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FOREWORD

Full-scale destructive vehicle tests, completely instrumented, are
extremely costly, and yet in many instances they provide the only method
of investigating the dynamic response of the structural members of a
tractor-trailer load system. Because of its importance when the trans-
port of irradiated materials is considered, a cooperative program to
develop such information was undertaken between the U. 5. Atomic Energy
Commission and the Department of the Army.

Four vehicle impact tests were conducted at Aberdeen Proving Grounds,
Maryland, during 1966, and the results were published in the Department
of the Army Report DPS$-2582 entitled 'Final Report on Engineering Test of
Transportation of Nuclear or Fissile Materials'". Since the report
received very limited distribution and was not suitable for additional
reproduction in its present form, the Atomic Energy Commission requested
that Qak Ridge National Laboratory revise the report, principally editing
and clarifying it where needed. This report fulfills that request.

The primary effort in this report has been directed toward a more
uniform organization of the information while attempting to emphasize
those results and implications which to us seem important and reflect the
purpose behind the tests. Not all of the hoped-for data were obtained;
nevertheless, the tests were important and provide a firm beonchmark for

vehicular damage analyses under extreme accident conditions.

L. B. Shappert, Coordinator
Fuel Transport Safety Studies






PREFACE

The Nuclear Safety Information Center was established in March 1963
at the Qak Ridge National Laboratory under the sponsorship of the U. S.
Atomic Energy Commission to serve as a focal point for the collection,
storage, evaluation, and dissemination of nuclear safety information. A
system of keywords is used to index the information cataloged by the
Center. The title, author, installation, abstract, and keywords for each
document reviewed is recorded on magnetic tape at the central computer
facility in Qak Ridge. The references are cataloged according to the
following categories.

1. General Safety Criteria

2 Siting of Nuclear Facilities

3 Transportation and Handling of Radiocactive Materials

4. Aerospace Safety

5. Accident Analysis

6. Reactor Transients, Kinetics, and Stability

7 Fission Product Release, Transport, and Removal

8. Sources of Energy Release Under Accident Conditions

9 Nuclear Instrumentation; Control, and Safety Systems
10. Electrical Power Systems

11. Containment of Nuclear Facilities

12. Plant Safety Features

13. Radiochemical Plant Safety

14, Radionuclide Release and Movement in the Environment
15. Environmental Surveys, Monitoring, and Radiation Exposure of Man
16. Meteorological Considerations

17. Operational Safety and Experience

18. Safety Analysis and Design Reports

19. Radiation Dose to Man from Radiocactivity Release to the

Environment
20. Effects of Thermal Modifications of Ecological Systems
21. Effects of Radionuclides and Ionizing Radiation on Ecological
Systems

Computer programs have been developed that enable NSIC to (1) produce
a quarterly indexed bibliography of its accessions (issued with ORNL-NSIC
report numbers), (2) operate a routine program of Selective Dissemination
of Information (SDI) to individuals according to their particular profile

of interest, and to (3) make retrospective searches of the references on

the tapes.



Other services of the Center include principally (1) the preparation
of state-of-the-art reports (issued with ORNL-NSIC report numbers); (2)
cooperation in the preparation of the bimonthly technical progress review,

Nuclear Safety; (3) answering technical inquiries as time is available;

and (4) providing counsel and guidance on nuclear safety problems.
Services of the NSIC are available without charge to government
agencies, research and educational institutions, and the nuclear industry.
Under no circumstances do these services include furnishing copies of any
documents (except NSIC reports), although all documents may be examined
at the Center by qualified personnel. Inquiries concerning the capabil-

ities and operation of the Center may be addressed to

J. R. Buchanan, Assistant Director
Nuclear Safety Information Center
Oak Ridge National Laboratory

Post Office Box Y

Oak Ridge, Tennessee 37830

Phone: 615-483.8611, Ext. 3-7253
FTS 615-483-7253
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HIGHWAY VEHICLE IMPACT STUDIES:
TESTS AND MATHEMATTCAL ANALYSES OF VEHICLE, PACKAGE, AND TIEDOWN
SYSTEMS CAPABLE OF CARRYING RADIOACTIVE MATERIAL

Abstract

Four vehicle impact tests were conducted in February
through November of 1966 at the Aberdeen Proving Ground as
part of an initial study to develop test and instrumentation
techniques and to acquire quantitative data on nuclear mate-
rial transport systems that might be used to describe the
dynamics of transportation accidents. The impact tests were
performed with three different combinations of truck tractors
and semitrailers and two types of cargo. A 350-ton barvier
was constructed at the end of a paved road and the remotely
operated test vehicles were impacted against it at various
velocities. The tests were, executed successfully, but the
instruments installed on the tractors for quantitative mea-
surements were damaged prior to conclusion of the impact
phenomena because of the inherent weakness of the tractors.
Photographic measurements provided the most wmeaningful de-
scription of the dynamic behavior of the transport systems
during the impact tests. The mathematical model developed
in conjunction with these tests did not accurately describe
the actual behavior of the vehicles during impact. Even
though all the desired quantitative data were not obtained,
sufficient structural and transportability data were gained
to assure a positive approach for evaluatlng the dynamics,
involved in future impact tests.

1. INTRODUCTION

Advances in modern technology are resulting in the production and
distribution of certain materials and commodities for which a continuous
review of transportation safety pfactices and standards is necessary.
Radiocactive and fissile materials are in this category, and adequate
safety is a prime consideration in the transportation of such materials.
However, technical criteria on the various types of transportation acci-
dents are not described informatively or are not known. Therefore, the
United States Atomic Energy Commission (USAEC) and the Department of the

Army (DA) agreed to undertake a study to scientifically determine the



effects of a serious transportation accident on the total transport
system comprised of the vehicle, cargo, and restraints. The objective
of the study was ''to provide a realistic understanding of the dynamics
of transportation accidents as a basis for establishing or modifying
movement standards, container designs, and transportation procedures
that will assure maximum practical safety at minimum cost in the trans-
port of radioactive materials".

The objective envisioned was that the study would encompass all
modes of transportation. To determine whether such studies are feasible
and whether the dynamic phenomena could be described, an initial study
simulating a highway accident was undertaken. Mathematical and experi-
mental analyses using automatic electronic methods to record the phenom-
ena were to be developed. Following the experimental tests, the practi-
cability of the recording system and whether the experimental values
obtained could be correlated with the analytical values were to be deter-
mined. It was recognized that while considerable work relative to pas-
senger carrying vehicles had been done by various investigators, very
little work involving cargo carrying vehicles had been pursued, and that
procedures for conducting investigations involving cargo carrying vehi-
cles could not be similar to those used for passenger vehicles.

Prior to initiation of the initial study, research was conducted on
the designs of shipping containers for radioactive materials, types of
transport vehicles (rail and highway) used, and the accident statistics.
This research indicated that overturn and collision with fixed objects
had the higher density in highway transportation. Consequently, a head-
on collision of the highway transport vehicle with a fixed object was
selected as the accident condition for the initial study. Other factors
in this selection were that this condition was more suitable for mathe-
matical analysis, required fewer vehicles, and was easier controlled
than other conditions considered, and it also afforded minimum cost for
execution.

Discussions were held to review the expected behavior of the vehi-
cles during collision, the analysis of the anticipated dynamic¢ motions,
the types and location of sensors to obtain value correlation with the

mathematical analysis, the degree of restraint for the cargo, and the



measurement of strain during inelastic deformation of structural members.
Excerpts of these discussions are contained in the minutes of the meet-
ings of the Technical Working Group and are given in Appendix IV of the
Department of the Army Report DPS-2582, 'Final Report on Engineering
Test of Transportation of Nuclear and Fissile Materials,'" November 1967.

The Franklin Institute Research Laboratories had done prior work
and published a report on the development of a mathematical model as an
approach to the vehicle collision problem (The Franklin Institute Report
No. 1-A2412-4, December 1964), and it was agreed that this reported pilot
study would be used to determine the validity of the model and to further
advance such work. Therefore, consideration was given to the input data
required for the model in the selection of senéors and their location on
the transport system. The Franklin Institute Research Laboratories per-
formed the mathematical analysis work done in conjunction with the ini-
tial study, and this is reported by K. D. Doshi in Final Report F-B2397
entitled "Analysis for the Longitudinal Vehicle Collision Test of Joint
AEC-DA Pilot Study," August 1967.

All of the field work, including the development of the test site,
facilities, techniques, and procedures, was performed by the Development

and Proof Services of the Aberdeen Proving Ground in Maryland.



2. SUMMARY

The test site selected had a level paved road 40 ft wide with
sufficient straightaway to accommodate the proposed tests. A 350-ton
barrier was constructed at the end of the road to provide, for all prac-
tical purposes, the immovable object against which the test vehicles
would impact. Test procedures and instrumentation plans were developed.
These involved remote control of each test vehicle's own propulsion sys-
tem from an instrumentation van in which the test data from sensors
located on the vehicle were recorded. Photographic coverage of each test
was also provided for both documentary and photomeasurement purposes.

After construction of the barrier and related test facilities, four
separate vehicle impact tests were conducted. The first test collision
at a velocity of 4.5 mph without cargo in the van type of semitrailer
was conducted to familiarize personnel with the test facilities and tech-
niques and to record limited quantitative force and accelerometer mea-
surements as a basis for predicting the optimum transducer gain levels
for subsequent impacts at higher speeds. No physical damage to the
tractor or the trailer resulted from this test.

The second collision test at a velocity of 41 mph was conducted
with the same tractor-semitrailer combination used in the first test but
with a loosely stowed cargo of 33 birdcage packages, representing 6 types
of nuclear material containers, between cargo containers filled or par-
tially filled with crushed stone. This 27,000-1b cargo was stowed in
two levels in the van type of semitrailer. The objectives of this test
were to determine photographically the dynamic behavior of the transport
system and its cargo during a head-on collision with a fixed object and
to obtain quantitative measurements of force for use in the mathematical
study. The cab of the tractor was completely demolished as a result of
the 4l-wmph impact, the fifth wheel also separated from the tractor and
allowed the semitrailer to strike the barricade, and a portion of the
cargo was thrown from the trailer.

The third collision test at 4 mph was a nondestructive test conducted

with a cab-over-motor tractor and a flatbed semitrailer with a rigidly



attached 15-ton cask. This test was conducted to obtain quantitative
measurements for the mathematical model and to evaluate the effectiveness
of the instrumentation. However, the frame of the tractor buckled at a
point in front of the fifth wheel as a result of the impact, and the
tractor was damaged beyond economical repair. There was no observable
damage done to the semitrailer or the cask.

The fourth and final collision test in the series was conducted
with the same semitrailer and cask used in the thivrd test, but a 2.5-ton
military tractor was used to propel the vehicle into the barrier at a
velocity of 28.5 mph. This test was conducted to investigate the behavior
of the cask transport system during a destructive high-speed collision
and to quantify the behavior to the extent possible., The tractor and
trailer did not separate during the impact, but the tractor frame buckled
ahead of the fifth wheel attachment and the tractor was crushed to the
extent that the trailer essentially came into contact with the barrier
through the fully compressed material of the tractor. The frame of the
trailer showed permanent deformation, but the cask tie~down to the
trailer remained intact.

As a result of these tests, it was concluded that the test site,
barrier, remote-control capability, and the operating procedures and
techniques used in this investigation were entirely satisfactory. These
tests did illustrate that the ability to remotely direct the test vehicle
so that the impact would occur mormal to the barrier requires considera-
ble skill on the part of the operator of the remote-control system.
Although representative of the severity of the impact, a diagonal force
input affects the transmission and magnitude of the forces and accelera-
tions occurring in the various components of the transport system during
impact. However, the technical experience gained during the tests has
assured that the dynamic phenomena occurring during the impact of tractor-
semitrailer combinations against an unyielding surface can be electroni-
cally measured and recorded.

Diverse behavior patterns were demonstrated during the investigation.
In the high speed test conducted with the birdcage containers, the cargo
was loaded with a minimum tie~down; while in the high-speed test conducted

with the 15-ton cask, the cargo was rigidly attached to the bed of the



semitrailer. When the fully loaded tractor-trailer rigs collided with
the barrier, the weight of the cargo was sufficient to cause complete
destruction of the tractor through either failure of the fifth wheel or
buckling of the tractor frame. 1In the test with the cargo of birdcage
containers, only a minimum of energy was absorbed by the tractor because
of the fifth wheel separation. Near maximum energy was absorbed by the
more complete crushing of the tractor during the high-speed test with
the cask. Complete quantitative measurements were not obtained because
of the early failure of the tractor frames, which did not behave accord-
ing to the pretest theory. Photographic measurements provided the most
meaningful description of the dynamic behavior of the transport systems
during these impacts,

Meaningful, although limited, structural and transportability data
were obtained for use in developing the approach to solution formulation
in the mathematical analysis of these tests. The mathematical wodel
developed in the analysis does not describe accurately the actual behav-
ior of the test vehicles during the impact tests, but when simplified to
correspond with the dynamic behavior of the vehicles, the model should
provide more compatible results. A model using the Runge-Kutta integra-
tion method for numerical solution requires high computation time. It
would appear that when appropriate stiffness parameters are established
for the principal elements, analog or hybrid simulation could provide a
more flexible and versatile prediction of the actual response or dynamic
behavior of the transport system under longitudinal head-on impact
conditions.

It is recommended that the inherent weakness of the tractor-trailer
combination and the physical limitations involved in measuring the trans-
mission of force through the tractor be considered in any future develop-
ment of a mathematical model. If future tests are conducted, it is
recommended that the instrumentation plan be revised and that the impact
force be measured on the barrier if correlation of wvalues with a mathe-
matical model is required. The tractor should be treated as a nonlinear
spring with little or no instrumentation, and its behavior should be mea-
sured by high-speed photography. The quantitative electronic measure-

ments should be made primarily on the trajler and cargo, and unbonded



strain-gage accelerometers with direct-current response should be used
at the trailer and cargo load. Consideration should also be given to
individual tension and compression forces in each member of the trailer.
Until such time that additional experimental data are made available,
transportation criteria for the movement of high-density casks, such as
the 15-ton cask used in this study, should ensure that the cask tie-down
be designed to eliminate separation of the cask from the trailer. This
can be accomplished by providing an adequate baseplate for the cask with
tie rod connections attached. The force magnitudes experienced in the
actual tests provide guidelines for designing the cask tie-down. For
highway transport of nuclear or fissile materials, the fifth wheel of the
vehicle and the fifth-wheel connections should be adequate to assure that

the tractor and trailer will not separate as a result of a collision.



3. TEST FACILITIES AND TECHNIQUES

Four collision tests were performed with three different combinations
of truck tractors and semitrailers. These vehicles were reported as sur-
plus by the Army and Navy and were obtained at no cost except for process-
ing and shipping expenses. The test site, test procedures, and the instru-

mentation used to record test data are described in this chapter.

3.1 Test Site

The site selected for the tests had a level 40-ft-wide road with a
paved surface and sufficient straightaway to accommodate the tests. A
barrier was placed at the south end of the road. This barrier, shown in
Fig. 3.1, was constructed of armor plate braced with worn gun tubes. The
materials, which weighed approximately 350 tons, were embedded in the road

in a manner designed to provide for all practical purposes an immovable

33 ft 9in,

o /

PLAN

ROAD SURFACE

ELEVATION

Fig. 3.1. Barrier at End of Test Road.



barricade. 1Initially, guide rails were provided near the barrier as a
safety measure in the event that control of the test vehicle should be

lost during a high-speed crash, but these rails were removed after the

first test.

3.2 Test Procedures

Various methods were considered for propelling test vehicles into
the barrier, but the method selected involved the use of each vehicle's
own propulsion system. This required that each vehicle be fitted with
devices for remote control of braking, steering, and throttle position.

The remote-control mechanism for emergency braking is shown in Fig. 3.2,

Fig. 3.2. Remote-Control Mechanism for Emergency Braking.
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the remote-control mechanism for steering the vehicle is shown in Fig.
3.3, and the remote-control mechanism for adjusting the throttle setting

is illustrated in Fig. 3.4.

Fig. 3.3. Remote-Control Mechanism for Steering the Vehicle.
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Fig. 3.4. Remote-Control Mechanism for Adjusting the Throttle
Setting.

During all tests, the test vehicle was followed closely by an
instrumentation van, shown in Fig. 3.5, from which remote control was
provided and in which all transducer output was recorded. Umbilical
cables 200 ft long encased in a vinyl sheath for protection against abra-
sion were used to interconnect the remote-control panel, shown in Fig.
3.6, with the control mechanisms in the test vehicle. These cables were
also used for telemetering data by interconnecting transducers with the
signal-conditioning and recording equipment.

The remote-control system was fabricated mostly from salvaged

World-War-II aircraft components, and it had the capability for
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Fig. 3.5. Instrumentation Van.

Fig. 3.6. Remote Control and Recording Equipment Mounted Inside
the Instrumentation Van.
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1. right and left steering,
2. adjusting the throttle setting,
3. controlled emergency braking to abort the test at any point up to

the point of total commitment, and
4. fail-safe emergency braking should the umbilical cables be severed

during the time the test vehicle was obtaining target speed.

The safety of personnel was of primary concern in conducting the
high-speed collision tests. A preliminary study was made to determine
the reaction time of drivers and the suitability of the remote steering
and controls at high-speed operation. The stopping distance of the instru-
ment van within the allowable separation distance of two vehicles for the
limited cable length was also determined. Road markers were placed to
indicate where the driver of the instrument van was to reduce speed, apply
brakes, and stop the wvehicle. These markers were made of 1- by 6-in.
wood strips about 12 ft long that were nailed on the bituminous concrete
road, as shown in Fig. 3.5. These wood strips were visible during
approach, and they also were felt by the driver as the wheels of the vehi-
cle passed over them.

At the beginning of each test run, the instrumentation van was posi-
tioned within about 30 ft of the test vehicle. The umbilical cable was
pulled toward the test vehicle until it was suspended in the desired con-
figuration and then attached to the test vehicle with a breakaway binding.
The breakaway link was simple jute twine stranded to give a breaking
strength of about 120 1b. The surplus cable was coiled on the rear deck
of the test trailer so it would pay out smoothly as required. Strips of
rubber with a breaking strength of about 50 1b that were cut from an
unserviceable truck-tire innertube were used to tie each loop of the
coiled cable to the trailer as a precaution against cable fouling. This
cable suspension and tie-down arrangement permitted the instrument van
to break away from the test vehicle at a predetermined point and come to
a stop at a safe distance from the point of impact of the test vehicle,

as illustrated schematically in Fig. 3.7.
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SURPLUS CABLE COILED TO CLOSED ATTACHMENT
PAY OUT SMOOTHLY AS REQUIRED——\ OF UMBILICAL CABLE

\
< TEST VEHICLE] @
BREAKAWAY LINK D:

INSTRUMENT VAN

START

BARRER-—;

INSTRUMENT

TEST VEHICLE AT CONSTANT VELOCITY VAN STOPPED (

90 ft —E \E

APPROACHING POINT OF IMPACT

Fig. 3.7. Vehicle Control and Test Setup for High-Speed Collision Tests.

Initially, the test vehicle was started in low gear by a driver.

When a speed of about 5 mph was attained, the driver shifted the tractor

into the highest gear range practicable to achieve the required impact

velocity, and he then abandoned the tractor. At this point, complete

control of the test vehicle emanated from within the instrumentation wvan.

The test vehicle was remotely brought up to impact speed and guided into
the barrier.

3.3 Instrumentation

The recording systems used in the acquisition of force and accelera-

tion data are illustrated in the block diagram shown in Fig. 3.8. This
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basic system was used in each of the four tests described although the
number of channels recorded ranged from 15 to 38 in the tests. Because
each test vehicle was instrumented differently, the instrumentation plan
for each test is described in the appropriate chapter. However, in all
four tests, the recording system was operated to give 10 Hz to 18 kHz
response and three types of transducers were used.

1. Force measurements were made with Budd Company metal-film strain
gages, types HE-181B and C6-181l. The resistance of these gages was 120
+ 0.2 ohms, and the gage factors were 2.05 + 0.5% and 2.08 + 0.5%,
respectively.

2. The acceleration transducers were Columbia Research Laboratories,
Inc., Models 300 and 302 piezoelectric accelerometers. Their range was
40,000 "g" and the frequency response was flat within + 47 over the range
10 Hz to 6kHz.

3. Load cells for measuring the force of impact, as shown in Fig.
3.9, included two hollow cylindrical steel columns with a yield point of
75,000 psi. The steel columns were strain gaged and calibrated in a
standard testing machine. Then one column was attached to each of the
two frame members of the tractor. The strain gages were wired to measure
the total force of impact and the force in one of the frame members
[Fe(F/2)]. The load cells had the capability to measure a force of impact
of 1.88 x 10° 1b and still behave elastically.

The actual speed of the test vehicle immediately prior to impact
was measured by using a simple chronograph. The chronograph itself was
an electronic counter triggered at a rate of 100,000 pulses per second.
It was activated "on" by the front wheels and "off" by the rear wheels
of the truck tractor passing over a tape switch stretched across the
road about 20 ft in front of the barrier. The distance traveled during
the indicated time was then the wheelbase or the distance between the

vertical center lines of the front axle and the rear axle of the tractor.
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Fig. 3.9. Load Cells on Front of Cab-Over-Motor Tractor.

The types and locations of sensors were selected to proyide input
data required to determine the validity of the mathematical model pre-
viously developed by The Franklin Institute Research Laboratories
(Report I-A2412-4, December 1964). Photographic coverage was provided
for both documentary purposes and for photomeasurement. Extreme cover-
age, as shown in Fig. 3.10, was provided for the high-speed impacts,
but only documentary coverage was provided for the low-speed exploratory

tests.
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4. TEST NUMBER ONE

The first test was an exploratory nondestructive test with a low
speed impact against the barrier and no cargo in the semitrailer. A
velocity of 4 mph was selected as the nominal or target velocity for this
exploratory impact test, but the actual speed immediately prior to impact
was measured as 4.5 mph. This test was conducted to
1. familiarize testing personnel with the facilities, equipment, and
techniques;

2. test the operation of the remote-control equipment; and

3. record limited quantitative force and accelerometer measurements as
a basis for predicting the optimum transducer gain levels for subse-

quent impacts at higher speeds.

4.1 Test Vehicle

The first test was conducted with a 4 by 2 cab-behind-motor commer -
cial type of tractor and an empty van type of semitrailer, as shown in
Fig. 4.1. The gross weight of the tractor-trailer combination for this

test was 17,915 1b.

Fig. 4.1. Vehicle Used in First Collision Test.
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4.2 Instrumentation

The front bumper of the test tractor was modified by adding two load
cells. A typical arrangement for measuring the total impact force was
illustrated in Fig. 3.9. Three strain gage bridges were allotted for
measuring the right, left, and total load-cell force. Six additional
strain-gage bridges were applied to the tractor frame and one other bridge
was applied on the tractor suspension. Only two strain-gage bridges were
applied to the frame of the semitrailer. Five piezoelectric accelero-
meters were installed on the tractor-trailer combination. A diagram of

this instrumentation is shown in Fig. 4.2,

-
89
w7
P FE
‘lTL >~ = -
4 EMDEMS s
%) I
6 R
Strain Gage Accelerometer
1 Front Dynamometers 6 Tractor frame, under cab
2 Tractor frame, front of 7 Trailer frame, one-third
forward spring attachment distance from front end of
3 Tractor frame, rear of trailer
forward spring attachment 8% Birdcage package
4 Trailer frame, one-third 9% Birdcage package
d1s?ance from front end of 10 Tractor, top of differen-
trailer

tial housing
5 Tractor, rear spring

*Not included in first test

Fig. 4.2. Location of Transducers on Vehicle for First Test.
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Limited photographic coverage of the test provided high-speed movie
film of the left side of the vehicle at 1000 fps (16 mm) and of the right
side at 1000 fps (16 mm) and at 100 £ps (35 mm). Exclusive of photo-
graphic coverage, all other operating and recording techniques and pro-
cedures described in Chapter 3 that were applicable to this low-speed

impact were followed.

4.3 Results of First Test

As previously mentioned, the actual speed of the test vehicle
immediately prior to impact was 4.5 mph. Time histories of forces and
accelerations were recorded during the impact, and the total force mea-
sured by the load cells reached a peak value of about 62,000 1b, as is
shown in Fig. 4.3. However, the load cells mounted on the front of the
vehicle did not strike the barricade squarely. The left load cell
struck first as a result of the left front wheel of the tractor striking
the guard rail during the approach. The tractor was deflected to the
right immediately prior to contact with the barrier.

The guard rails appeared to influence the rvemote-control operator's
perspective during the approach of the test vehicle to the barrier even
at the slow speed of 4.5 mph. As the vehicle entered the most restric-
tive part of the guard funnel, the operator was prone to overcontrol the
tractor-trailer rig. Based on the demonstrated precision of the remote
control system and the subjective evaluation of the operating personnel,
it was decided that the guard rails were wore hindrance than help. The
rails were therefore removed for all the subsequent tests, and reliance
was placed on the ability of the remote-control operator to steer the
test vehicle into the barrier by using a painted road stripe as an

aiming reference.
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Fig. 4.3. 1Impact Force at 4.5 mph Velocity Measured By Load Cells.

The axial force measurements that were recorded are shown in Fig.
4.4, the bending moment measurements recorded for the tractor frame and
trailer frame are shown in Fig. 4.5, and the axial acceleration measure-

ments for the tractor and trailer frames are shown in Fig. 4.6.
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Fig. 4.4. Axial Force Measurements on the Tractor and Trailer
Frames Resulting From 4.5-mph Impact.
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Fig. 4.5. Bending Moment Measurements on Tractor and Trailer

Frames Resulting From 4.5-mph Impact.



25

Tractor Frame Under Cab

Acceleration ('g'")
|

Tractor, Top of Differential Housing

s
\Py
0

o | [ Aj\‘lf\ /\A/\ /\v/"\: AN AN
l | s'o W VARV \/1

40

ime (msec)

Trailer Frame, One-Third Back From Front End

Fig. 4.6. Axial Acceleration Measurements (Filter 5 to 240 Hz
Bandpass) on Tractor and Trailer Frames Resulting From 4.5-mph Impact.
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It was stated in the report from the Aberdeen Proving Ground that
there was no physical damage to the tractor or trailer as a result of
this first test. The extent and scope of examination of the test vehicle
for structural defects either before or after the exploratory collision
test was not reported. However, this lack of detailed information may
be more representative of actual transportation conditions than a

detailed examination would have been.



27

5. TEST NUMBER TWO

A nominal velocity of 45 mph was selected as the vehicle speed upon
impact with the barrier for the second test, which was conducted with
cargo in the trajler. There were two broad objectives of the second
test, The primary objective was to determine photographically the
dynamic behavior of the tramsportation system and its loosely stowed
cargo during a head-on collision. The resultant damage to the cargo
would then be assessed. The secondary objective was to obtain quantita-

tive measurements of force for subsequent use in the mathematical study.

5.1 Test Vehicle

The test vehicle used in the second test was the same 4 by 2 cab-
behind-motor commercial type of tractor and van type of semitrailer that
was used in the first test. However, the roof of the van semitrailer was
removed to permit motion-picture coverage of the cargo with the overhead
cameras. In addition, the rear doors of the trailer were removed to
provide access to the rear deck where the surplus umbilical cable was
coiled. The axle ends were painted white, and reference marks were
painted on the left side of the van. The extreme front mark was aligned
with the rear axle of the tractor, and the extreme rear mark was aligned
with the rear axle of the trailer. The total weight of the test vehicle

and cargo was approximately 45,000 1b,

5.2 vVehicle Cargo

For this preliminary high-speed collision test, it was decided by
the Advisory Committee of the Joint AEC-DA Transportation Study that the
semitrailer would be loaded with several types of so-called birdcage con-
tainers then in use for the shipment of nuclear material. Thirty-three

birdcage packages representing six types of these containers were placed
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in the trailer. fThese six types were the

1.

4,

T.os Alamos Scientific Laboratory B of E Permit 1736 (now designated
as DOT Specification ICC-6L) combination shipping container ICC-2R
and ICC-6J, shown in Fig. 5.1;

Union Carbide Corporation, Nuclear Division (Oak Ridge, Tennessee),
B of E Permit 1685 20-in. birdcage in banded plywood box, shown in
Fig. 5.2;

UUSAEC Design KKD-1 (or LLD-1) container, shown in Fig. 5.3;
eight-inch Schedule-40 pipe inside 55-gallon drum container, shown
in Fig. 5.4;

Union Garbide Corporation, Nuclear Division, B of K Permit 1561
Y-12 foamglas shipping container shown in Fig. 5.5; and

three-liter class II container shown in Fig. 5.6,

THREADED CAP, TOP AND BOTTOM /55~ GALLON DRUM (ICC-6J)

1/4-in.-DIAMETER -~ _—

SPACERS 4.90° APART

FILLED WITH—————-////////i/

VERMICULITE

6-in.-DIAMETER
SCHEDULE 40
STEEL PIPE

28 in. LONG (ICC-2R)

)

34.5 in

= 24 in. 0D ~———=]

Fig. 5.1. Los Alamos Scientific Laboratory B of E Permit 1736

Combination Shipping Container ICC-2R and ICC-6J.
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GALVANIZED STEEL BAND
(1/2 in. WIDE BY 0.015 in. THICK
DOUBLE BANDED IN TWO DIRECTIONS)

PLYWOOD (1/2 in. MINIMUM
THICKNESS)

e o
——

METAL ANGLE

| 1l x1x 1/8 in.
WELDED CONSTRUC-
TION

[~ BIRDCAGE, 10 in. OD
(MAX) BY 5 in. INSIDE

HEIGHT (MAX)

METAL ANGLE
11/2x11/2 x 1/8 in.

GUSSETS
3/16 x 6 % 6 in.

PLYWOOD

Fig. 5.2, Union Carbide Corporation, Nuclear Division, B of E

Permit 1685 for 20-in. Birdcage in Banded Plywood Box for Enriched Uranium
Metal or Dry Uranium Compounds.
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Fig. 5.3. USAEC Design KKD-1 (or LLD-1) Rocky Flats Birdcage for
Enriched Uranium and Plutonium Metal (B of E Permit 1757).
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TYPICAL SPIDER ARRANGEMENT
@ - = = Q WELDED TOP
I /( -
= { 11/4 x 11/4 x 3/16-in. ANGLES
i A SPACED AT 60° (WELDED AT
S = J BOTH ENDS)
1 4
<< ‘?,/55 GALLON DRUM (ICC SPEC 17H)
i 221/2in.1D
34 3/4in. P ~~8-in, SCHEDULE-40 PIPE 24 in. LONG

(INNER CONTAINER)

,
¢ )

. I 3 by 1/4 in. BAND SPOT-WELDED TO
“' el
A N END PLUG WELDED TO PIPE
SECTION A-A

Fig. 5.4. Eight-Inch Schedule-40 Pipe Inside 553-Gallon Drum
Container.
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LIFTING HOLES
DRUM LID WITH BOLTED

RING CLAMP GASKETED
WITH 1/4-in.,-DIAMETER
O-RING NEOFRENE
GASKET

PLUG (NOMINAL
10 in. DIAMETER
BY 6 1/2 in.
HIGH

//~LIFTING HANDLE

STEEL DRUM (16 GAUGE
CARBON STEEL, BLACK
ENAMEL FINISH, 22 1/2
in. DIAMETER BY 22 in.
HIGH

1/4-in. (MAX) ~]
GAP BETWEEN
PLUG AND INNER
CONTAINER

§\*FOAMGLAS (FOAMED BORON-
SILICATE GLASS; ALL
EXPOSED SURFACES ARE
COATED WITH POLYVINYL
ACETATE MASTIC)

\

SLEEVE (TINNED~"
STEEL CAN 6 5/8
in. DIAMETER BY
9 in. HIGH

INNER CONTAINER (TINNED
STEEL CAN WITH SEALED LID,
6 3/16 in. DIAMETER BY

8 3/4 in. HIGH

Fig. 5.5. Union Carbide Corporation, Nuclear Division, B of E
Permit 1561 for Y-12 Foamglas Shipping Container for Uranium Metal and
Dry Uranium Compounds (Ref. Documents Y-KB-22 and Y-KC-28).
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LOCKING RING

55 GALLON DRUM
(ICC SPEC. 17C) 16 GA.

PRESSURE VESSEL——r | L,
COVER &

SST O RING

MODIFIED CAP
WITH VENT

POLYETHYLENE ——; -
BOTTLE :

POLYETHYLENE BAG—"]"1"

3/4-in-0D STEEL
16 GA. BIRDCAGE

Fig. 5.6. Three-Liter Class II Container.

PIPE CAP

DRUM COVER
PERFORATED

POLYETHYLENE BAGS
WITH VERMICULITE
VALVE

3/4:in.-10 UNC
STEEL BOLT

PRESSURE VESSEL

LOOSE VERMICULITE

Since it was felt that special packages containing nuclear materials

were sandwiched between heavy loads in a large portion of the shipments

made by common carrier trucks, the loading plan for the trailer provided

for the test packages to be loaded between cargo containers of crushed

stone in 30- and 55-gallon steel drums, as shown in Fig. 5.7. There were

two levels of loading in the trailer with four rows of test containers in

the lower level (Rows A, B, C, and D) and four rows in the upper level

(Rows E, F, G, and H). However, the two middle rows (F and G) were empty
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L.A. Containers B of E Permit 1736, A-3 to A-7, inclusive
UCC 20-in. birdcage containers, B-4 to B-9, inclusive
KKD-1 Containers, C-4 to C-10, inclusive

8-in. Schedule-40 pipe in 55-gallon drum, D-3 to D-7, inclusive
UCC Y-12 foamglas containers, E-3 to E-7, inclusive
3-liter Class II containers, H-3, H-5, and H-7

L.A. Containers, B of E Permit 1736, H-4 and H~6

Cargo Drums

Row A: 55-gallon drums completely filled, A-1, A-2, A-8, and A-9

Row B: 30-gallon drums with 20-in.-load,B-1, 2, and 3, and B-10 and 11

Row €: 30-gallon drums with 25-in.-high load, C-1, 2, and 3, and C-11 and 12
Row D: 55-gallon drums completely filled, D-1, D-2, D-8, and D-9

Row E: 55-gallon drums with 22-in.-high load, E-1, E-2, E-8, and E-9

Row H: 55-gallon drums completely filled, H-1, H-2, H-8, and H-9

Empty (Fill-in) 55-Gallon Drums

Row F: F-1 to F-8, inclusive
Row G: G-1 to G-8, inclusive
Fig. 5.7. Cargo Loading Arrangement in Semitrailer for the Second

Test.
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fill~in drums. One type of test container was placed in each row except
for Row H, which was made up of two types of test containers.
The cargo weight was arranged as shown in Fig. 5.8. The loading

plan called for 10,500 1b of cargo containers located in front of the

ROW

=77 TRAILER FRONT

i
73%2) 750 750 7)) Approximate '
weight of front

75 /

cargo drums
= 10,500 1b

Approximate
weight of
birdcage con-
tainers
= 6500 1b

Approximate
weight of
fill-in drums
= 1000 1b

Approximate
weight of rear
cargo drums

= 9000 1b

LOWER LEVEL UPPER LEVEL

Approximate Weights of Simulated Contents of Birdcage Containers

Row A: 60 1b (except that A-4 had no contents)
Row B: 50 1b

Row C: 35 1b

Row D: 135 1b

Row E: 50 1b

Row H: 20 1b (H-3, H~5, and H-7)

Cargo Weights Vehicle Weights (curb)
Lower level, 17,925 1b Tractor, 7,865 1b
Upper level, 9,115 1b Trailer, 10,050 1b

Total 27,040 1b Total 17,915 1b

Total weight of loaded vehicle = 44,955 1b.

Fig. 5.8. (Cargo Weights in Semitrailer for Second Test.
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test containers, 9000 1lb of cargo containers behind the test containers,
and an additional 1000 1b for the empty fill-in drums. The radiocactive
contents of the test containers were simulated by conventional wmaterials
such as sand, steel, and lead to approximate the desired weights of these
containers, which weighed 6523 1b. The gross weight of the trailer was
27,000 1b. There was no tie-down of the containers to the floor of the
trailer.

As measurements were made of the position of each package in the
trailer, paint was sprayed on the bed of the trailer around the contain-
ers in the lower level to visually indicate the position of these con-
tainers prior to impact. The tops of the containers were also marked so
that they could be identified with the overhead cameras. Marks were
placed on the containers so that their positions relative to the direc-

tion of travel could be determined.

5.3 Instrumentation

The initial preparation of the test tractor-trailer combination
consisted of instrumenting it with 19 channels of transducers. The
instrument plan was the same as that used in the first test, shown in
Fig. 4.2, except for the addition of two accelerometers mounted on two
different test packages. One accelerometer was placed on the outside
box of a Union Carbide Corporation 20-in. birdcage (B-6), and the other
was placed on the bird of a USAEC Design KKD-1 birdcage (C-7). Only the
front load cells were physically calibrated, and this was done by using

a laboratory type of tension-compression tester with a capacity of

600,000 1b.

5.4 Results of Second Test

The procedures used for the second test were as described in Section
3.2 except that the guard rails beside the barrier approach were removed.

The operating procedures were successful and produced a near perfect



37

impact. However, the nominal impact velocity of 45 mph selected for this
test was not reached, and the velocity of the tractor was clocked at 41
mph immediately prior to impact. There was no measurable movement of the
barrier as a result of the impact (the method of measurement used was not
reported) .

The cab of the vehicle was completely demolished as a result of the
impact, and the fifth wheel also separated from the tractor. As a result
of this separation, the semitrailer also struck the barricade and severe
damage was inflicted on its forward section. The separation of the fifth
wheel from the tractor occurred between the corrugated mounting baseplate
and the channels that comprised the frame. The shear pads welded to the
frame of the tractor (indicated by arrow A in Fig. 5.9) remained intact,
but the front corrugation of the baseplate (indicated by arrow B in Fig.
5.9) deformed in a forward rolling mode that caused the front and rear

U-bolts to fail in combined tension and shear.

Fig. 5.9. Cab-Behind-Motor Tractor Fifth Wheel Plate Attachment.

=

5.4.1 Results Recorded By High-Speed Photography

The general behavior of the tractor-trailer combination and its
cargo is shown in a sequence of still pictures in Fig. 5.10. These prints

were produced from selected frames of 35-mm high-speed motion pictures.
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The sequence is annotated in terms of elapsed time from the point of load
cell contact with the barrier. The photographs show that the tractor and
trailer remained a coupled system for about 100 msec, at which time the
attachment bolts holding the fifth wheel assembly to the frame of the
tractor failed. After failure of the bolts, the trailer became a quasi-
free body that caused a secondary impact, and forward motion of the
trailer ceased after about 250 msec. The front of the van type of trailer
began rupturing at about 220 msec, and this caused partial spillage of

the birdcages. An overhead view of the transport system after the 41l-mph

impact is shown in Fig. 5.11l.

Fig. 5.11. Overhead View of Tractor-Trailer Combination Following
the 41-mph Impact With the Barrier in the Second Test.
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5.4.2 Measurements Recorded by Instruments

Quantitative measurements of the impact force and axial acceleration
based on values manually scaled from the time histories recorded by

remote instruments were plotted by applying appropriate scale factors.

The force measurements of the front load cells are shown in Fig. 5.12,

and the axial acceleration measurements are shown in Fig. 5.13. These

quantitative values are included for academic interest, but they are

virtually meaningless because

1. the load cells were absorbed within the tractor in less than 18 msec
and ceased to measure total force after that time,

2. the transducers located on the tractor were damaged and telemetry
cables were severed by the interaction between the tractor and trailer
and subsequent separation at the fifth wheel, and

3. the accelerometers selected for fast rise time response and mounted
on the various members did not respond to the low-frequency components

of acceleration.

5.4.3 Measurements Taken From Photographs

In the absence of other quantitative information, distance-versus-
time measurements between the leading reference mark on the trailer and
the barrier were determined from the motion-picture frames. These dis-
placement measurements were used to calculate the velocity and accelera-
tion.

The position of a fixed point on the side of the semitrailer over
the fifth wheel as a function of time was determined from film reader mea-
surements of a ll4-frame/sec 35-mm film taken at a fixed position 200 ft
to the side of the barrier. The 35 frames covering the interval from ini-
tial impact to the sixth frame after the turning point for rebound were
analyzed. A random error of 0.060 ft was expected from the film reader.

The displacement or compression-versus-time data were least-square
fitted to a power series of the sixth degree in time, using Gram orthog-

onal polynomials. These results were then differentiated analytically
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to fit the velocity and acceleration curves. The fit, rms error in the
displacement, and the final equations are as follows where ¢ = time in
seconds.

The fit = sixth degree

The rms error in Y = 0.016 ft

The displacement in feet

Y = 8.10 + 48.96(t - 0.149) - 134.70(t - 0.149)7
- 1142.09(t - 0.149)3 - 1138.68(t - 0.149)%
+ 23004.8(t - 0.149)° + 57913.5(t - 0.149)° ,

The velocity in ft/sec
Y' = 48.96 - 269.40(t - 0.149) - 3426.27(t - 0.149)%
- 4554.72(t - 0.149)3 4+ 115024.0(c - 0.149)%
+ 347481.0(t - 0.149)%

The acceleration in ft/sec2
Y = 269.40 - 6852.54(t - 0.149) - 13664.16(t - 0,149)%
+ 460096.0(t - 0.149)° 4+ 1737405.0(t ~ 0.149)%* ,

The significant dynamic collision conditions derived from the

analysis of the high-speed photographs are tabulated below.

Total compression = 10.7 ft
Compression time = 245 msec

Calculated initial velocity = 40.4 mph
Initial acceleration = -6.9 '"'g"
Minimum acceleration 0.9 "g"
Maximum acceleration -19.2 "g"

i

i

A negligible amount of energy was absorbed in shearing the fifth wheel,
and the impact velocity of the trailer against the barrier was almost
the same as the impact velocity of the tractor against the barrier.

The results of the analysis indicate that the displacement of the
semitrailer during the first 245 msec of the collision may be described,
within the accuracy of the data, by a smooth function of time, as illus-
trated in Figs. 5.14 and 5.15. This implies that the dynamics of the
collision were controlled by a single source of resistance, such as the
shearing of the fifth wheel. The distinct minimum in the acceleration
at 73 msec after impact, shown in Figs. 5.14 and 5.15, is certainly con-

sistent with such a conclusion. Thus, the f£ifth wheel sheared shortly
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after impact and the transmitted force decreased from the initial rigid
elastic buildup. At a time 73 msec after impact, the force was essen-
tially zero, indicating complete shear, and then it began to increase
rapidly as the accordian effect of crushing the tractor body took place.

The force finally decreased upon rebound.

5.4.4 Effect of Impact on Cargo

The interior of the trailer following the 41l-mph impact is shown in
Fig. 5.16, in which a portion of the upper level of containers has been
removed fof.inSPQCtion. All the test containers on the outboard upper
level (Rows E and H) were thrown from the trailer as a result of the
impact. This included all of the Union Carbide Corporation, Nuclear
Division, Y-12 Foamglas containers at positions E-3 to E-7; the three-
liter Class-11 containers at positions H-3, H-5, and H-7; and the Los
Alamos B of E Permit 1736 containers at positions H-4 and H-6. The high-
speed motion pictures taken with the overhead cameras showed that the
containers in Rows E and H moved forward in a crushing action, then
bowed outward, and suddenly burst upward and outward from the trailer to
the ground.

The Los Alamos B of E Permit 1736 containers in positions A-5 and
A-6 are shown in the damaged array prior to removal from the trailer in
Fig. 5.17. Note the loss of vermiculite and drum covers and the failure
of the locking ring. The Union Carbide Corporation 20-in. birdcage and
the KKD-1 containers are shown in the damaged array prior to removal
from the trailer in Fig. 5.18. Five KKD-1 containers were compacted in
the array. The damaged containers made of 8-in. Schedule-40 pipe in
55-gallon drums prior to removal from the trailer are shown in Fig. 5.19.
Note the overriding of the drums, but despite this, the drum covers
remained secured.

Damage to the cargo drums in positions A-1, A-2, D-1, and D-2 on
the lower level was similar to the damage received by cargo drums in
positions E-1, E-2, H-1, and H-2 on the upper level. On the other hand,

the damage to the two Los Alamos B of E 1736 containers in Row H was
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Fig. 5.16. 1Interior of Trailer Following Second Impact Test.

somewhat less than the average damage inflicted on the five Los Alamos

containers in Row A.
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Fig. 5.17. Los Alamos B of E Permit 1736 Containers (A-5 and A-6)
in Damaged Array Before Removal From the Trailer After the 4l-mph Impact.
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Fig. 5.18. Damaged KKD-1 Containers and Union Carbide Corporation
20-in. Birdcage Containers Before Removal From Trailer After the 41-mph
Impact.
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e

Fig. 5.19. Damaged Containers Made of 8-in. Schedule-40 Pipe in
55-Gallon Drums Before Removal From Trailer After 4l-mph Impact.
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The position of each container in the lower level of the damaged
array was determined by measuring the distance from the rear of the van
to the rear of each container before it was removed from the trailer for
individual measurement and photography. The reference point on each
drum was approximately at the midpoint of the outer surface of the drum,
and it was selected to avoid discrete dents or bulges not representative
of the effective surface of the drum. However, it was not possible to
locate the boundary between the two crushed 20-in. birdcages or the
boundaries between the five crushed KKD-1 containers. The position of
each of these packages was estimated by prorating the combined dimensions
in the direction of travel. The lateral position of each package was
also noted. A summary of the average dimensions of the damaged containers
after the 4l-mph impact is given in Table 5.1. The measured positious
of the container arvays in the trailer before and after the 4l-mph impact

are given in Table 5.2.

Table 5.1. Average Container Dimensions After 41-mph Impact?

Average
Average Dimension in Lateral
Direction of Travel of Container Dimension of

Type of in Array Individual Container

Container Row (in.) (in.) (in.)
L. A. B of E 1736P A 12.4 12.9 25,7
UCC 20-in. birdcage B 7.0 24
KKD-1 C 7.5¢ 20
8-in. pipe in drum D 18.8 17.0 22,5
UCC Y-12 foamglas E 20,9 22.7
3-liter Class II H 19.9 22.3
L. A. B of E 1736P H 15.0 24,9

q0riginal ID of drum-type containers = 22,5 in,
brow designated as DOT Specification ICC-6L.

CFor two crushed 20-in., birdcages and five crushed KKD-1 containers.



Table 5.2.

Measured Positious of Containers in Trailer Before and After 4l-mph Impact

Final Distance

Original Distance From Rear to

Dimensions of
Damaged Package

From Rear to Near Near Side of 1& +ab
Side of Container Container (in.) (in.) Remarks
Row A
Front wall 26" 2" (314" 28" 10" (346™)
A-1 cargo (55) 261 2" (290™) 27' 7" (331"
A-2  Cargo (55) 22' 2" (266™) 25' 8" (308"
A-3 Los Alamos 20" 2" (212 24' 8" (296™) 12 26.2 Top cover off
A-b Los Alamios 18' 2" (218") 23' 6" (282" 14 24.8 Top cover intact
A-5 Los Alamos 16' 2" (194") 22' 8" (272" 10 27.3 Top cover off
A-6 Los Alamos 14" 2" (170" 210 7" (259") 13 25.1 Top cover intact
A-7 Los Alamos 12" 2" (146" 20" 6" (246" 13 25.2 Top cover loose
A-8 Cargo (55) 10" 2" (122"™) 18' 7" (223" (Original diam (No visual damage to
A-9  Cargo (55) 8' 2" (98") 16' 2" (194" = 22 1/2 in. inner containers)
Row B
Front wall 26" 2" (314") 28' 6" (342"
B-1 Cargo (30) 24" 6" (294" 27" 0" (324"
B-2  Cargo (30) 227 11"(275™) 25' 8"  (308")
B-3  Cargo (30) 21" 3" (255" 24" 5" (293")
B-4 20" birdcage 19' 2.5" (230.5") 23' 10" (286') 7 Crushed, spacing lost
B-5 20" birdcage 17" 3.5" (207.5") 23' 3" (279" 7 21.5 Crushed, spacing lost
B-6 20" birdcage 15" 4.5" (184.5") 21" 3" (255" 23 21.5 Negligible damage
B-7 20" birdcage 13' 5.5" (161.5") 19' 3" (231" 23 21.5 Negligible damage
B-8 20" birdcage 11" 6.5" (138.5") 17' 3" (207" 23 21.5 Negligible damage
B-9 20" birdcage 9" 7.5" (115.5") 15' 3" (183" 23 21.5 Negligible damage
B-10 ¢Cargo (30) 7' 8" (92" 12 1" (145™) (Originally (some steel banding straps
B-11 Cargo (30) 6' 1" (73" 10 2" (122" 23 by 21.5") broken B-6 to B-9)
Row C
Front wall 26' 2" (314") 28' 5" (341")
C-1  Cargo (30) 24" 6" (294") 27' 5" (329"
C-2  Cargo (30) 220 11" (275" 26" 0" (312")
Cc-3 Cargo (30) 21' 3" (255" 240 9" (297"
C-4  KKD-1 19' 6" (234" 24" 2" (290™) 7 20 Crushed, spacing lost
Cc-5 KKD-1 18" 2" (218") 23' 7" (283") 7 20 Crushed, spacing lost
C-6  KKD-1 16' 10" (202" 220 11" (275" 8 20 Crushed, spacing lost
c-7 KKD-1 16" 6" (186™) 22' 3" (267" 8 20 Crushed, spacing lost
C-8  KKD-1 140 2 (170™) 21 7" (259" 8 20 Crushed, spacing lost
C-9 KKD-1 127 10" (154" 20" 3" (243" 16 16 Negligible damage
C-10 KKD-1 11' 6" (138") 18" 11" (227" 16 16 Negligible damage
C-11 Cargo (30) 7' 6" (90™) 14' 5" (173') (Originally (Some denting of birds C-4
C~12 Cargo (30) 5' 11" (71" 11" 7" (139™) 16 by 16 in.) to C-8, 3 threaded plugs in
containment vessel loosened)
Row D
Front wall 26" 2" (314™) 29' 3" (351"
D-1 Cargo (55) 24" 2 (290') 27' 9" (333"
D-2  Cargo (55) 22' 2" (266™) 26' 1" (313"
D-3 8" pipe 20" 2" (242™) 24" 7" (295") 18 22.5 Top closure intact
D-4 8" pipe 18 2" (218" 23" 0" (276") 19 22.5 Top closure intact
D-5 8" pipe 16' 2" (194" 2LY 5" (257" 19 22.5 Top closure intact
D-6 8" pipe 14' 2" (170") 19' 10" (238" 19 22.4 Top closure intact
D-7 8" pipe 12' 2" (146™) 18" 2" (218™) 20 22.3 Top closure intact
D-8 Cargo (55) 10' 2' (122" 16' 7" (199" (Original diam {no apparent damage to inner
D-9 Cargo (55) 8' 2" (98™ 12' 5" (149™) =22 1/2 in.) containers)
Row E
Front wall 26' 2" (314"
E-1 Cargo (55) 247 2" (290™)
E-2 Cargo (553) 22' 2" (266™)
E-3  UCC Y-12 20" 2" (242™) All Y-12 Foam- 19.3 23.0 Top closure intact w
E-4 UcC Y-12 18' 2" (218" glas containers 21.0 22.8 Top closure intact o
E-5 UcCC Y-12 16" 2" (194") first row upper 21.0 22.5 Top closure intact
E-6 UCC Y-12 14t 2 (170" layer thrown 21.2 22.7 Top closure intact
E-7 UCC Y-12 12" 2" (146') from van 21.7 22.6 Top closure intact
E-8 Cargo (55) 10' 2" (122" (Original diam (Considerable indenting and
E-9 Cargo (55) 8' 2" (98" = 22 1/2 in.) some perforation of inner
Row H containers)
Front wall 26" (312")
H-1 Cargo (55) 24! (288"™)
B-2 Cargo (55) 22! (264"
H-3 3-liter 20! (240™) All three 3- 1.0 23.0 Top intact
H-4  Los Alamos 18! (216" liter and two 15.2 25.2 Top intact
H-5 3-liter 16’ (192" L.A. contain- 19.1 23.2 Top intact
H-6 Los Alamos 14" (169™) ers thrown from 14.9 24,7 Top off, vermiculite lost
H-7 3-liter 12! (144™) van 21.6 23.0 Top intact
H-8 Cargo (55) 10’ (120™) (Original diam
H-9  Cargo (55) 8 (96" = 22 1/2 in.)

a . . .
Measured in the direction of travel

b . .
Measured perpendicular to the direction of travel
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The individual containers were measured after the 41-mph impact,
and these dimensions are given in Table 5.3. The leading edge of the
container in the direction of travel is recorded as 0° and was determined
from the markings on the containers and a review of the motion pictures
taken with the overhead camera. The diameters of the damaged containers
in Rows A and D were obtained from inside spacing measurements plus the
diameters of the birds, and these measurements do not in all cases match
the outside diameter measurements: because the two sets of measurements
were made at different points on the drums.

Based on a review of the motion pictures taken with the overhead
camera and visual inspection of the actual damage done to the containers,
it was concluded that the damage inflicted on the test containers thrown
from the trailer was essentially the same as that which the containers
would have experienced had they remained on the trailer. The maximum
"e" force indicated by the accelerometers in the horizontal direction of
travel was 55 '"'g'" for the Union Carbide Corporation 20-in. birdcage and
94 "g" for the KKD-1l bird. A general description of the damage done to

the individual containers is given in the following paragraphs.

(a) Los Alamos B of E Permit 1736 Containers. The bird of the

Los Alamos container consisted of a 6-in.-diameter Schedule-40 steel
pipe contaimment vessel 28 in. long with threaded end caps. The bird
was supported by four 0.25-in. steel rod spacers 90° apart and by ver-
miculite within a steel drum. The drum was an 18-gauge steel 55-gallon
Spec. 6J drum with a l6-gauge removable head with one or more corruga-
tions near the periphery. There were seven of these containers on the
trailer in positions A-3 to A-7, inclusive, and in positions H-4 and
H-6.

After the impact, the drum covers were off the containers at posi-
tions A-3, A-5, A-7, and H-6. Closure of the drum covers was effected
with a 12-gauge ring with two metal tabs looped over at the eunds of the
ring to receive a 5/16-in. bolt. These metal tabs opened and the drums
lost their covers, Considerable vermiculite was lost from three of the
containers even though they remained upright. The average loss of

spacing in the direction of travel was greater for these containers than
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Table 5.3. Measurements of Individual Containers After the 4l-mph Impact

ROW K
CONTAINER Los Alamos
ARRANGEMENT B.of £, 1736,
A9 | A8 A7 | A6 A5 | Ak | A3 | Az | AL | BIoAT
55gal 55gal| LA LA LA LA ! LA | 55gal |55gal [-CAB
7501b [750 1b{ 2571b|2521b | 2591b ' 1981b12631b_| 7501b |7541b ]
L INSIDE SPACIRE ” OUTSIDE DIAMETER
Location J° 90° ! 150° ! 270° 0°-180° | 90°-270° Renarks
A3 Ton -+ 11 135/35" 9 3/8% 13" 26 1/4" Cover Loose, Rin
Hiddle 1 7/8" 2 7/8% 2 1/3m 10 3/4" 10 1/2% 27 1/2m in Place
Botton ! 1/4" 7 5/3" 2 1) 5/8" ! 9 3/4" 24 3/4"
Top i 37/8" L gn b L 9 3/h" !# 19 +" 23 5/8" Cover Intact,Lock-
A4 Middle ! 35/8" |9 3/8" |3 1/2v 0 3/L" 1L 26 1/2m ed with A5
Bottom 13 3/s"_»_j]__ﬂz_}»’:_i_wg/u" 9 8 3/8" | 24 1/4"
Top 1 7/8" 11 3/47 2 1/3" 11 1/3" 10" 28 7/8" Cover Off, Rim _
AS  middle 3 3/4v 10 S/8¢ 11/2v 10 7/38" 13 1/2¢ 28 1/8" Failed, Locked to
3otton 3 5/8" 8 3/8" 1% 9 1/2n %11 174" 24 3/4" A
Top 4 5/8" 9 3/4" 5" 9 3/8" {117 1/4™ | 24 1/8" Cover Intact, Bolt
A6 Middle 41 10 1/8" 3" 9 3/41 14 3/4" | 26 5/8" Bent
totton 4n 9 1/8" o g 5/8" 10 5/8" | 24 1/2¢
Top 5 g 3 1/4n 9 1/4" 15 1/8" 24 5/8" Cover Loose, Rim
A7 diddle 4 172" 10" 2 35/8" 9 5/8" 14 1/8" 26 5/8" Failed
Botton 3 3/8" " 1 35/8" 9 1/8" 12 5/8" 24 3/8"

(1) Drum to Face of Bird,
. Birc 6 5/&" 0.D.
o ~3" Nowmal

« o ¥ a0 : o 3
lly \\\\,J nside Spacing

a7o* /ﬁ‘oo'

qent

\ /

;z;$\\~k~//%135
12’

Remarks:

Carno Drums:
Al, Cover Off, Crushed 25"x17"
A2, Cover CGff, Crushed 25"x13"
A8, Intact, Slight Bulge at Bottom
A9, Intact
Test Containers:
A3 to A7, Average Outside Diameters
after test -12.9" x 25.7"
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ROW

B

CONTAINLR

UCC 20-in.

BIRDCAGE B4 to D9

B-11 6-10 B-9 B=-8 B~7 B0 B=-5 B-4 B-3 B-2 B-1
30gal | 30gal | ©.R.20" | 0.R,20" | 0.R.20" | 0.R.20" | O.R,20" | 0.R.20" | 30pal| 30gal| 30gal |+CAB
7504 | 7524 141# 1374 1344 1364 1364 1364 7454 | 750# | 750#
CONTAINER REMARKS
- B4 Bird Petached from Frame, Broken Welds
35 Bird Resting on Side of Box, Broken Welds _
B6 No Apparent Damagc
B7 No Apparent Damage
23 One Box Strap Broke, No Other Apparent Damage
39 Nails Pulled from Box, No Other Apparent Damage
Cargo Drums: B-1, Cover Off, Crushed 18"x13" B-10, Intact
B~2, Cover OK, Crushed 18"x13" B-11l, Intact
B-3, Cover OK_.
ROW C
CONTAINER DOV KKD-1,
ARRANGEMENT C-4 to C-10
iC-LZ C~11 | C-10 -9 | C-8 Cc~7 C-6 C-5 C-4 Ce3 C-2 C~1
ISOgal 30gal | KKD-1 | KKD-1 | KKD-1 1 KKD~1 | KKD-1{ KKD-1 | KKD-1 } 30gal | 30gal | 30gal |+CAB
750# 7474 1274 1274 127# 1274# 1274 1274 1274 7504 7504 7504
CONTAINER REMARKS
C~4 Welds Cracked, Frames Bent, Birds Struck and Dented
c-5 Sane as C4
C-6 Same as C4
C-7 Sanc as C4
C-8 Same as C4
C-9 Front Frame Bent Inward - 1/2" at Top, 2" at Bottom
C-10 No Anparent Damape

Cargo Drums: C-1, Cover OK, Crushed 18"x13"

C-2, Covor OK, Top 1/4 Pushed in 4" by C3

C-3, Cover Off, Crushed 20"x13%

C~11, Intact

C-12, Intact
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Table 5.3 (continued)

ROM D
CONTAINER 8~in. BiEe
ARRANCEMENT D3 to D7
by us D7 D6 DS D4 D3 D2 vl
§5¢al | 55zal | 0.R.8" [0.R.8" | 0.R.,8" | 0.R.8" | 0.R.8" | 55zal| 55g5al | -+CAB
750# 7504 2064 2935k 296H# 2984 296# 7504 755+#
: ] ey i | .
; INSIDE SPACTNG I OUTSIDE DIAMETER
i H i
Location i| 0° 90° 180° | 270° 110°-180° | 90°-270° Remarks
: . i Cover OK, Dent Below
D3 Top ! 6" 7" 4 1/8" | 6 7/8" || 19 1720 | 22 1/4" Lid, Bottom Buldacd
i 47 Down and Turn at
Middle I3 178" il 2 1/8" | 7 1/8" {114 s/g" | 22 5/8" 215°, Spacers Bent,
il Telds Cracked
Bottom || Q" 6 3/4" on 6 7/8" || 7 1/2" | 22 3/4v
!
Top s 4" 7" 33 7" 18 1/8" | 22 3/4" | Cover OK, 8" Opening
D4  diddle *}3 3/L" 7" |2 3/L" 7" 15 172 | 22 1/2" | Below Lid at 150°,
’} i Spacers Bent, Welds
Bottom || 3" 6 7/8" ot 6 5/8" [113 5/8" | 22 3/8" Cracked
t
Top ] 5 3/4" 7Y 4 3/4m 7" 1 18 3/4" | 22 3/4v Cover 0K, 8" Opening
1 |[
D5 Middle l 4 3/4" 7 a1/20 0 ] qge 22 5/8" | Below Lid
; i -
Bottom 1 4 1/8" 7 1/8" | 4 6 3/47 H 15 3/4" 220
' |
Top 4 3/4" 6 7/8" 4 7/8" 6 7/8" | 19" 22 3/4" Cover OK
i
D6 lliddle 3 3/4" 74 4 5/8" 6 7/8" | 17 5/8" 22 1/8"
|
Bottom 3 3/47 6 7/8" 4. 1/2 7 ;! 17 3/8" 22 1/2"
i
Top I|6 3/4m ‘ 7" 6 3/4" 70 {22 144" | 22 1/2" | Cover OK
i
D7 Middle |! 6" 70 ! 6" 7" 20 3/8" 22 3/8%
Bottom h S 6 7/8" ! 4 3/4m 6 3/4" 17 1/4n 22"
(1) Drum to Face of Bird. Remarks:
Bird 8 9/16" 0.D, Cargo Drums:
o* ~~7" Normal D1, Cover Loose, Crushed 27''x16"™

D2, Cover Off, Crushed 28'xlé"
D8, Cover Off, Crushed 24''x15"
D9, Intact
Test Containers:
D3 to D7, Average Outside Diamecters
after test - 17" x 22.5"




Table 5.3 (continued)

ROW E
CONTAINER UCC Y-12
ARRANGEMENT Foamglas
E9 ES L7 . E6 T E5 | B4 T L3 ‘ EZ 1 L3 to E7
55gal | 55gal Y-lz-t Y-12| Y12 | Y=12| Y-12 | S5gal| SSgal |-+CAB
7478 7524 14647 148# | 1474 | 1474 1474 | 752+ 7504
1 I
! QUTSIDE DIAMETER i REMARKS
Location |!0°-180° | 45°-225° 90°~270°¥135°~315° IES to L7 Thrown from Van
Top 21 1/4n [ 22 1/2v |22 3/4¢ ? 22 3/4v 'Cover OK, 1 1/2'" Buldpe at Bottom,
L3 i
Middle 20 3/4m (22 1/2" 23" ! 23 1/2" |lInner Container Seam Split at 30°,
[ .
Bottom 17 1/4™ |19 3/4" | 23 1/4" | 24" Not Able to Remove from Cavity
Top 22 1/8" |22 3/8'" | 22 3/4" ! 22 3/4" iCover OX, Slight Binding of Inner
i i
E4 Middle 22 7/8" |20 7/8" |22 7/8' ! 22 1/2" !LContainer, Seam Opencd, Cavity
i ! .
Botton 18" 20 3/b" | 22 578" 22 5/8" |16 3/4" x 6 1/8"
Top 21 3/8" |22 1/2 |22 1/2" | 22 7/8" |lcover 0K, Inner Container Dented,
ES Middle 21 3/4n |22 3/8'" {22 5/8" | 22 7/8'" |{Bottom Seam Parted 1/2", Cavity
Bottom 19 3/4" |20 3/8" | 22 1/2" | 23" 6 7/8" x 5 7/8"
)
Top 22" 22 1/2" |20 7/8" | 22 1/2" |lCover OK, Cavity Dented All Around,
E6 Middle 21 172 |22 578" | 22 5/8" | 23" Inner Container Seam Parted at 160°
: ]
Bottom 19v 23" 22 5/8" ¢ 23"
Top 22" 22 5/8" | 22 5/8'% | 22 5/8" |[iCover OK, Iuner Container Lid Loose
t
E7 Middle 21 1/8" |22 3/4" | 22 3/4" | 22 3/4" !IAll Around
Bottonm 22" 22 5/8" | 22 1/2“} 22 1/2n |
Cavity - 6 5/8" 0.D, Remarks:
" Cargo Drums:
. ° . £1, Cover Off, Crushed 29'x12"
33, 45 E2, Cover Off, Crushed 24"x]e"
E8, Intact
29" (Z:) 70° E9, Intact
Test Containers:
12c0 E3 to E£7, Average Outside Diameters
<

Qago
/80°

after test - 20.9"x 22.7"



Table 5.3 (continued)
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RO _H
CONTAINER Dow L-3, HZ, 5 &7;
ARRANGEMENT Tos Alamos B, of E.
HS T HS TR T W THS T RETHS TTHIUTHI 1736, H1 G 6
55ga) {55gal | L-3 ‘ LA1736 | L-3 LA1736 | L-3 SSgal | 55gal| ~CAR
7504 7508 285#[ 2524 k}SS# 2594 285# | 750# 7554#
;i QUTSIDE DIAMETER REMARKS
\ 7
Location ' 0°-180° | 45°-225° 90°-270°§135°-315° H3 to 117 Thrown from Van
Top 22" 22 3/4" |22 1/2" 22 1/4" Cover Intact
- Middle 15 3/8" 25 7/8" 17 3/4" 15 1/2v
Bottonm 19 1/2v 20 3/4n 22 1/4" 18"
Top 21 7/8" 21 7/8n 22 1/2" 22 1/2" Cover Intact
HS Middle 18 3/4v 23 1/2" 24 1/2" 23 1/4"
Botton ! 16 5/8" 22 1/4n 22 1/2 1 19 3/4"
Top 18 7/8" - 23" ] - Cover Intact
H7  Middle No Chahge
Bottom No Change !
Top 18 1/2" | 20 1/2" |23 1/2" | 23 3/4" || Cover Intact - Maximum
H4 Middle 15" 20 1/4n 25 1/2¢ 25% Damage on Bottom
Botton 12" - 26 1/2" -
Top l 13 1/2" 21" 26" % 25" Cover Off, Vermiculite
H6  Middle 14 1/2" - 25" 5 - Spilled
Bottom 16 1/2" - 23" } -
Dow I3 - Bird 5 1/27 0,0, Rerarks:

H1,
12,
us,
19,

Cargo Drums:

Cover Off, Crushed 28"x14"

Cover Off, On Ground, Crushed 25'"x19"
Neglible Damage

Neglible Damage

Test Containers;

H3, 5 & 7 - Average Outside Diameters after
test - 19.9" x 22.3"

H4 & 6 ~ Average diameters after test -
15" x 2h.9"
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for the other drum types of containers tested. The containers at the
positions A-4 and A-5 are shown locked together as a result of the impact
in Fig. 5.20, and an inside view of container A-4 is shown in Fig. 5.21.

A view of the inside of container A-5 is also shown in Fig. 5.22.

Fig. 5.20. Los Alamos Con- Fig. 5.21. View of Inside
tainers A-4 and A-5 Locked of Los Alamos Container A-4 After
Together After 41-mph Impact. 41-mph Impact.

Fig. 5.22. View of Inside of Los Alamos Container A-5 After 4l-mph
Impact.
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The Los Alamos drums showed considerable distortion as a result of
the 4l-mph impact. The average outside dimensions of the damaged con-
tainers at positions A-3 to A-7, inclusive, were 12.9 by 25.7 in. The
containers at positions H-4 and H-6 were thrown from the trailer, and
their average outside dimensions were 15 by 24.9 in. However, the con-
tainment vessels appeared undamaged as a result of the impact. The out-

side view of container H-4 is shown in Fig. 5.23, and a view of the

Fig. 5.23. Outside of Los Alamos Container H-4 After Being Thrown
From Trailer as a Result of the 4l-mph Impact.

inside of container H-4 is shown in Fig. 5.24. It should be noted that
the vermiculite had been removed from the containers before the photo-

graphs shown in Figs. 5.21, 5.22, and 5.24 were taken.
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Fig. 5.24. View of the Inside of Los Alamos Container H-4 After
the 4l-mph Impact.

(b) Union Carbide Corporation 20-in. Birdcage. The containment

vessel (bird) of the Union Carbide Corporation, Nuclear Division, 20-in.
birdcage consisted of a steel pot with a diameter of 10 in., an inside
height of 5 in., and a flanged cover. The bird was welded to a 20- by
20-in. steel frame made up of 1 1/2 x 1 1/2 x 1/8-in. angles and enclosed
within a steel-banded 1/2-in.-thick plywood box. Six of these containers
were in line on the trailer in positions B-4 through B-9.

After the 4l-mph impact, containers B-4 and B-5 were crushed with
loss of all spacing between the containment vessels. The bird was
detached from the frame of container B-4, as is shown in Fig. 5.25 with
the outer plywood box removed. The 20-in. birdcage at position B-5 is
shown in Fig. 5.26 with a portion of the plywood box removed. The con-
tainers at positions B-6 through B-9 showed negligible damage with no

loss of spacing.
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Fig. 5.25. Union Carbide Corporation 20-in. Birdcage B-4 With
Outer Plywood Box Removed After 4l-mph Impact.

Fig. 5.26. Union Carbide Corporation 20-in. Birdcage B-5 With
Portion of the Outer Plywood Box Removed After 4l-mph Impact.



65

(c) USAEC Design KKD-1 Birdcage. The bird or containment vessel

in the USAEC Design KKD-1 birdcage was comprised of a 5-in.-diameter
Schedule-120 steel pipe 11 1/2 in. long with a threaded plug and stain-
less steel O-ring gasket within a pressure-cooker type of container also
sealed with a stainless steel 0 ring gasket. The bird was supported by
a frame of 3/4-in.-diameter 16-gauge steel tubing, and this 25 in. high
by 16 in. square frame was enclosed within a corrugated cardboard box
banded with steel straps. There were seven of these containers in line
on the trailer in positions C-4 through C-10.

As a result of the 4l-mph impact, containers C-4, C-5, C-6, C-7,
and C-8 were crushed with loss of all spacing between the containment
vessels. There was no loss of spacing or apparent damage to containers
C-9 and C-10. Some denting of the birds was noted, and the threaded
plugs of the containment vessels in three of the damaged containers
could be loosened by hand. However, the plugs on the containment vessels
of these containers were not examined for tightness prior to the impact
test. The KKD-1 containers after removal from the trailer following

the impact are shown in Fig. 5.27.

(d) Eight-Inch-Pipe-Inside-Drum Containers. The containment.

vessel in the drum container was an 8-in.-diameter Schedule-40 steel
pipe 24 in. long. This pipe was supported by two tiers of 1 1/4 x 1 1/4
x 3/16-in. steel angles 60° apart and a 3- by 1/4-in. bearing band spot-
welded to the steel drum. This 55-gallon drum was of 18-gauge steel and
had a l6-gauge cover. Five of these containers were in line on the
trailer in positions D-3 through D-7.

After the 4l-mph impact, all of these test containers retained
their covers. The drum closure was effected by a l2-gauge ring with
drop-forged lugs, one of which was threaded to receive a 5/8-in.-diameter
bolt. The average outside dimension of the damaged containers in the
direction of travel was 17 in., and the average lateral dimension was
22.5 in. The outside of the 8-in.-p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>