

Parallelpiped 50'-6" x 9'-5-5/8" x 7'-6"

Therefore, nnents of inertia for Lading (La), Pitch (Ia), Poll (In),and Yaw 1yl are as follows:

Pitch.I1 = 1/12 (l.oo) (50.52 + 7.52) = 944,384 lb-ft sec2

Il40000) (752 + 9.468752) = 52,864.932 lb-ft-sec2Poll 'ri = 1/12 32.2

(140i000) (5Q¯52 = 9.468752) = 956,488.08 lb-ft-sec2Yaw 'Yl = 1/12 32.2

where the center height is = 45" from deck.

2). Mass 1bnent of Inertia - Car Body

Calculations for inients of inertia for Pitch 'p2 and Poll (Ir2)
of carbody only, are as follows:

Pitch 'P2 = 510,000 ft-lb-sec2

Poll 'r = 27,000 ft-lb-sec2

arid the center is = 36.425" frcan deck.

3). Morrents of inertia for the lading and carbody ctibined are:

- 140,000 (45) + 40,000 (36,425)
- 180,000 = 43.1" from deck

Pitch I = 94,384 + 140,000 (45_43.l)2 + 510,000 + 40,000 (43.136.425)2
32.2 32,2

= 1,525,428.2 ft-lb-sec2

140,000 (45_43.l)2 + 27,000 + 40,000 (43.136.425)2Poll = 52864.932 + 32.2 32.2
= 150,909.18 ft-lb-sec2
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RESULTS

100-Ton 100-Ton . 70-Ton.
Covered Open 50-Foot
Hopper Hopper.... Box Car

Empty Car
Center of Gravity . 82.92". 67.16"

,.

. 80.3"
(Body only aboverail) .

.

.

Flexural Rigidity *4.28x108 *1.46x106 2.71x108

Torsional Rigidity l.l7x109
. 5.52x107 . 1.18x109

Roll Inertia
**Empty 5.66xl0 8.8xlO' 2.7x10k
Loaded *193x105 *243x105 *15x105.

Pitch Inertia
Empty 6.14x105

.
4.70x105 5.1x105

Loaded *192x106 *160x106 *15x1O6

* Indicates calculated value .,......

** Empty car roll inertia values appear inconsistent but
are included to show approximate,order of magnitude.
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