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ABSTRACT

Information was needed on the fragmentation of trees and automobiles in the
10- to 50-psi peak overpressure range ol a high-explosive test, as part of a program
to evaluate the hazar:ds of these debris sources near certain blast-hardened
facilities. Toward this objective, full-size trees and automobiles were exposed at
Event Dial Pack, a test operation where a 500-ton TNT surface charge was detonated.
Three spruce and three aspen trees were subjected to this blast at both the 15- and
50-psi overpressure locations, and four automobiles were placed at each of the 15—,
30-, and 50-psi positions, with another stationed at 10 psi.

The fragmentations of these trees and automobile.; are described by determin-
ing the weight distributions and size descriptions of th: tree debris and the weight
distributions of the automobile debris as a funciion of overpregsure. Tt is found
that about 60 percent of the branchwood weight was fractured from the trunk frag-
ment sections of the tree species at 15 psi, and nearly 100 percent at 50 psi. Also,
on the avsrage, 15, 80, 160, and 400 pounds of debris originated from each a.itomo-

bile at 10, 15, 30, and 5( psi, respectively. The tree-fragmentation results from

this project compare quite well with those obtained from similar tests conducted in
a shock tunnel,
As secondary objectives, the dispersion and lofting of the {ree and automobile
! debris at their respective source overpressur? positions are approximated., The
dispersion estimates are based on the recorded ¢ground distributions of these
debris, and lofting estimates are gained from the high-speed movie films taken.
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PREFACE

Project LN108 at “vent Dial Pack was performed to obtain information on
vlast-generated tree and automobile debris with regard to the SAFFGUARD AEM
System (for which Bell Telephone Laboratories is doing the research and develop-

ment) and with regard to the blast-hardened com.auni 2ation network system,

The author would like to acknowledge E. F. Witt of Bell Telephone Laborato-
ries for his aid in planning and conducting this investigation: A. P. R. Lambert,
Resident Project Officer, for his able assistance in coordinating the project ficlu
operations: and L. Giglio-Tos of U. S. Army Ballistics Research Laboratories
for providing pressure-transducer support instrumenta!ion to obtain the project
overpressure recordinss, as part of Project LN101, which was under his direction.
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hl ABSTRACT

Information was needed on the fragmentation of trees and automobiles in the 10-
to S0-psi peak overpressure ranze of a hiph-explosive test, as part of a program to
eviluate the hazards of these debris sources near cortiain blast-hardened facilities.
Toward this ohjective, full-size trees and automobites were exposed al Event Dial
Pack, a test operation where a 500-ton TNT surface charge was delonated. Three
spruce and three aspen trees were subjected to this blast at voth the 15- and 50 -psi
averpressure locations, o .d four automobiles were placed at each of “he 15-, 30-,
and 50 -psi positions, wita another stationed at 10 psi.

— T D T

The fragmentations of these trees and automobiles are described by delermining
the weight distribulions and size descriptions of the tree debris and the weight dis-
tributions of the antomobile debris as a function of overpressure. It is found that
about 60 percent of the branch wood weight was fractured from the trunk fragment
seclions of the tree species al 15 psi, wnd nearly 100 nercent at 50 psi. Also, on
the average, 15, 80, 160, and 400 pounds of debris orginat 2d from cach automobhile
at 10, 15, 30, and 50 psi, respectively. The tree-fragmentation resulls from this
project corapare quite well with those obtiained from similar tests conducted in
shock tunnel,

As secondiry objectives, the dispersion and lofting of the tree and automobile
delLers ot theis vespective source overpressurve positions are approximated.
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CHAPTER 1

INTRODUCTI{ON

Debris sources in the vicinity of SAFEGUARD ABM sites and blast-hardened
communication stations could be a major hazard to the functioning of these systems
in the event of a nuclear attack. A blast wave produced by a large-yield nuclear
! detonation near such farilities would fragment these sources and transpor: the
resulting debris significant distances. The high-energv impacts of this de>ris and

1
!
1

its accumulation are capable of causing damage to, and malfunctions of, vitel system
i components.

$HL Y

Essentially, the SATEGUARD sites and the hardened communication stations )
, are each designed to withstand a certain prescribed nuclear blast environment and

the corresponding nuclear weapons effects. This fact implies, among other things i
r{ that the sites und stations must be able to tolerate the expected debris hazard con- ;
: ditions posed by nearby debris sources and associated with their prescribed design g
environment (and any less severe environment). :

i.1 BACKGROUND AND THEORY

Toas

7Y

A debris studies program has been underway at Bell Telephone Laboratories
to determine and describe the debris hazards of various typical debris sources

associated -vith the above-mentioned prescribed design nuclear blast environments.

§ 57 gy sl e i o

Since buildings, trees, automobiles and other vehicles are usually the most pre-

i dominant and most hazardous types of debris sources found close to the abave-stated ‘
¥ hardened facilities, efforts have been primarily directed toward des ribing the j
f hazards of these source types for the blast environments of interest. The ultimate *3
‘ purpose of this program is to recommend appropriate protc five measures or ]

changes to be taken in those instances where the hazard is determined to be too

severe.

LT

1.1.1 Present Model. Because of the nuelear test ban, debris hazard information

{370

¥ revarding a specific source cannot he dirzctly oblained by conducting tests at the

prescribed high-weapon-yield environments of interest. An alternative approach :
?‘ had in be devised instead. Consequently, a model has been developed with the capa- é
B bility of predicting the debris hazard conditions of any given source for any given @
r_'_ blast environment in the region of Mach reflection. However, the model has to be ﬁ
E supplemented with data on the fragmentation of the source primarily, and on the ;h
¢ 1 '
:
k
£
%
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lofting and dispersion of the source debris secondarily, in the specified environment
before an accurate debris hazard prediction can be made. The dispersion of debris
refers to the tangential or sideward (normal to the radial plane) raovement of debris
during transport relative to its radial transport, in a statistical manner, while
lofting alludes to the statistical vertical movement of debris relative to its radial
transport. Fortunately, the fragmentation, lofting, and dispersion data are approxi-
mately independent of weapon vield, but mainly depend on peak overpressure or

g

actually peak dynamic pressure. Therefore this data can be obtained in low-yield
high-explosive tests. The transport of debris is the main feature simulated by the

model due to strong weapon-vield dependence.

Basically, the model predicts the blast-wave transport of all the debris pen-
erated from a source: the debris hazard conditiors are no more than a description
of the debris transpert phase and the final debris accumulation conditions. Before
g the model can be used, the breakup or fragmentation of the source, or an integral
part of the source, must be known. The source fragmentation data needed are the
weight and size distributions, and their interrelationship, of all the debris originating
from the source (or an integral part). Tris information is required since the weight-
size (shape) relation of a debris fragment specifies its acrodynamic characteristics
which are necessary inpuis or prerequisites for the model transport calculations, and
£ in addition, numbers, weights, and sizes are fundamental parameters in describing
: the hazard conditions. Once this data is experimentally determined for the given
environment, the debris is lumped into groups of similar aerodynamic characteris-
tics and its transport is estimated by numerically integrating the debris transport
equations of motion. A one-dimensional blast wind is assumed in these calculations
b as the euvironments of interes! ~re in the Mach region. The transpor! equations
| do not account for the secondary forces causing lofting and dispersion and therefore,
approximation of these subordinate effecis must also be acquired experimentally.
Ontly the hazard conditions of an integral part of the source (i.e., a single tree or a
sinsle automobile) need be found in this manner when superposition of these inte-
eral resulls can be used by the model for estimating the overall hazard of the entire
source {i.e., a forest or parking {ot). Superposition applies for multiple tree sources

because a blast wind passing throur™ a forest siond has shown evidence of remaining

T R R

one-dimensional with no appreciate attenuation or increase in rise time attribuiable
to the presence ol trees: Operalions Upshot-Knothole (Reference 1) and Castle
(Reference 2). Similar shielding effects for automobiles can be assumed small and

¥ superposition used. However, the shielding effects of closely spaced buildings

cannot be neglected.

VAT

In summary, model predictions of the debris hazard conditions of tree
& sources, automobile sources, and non-close building sources, are contingent upon

LACE e i Kt A

" t
% S S R AN R e ST Sl S i SRS ALl av



%

B,
S 2

T3 352

L3 W 4RI N A RATL Al s Bt & N N g~ BT . i ¥ !

determining the fragmentation, lofting, and dispersion data for the single-tree,
the single-automobile, and the single-building sources, respectively. at the environ-

mental overpressures of interest,

1.1.2 Previous Experiments. The {ragmentation, dispersion, and lofting data

for various types of sincle-building sources were obtained in preiects that partici-
pated in two previous high-explosive “xperimental programs conducted at Defence
Research Establishment Sufficld (DRES), Canada: Operation Distant Flain in 1966
(Reterence 3) and Fvent Prairie Flat in 1968 (Reference 4). The hazard of any non-
close building source can be predicted at the environments of interest using these
results. Analogous tree and automobile information was needed to approximate
their correspondinge hazards, At the present time, no theories exist te aid in the
estimation of tree and automobite fracmertation, or dispersion and lofting of tree
and automobile debris, in anv blast environment., Further.uore, though several
prior experimental tests were indirectly related to the tree and automobile frag-
mentation topics, the datu acquived was usually inappropriate and inapplicable. A

short summary of these tests 'ollows,

Trees have been exposed ir several previous nuclear and high-explosive
tests. However, the tesis were not concerned with fragmentation, but with tree
response to blast leadings, the effect of tree stands on the free-field blast {low, or
the blowdown of trecs duc o blast as a bazard and impediment to troop and equip-
ment movement. Some (ree-debris transport and fragmentation data were indirectly
obtainea in a few of these tests. A literature suvvey on this subject appears in
Reference 5. Unfortunatelv, the fracmentation data is of little value since a complete
survey of all the debris from a sincle tree or eroup of trees is required for an
adequate tree-fracmentation description, Also, all of these latter tests and most of
the other tree tests were conducted at environmental overpressures quite different
from the design overpressures of the hardened tacilities of concern. To {roubleshool
and help plan this project, and obtaan prelimmmary tree-fragmentation data, tree
sections of various tree species were subjected to blasts in the shack tunnel facility
at the URS Research Company in December 1969 (Reference 5). Though not thorough,
the shock tunnel results wer: the only reievant trce-fracmentation data before the
results of this project became knowr. A comparison of carresponding results

appears later in the Results and Discussion chapter of this report (Chapter 3).

Automobiles have been subyected to several nuclear bursts in Nevada, vel
at environments of little intevest, and furthermaore, the prime regard was the damage
sustained and not fragmentation, Jeeps, en the other hand, have been exposed to
several nuclear and hivh-explosive detonations at environments of interests, but
also for purposes of determining their damace and vulnerability under various

blast loadines (References 6 and 7). Nevertheless, the postshot photographs of
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these jeeps give an ide: of their overall fragmentation under such conditions. The
best estimate of automobile fragmentation before this project followed from the
reasoning that automobile fragmentation would be slight.v greater than jeep frag-
mentation at the same blast environment, This is because automobiles are less
rigidly constructed, thev have a larger number of loosely attached extraneous parts,
and their tumbling transport would be larger since they have a higher drag per

unit weight in a given environment,

1.2 OBJECTIVES

The intentions of this project were to cktain data needed on the fragmentation
of trees and automobiles, and on the dispersion and lofting of their respective debris,
in the 10- and S0-psi peak overpressure range of a high-explosive test. The project
was conducted at Event Dial Pack, which involved a 500-ton TNT surface explosion
with the equivalent air blast environment as that from a 1-kiloton nuclear surface
burst. The TNT stack of this event was detonated July 23, 1370. More complete

explanations of these test objectives in this blast [ollow,

The pr ncipal objective was to determine the weight and size distributions,
and their interrcelationship, of all the detris fragmented from typical trees and auto-
mobiles at overpressures between 10 and 50 psi in the Dial Pack blast. To meet
this objective, three aspen (a represertative broadleaf) and three spruce (a repre-
sentative conifer) trees were subjecte 1 lo the blast at both the 15-psi and 50-psi
overpressure locations: and four automo®ites were exposed at each of the 15-psi,
30-psi, and 50-psi locations, with one automobile located at 10 psi. Then after the
shot, the weight and size of all the debris fragments were recorded. The reason
for stationing multiple sources of the same kind or spectie at the same overpressure
was to obtair more reliable statistical averages of these distributions and approxi-

mations of the stalistical variations from these means.

Secandary cbiectives were to determine the dispersion and lofting of the tree
and automobile debris fragments at the overpressures where their respective
sources werce placed. The final ground positions of all the debris fragrients were
recorded, hesides their weizhts and sizes, to estimale dispersion. The high-speed
movies photographed the lofting of debris into the air since this is the most con-
venient method of determining the extent of lofting. "“he films were also taken to
ohserve the fragmentation of certain sources and the dispersion of some debris

during transport to aid in estimaling this effect.

A minor abjective was to situate various square blocks on th > ground and
measure their overall blast transport. The colleeting of this data s part of a con-
tinuing study of the tumbling soil-fragment interaction toward refining the tumbling-

mode transport calculations hy the hazard prediction model,
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CHAPTER 2
PROCEDURE

2.1 PRESHOT PREPARATION

Work at the {est site began about 3 weeks before shot day. Briefly, the pre-
shot activity consisted of readving the twelve trees, thirteen automobiles, tumbling
blocks, and four high-speed movie cameras mourted on top of camera poles, in
their appropriate positions.

Each tree was held firmly upright in position by « 14-inch-nominal steel pipe
(1/4-inch wall thickness, 14-inch outer diameter) that encased the lower 4 feet of
its trunk. It was an easy operation to place the twelve pipes in the ground and erect
the trees in them. First, an 18-irch hole was bored 9 feet into the ground at each
designated tree position. Then the pipes, each 13 feet in nverall length, were lifted
up and lowered into the holes so that only 4 feel of their lengths were visible above
ground. FEach pipe had four 3,4-inch bolt holes, 90 degrees apart, at both the 6-
inch and 3 1/2-foot distan::es from one and. This end necessarily became the top
end ¢s each pipe was put into a hole, Next grout was poured between the walls of
the holes and the outer pipe surfaces unt .l the grout reached ground surface, making
sure that the longitudinal axes of the pipes wcre vertical, After the grout set, soil
was shoveled into the pipes to backfill them up to ground level. When each tree
arrived at the site, it was painted and subsequently hoisted up and lowered 4 feet
into its proper pipe. Eight boits were then threaded through the eight bolt holes
and adjusted accordingly until the tree was vertical and centered in the pipe.
Finally, grout was packed into the void between the tree trunk and inner pipe surface
until the grout became flush with the top end of the pipe. In effect, the pipe-holding
scheme simulated a well developed root system kecause the trees were prevented
from spinning with respect to the ground and fror . being uprooted when struck by
the blast-wave drag forces. This simulation was intended to obtain the maximum
tree fragmentation as a function of root development, though the variation is prob-
ably only sligsht.

About 10 days before the shot, six full-size Quaking Aspens and six full-size
White Spruces were selected on a section of land owned by the Albertan Province
and located about 20 miles west of Didu.mry. These aspen and spruce species were
chosen because thev are representative hroadleaf and coniferous tree species,
respectively, and readily available in the Albertan forests. The botanical names of
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the two test tree species are listed in Table 2.1. Certain constraints, besides the i

. . . . . . - é‘

§ qualification tha* the trees had to be full-sized, guided the selection of the six 2
< a . 9
aspens and six spruces: The trees chosen had to be growing close to one another 4

£ in the forest to simplify and speed the cutting and shipping operations: they had to j
¥ %)
p be les= than 50 feet tall to prevent them from greatly overhanging the 4C-foot flat- 3
g bed trailers used during transit: their maximum trunk diameter; had to be no more ’i
than 12 inches so they [it into the pipes with space {or the grout: and structurally, 3

5 the trees had to be well-developed and not sparsely foliaged since a large quantity |
of tree debris wos needed to observe tree-frasmentation trends. Some approxi- ,"

£ mate propertics or characteristics of the selected {rees appear later in Table 2.2, ;
b E

The tree operationg in the forest beean just two days before the blast was
set off. The cutting of the spruce trees was started first, some 50 hours before
shot time. After the initial two spruces were cut and loaded (each tree was leacdad

i‘ directly following its cutting) onto a 40-foot flatbed trailer in the alternate faishion
: of one treetop forward and the other to che rear, they were wrapped in polyeth /lene
: sheets, tied down, and then hauled 250 miles to the test site. Similarly, the other

§ four spruces were cut, loaded, and transported in pairs. The cutting and loading

? procedure took, on the average, about an hour per tree. The next day, the aspens

i were likewise cut, loaded, and shipped in twos between the 26- to 20-hour period

f before the blast. Special care was taken throughout the cutting and loading opera-
% tions to minimize the breakage of brauches, especially in the case of the less pliant
5 aspen branches; for example, {oliowing cutting, the spruces were lowered slowly

to the ground usine rope and then lifted and carried to the trailers by a bulldozer
while, for the aspen trees, the blade of the bulldozer was first clamped near their
trunk bases, after which they were cut and then carried in a vertical position to the
trailers. The trees were cut as close to shot time as possible and wrapped for

transit to keep their preshot drving to a minimum,

The trees arrived at the site approximately 7 hours after shipment, but un-
loading wo s sometimes delaved because the site was evacuated several times due
to passing thunderstorms. Once the trees were ready to be unloaded, a4 crane was
used to individuvally hook them about two-thirds of the way up their trunks, lift
them off the flatbed trailers, and set them down slowly until their trunk botloms

rested on the ground and their tops were about 15 feet off the ecround. This crane-
held position proved convenient for stripping any damaged branches and for sprayv
painting the trees each with a different color latex paint, while safeguarding the
undamaged branches. After a thorough paint coating, the trees were raised verti-
callv and lowered into the pipes b, the crane. Finally, the trees were anchored
securely in the pipes as mentioned. All the trees were in position 8 hours before

zero hour.
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A photographic summary of the work in the forest and at the test site toward

; readying the trees is shown in Figure 2.1,

; Preparation of the automobile part of the project did not entail as much effort

g as the tree portim. After the thirteen automobiles were procured, descriptions of
their conditions were recorded (Appendix D) and their major parts were code-
marked with either paint or a felt pen for postshot identification. The automobiles

s were not oriented at their spots until the day before the firing so that they would

not interfere with the preshot veiicle movement of other projects.

Four diffcrent kinds of tumbling blocks were placed in the blast. The block
types were 1-fool-square solids differing only in weight (or density) and material
composition, Sone blocks weighed 65 pourds and were made of 3,4-inch plywood
outer shells filled with cement. The other weight-material types were constructed

ARy

of 10-pound flexible polvurethane foam, 2-pound [lexible polyurethane foam, and

i 2-pound rigid styrofoam. The 65-pound blocks were made at the test sile and the

others were specially ordered. After ucquisition, the only preparatio~ was to paint
;L» each of the tumbling blocks a differeni color or pattern. The tumbling blocks wire
B aot positioned until the morimg of the shot hecause they also would have restricted
I the preshot vehicle movement of other projects, and moreover the lichter tumbling
: blocks were susceplible to being blown about by any moderate preshot wind

conditions.

Four high-speed movie caneras viewed certain sections of the project area
during tne blast. Two hwh-specd cameras were mounted on a 50-foot pole and the

other two were mounted sincularly on 20-foot poles. Putting the three poles in the

st — S
5 A S P D R = P TN

ground was routine, However, it was necessary to stabilize the poles to prevent
them from being shoken, and perhaps broken, by the blast forces, Stabilization of
the peles was accomplished using a guy-wire arrancement: at each pole position,

T AT T T R AT T

three 8-inch bell anchors were driven and secured well into the ground (6 to 8 feed

deep at about 30- to 40-decrvee anzles with vertical), after which three wire ropes

-

SRVl ik e 3

were hung between rastencrs bolted near the top of the pole and the turnbuckles
attached to the bell anclior connecting rods. and lastly, the suy-wire ropes were
tichtened by threadine the turnbuckies, The positions of the bell anchors relative
to each pole were chosen so the strung wires made approximately 45-degree angles
with respect to the pole and, when lookine down from a2bove, went oul [rom the pole
in directions 120 degrees apact, with one of the wires pointing toward eround zero,
The cameras were housed inside protective aluminum boxes clamped near the top
of the poles bove the cuv-wire lasteners. To conclude the preparation of these
camera poles, the camera timing-sivnal power connections were made and the
carmeras were aimed, focused, and checked in test runs, Figure 2.2 shows the two
camera boxes and the guy-wire arrangement of the 50-foot pole, In this figure,
the cameras arce being loaded with dummy film for a test run.

7
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2.2 INSTRUMENTATION AND REQUIRED DATA

The only instrumentatior set up specifically for this project consisted of the
four high-speed movie cameras. Project LN101 provided support instrumentation,
in accordance with the objectives of that project, by wiring and cementing a self-
recording pressure transducer into the ground at both the 15-psi and 50-psi tree
group positions to corroborate the overpressure levels attained there. Further
details recarding the type, operation, and setup of the two pressure transducers
appear in the Preliminary Project Officers Report of Project LN101 (Referencz2 8).

Fach tree eroun was viewed from a distance by a high-speed movie camera
pointed toward ground zerc and by a high-speed movie camera from aside at right
angles te the radial piane throucsh the center of the group. The two cameras aimed

b toward ground zero, each mounted on a 20-fcot pole, were to photograph the disper-
I sion of (ree debris at 15 psi ana 50 psi, accordingly. The (wo cameras mountad on

the 50-foot pole were focused on the radial or expected planes of tree bending to
f photograph the tree responses in these plan:s and the lofting of tree debris 1t 15 psi
{ and 50 psi, correspondingly. The exact locition and viewing angles of the cameras w
k are shown in the next section. Although the cameras were sighted on the tree :
g groups, the lofting aad dispersion of some automobile debris hopefully would be |
"' seen siince son.e automobiles were in view or nearly in view, »é

All four high-specd movie cameras were Hycam unregulated models with 1

: 100-foot film capacities. The two cameras on the 20-foot poles were fitted with 3
* 2-inch lenses and the two on the 50-foot pole with 4-inch lenses. All the lenses ]
. were opened to aperture readings of f/2.8. Anscockrome D-5C? was used. The :
i cameras were run on 129 volts, resulling in approximate exposure rates of 4000 i
¢ frames per second once the films were up to speed. Timing marks were super- 1
i imposed on the films every millisecond for accurate time-reference purposes. The §
§ cameras were all started at 0.75 second before time zero (-0.75 second) so the %
Ei films were up to speed when the blast wave struck the trees in view, d
i The required data from this project were th2se film records, a comy'ete de- 3
? scription (weight, size, postshot location, and «riginal source) of all the tree and ’3
:" automobile debris, and the postshot positions ol the tumbling blocks. As mentioned 4
:' in the Objectives section of Chapter 1, the high-speed films were taken to help 3
E estimate the lofting and dispersion of tree and automobile debris. The complete 4
g debris description was needed to determine the weight and size distributions (and ﬂ
g their interrelationship) and also to estimal. the dispersion of the debris frap- ;

mented from the trees and automobiles. The purpose of placing the tumbling blocks )1
;E in the blast was to measure their blast-wave transport. While the film records were 3
¥ exposed during the blast, the tabulation of the debris data and the transport data 2
£
b 8
i
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could ot begin until after the shot. The tumbling transport distances of the tumbling
blocks were easv to determine by surveying, but the debris data collection required
the use of special methods that are described in the Postshot Activity section of

this chaptor. Though the pressure-transducer records were not physically obtained
in this project, they were supplementary project data requirements to verify the

overpressure levels at each tree grour,

2.3 FINAL TEST SETUP

An aerial view of the overall proiect setup is shown in Figure 2.3. The TNT
stack is visible in the upper righthand corner. The six trees placed at 50 psi and
the six trees placed at 15 psi are distinguishable in this photograph, w'th the 50-psi
tree group obviously being closer to the stack. The three trees on the right in each
group are the aspens, while the three leftmost trees in the groups are the spruces.
All thirteen automobiles that were posit oned in the blast can be seen in the figure
too. With recspect to the directional viev' of the picture, the four automobiles that
werce situated at 50 psi are between and to the left of the 50-psi trees; the four
automobiles placed at 30 psi are between ground zero and the 15-psi trees; the four
positioned at 15 psi are to the left of the 15-psi trees; and the one put at 10 psi is
to the extreme left in the photograph. The i0-psi automobile was side-on to the
blast, while two automobiles were oriented side-on and two were oriented front-on
at each of the other three overpressures where the automobiles were stationed.
The intention was to see if perhaps the orientation of the automobiles might have

some noticeable effect on their fragmentation.

Figure 2.4 is a scaled drawing of the project layout. Indicated are the posi-
tions of the twelve trees, the thirteen automobiles, the tumbling blocks, the two
support pressure transducers, the three camera poles, and two 25-foot distance-
reference poles used to establish a distance-scale relation on the high-speed movie
films, The basic features and approximate viewing angles of each high-speed movie

camera are noted,

For easy reference purposes, numbers are assigned to the trees and auto-
mobiles as shown in Figure 2.5. The trees were numbered by proceeding from
right to left in Figure 2.3, starting with the 15-psi trees. No special method was
used to number the automobiles. This figure is just an enlargement of the 15- to
50-psi region of Figure 2.4, with just the {rees and automobiles drawn.

The exact locations of the trees and their approximate characteristics are
presented in Table 2.2, The table is arranged according to ascending tree numbers.
The surveyed tree positions are given by listing their ground range or radial
distances from ground zero, and their bearings or clockwise angles from ""called
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North" at ground zero. The four basic tree characteristics that are tabulated de-

note approximations: The approximate average breast-height trunk diameters were é
found by dividing the approximate trunk circumferences at breast height by 7. the ;
I tree heights were estimated by comparing the trees with the 25-foot distance- ;
reference poles in still photographs: the tree weights were roughly calculated by %
| summing the weichts of postshot debris and remains of each trece iucluding 1

estimates of the trunk weights in the pipes: and the branchwood weights were deter-

mined by sublracting the approximate tree-trunk weights from these computed totaled

L3 O PSP L

tree weights correspondingly,

: :
§? In Table 2.4, the makes, preshot orientations, and approximate preshot loca- i
; tions (center of gravity) of all thirteen automobiles in the blast are presented. The 3
é;‘ automobiles are listed in order of increasing referral numbers. ;
id Table 7.2 presents information on the number anc tvpes of tumbling blocks !
g‘ placed at various overpressure levels, along with the fumbling transport results,
E 2.4 POSTSHOT ACTIVITY é
EE Immediately after the blast, the four exposed reels of {ilm were recovered and “
E the final locations of the ngnwer tumibling blocks were marked with stakes to prevent ",
t their being blown by the plain wind. EFventually, the othier tumbling blocks were
:l staked, and all the markers were surveved fo.: position. ii
E“ Before any debris was picked up followiny the shot, a vrid network composed 4
of 10- by 10-{vot squares was stuked out covering the spread of the debris from the ;
15-psi trees, and a grid network of 40- by 40-foot squares was arranged covering %
the arcuw of the debris from the 50-psi trees (and all the automobiles). A Cartesian
coordinate system for each grid network was first set up. The origin for the 15-psi "
coordinate system was chosen halfway between i *nitial positions of Lthe trees lo-
cated exactly on the 15-psi overpressure are, trees numbered 2 and 5. Similarly, 3
the H0-psi origin was selected midway between the initial positions of the trees 3
]

nunmberea 3 and 11, The Y-axes were designated as the radial lines through the
origins with increasing values coing away from ground zero, This desienation also
specified the X-uxis directions for right-handed Cartesian coordinate systems. Us-
ine these coordinate axes, the two vrid networks were marked on the ground by
mercely staking all the vrid-square corners. The arrangement schemes of the two
networks are drawn in Figure 2.6, Note, the subseripts 16 and 50 arce used to differ-
entiate the 15-psi and 50-psi coordinate axes, respectively. To distinguish the dif-

ferent grid squares of a given network, each grid square wias related to by the coor-

dinates of its corner with the smallest algebraic X- and Y-values in terms of grid-
square units: examples of referencing grid-square arcas are shown in Figure 2.6

:

10

5

an

i

5

N T I T L e A e R B A e B i




T e s

Yooty L T e dch sl o Sols S MR

o VENE, T

ik
L

PATL R 7 &

E{\

A AR AR RN AT R W Lt 2 HAS 2 2.0 ity ol AL R S L b Lo " -y g T, o o S L e LA et s 881

also. In Figure 2.7, the relative differences between the two erid systems and the
relation of the initial tree and automobile positions to the systems are shown. The

reason for the larver 50-psi grid squares is explained later in this section.

To simplify the tree-debris pickup, classification groups were conceived 5o
only the non-branch-end fragments and the large branch-end fragments (greater than
36 inches in princip qeth where principal length refers to tive arc length of the
main branch portion of the fragment) had to be individually weighed and measured.
The measureme, s tuken were the principal lengths and the mid-principai-length
diameters of the fragments. The smaller branch-end fragments were classified or
lumped into groups of discrete principal-length bounds and the cones from the spruce
trees were also grouped together. An average weight, length (principal), and diame-
ter (mid-principal-length) of these fragments in each non-individual-characteristics
egroup were determined from a large random sampling. Each of the {ragments in
these groups was assivned the determined average group properties, and the varia-
tions of the properties within the groups themselves werce disregarded. Hence, only
the number of frayments in cach non-individual- or averaged-characteristics group
had to be recorded, a much simpler task than weighing and measuring all of them
separalely. This assumes quite reasonably that the weight and diameter of a small
Lranch-end [ragment are related quite dirvectly to its principal length, and those of
a cone to its principal axis. The aspen trec-debris group types are listed in
Table 2.4, and the spruce types in Tuble 2.5. T'he group-average weights, lengths,
and diameters of the smaller branch-end fragments and cones, found from the ran-
dom samplings, are also indicated. The samples of the 15-psi tree fragments were
of the same specie, while the 50-psi tree-debris samples were taken from the debris
of each tree singularly. This further breakdowi was made since the amount of
90-psi tree debris in cach averaged-characteristics group was relatively small and
therefore, with specie sumples, some debris weight might have been erroneously
shifted and totaled with the debris from another 50-psi tree of the same specie. In
Figures 2.8 and 2.9, typical fragments w the ditferent classification groups of the
aspen and spruce debris are pretured. The examples shown are typical 15-psi trece
debris. The 50-psi fravments were similar except that secondary branching and

the leaves or needles were much more noticeably missioy.

The gathering of the 15-psi tree debris began 6 days after the shot. Tuking
one grid square at a time, the debris was cathered, separated into the proper classi-
fication group and color (tree) combinations, and tabulated. Once the reference co-
ordinate numbers of the vrid square were noted, tabulation was just the process of
recording the tvpes of debris fracments found in that grid-square arca. For the
fragments in the averaced-characteristics vroup, the number (and or total weight)

of the fragments in each vroup-color combination was recorded. For those
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fragments that belonged to an individual-characteristics group, the yroup-color
combinations were separated further into similarly sized fragments (similar mid-
principal-length diameters and principa! lengths). Finally, the number, total weight,
average length, and average diameter of all the fragments in each group-color-size
combination were recorded. Using this method, the 15-psi tree-debris takbulation
was finished 13 days after the blast. This recorded raw deta appears in Appendix A.

The collection and tabulation of the 50-psi tree debris began immeaiately
followiny the completion of the 15-psi tree-debris pickup phase. However, the
procedure was slightly modified to be quicker and more efficient. A grid network
with 40- by 40-foot squares was used as the 3J-psi tree debris was distributed over
a much larger area than that at 15 psi. The A1, A2, and S2 classification groups
were not collected although their contribution is estimated for the resulti. The
fragments in the individual-characteristics groups were just measured in cach
erid square: their weights in each grid square we' . estimated from their dinmen-
sions for the results. After all this debris was coliected from all the grid squares,
it was separated into vroup-color-size combinatisns which were weighed. Other-
wise, the tabulation of the 50-psi tree debris was 1d=antical to the 15-psi tree debris,
and was completed 21 days after the shot, The 50-psi tree-debris measurement
data that was logged grid square by grid square and the color-group-size weighings
of all this debris after it was all collected are included in Appendix A also.

Activity on the postshot automobile phase of the project was conducted simul-
taneously with the 50-psi tree-debris gathering, The weight, the originating auto-
mobile, the postshot surveyed position, and a description were recorded for each
large automobile debris part (=10 pounds or greater). The entries that were logged
for each of the smaller automobile debris parts were the originating-automobile
overpressure group (usually this debris could not be traced to its originaling auto-
mobile because of difficulty in identification), the 50-psi grid square where the de-
bris was found, and a description. After all the small debris was collected, it was
weighed in similarly sized bunches according to originating-automobile overpres-
sure group. The recorded data of the small and large automobile debris is con-
tained in Appendix B. Postshot descriptions, approximate postshot orientations,
and approximate postshot positions of all thirteen automobiles were also noted.
The preshot and postshot automobile conditions are compared in Appendix D. and
the final approximate automobile orientations and positions are included in the

Results and Discussion chapter.
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Table 2.1 COMMON AND BOTANICAL NAMES OF TEST TREES

Number
Common Specie Name Botanical Specie Name In Test
Quaking Aspen Populus tremuloides Michx. 6
White Sprucc Picea glauca (Moench) Voss
but could have been variety:
6

Western White Spruce Picea glauce var. albertiana
(S. Brown) Sarg,

13
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Pipes ready in ground Spruce tree being carried Spruce tree being loaded
at 15 psi to a flatbed trailer on a flatbed trailer

Aspen tree being carried Aspen tree being loaded Spruce tree being unloaded
to a flatbed trailer on a flatbed trailer from a flatbed traiter

Preshot photograph of
spray-painted lowered into its pipe trees ready in position

i Spruce tree being Spruce tree being

Figure 2.1. Work involved in readying the trees
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Figure 2.2. Camera boxes and fruv-rel
arrangement of 50-foot pole
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Figure 2.5, Referral numbers of treces and
automobiles relative to their initial positions
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Group Al: 1/2-to 3-inch Group A2: 3- to 6-inch Group A3: 6-to 12-inch
branch ends branch ends branch ends
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Group A4: 12- to 24-inch  Group A5: 24- to 36-in<h Group A6: Non-branch
branch ends brarch ends ends

(15-inch ruler in photograpns of
groups Al through A6)

(60-inch tape measure in
photograph of group A7)
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greater branch ends

e

Figure 2.8. Photographs of typical 15-psi aspen fragments in aspen-debris groups
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Figure 2.9, Photographs of typical 15-psi spruce fragments
in spruce-debris groups
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CHAPTER 3
RESULTS AND DISCUSSION

3.1 TREE DEBRIS

The tree-debris results obtained and the related discussion are the contents lJ
of this section. Briefly, the natures of the blast wav- wat occurrea at the 15-psi ;

and 50-psi tree group positions are discussed in the fivst subsection. The subsec-

o0 e SR )2 OSSR e s Co Rl e SRR SR S dant KIT SRS L L RS L M Sy Fs%?ﬂ@gﬂmﬂw
i’y \fysz g

tions on Visual Observations, Weight Distributions, and Fragment Sizes adequately
characterize the tree fragmentation that resulted at 15 and 50 psi. The (3round

Distribution subsection describes the tree-debris transport and gives a good indi-
cation of the tree-debris dispersion that took place at 15 and 50 psi. Comments on
the extent of lofting and dispersion of the tree debris at 15 and 50 psi seen on the
high-speed movie films and on the problems encouvntered in the tree phase of this
project are covered last.

3.1.1 Natures of Blast Wave at Tree Positions. Tracings of the overpressure-

versus-time histories recorded by the support pressure transducers at the 15-psi
and 50-psi trce group positions are presented in Figure 3.1 (Reference 8). The

tinie scales are relative to blast arrival time at the transducer positions, and the
positivz overpressure durations and decays are apparent. The two recordings show,
after comparing them with overpressure-time plots of a classical blust wave, that
the blast-wave overpressure trace sensed at the 15-psi pressure-transducer location
was quite classical, and that monitored at the 50-psi transducer position was some-
what low relative to classical form initially. Therefore, since the self-recording
pressure gages were placed right next to each tree group (Figure 2.4), the nature of
the blast wave that struck each tree can be assumed to have been roughly classical

in overpressure except where a strong anomaly existed. Moreover, the natures of
the blast wave at the trees can be reasonably assumed to have been classical in other

e

s

blast-wave properties, as dynamic pressure, where anomalies were absent. It was
determined in Project LN102 (Reference %) that a luminous jet occurred at a bearing
around 240 degrees and traversed out to about the 600-foot ground range. This jet
is noticeable, in the high-speed movie films taken by this project, scorching tree

R P e A R e e B R B W R e R A N S R A e e

number 7 and parts of tree number 8, This implies that the blast wave was non-

. A . 7
classical at the initial position of tree number 7 and probably at the initial position o
o

of tree numb=r 8, but the extent is unknown. The other initial tree positions probably i
experienced a quite classical blast wave. 5
.

ot
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3.1.2 Visual Observations. The debris and trunk remains of the 15-psi aspen
trees are pictured in the photographs of Figure 3.2, and those of the 15-psi spruce
trees are showu i1 the photographs of Figure 3.3. Ground zero is cvident in the far
tackground of each of these photographs. The trunks of the three 15-psi aspen trees
snapped above the hoiding pipes, while the 13-nsi spruces broke off right at the top

204

ends of their pipes (noticeable in the near bac <grounds of the pictures in Figure 3.3).

Tue overall fragment.tions of the aspen and spi‘uce appear quite similar to each

other. The significant observation to note is the fact that the general tree [ragmen-

tation was only moderate at 15 psi; a large number of branches still remained at- f
tached to the tree trunks after the shot.

The main trunk remains of the 50-psi asper and spruce trees are shown ia the
photographs of Figures 3.4 and 3.5. Again, all the pictures ‘were taken with ground 3
zero in the breckground. All six of the 50-psi trees broke off at ureir top pipe ends, ;
as did the 15.-psi spruce trees., The trunk remains of the 50-psi aspes and spruce
trees are similar. These trunks were stripped of almost all their branches o the
extent that nearly all the branchwood of the 50-psi trees became debris. Note liow
the 15-psi trunk remains differed. Visually, it can be concluded that tree fraginen-

tation increased with cverpressure as was expected.

Another discernible featnrc was the difference between the 15-psi and 50-psi
tree debris. The 50-psi fragments were stripped of almost all their secondary
branching off their principal or main segments, and leaves and needles were missing
from almost all the 50-psi aspen and spruce fragments correspondingly. In contrast,
the 15-psi fragments (typical ones are pictured in Figures 2.8 and 2.9) had much
more secondary branching and they retained many more leaves and ne~dles, relative

to their coinciding 50-psi ‘ragments. The variation, on the average, between the
secondary branching on tae 15-psi and 50-psi tree debris is treated mathematically

in the subsection on Fragment Sizes.

3.1.3 Weight Distributions. The cumulative weight distributions of the branch-

wood debris and trunk ramains from the 15-psi aspen trees, 15-psi spruce trees,
506-psi aspen trees, and 50-psi spruce trees are presented in Figures 3.6, 3.7, 3.8,
and 3.9, respectively. The abscissa and ordinate scales have been normalized with

S S SN A O SIRLN

respect to tree weights in these figures so that rational comparisons can be made ]
L between the curves. It can be seen that these normalized tree-debris cumulative )
; weight distributions that resulted from this test project are quite similar for trees

L of the same specie placed at the same overpressure.

55

& These plots were tairly easy to derive. With the raw tree-debris data of

1‘ Appendix A coupled with the average weights given in Tables 2.1 and 2.5 for those

:T fragments in the averaged-characteristics groups, the weights or approximate

¥
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weights of all the gathered debris fragments originating from each tree were known.
So, it was a simple matter to separate the {ragments from each tree into ascending
weight order. Then, for any given maximum fragment weight and specific tree, the
cumulative weight of all the debris fragments, from that tree, which weighed less
than the given fragment weight was determinable. Hence, with maximum fragment
weight as an independent variable, the curves of Figures 3.6 to 3.9 are no more than
plots, normulized with respect to the tree weichts, of the cumulative weight of the
tree debris weighing less than this running variable for each of the trees. The actual
plots were mounotonically increasing steps: the smaller steps corresponding to the
lichtweight {ragments, the branchwood fragments, have been smoothed while the
larger oues corresponding to rthe heavier {ragments, the trunk fragments perhaps
with branchwood attached, have not heen smoothed. Also, the estimated weight of the
trunks remaining in the pipes, whose trees broke off right at the pipe top ends (trees
numbered 4-12), have been correspondingly added to the weight of the lower trunk
fragments of those trees. The reasoning behind this is that these trees would have
broken off at the eround level or uprooted had it not been for the pipe support. The
last minor modiflication was to approximate the cumulative weight of the 50-psi tree
debris in the classification groups that were not collected: Groups Al, A2, and S1.
This approximation was accomplished by adding the specie-averaged normalized
cumulative weight of the 15-psi tree debris collected in these three groups to each
of the 50-psi cumulative weight distributions, according to the proper specie. The

rationale for this adjustient is indicated later in this subsection.

The curves in ihis format are not too difficult to comprehend. In fact, under-
standing the derivilion of the curves jusi discussed helps in their interpretation.
As mentioned, the continuous sections of the curves relate to the branchwood frag-
ments and the discontinuous steps are associated with the trunk fragments with
branchwood attached. perhaps. Horizontal portions of a curve indicate that no tree
debris was found over that fracment vweight range. Also, when comparing two curves,
the lower of the two sienifics less “ragmerntation. To illustrate how to read the
curves, consider the one for tree number 2 in Figure 3.6. Here it can be noted that
14 percent of the tree weicht was fragmented into debris frugments weighing less
than one-hundredth the tree weight, while 10 percent of the tree weight became de-
bris weizhing less than one-thousandth the tree weisht. In other wovds, since tree
number 2 weished about 800 pounds (Table 2.2), the total weight of the debris from
tree number 2, weighing between 0.8 and 8 pounds, was (147 - 1077) ~ 800 pounds. or
32 pounds. This debris was all branchwood, which is perceptible from Figure 3.6,
It can be prcven that if the cumulative weight curve is linear between two (maximum)
fragment weight values, then the average fragment weight is approximately 0,32
times the fragment weicht difference above the lighter fragment weight., For this

example, this implies that the average fragment weight in the 0.8~ te 8-pound weight
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range is 3.1 pounds and, therefore, that the fragments in this weigh{ range numbered 5
about ten or eleven. In actuality, based on the raw data, there were thirteen frag- ;

ments in this range whose average weight was 2.4 pounds.

The averages of the normalized cumulative tree~debris weight distributions 1

v

graphed in Figures 3.6 to 3.9, corresponding to the three trees of each specie- 7
overpressure combination, are compared in Figure 3.10. The conclusiun that tree ‘i

fragmentation increased with peak overpressure (or actually dynamic pressure
impulse) at Event Dial Pack is evident from this figure. This was a visual obser-
vation previously in subsection 3.1.2. As noted with reference to Figures 3.4 and
3.5, nearly all the branchwood was fractured from the trunks of the 50-psi trees.
Combining this fact with Figure 3.10, it can be dednuced that the branchwood of the
aspen and spruce trees weighed, on the average, about 26 percent and 15 percent
of their tree weights, respectively (reading the maximum non-trunk cumulative
weights from the corresponding 50-psi curves). Comparing in Figure 3.10 the
average branchwood weight fractured from each specie at 15 psi, with the average
fractured from the same specie at 50 psi, shows that around 60 percent of the branch-
wood weight was fractured from the 15-psi trees.

The question of whether the spruce trees or the aspen trees were f{ractured
more at the same overpressure is not obvious from Figure 3.10. The aspens seemed
to have been, but this misleading appearance is due to the fact that the branchwood of
the aspen trees made up a larger percentage of their tree weights. The answer be-
comes plain in Figure 3.11 which shows the same curves as Figure 3.0 except they
are normalized with respect to tree branchwood weight. Here it can be seen that
the two tree species were fragmented similarly at the same overpressure, relative

to their branchwood weights.

The normalizations of Fipures 3.6 to 3.10 with respect to tree weight and Fig-
ure 3.11 with respect to branchwood weight have a major connotative advantage plus
a strony implicit cautioning restricti m, Though the trees in the test weighed be-
tween D60 to 790 pounds, the normalization of these curves makes them roughly ap-
plicable to lighter trees and heavier trees. However, this extrapolation only holds
if the ratios of branchwood weigat to tree weight are somewhat the same as the test
species: 0,26 for the aspen and 0.15 for the spruce. The recson for this ratio re-
striction 1s because these curves would be different for sparse trees or sections of
trees, for the abscissa values would be much different. The application of these
rurves to diverse tree weight ranges, with the same ratio of branchwood weight to
tree weight, assumes that the weak fracturing points of a tree remain approximately
the saume as tl e tree rrows, which is a rational assumption: because the potential
fracments crow somewhat preportionally with tree weight. These remarks should

be kept in mind when usine these figures,
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The cumulative tree-debris weight disiributions from this project can be com-

E"_ pared to those o! .ained in the URS shock tunnel as part of the preliminary planning
¥ and troubleshooting of this project (Reference 5). These shock-tunnel tests were
mentioned in the introduction chapter of this report. Eight-foot tree trunk sections
(larger tree sections cannot fit into the URS shock tunne') were subjected to 10-psi
. peak overpressure shock waves, with positive durations of about 100 msecs, in the
ﬁ shock tunnel. Hence, the tree-debris cumuvlative weight distributions from the shock

tunnel should be quite similar to those obtained at 15 psi in this project provided they
can be compared on common grounds. Actually, the curves {rom the shock tunnel
should be slightly lower, indicating less fragmentation, than the 15-psi curves be-
cause of a lower peak overpressure. Now as stated before, the cumulative weight
distribution curves of Figures 3.10 and 3.11 are not applicable for tree sections.
However, the curves of these figures can be used for tree sections in certain situa-
tions if their abscissas are not normalized, The curves of Figure 3.11 are redrawn
without a dimensionless abscissa in Figure 3.12. This latter curve can be applied

Mid aothii el e SN ik e ST Mg 8

to tree sections only if the maximum-weighted branch in the tree section weighs
about the same as the maximum-weighted branch of the comparable tree in this
project, Unlike Figures 3.10 and 3.11, the curves of Figure 3.12 do not apply to
larger and smaller trees as there is no growth factor inherent in the ordinate and

cef i S T
22
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abscissa scales., Since the tree sections in the URS shock tunnel were cut from

trees similar in size to the aspen and spruce trees - sed in this project, a compari- g
£ son is justifiable. Therelore, three curves derived {rom the shock-tunnel tests are %
% also plotted in Figure 3.12 with the section branchwood weight as the normalizing ;
4 ordinate factor for these curves, /
3 A
‘ 5 A couple of fundiamental conclusions are implied from the two different types .
Ib ,' of curves in Figure 3.12. The shock-tunnel curve for the Douglas Fir compares 3
. quite remarkably Lo the 15-psi spruce curve determined in this project. This is to ;

be expected since the two species are simiiar in nature. This close comparison l

shows that the shock-lunnel results are reasonable, the first major deduction. In 4

the chock tunnel, little branchwood was fractured from the 8-foot oak tree section. q
5 This result could have been anticipated becausce of the toughness of oak wood. It ?*
i can also be noted that not much small debris, but mainly large branches, were {rac- !
; tured from the alder tree section in the shoek tunnel. Therefore, the shock-tunnel ‘
{ results along with those of this project help prove the second main conclusion: Tree :
5 fracturing appears quile specic-dependent. The oak curve and the [5-psi spruce "‘

4

curve are probably approximate lower and upper hounds, respectively, for tree frac-
turing of 10-inch-diameter 50-foot-high trees at 15 psi from a 1-kiloton nuclear
vield. Hence, comparing the shock-lunnel results with those of this project infers
that tree fracturing is specie-dependent and that this fracturing can be determined

in a large shock tunnel as opposed Lo expensive field tests.

é
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;
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The curves of Figures 3.6 to 3.12 describe tree fracturing in a 1-kiloton
nuclear yield, except that some of the very light tree debris would invariably be
burned by thermal radiation in a nuclear burst. The fragmentation of trees at the
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higher nuclear-attack yields is of basic concern. Larger yields cannot be tested
and, consequently, the fragmentation at larger yields can only be estimated. At a
civen peak overpressure, a longer positive velocity phase duration (a larger dy-

N7t
Sur it

i o

namic pressure impulse) occurs with a larger vield. This implies that the frag-

mentation of a debris source at a specific peak overpressure - nuld increase with i
vield because of the following:

gorabeg i i

TR

1. Primarily, the longer duration blast would tend to blow apart the debris
gource more, especially the slower-responding segments.

oo

Secondarily, because of the longer duration, .he debris fragments would
obtain greater velocities and would tumble along the ground at these

L gy TLET

higher velocities for longer distances. Thercfore, they would break up
more.

G2

4 For these reasons, the data nresented in Figures 3.6 to 3.12 represent lower bouads
E of the expected tree fragmentation at the designaled peak overpressures for yields
s

A AT

exceediny 1 kiloton. The {ragmentation of the small and medium tree branches
B (secondary branches) would probably not increase much more for larger yields
though, with regard to the prime cause stated in the first condition above. This
hypothesis follows from the fact that photographs taken during tests conducted in
the URS shock tunnel (Reference 5) and at Distant Plain (Reference 10) showed that
branches of this size fully respond or break off in a time period after shock front

Tl oA o P R S St W 2

arrival which is relatively short compared with the positive phase durations experi-
; enced at 15 psi and 50 psi in Event Dial Pack. The main branches of the tiees ard

the tree trunks have response times that are not small compared with these phase

R AR B ST

durations. Hence, the fragmentation of the main branches rom the tree trunks and
the main tiree trunks themselves would probably increase for a larger vield (longer
duration) than the 1 Kiloton of this project. Even though the 50-psi environment was
more severe than the 15-psi environment at Event Dial Pack, in the form of a laryer

dynamic pressure impulse, note that the 15-psi and 50-psi branchwood fragmentation

R I R R L2

curves of Figure 3.11 and 3.12 are quite similar in the small-fragment region. This
closeness tends to support the above reasoning.

N

T
=7

In summary, the average tree-debris cumulative weight distributions for aspen
and spruce trees at 15 psi and 50 psi of the 500-ton TNT explosion at Event Dial

Pack are presented in three different formats, Figures 3.10 to 3,12, These results

Ey o TR R P L

equally apply for a 1-kiloton nuclear vield except for the minor differences caused

by the fact that the very licht tree debris would undoubtedly be burned by thermal

R

radiation in such an instance. The distribution curves are normalized with respect
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: to tree weight in Figure 3.10, they are normalized with respect to branchwood weight

) in Figure 3.11, and they are essentially not normalized in Figure 3,12, Because of 1

f%' the diiferent dimensionalizing, Figures 3.10 and 3.11 can be applied to larger and

: smaller trees than the ones used in this project as long as the ratio of branchwood

weight to tree weight remains the same. They cannot be linked to tree sections. ,

i Conversely, Figure 3.12 can be applied to tree sections cut from trees of the size ;

g in this project, but not to larger and smaller trees. With these restrictions, the ;

E curves can be related to trees similar in nature to the aspen and spruce specie

i;,— types. Except for the fact that soimne of the small tree debr.s would probably be

é burned by thermal radiation in a nuclear yield, these curves represent lower bounds

Eg to the fragmentation expected at the designated peak overpressures for yields ex-

E ceeding 1 kiloton, [t has been reasoned that only the curve sections relating to the :

E‘ large-branch and trunk fragments would be altered upward in a larger-yield

: explosion. 3

E 3.1.4 Fragment Sizes. The tree-debris fragment sizes are characterized in this §
subsection. For the frugments of each specie-overpressure group, the relation be- §

3 tween the principal length (1) and the mid-principal-length diameter (d) of the main ‘

ﬁ fragment segments is described, and the average amount of secondary branching :

%’ still attachked to the main segments is approximated. %

The average and variation of the ratio of principal length to mid-principal-

length diameter (- 'd) versus mid-principal-length diameter (d), for the 15-psi aspen
debris fragments, are plotled in Figure 3.13. Those for the 15-psi spruce debris are
plotted in Figure 3.14, for the 50-psi aspen debris in Figure 3.15, and for the 50-psi
spruce debris in Figure 3.16. The average ratio curves are drawn over the entire
range of recorded [ragment diameters. But the ratio variations are only shown for

fragment diameters greater than 1 2 inch since this variation was not determined

/ for the averaged-charucteristies groups: fragments in these groups had average
diameters less than 1/2 inch, as scen in Tables 2.4 and 2.5. The ratio variations
are indicated by graphing their lower bounds, quarter bounds, medians, three-quarter
bounds, and upper bounds. At a fixed fragment diameter, the ratio variation appears

to closely resemble that of a loe-normal distribution. It can also be observed that

the average ratio curves are nearly independent of fragment diameter, exceptl at the
smaller diameter values. Considering fragments of the same specie-overpressure
combination, this means that for any fragment diameter but a very small one, the
fragment length is a constanl multiple of diameter on the average.

The average ratio curves of Figures 3.13 to 3.16 are replotted in Figure 3.17

for comparison. The similar average ratio curves for the tree-debris fragments

o

generated at 10 psi in the URS shock tunnel (Reference 5) are drawn 1n this figure %
also, though they are not too reliable since there were not that many fragments in g
33 3
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each diameter range. These curves show that the ratio constant varies according
to tree specie, and this constant decreases with higher peak overpres,ures. This
inverse constant-overpressure relationship for a given specie is expected since
debris should be broken up additionally for a more severe environment.

To pive an idea of the amount of secondary branching on the tree fragments,
the average effective density of the fragments is graphed in Figure 3.18 as a
function of fragment diameter for each specie-overpressure group. Here, effective
fracment density refers to the fragment weight divided by the volume of the main
fragment segment. Letting w represent fragment weight, the effective density defi-
nition is mathematically equal to 4w :ndz. Obviously, as the amount of secondary
branching becomes smualler, the effective density of a fragment approaches the
density of the specie wood: 37.2 Ibs ’ft3 for Quaking Aspen and 33.1 1bs/ft3 for
Whit~ Spruce in the green condition (Reference 11). On the average, the weight
quantity of secondary branching on a fragment of a given diameter is proportional
to the difference between the curve value at that diameter and the specie wood den-
sity. In the absence of secondary branching. the curves of Figure 3.8 would be hori-
zontal, independent of diameter, with constant values equal o their respective specie
wood densities. The curves in this figure were fairly easy to obtain since the aver-
are weirhts and measurements were recorded for every 15-psi and 50-psi tree frag-
ment. (The 50-psi tree debris was remeasured when it was weighed, Appendix A).
From this figure it can be seen that the effective density decreases with an increase
in fragment diameter, with some exceptions. The 50-psi curves are lower than the
correspeading 15-psi curve of the same specie, which indicates less secondary
branching on the 50-psi tree fragments compared to similarly sized 15-psi ones. (A
small portion of the curve reduction is probably attributable to the fact that the 50-
psi tree debris dried out more than the 15-psi tree debris because the 50-psi tree
debris was gathered later.) This agrees with visual observations when gathering the
debris since the 15-psi tree frazments had quite a bit of secondary branching, Fig-
ures 2.8 and 2.9, while the 50-psi tree fragments had little secondary branching. In
general, the reduction of the secondary branching of a specie with an increase in

peak overpressure is to be expected.

The results of (nis subsection can be easily summarized. The average princi-
pal lengths, average mid-principal-length dinmeters, and average effective densities
of the aspen or spruce fragments, in any given weight range, that were obtained in
this project, can be determined from Figures 3.17 and 3.18 using an iterative ap-
proach. The number of fragments in this weight range can be read from the curves
of the previous subsection. TU can be assumed that the average lengths, diameters,
and effective densities of fragments from species similar to aspen or spruce would

have been accordimgly similar under the same environmental conditions,
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3.1.5 Ground Distributions. The ground weight distributions of the debris from

the twelve trees in the appropriate ¢rid squares are presented in the figures of Ap-
pendix C. There, the total weight of the debris from each tree found in each grid
square is indicated. The est'mated weights of the tree trunks remaining in the hold-
ing pipes are included in these figures at the pipe positions. The 15-psi ground

weirht distributions were not difficutt to derive as the weights of the 15-psi frag-

R A T KRR,

¥ ments were determined during the pickup phase in each grid square accordingly,
The derivation of the 50-psi ground weight distributions was a little more involved:
; the 50-psi effective density functions of Figure 3.18 were employed to compute these
B distributions since the 50-psi fragments were only measured, and not weighed, while
£ they were gathered grid square by grid square.
With some slicht modifications, the weight densities of debris from each tree

on the ground can be obtained from the correspondi . ground distributions of Ap-

pendix C. Typical ground weight densities of the debris from a 15-psi aspen (tree
number 3) and a 15-psi spruce {(tree number 6) are shaded in Figure 3.19, and typi-
cal ground weight densities of the debris from a 50-psi aspen (tree number 9) and a
50-psi spruce (free number 11) are drawn in Figure 3.20. The ground weight density

format is more suitable for comparing the 15-psi and 50-psi ground debris spreads

P b s e

since the grid-square arcas of the two ¢rid networks were unequal.

The overall transport of the debris from the twelve trees is essentially pre-

sented in the figures of Appendix C. The displacements and orientations of all the

Kl g

trunk fragments weiching 10 pounds or more are more distinetly disrlayved in
Figure 3.21. The maximum radial transport of the tree debris can be noted in the
appendix figures. The debris from the 15-psi trees was found up to 230 feet down-
wind from its originating-tree initial position and the debris from the 50-psi trees
was transported as large as 1200 foet in the vadial direction. The maximum radial
transport of tree debris can be expected to be specie-indepencont, which is partially
substantiated by the tree-debris transport results of this project.

The dispersion of the tree debris can be estimated at 15 psi and 50 psi from

the figures of Appendix C also. As with maximum radial tree-debris transport,
tree-debris dispersion is also basically specie-independent. Now in ceneral, from

these appendix fivures and the raw data of Appendix A, it can be deduced that the

]
d

heavier the tree fragments, the Tess their dispersion. Al 15 psi, for example, no

G i s vt A i e el

tree fragments weizhing more than 1 pound were dispersed more than 30 degrees
(the arce tangent of their sideward transport reiative to theirr radial transport) while

the lightest tree fragments, with a minimum of 25-foot radial ti »sport, were dis-

persed up to 60 degrees. The dispersion at 50 psi bore a resemblunce: the 1-pound

tree fragmeats were not dispersed more than 25 degrees ond the lichtest fragments,

with a minimum of 100-foot radial transport, were not dispersed more than
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55 degrees. If oily heavy tree {ragments are considered, the dispersion of tree
debris is relatively small,

The dispersion of tree debris at large weapon yields is of interest., The (ree-
debris dispersion at a large yield would probably be quite similar to that at a small
viold and the same overpressure, except for the lightweight {ragments that would be
blown back significant distances (not negligible relative to overall rad‘al transport)
toward ground zero by the newative velocily phase. For these lightweight fragments
in a small yield as one kiloton, the reductions in their radial transport due to the
finite times required for them to break {rom their source are not small compared
to their overall radial transport. This implies that these fragments would have a
larger ratio of sideward transport compared to radial transport at low yields than
at much higher yields. Hence, the dispersion obtained in this project for the light-
weight fragments is an upper bound of that expected at the same peak overpressures
but larger yieids. The dispersion of the heavier fragments would be similar, con-
sidering such a change in environment.

3.1.6 Remarks About High-Speed Movie Films. Little useful information was
derived from the high-speed movie films. The reason was that the trees were

covered in dust a short time after the blast reached their positions, even though
prospective dust arcas were wetted down with oil prior to the shot. Novestheleos,
the delay lasted long enough to observe the small fragments breaking off the trees,
the inttial dispersion of these fragments, and the fact that the lofting of tree debris
was negligible at 15 and 50 psi. The high-speed movie film from camera position
number one (Figure 2.4) photographed the 240-degree luminous jet engulfing tree
number 7 and partially scorching tree number 8, both 50-psi aspen trees.

3.1.7 Problems Encountered. Some minor difficulties were encountered in the

tree portion of this project. The obscuring of the trees by dust in the high-speed
movice films and the scorching of two 50-psi aspens by a luminous jet were men-
tioned in the previous subsection. Most of the dust might have been avoided if a
more thorough oil ceating was applied to the potential sources. Due to the luminous
jet occurrence, a large amount of the debris from tree number 7 and part of that
from tree number 8 was burned and their paint blackened, complicating their iden-
tification if not making it impossible.

Another problem was caused by the drying of the tree fragments. As the frag-
ments dried. their moisture content and therefore their weights dropped slightly.
[n addition, a litlle over a week after the blast, the fragments started becoming
brittle {rom drying and, as a result. increasingly more difficult to collect and handle
without damage. About this time, moreover, the aspen and spruce fragments began
losing their leaves and needles. The leaves and needles contributed largely to the

weisht of the 15-psi aspen and spruce tragments, but the 50-psi fragments lost most
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of theirs during the blast so the drying loss of the remaining few was not that impor-
tant. The moisture loss from the 15-psi fragments in the averaged-characteristics
egroups and the leaf and needle loss from the 15-psi fragments in these groups were
compensated for because the average weights of the fragments in these groups were
determined from large samplings which were taken before these losses became
significant. 'f the debris pickup had begun sooner and had nroceeded at a faster

rate, the (ragment drying would have been less of a problem,

W TR g D 8 S DR S 4 DAL Ayl VIt RS C AL e K IR s

The tree pipe-holding scheme probably had little influence on the tree frag-

mentation results, Intuitively, such a scheme mainly influenced tree trunk fragmen- g
tation. From theory, the natural periods of the test trees, with their trunks well- jﬂ

rooted or pipe-held, were large compared to the blast durations at 15 and 50 psi.
Hence tree fragmentation would have been somewhat identical in either of these two

cases of trunk support for yiclds or durations of the magnitude of the Dial Pack blast.

3.2 AUTOMOBILE DEBRIS

(i

The automobile-debris results from this project are presented with relevant

P A Y L Rl

discussion in this section, having an arrangement identical to the tree-debris Results
and Discussion section. First, the natures of the blast wave that nrevailed at the
initial automobile positions are discussed. Following this, the automobile fragmenta-
tion that occurred at 10, 15, 30, and 50 psi is described in the subsections on Visual
Observations, Weight Distributions, and Fragment Sizes. The transport and dis-
persion of automobile debris at 15, 30, and 50 psi are presented and commented on

in the Ground Distribution subsection. The results from the high-speed movie films
and the problems experienced with relation to the wtomobile phase of this project

are remarked upon in the final two subseclions.

3.2., Natures of Blast Wave at Aultomobile Positions. The supporl pressure

transducers near the 15-psi and 50-psi tree group positions were also close to the
automobiles placed at 15 and 50 psi, accordingly. Since no anomalies were noted

at these automobile positions (Reference 9), the same reasoning can be used as in
the tree situation to deduce that the blast wave was approximately classical at these
spots. In the automobile-debris Ground Distribution subsection, it is shown that the
automobiles at 15 and 50 psi were all displaced radially with little dispersion and
nearly equally at the same overpressure. This implies hardly any bearing variation
of the blast at these positions which is evident in a classical blast wave. Also, if
the blast is classical, the automaobiies would be transported in the radial direction
only since they have small Lift and thrust components relative to their drag compo-

nent. As stated, this was the case at 15 and 50 psi.

37

T R g b o N T O ST T T E = § ot




TR W43
. = VR e i i3 LAY m,g%
a AT AR TR i Boto ek 4 kel = farc 1t
AR

No pressure gages were installed in the cround near the 30-psi automobile
group position. Hence, there is no overpressure recording to indicate whether the
blast wave was classical in that vicinity., In Reference 9, 1t was determined that o
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nonluniinous jet at a bearing of 232 degrees traveled out to a ground rance of about
780 feet before it was overtaken by the main shock front. There is no doubt that the
30-psi automobiles were affected by this jet anomaly: the displacements of the
30-psi automobile debris and bodies shown in the automobile-debris Ground Distri-
bution subsection tends to corroborate this because they had large sideward trans-
port components (Tigures 3,27 and 3.28). Unfortunately, no statement can be made

about the strengths of this anomaly at the initial positions of the 30-psi1 automobiles.

i 3.2.2 Visual Observations. As with the trees in the Dial Pack blast, the damage :

and fragmentation of the automobiles in ihis blast were greater the higher the over- %
£ pressure.

K Postshol views of the automobile stationed at 10 psi, automobile number 9, are
£

2 W

shown in Figure 3.22, The only debris originating {rom this automobile w re glass

i fragments from the blown-out large windows and a few pieces of chrome troon;

74N

around 15 pounds of glass [ragments were on the ground with the rest being inside

edabs

the automobile. This scant amount of debris is in the foreground, on the ground, in
the expressed photograph of the figure.

e
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\ The blast damage incurred by each wutomobile initially at 15 psi is pictured
’ in Figure 3.23. The automobile parts that were blown off these four automobiles are
apparent and consisted of hoods, headlights, taillights, chreme trim, and nearly all

Y
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the window glass. The roof was torn off automobile number 10. The conglomerate
of debris, excluding hoods and the roof, [rom the four 15-psi automobiles is seen
piled up in a separate photograph of this [igure. The hood from automobile number
3 can be seen 250 feet away in the background of the photograph showing the postshot

view of that aulomobile. Also, notice that a significantly longer positive duration

IR e N A B

at this overpressure (significantly higher vield), some larger automobile parts would
have been ripped off these automobiles, namely some roofs, along with more smafler
debris too.

aGaideisy

In Figure 3.24, the postshot appearances of the four automobiles originally
positioned at 30 psi arc shown. The automobile parts typically fragmented from

these automobiles included hoods, roofs, fenders, seats, and a large amount of smatl

¥
L
o
i

debris parts: chrome trim, lights, very light engine puarts, and window vlass. Per-
ceptible in the fifth photograph of this figure is the assemblage of all the 30-psi

automobile-debris parts minus the large sheet-metal parts such as hoods, roofs, and
b fenders.

24
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; The damage sustained by the four automobiles initially placed at 50 psias
B evident in Figure 3.25. Missing from the 50-psi automobiles were hoods, roofs,
g
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fenders, trunk lids, doors, firewalls, seats, moderately weighted engine parts, and
an accordingly larger amount of small automobile debris than that derived from the
30-psi automobiles. Except for the large sheet-metal fragments, the 50-psi auto-
mobile debris was collected in a pile and is discernible in the indicated photograph
of Figure 3.25.

3.2.3 Weight Distributions. The cumulative weight distributions of the automobile
debris generated at 15, 30, and 50 psi are plotted in Figure 3.26. Each curve is the
per-automobile average of the debris {rom the four automobiles at the specified

overpressure. Hardly any parts were blown off the automobile positioned at 10 psi
as stated previously, and hence no 10-psi cumulative weight distribution is graphed.

The curves of Firure 3.26 are analogous to those of Figures 3.10, 3.11, or 3.12
for tree debris, and were derived in a similar manner. The raw automobile data in
Appendix B and Table 3.1 on the weights of the small and large automobile parts was
used to oblain thesc curves. The weight of the automobile debris from each
originating-automobile overpressure group weiching less than various discrete maxi-
mum fragment weights were divided by four to put these curves on an average-per-
automobile basis. Instead ol small-step curves, straight lines were drawn over the
weichl ranges belween the various discrete maximum fragment weights selected.

The correlation between autonmobile fragmentation and peak overpressure from
tnis project is readily appavent in Figure 3.26. As with trees, it can be seen that the
automobile fragmentation increased considerably with overpressure in the 10- to
50-psi range, especially for the heavier weight groups. As cited in this figure, an
average of 100 pounds of automobile debris was blown off each of the 15-psi auto-
mobites: an average of 160 pounds of automaobile parts originated from each of the
30-psi automobiles: aud about 100 pounds of debris came from each of the 50-psi
automobiles on the averave. An average of 18 pounds per 15-psi aulomobile was at-
tributable to two spare tires from the trunks of two of these automobiles. Since most
of the other automobiles did not have loose sparce tives in their trunks, 80 pounds is a
more comparable indication of the weight of the debris from each 15-psi automobile.
It can also be observed that the maximum-weighted automobile-debris fragments that
orieinated at 15, 30, and 50 psi were 64 pounds, 57 pounds, and 360 pounds, respec-
tively. Manv parts were blown loose from the automobiles stationed above 10 psi,
in ceneral, indicaling that automobiles are a significant debris source above this
level in a 1-kiloton vield.

For the larcer uclear-attack vields, it is expected tnat there will be a sivnifi-
cant increase in the auwtomobile [racmentation at each vverpressurce compared to that
found in this project. The reasons are the same as the two mentioned in the tree-
debris Weieht Distributions subsection. More debris would have been blown off the

automobiles with a longer duration blast because a larce number ol automobile parts

39

TR
i

b~

2

3

?

!

SN

o

,.,‘155\“ LW TR S LAY

2t

NG S S




” — iy - T = T T T YT ) g
. . - T T T R R R R S T S PRIV Lol b B %
W AT rET: — T T T R D G R T T T A T T T ) ;

5.

were hanging and nearly ripped off after the Dial Pack blast. Moreover, the auto-
muobile bodies would have tumblied and broken up even more in a much larger yield.
Tumbling [ragmentation was not simulated at all in this project because of the
short automobile-body transport distances due to short positive phase durations.
The automobile fragmentation data obtained in this project, as with tree fragmenta-
tion data, represents a lower bound of the automobile fragmentation anticipated at
the same overpressures but for larger-yield detonations.

i 4= 65 S S R mtz;ﬂ%
G-
T

RIS

3.2.4 Fragment Sizes. The automobile fragments were rather diverse, and are
i described and listed in Appendix B and Table 3.1. Because of their diversity, the
: mathematical characterizations of their shape, size, and weight-shape 1elation can-

- B Fav

not be attempted as in the case of the tree fragments. About the only comn ent that

i can be made in these respects regarding the automobile {fragments is that those
F weighing more than 10 pounds we1 e, except for possibly seats and spare tires, invar-
£ iably sheet-metal types of fragmeats. On the other hand, the lighter fragments had }
a large variation of surface area to weight ratio, a basic aerodynamic parameter.
E They have to be treated on an individual basis in regards to these characeterizations. 3
4 3.2.5 Ground Distributions. The approximate ground weight distributions of the i
debris from the 15-, 30-, and 50-psi automobiles are presented in Figure 3.27, with i
§ the automobile bodies excluded. In this figure, the debris from the four automobiles 5
: at each overpressure level has been taken into account and just the magnitude of the |
¢ sideward transport of the debris is indicated. In addition, this debris is distinguished 3
E according to whether it weighed more or less than 10 pounds. The exact final ground ?,
4 positions (with magnitude of sideward transport) of the automobile parts weighing 3
% 10 pounds or more are designated since their postshot positions were surveyed and é;

they were traceable to their originating automobile whose initial position was closely

known (Table 2.3). Only the approximate hounds of the regions where the automobile

: debris parts weighing less than 10 pounds were found are contoured. These contour
g bounds are only approximate for these parts because usually the originating automo-

bile could not be identified and the 50-psi grid square was noted instead of their ex-
act postshot location. In the drawing of the contours in this figure, these automobile

debris parts were assur ~d to have final positions in the center of their recorded grid

squares and to have been generated from the automobile that gave minimum trans-

&

S e A S e N R R e b e 9 SR N B Nl ) B S e KL WL a

; port. There is no further weight breakdown in these figures, as in the tree cases,
£ since the automobile debris parts were not weighed according to grid squares and

were not sufficiently measured to estimate their weights from their dimensions.

The exact weights and displacements of the automobile-debris parts weighing

3 more than 10 pounds are listed in Table 3.1. These results were used in Fi re 3.27.
: The transports of the automobile bodies are also given in Table 3.1 and are ilus-
4 trated in Figure 3.28, along with the automobile orientations.
i 3
g‘ :

b
&;&b v
AT e i e

e . - 27
HSE"": i }‘!'r(k-")- B Bt s i S g cvie S e SRS T 68 QI ENEY b b ot R i




o

S TR e T " L

WY wl\rwmqo«wt—-’gym-w T A A T S R A T T S P P A T A B et o o i T

The overall transport of the automobile debris is apparent from Figure 3.27.
The maximum radial transport of this debris can be noticed to have been 260 feet,
250 feet, and 550 feet at 15, 30, and 50 psi, respectively.

The dispersion of this automobile debris at 15, 30, and 50 psi can be grossly
estimated from Figure 3.27. No automobile debris parts were dispersed more than
30 degrees at 15 psi, some parts were dispersed a maximum of 90 degrees at 30 ps:,
and none were dispersed more than 78 degrees at 50 psi. It can generally ve
observed that the dispersion of the heavier fragment parts are comparable and some-
times larger than the lighter ones; there is no inverse weight-dispersion relation as
found for the tree debris. The reason for this is the flat geometric nature of the
heavy automobile-debris parts which allows them to develop high l1ift forces.

The transport results at 30 psi should be disregarded because »f the occurrence
of the nonluminous jet mentioned previously. This obviously caused the lzige side-
ward transport of the 30-psi automobile bodies and automobile debris, and the large
negative radial transport of somne of this debris.

3.2.6 Remarks About High-Speed Movie Films. The lofting of some automobile

debris was observable in the high-speed movie films taken, despite the strong ob-
scuration by dust. In these films, debris parts from the 50-psi automobiles can be
seen up to 60 to 70 feet in the air. Six large sheet-metal fragments and numerous
small ones were evident, with the larger ones attaining heights just as high as the
smaller ones. A few small sheet-metal fragments and one large one from the 30-psi
automobiles were also photographed, but they were only 30 to 40 feet above the
ground at maximum. No 15-psi automobile fragments were visible in these films
because of the camera viewing directions. Besides the lofting in the films, several
50-psi automobile fragments could be seen moving sideways with high velocity.

3.2.7 Problems Encountered. Tue difficulties incurred in the automobile phase

of the project have been mentioned or suggested. Only the approximate initial auto-
mobile pesitions were recorded. After each automobile overpressure contour was
staked near the automobile placement areas, the automobiles were parked by visu-
ally sight.ng them along these contours near the stakes. So, the positions in Table
2.3 might be in error by a couple of feet. A seccond difficulty was that the 232-degree
nonluminous jet reached the 30-psi automobiles and definitely affected the 30-psi
automobile-debris results, though to an unknown extent. The transport results of the
30-psi automobile debris scemed to have been influenced mostly by this jet. Another
problem was that the smaller lichter automobile parts could not be traced to their
originating automobile beeause nost had felt-ink pen margings that faded in manv
cases. Fortunalely, the overlapping of this debris from each automobile overpres-
sure group was small, allowing it to be differentiated in this respeet. Another

41

=
e iE

S R N S = A T L

]

IRbaRE

et

q
1
¥



+ ; JWWW}? ERUOCRCa ST Sl g AR _‘RWW“K-WH‘W”WWW-WQ Rtk i aledie LA T B R R T T P ey e T

B g
E

: trouble was the dust obscured many of the autoniobile debris parls from view in
é the high-speed movie {ilms,
: |
; 3.3 TRANSPORT OF TUMBLING BLOCKS 3
i The weight and blast-wave transport of all the tumbling blocks of this project

L positioned in the Dial Pack shct are listed in Table 3.2. The transport results ap-

[ pear g dte rational and reliable except for tnose expressed below.

E

Only the approximate radial {ransport distances of thc tumbling blocks were
determined. These displacements are only approximate because after each appro- #
priate overpressure station was surveyed and indicated with a stake near the
tumbling-block placement areas, the suitable tumbling blocks were initially placed
by eyeing them along the according overpressure arcs near the stakes, In other
words, the exact initial positions of eacn tumbling block were not marked, though
the resultant positions of each were surveyed. This implies their initial locations

LB S o ST B (e o A S

could have been a couple of feet or so fronm their designated overpressure arcs.
The sideward transport of the tumbling blocks could not be measured since their
initial positions were not precisely marked. In general, [rom visual observations,

RIS

their sideward displacements were quite small as anticipated.

5‘ The blast wave was probably quite classical at the 15-, 50- and 100-psi
trunbline-block placenient areas as no anomalies occurred thereabouts. But, as
E; with the 30-psi automobiles, the tumbling blocks at 30 psi were anquestionably af-

fected by the nonluminous jet at the 232-degree bearirg angle. Therefore, the re-
rorded radial transport.distances for the 30-psi turibling blocks are likely quite
different from those that would be obtained in a 1-kiloton classical blast, es-

pecially the distances determined for the lighter 30-psi tumbling blocks.

b The tumbling blocks in their final positions can be noticed 1i: some of the post-
E shot photographs of the trees and automobiles, Figures 3.2 to 3.5 and 3.23 to 3.25.

i For instance, the (hree 2-pound styrofram blocks originally located at 15 psi are
observable in the postshot picture taken of tree number 6 presented in Figure 3.3.

i

E- The reason for collecting these tumbling-bhlock transport distances at Event

- Dial Pack, and the blast-tiansport of other objects such as bricks in various test

fl' programs, is to use these resulis to approximate the tumbling soil-fragment inter-
ej daction forces. An inverse method outlined in the Preliminary Project Officers Re-
E port of this project (Reference 12) is une possibility for estimating this interaction.
g A mathematical representation of this interaction is assumed in this method and ad-
£ justed accordingly using iteration until a veriiied blast-transport analysis, employing
}Y.A this representation, agrees with the transport test results. The determined mathe-
5 matical interaction would have to corroborate with other treatments of this subject,
% as with Reference 13. This analysis and correlation still remains to be done.
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Table 3.1 WEIGHTS AND TRANSPORT OF HEAVY AUTOMOBILE-DEBRIS PARTS

Automobile Inmhal

Overpressure Part TR, "
Automobile Postition Weight ER TR —“-‘ lL- ——
Numbe: (ps1) Automobile Debris Part (pounds) Radial * Tanventiall Total]
! 50 Automobile Body i 53 ] 54
Upper Body Frame with Doors 360 142 -29 145
Front Seat 70 78 -92 121
Hood 61 215 -G8 226 3
Roof 45 345 -84 356 I
Seat 35 110 =31 114 3
Seat 35 77 -6 i 2
Driver-Side Front Fender 28 50 -7 51 ;
Driver-Side Rear Fender 21 71 10 71 i
Passenve- Side Front Fender 21 167 -32 170 ?‘i
4 Trunk tid Shell 19 37 200 212 2
B 30 Automobile Body - 19 -1 19 i
Roof 57 126 206 242 ;
Seat kK0 29 0 29 }
Passenger-Side Front Fender 28 9 -154 154 2
Trunk Lid Sheli 25 115 137 179 X
Left Front Guard Panel 16 87 -145 156 }
3 Driver-Side Hood Hall 13 92 -156 141 :
itight Front Guard Panel 13 169 - 1K6 252 3
3 Passenger-Side Hood Half 12 31 -59 67 ;31
3 Passenper-Side Rear Fender 12 150 -66 164 4
?j 3 15 Automobtile Body — 0 -1 10 ]
2 Hood 52 167 -62 179 ¥
iz Spare Tirve 35¢ 24 4 24
& 4 15 Autornobiie Body - 4 0 4
A Hood Shell 42 194 -6 198
4 Hood Hin_es and Brace 13 257 2 258
3 5 50 Autoraobile Body - 51 -9 52
Roof 65 8 -61 99
s Hood Framework 35 209 9 209
¥, Hood Shell i3 78 -7 96
i Hood Lateh and Panel 32 22 -1 22
1 Driver-Side Front Fender 27 72 -20 5
¥ Pazsencer-Side Front Fender 25 189 -5 189
Y 6 15 Automaobile Body - 5 0 o
G Passeneer-Side Hood Halt 19 42 7 4
: 7 50 Automobile Body = 47 15 49
3 Roof 58 193 4 193
3 Hood 15 290 96 306
Passencer-Side Front Fendey 25 222 -16 222
(s Tank 20 36 d} 37
Driver-Side Front Quter Fender 13 202 -98 280
Driver-Side Front Inner Fender 10 358 26 354
! 8 50 Automobile Body - 41 4 41
! Roof 39 133 -628 642
! Seat 35 46 4 47
! Trunk Lad Shell 30 176 -39 181
Hood Shell 29 136 H2 150
Seat 27 14 0 14
Coil Suspension Spring 12 af 15 39
9 10 Automobile Rody - 0 0 0
10 15 Automobile Body - 6 -2 6
Roof 64 5 8 10
Spare Tire 35 21 -1 21
11 30 Aatomobile Body - 23 11 26
Root Shell 44 -282 -1 282
Hood Shetll 31 208 91 227
Seal 29 -3 19 1
Driver-oide Front Fender 23 11 -5 12
Hood Framework 23 40 117 123
12 30 Autemobile Bady - 4 1 19
Trunk Lid Shell 24 =271 32 273
Miver-Side Hood Half 16 -272 234 274
Passenger-Side Hood Hall 16 15 -17 23
13 30 Automaobile Badv - -3 -22 B2
Hood Shell with Lateh 40 17 104 106

*Positive indicates away from uround zero, negative indicates toward ground zero.
tPositive indicates an increase in bearing anule, negative indicates a decrease tin bearmng angle.
I Marnitude

tEctimated, not weighed
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Table 3.2. Weights and Transport of Tumbling Blocks §
§
3
8 Tumbling Appreximate g
; Bloci: Initial Radial id
3 Tumbling Overpressure ) ) Actual Transport ;i
: Block Po«ttion Nominal Waght and Type of Weight Distance 3
L: Nuniber ~ (psi) Tumbling Block (pounds) (feet) é
3 { 15 £5-Pound Plvwood-Cement Composition 64.5 6. ‘;
k 2 15 65~ Pound Plywood-Cement Composition 65,5 7.3 |
f? 3 15 65-Pound Plywood-Cement Composition 64.0 8.5 a‘
2 4 30 65-Pound Plywood-Cement Composition 63.0 36 4
: 5 30 “5-Pound Plywood-Cement Composition 64.0 319 4
t 6 30 65-Pound Plywood-Cement Composition 61.0 42 2
é’: 7 50 65-Pound Plvwood-Cement Composition 63.5 103 3
' 8 50 65-Pound Plywood-Cement Composition 63.5 150 y
i 9 50 65-Pound Plywood-Cement Composition 61,5 184 :
T: 10 100 65-Pound Plywond-Coment Composition Destroyed f
; 11 100 65-Pound Plywood-Cement Composition 63.5 230 ?J
\ 12 100 65-Pound Plywood-Cement Composition 61.5 317 ?
: 13 15 10-Pound Flexible Polvurethane Foam 8.2 128 )
?; 14 15 10-Pound Ftexible Polyurethane Foam 8.6 127
E 15 15 10-Pound Flexible Polyurethane Foam H.8 113
\ 16 30 10-Pound Flexible Polvurethane Foam 8 b 151
E 17 30 10-Pound Flexible Polyvurethane Foam 8.5 96
E-’ 18 30 10-Pound Flexible Polvurethane Foam 8.9 256
E‘f 19 50 10-Pound Flexible Polvurethane Foam Destroved
20 50 10-Pound Fiexible Polyurethane Foam Destroved
21 50 10-Pound Flexible Polyurethane Foam Destroved
22 100 10-Pound Flexible Polvurethane Foam 8.8 432
23 100 10-Pound Flexible Polvurethane Foam Destroyed
24 100 10-Pound Flesible Polyurcthane Foam Destroved
25 15 2-Pound Flexible Polvurethane Foam 1,4 118
26 15 2-Pound Flexible Polyurcethane Foam 1.9 87
21 15 2-Pound Fiexible Polyurethane Foam Disturbed
28 30 2-Pound Flexible Polvurethane Foam 1.5 -176
24 30 2-Pound Flexible Polyurethane Foam 1.9 -179
30 30 2-Pound Flexible Polvurethane Foam 1.9 -189
31 50 2-Pound Flexible Polyvurethane Foam Destroved
32 00 2-Pound Flexible Polvurethane Foam Destroved
33 15 2-Pound Rigid Styrofoam 1.8 114
34 15 2-Pound Rigid Styrofoam 1.8 98
35 15 2-Pound Rigid Styrofoam 1.3 122
36 I 2-Pound Rigid Styroloam 1.8 103
37 30 2-Pound Ricid Styrofoam 1.8 100
38 30 2-Pound Rigid Styvrofoam 1.8 93
39 30 2-Pound Rigid Styrofoam 1.8 98
40 50 2-Pound Rigid Stvrofoam 1.8 8
41 50 2-Pound Rigid Styrofoam Destroved
42 50 2-Pound Rigid Styvrofoam Nestroved
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Figure 3.1. Overpressurc rccovdings by the support pressure transducers
at the 15-psi and 50-psi tree group positions
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Figure 3.2. Postshot photographs showing remains of aspen trees piaced at 15 psi
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Figure 3.3. Postshot photographs showing remains of spruce trees placed at 15 psi 3
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CHAPTER 4
CONCIL.USIONS AND RECOMMENDATIONS

Reliahle extensive data on the fragmentation of aspen and spruce trees at 15
ana 90 psi caused by a 500-ton classical high-explosive dotonation werce obtained in
this project. Specifically, the acquired tree-fragmentation data were the cumulative

weight distributions and mathematical size descriptions of the debris from each of

P AT TS I R TTY

these species at both peak overpressures, As one prominent conclusion, it was
determined that about 60 percent of the branchwood weipht was fractured from the
trunk (ragment sections of the trees placed at 15 psi, and nearly 100 percent of the
branchwood weigit was fractured ‘rom the trunk fragments of the trees placed at
50 psi. The reliability of these data 1s established since they represent an average
of the individual results pertaining to each of the three trees of the sume specie
placed al the same overpressure and, i addition, these individual resulls were

consistent for 'rees of the sume specie-overpressure conbination,

It was deduced that this obtaned tree-fracimentation data would have been

statiar lor tree species similor {e aspen or spruce, correspondingly.

A comparison of the troc-fracsmentation data results of this preject with simi-
lar results from a shock tunnel ndicates that fairly accurate tree-fragmentation
daata can be delermined 1 shock tunnels. Shovk-wtunnel tests usually offer the

, advantases of less expenge and mor e convenience in comparison with field tests,
o furthier tree-fragmentalion daln is needed, the use of a shock-tunnel facility is

recommended for its acquisifion whea practical.

The trec- debris cumulative w oight distributions from this project represent
lower bounds and the tree fravment sizes from this project represent upper bounds
of those that would resuit for simitarv species at the same overpressures but larger-
vield explosions. 1t is reasoned that the fragmentation of the simall vree debris
would not chawge muceh lor I+ ger vields, but basically just the fragmentation o1 the

larve branches and the tree trunks would chiange.

Also obtainea in this projeel were accurate cumulative weisht distributions

of the debris from the automobiles placed at 10, 15, 30, and 50 psi in this blast,

On the averace, only about 15 pounds of debris was blown off the 10-psi automobile
as mainly laree windows were blown out: around 80 pounds of debris originated
from each of the 15-psi automobiles: aboul 16u - unds of debris vas generated from

every 30-psi automobile: and neariv 400 pounds of debris came from each 50-psi
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~utomobile, The automobile-debris cumulative weight distributions plainly show
that a considerable number of small automobile-debris parts, as well as quite a few
large parts, were blown off the automobiles at 15 psi and higher overpressures,
These distributions are quite reliable since they depict the average of the debris
from four automobiles at each of the designated overpressures with the exception

of the 10-psi distribution.

Unlike tree debris, the sizes of the automobile debris parts could not be
mathematically described because of their marked diversity.

The automobile-debris cumulative weight distributions obtained in this pro-
ject represent lower bounds of those expected at the same overpressures of higher-
yield detonations. The reasoning is analogous to that used for the tree-debris
cumulative weight distributions.

The dispersion and lofting of the tree debris at 15 and 50 psi in this blast were
estimated in this project. The tree-debris ground distributions were used as the
basis for these dispersion estimates. It was determined that the tree-debris disper-
sion was roughly the same at 15 and 50 psi for the spruce and aspen trees, but varied
inversely with the weight of the iree fragments. Frcm the high-speed movie films,
the lofting of tree debris was seen to have been negligible at these overpressures.

The dispersion and lofting of automobile debris was also estimated where
possible. The trends proved different than for tree debris. The dispersion of the
automobile debris at 15, 30, and 50 psi was based on the corresponding ground dis-
tributions. This dispersion showed a tendency of increasing with overpressure and
was just as large for the heavier parts as for the lighter ones. Considering just
heavier frogments, the dispersion of aulomobile debris was considerably larger
than the dispersicn of iree debris. The lofting of the automobile debris parts was
quite large at 50 psi, up to a 60~ to 70-foot height, and slightly less at 30 psi, up to
a 30-to 40-foot height: the lofting of the 15-psi automobile debris was not visible on

he high-speed movie films. Flal sheet metal parts were the type of automobile
parts which were dispersed and lofted the most.

The radial transport of various tumbling blocks placed at 15, 30, 50, and
100 psi were measured in this project. The transport distances seemed reasonable
exceprt that those at 30 psi were affected by a blast anomaly.
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APPENDIX A
RAW TREE-DEBRIS DATA

The tabulated raw tree-debris data 1s contained in ttis appendix. The data
consists of the 15-psi tree-debris data {weighings), recorded according to the
15-psi grid squares; the 50-psi tree-debris data (no weighings) logged according to
hie 50-psi grid squares: and the weighings of the 50-psi tree debris after it was all
gathered from he 50-psi grid network.

In every 15-psi grid square, either the number or the total weight of the
15-psi fragments from each tree in each averaged-characteristics group was re-
corded, and the length, diameter, and weight of the 15-psi fragments in each
individuai-characteristics group were noted accordirg to originating tree. The
50-psi tree debris in the 50-psi grid squares was tabulated similarly, except tha!
the individual-characteristics fragments were just measured but not weighed.
Instead, the weighings of thic debris were made after it was measured in, and
gathered from, the 50-psi ¢rid squares. Note that only the group number was re-
corded (i.e., the group was 1 instead of S1 or Al) since the originating tree number
indirates whether the fragments were spruce or aspen.
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50-PSI PAN TRE"-OFBR!S DATA TABULATED ACCORDING TO 50-PSI GRID S
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*Indicates bark; a value listed
under average diameter column
denotes average width of bark
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RAW WEIGHT DATA OF 50-PSI TREE DEBRIS
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APPENDL. B
RAW AUTOMOBILF-DEBRIS DATA

The data that was recorded on the lightweight automobile debris (less than
10 pounds in weight) is | sted in this appendix. The tabulation of the lightweight
automobile debris according to the 50-psi grid squares is presented, along with
the weighings of this debris after it was gather~a from the 50-psi grid network.
The data tabulated on the heavier au‘omobile debris is included in Tairle 3.1 and is

not repealed here.

In the grid-networl tabulation of the .ightweight automobile debris, the debris
is arrang~d depending on the originating-automobile overpressure group. The
originating group of some debris found in some squares could nnt be positively
identified, so it was listed under the mosl probable group. This tabulation includes
all the debris found far from the postshot automobile positions but not that found
in the close vicinity to these positions. After this grid-network tabuiation, all the
lightweight automobile debris was gathered (even that near the postshot avtomobile
positions) according to originating-automobile overpressure groups. These aggre-
gates, in addition to a few heavier automobile parts, are shown in the ph tvgraphs of
Figures 3.22 through 3.25. The lightweight automobile debris in these photographs

was suhsequently weighed by originating groups as presented in this adpendix.
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RAW LIGHTWEIGHT AUTOMOBILE-DEBRIS DATA TABULATED
ACCORDING TO 50-PsST GRID SQUARES

50-Psi
Cajidlisouig Automohile Debris Part 3
‘ X Y (originating automobile number in parentheses if identifiable) 4
: Debris from 10-Psi Automobiles ;
3 ;
‘;, 2 13 Glass Fravment j
3 3 13 Six Glass Fragments t
4
3 14 Three Glass Fragments .
3
X 2 15 Two T- by 3-Inch Glass Fragments
: 3 15 Hood Hinge Spring (+9)
Dcbris from 15-Psi Automobiles
-2 4 Headlicht Rim (#3)
=il 4 Hubcap (44)
=l 5 Two Chrome Stoips (¢ 10), Pushbutton Radio Panel (#10)
) G Chrome Strip (#10)
= 6 Three Chrome Strips (+?' Headlight Rim (#3), Two Head'ght
Rims (=4)
-1 6 Two Chreme Strips (#10)
-3 7 Two Chrome Strips (#3), Headlight Rim (#10)
-3 G Two 4- by 5-Tnch Glass Fragments, 50-Inch Chrome Strip,
Headlight (+3)
-2 9 40-Inch Chrome Strip (#4), 16-Ii ¢h Chrome Strip (#6),
Taillivht Fragments
-1 9 43-Inch 0.8-Inch-Wide Chrome Strip, 52-Inch-Wide Clhirome Strip,
' 15~ by 2.8-Inch Chrome Chevrolet Emblem (#6), Front License
Plate {#10), 15-Inch 1.75-Inch-Wide Chrome Piece [rom Freat
Hood (=6), 4.8-Inch 2-Inch-Wide Chrome St5ip End Piece, Roof
Rack “# ()
0 9 Taillight (+10), Chrome Strip, Two 60-Inch 0.7-Inch-Wide Chrome
Strips
: -4 10 Windshiceld Wiper Blade, Two Glass Fragments
f -3 10 36-Inch Chrome Strip, Four Glass Fragments, Taillight Lens,
b Window Crank Knob
L)
¥ -2 10 Three 50-Inch Chrome Strips, Two 12-Inch Chrome Sirips, Two
5 Glass Fragments, Taillight Lens Fragment
g -1 10 Two 50-Inch Chrome Strips, Three Glass Fragmentls

-3 11 Taillight Lens (¢3), Four 3- by 5-Inch Glass Fragments
-2 11 49-Inch Chrome Strip, Four 5- by 5-Inch Glass Fragments
-1 11 Two 4- by 6-Inch Glass Fragments
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RAW LIGHTWEIGHT AUTOMOBILE-DEBRIS DATA TABULATED
ACCORDING TO 50-PSI GRID SQUARES (Continued)

% 50-Psi

% Grid Square Automobile Debris Part

'f X Y (originating automobile numoer in parentheses if identifiable)
1 i § i |

é-' Debris from 15-Psi Automobiles (Cont'd)

<

g_ 0 11 H55-Inch Chrome Strip

; -3 12 4- by 4-Inch Glass Fragment

; 0 12 Five Glass Fragments

i1 -2 13 3- by 3-Inch Glass Fragment i
g 0 13 2- by 2-Inch Giass Fragment

Ground Rangze = 1050.0 Feet, Bearing = 244754'18"": 5-Pound Hood Latch
Assembly (#4)

B o

Ground Ranve = 1007.6 Feet, Bearing = 241°19'17": 8-Pound Hood Hinges and ;
Brace («3) 4

Debris from 30-Psi Automobiles

3
-1 =) Chrome Strip \;i
-4 25 Hubeap (i#13) :
-3 =5 Hubcap (= 11), Hood Chrome Strip ( #11), Hood Hinge Spring %
-4 -4 Dashboard Cover (72)
-3 -4 Three Chrome Strips
-2 -4 Chrome Strip &
-3 -3 Chrome Strip :
-5 -2 Three Chrome Strips
-3 -2 Roof Support, Knob, Hubeap (#11), Hood Latch and Brace
-2 -2 Dashboard Molding
-5 -1 Chrome Strip
-4 -1 Two Chrome Strips
-3 -1 Interior-Speaker Chrome Trim, Two Chrome Strips, Twe Head-

light Sockets

-2 -1 Bracket

-7 0 Window Frame

-6 0 Horn, Wiper Blade

-1 0 Chrome Strip (411)

-9 1 Chrome Strip, Upholstery (#13), Rubber Window Weatherstrip
-1 1 Three Chrome Strips

R 1 Dashboard, Broken Headlight
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RAW LIGHTWEIGHT AUTOMOBILE-DEBRIS DATA TABULATED

ACCORDING TO 50-PSI GRID SQUARES (Cont:nued)

Automobile Deberr Part

X Y (originating automobile number in prentheses if identifiable)
Debris from 30-Psi Automobiles (Cont'd)
-10 Five Chrome Strips (#2)
-9 19-Inch 1-Inch-Wid. Chrome Strip, Chrome £trip, Rubber Window
Weatherstrip
-8 2 15-Inch 2-Inch-Wide Chrome Strip, 43- by 0.6-Inch Sheet-Metal
Fragment, 56- by 1.5-Inch Sheet-Metal Fragment
-1 2 Two Chrone Strips (#13), Two Outside Mirrors (13}, Door Handle,
Four Chrome Strips
-5 2 Rubber Vindow Weatherstrip, Sheet-Metal Fragment
-10 66-Inch 1.5-Inch-Wide Curome Strip, 14-Inch 1-Inch-Wide
Chrome Strip
-9 3 15-Inch 2-Tnch-wWide Chrome Strip
-8 3 14-Inch 1-Inch-Wide Chrome Strip, 48-Inch 1.5-Inch-Wide Chrome
Strip, 14- by 1-Inch Metal Side-Window Divider
-7 3 Headlicht (+11), 3=Inch 2.75-Inch-Wide Chrome Piece
-4 3 Hood Hinge, Chrome Strip, Headlicht Rim
- 3 Two Chrome Stips, 8- by 4-Inch Chrome Piece, Air Cleaner (#11),
Windshield Weatherstrip
-10 4 License Plate (#2)
-4 4 Two Chrome Strips
-3 4 Two Chrome Strips
-2 4 Hooa inge Spring (» 11, Bracket
-7 5 36- by 15-Inh Cardboard Panel
-5 5 Two Chrome Strips, Hood Chrome Piece, Hood Chrome Emblem
-3 > Chrome Strip
=8 6 Hood Latceh, Horn
-4 6 Chrome Strip, Window Frame, Chrome-Strip End Piece
-3 6 Chrome 3lrip
-4 7 Taillight Assembly
-6 8 Chrome Strip
Debris from 50-Psi Automobi.es
0 -4 Metal Molding, Outside Mirror Part

Chrome Strip
Chrome Strip, Chrome Strip (#8)
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3
RAW LIGHTWEIC IT AUTOMOBILE-DEBRIS DATA TABULATED
ACCORDING TO £3-PSI GRID SQUARES (Continued)
¥

50-Psi
Grid Square Automobile Debris Part
X Y (oricinating avtomobile number in parentheses if identifiable)

Debris from 50-Psi Automobiles (Con.'d)

Pt oI 2 DU

0 -3 Front Grill (#+7), Chrome S rin (+1) ,
!.‘- -1 -2 Window Frame 3
{ 0 =2 Chromie Strip é
:. 3 -2 Three Chrome Strips (#5)
F -1 -1 Throme Strip %
| 1 -1 Tailiduaht :
E :
5": 2 -1 Chrome Strip }g
¥ 3 -1 Chrome Strip %
'ff; 0 0 Rubber Mat, Outside Mirror Part, Horn, Battery Clamp, Mectal
i Molding (#7), Sheet-Metal Fragment, Sheet-M >tal Bracket, Wind-

snield Wiper Motor, Sun Visor, Two Light Sockets

Ashtray, Chrome Strip (¢ 7), Headlight Rim (#7), Chrome Strip,
Chrome Strip with Upholstery, Hood Hinge (+5), Two Chrome
Strips (5), Fender Guard, Two Pieces of Metal Molding, Two Hub-
caps (+ 1}, Bracket, Blower Rotor, Four Sheet-Metal Fragments

e

AT
—
[ow]

ET-E

L b e T i Pt 2

Dooi tlinge, Windshield Wiper Motor, Three Chrome Strips, Head-
lizht Rim, Chrome Star Emblem (#5), Padded Dash Molding

3 0 Roof Support (#8);, Chrome Strip, Windshield Washer Pump, Top
Front Window Frame, Strap

0 1 Hood Latch, Water Pump, Four Chrome Strips, Front Grill (#7),
Rubber Window Weatherstrip, Trunk Latch, Chrome Molding (47),
Voltage Revulator, Metal Molding, Chrome Star Emblem (#5)

1 1 Gas Cap, Dracket; Two Front Grill Parts, Two Headlight Sockets,
Taillieht Lens, Rocker Panel (¢1,, Hubeap (41}, Steering Wheel,
Two tlood Hinge Springs, Two Dhor Sills, Sheet-Metal Fragment,
Seven Chrome Strips, Metal Frime Fragments, Two Chrome
Strips =7}, Chrome Strip (# 8, Fender Molding, Armrest, Heater,
Rear View Mirror Frame, Uphotstery Panel, Batlery Solt, Battery
Fragments, Waler Hose, Metal Window Divider

2 1 Rubber Door Sill, Chrome Star Emblem (45), Spare Tire Hold
Down, Baltery Fragment, Hood Latch Fragment
-1 2 Sheet-Metal Fragment, Two Chrome Sirips
0 2 Horn, Headlight ard Socke t Housingy, Rear View Mirror, Two

Chrome Strips, Three Metal Strips, Metal Molding Fragment,
Window Frame, Battery Plate

1 2 Six Chrome Strips, Rocker Moldin: (41), Steering Wheel Rim (= 1),
Steering Wheel Fragment, Light Molding (#7), Armrest Hood Hinge
Spring (+5), Headlight Rim (#5), License Plate (¢ 1), Five Battery
Case Fragments, Six Battery Plates, Ash Tray, Hood Latch with
Metal Fragment, Rubber Door Sill, Chrome Picce, Chrome Molding
Fragments, Window Frame Fragment
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RAW LIGHTWEIGHT AUTOMOBILE-DEBRIS DATA TABULATED
ACCORDING TO 50-PSI GRID SQUARES (Continued)

3

50-1g’

w Au.omobile Debris Part

X Y (erivinating automobile number in parentheses if identifiable)

Debris from 50-Psi Automobiles (Cont'd)

2 2 Door Handle (¢ 1), Die Cust Molding Fragment
-1 3 Door Handle (1), Die Cas® Chrome Molding, Vent Window Frame
0 3 Armrest, Four Chrome Str.ns, Chrome Molding, Rubber Air Duct,

Tail.ight Housing, Inside I°r wder Fragment with Battery Pan,
Sheet-Metal Strat, Metal Froment, Wire-Like Metal Strip
1 3 Two Chrome Strips, Door dundle (#1), Ash Tray, Battery Fragment,

Windshield Center Post, Two Sheet-Metal Fragments, Metal Plate,
Die Cast Molding Fragment, Window Molding

2 3 Armrest, Taillight Casing, Chrome Strip, Trunk Latch, Die Cast
Molding, “ragmeat
] 4 Two Chrome Strips, Window Handle, Mirror, Sheet-Metal Fragment
0 4 Headlight Rim, Rear Window Frame, Twe Molding Fragments,

Aluminum Molding, Light Housing

1 4 Headlicht Socket, Two Battery Fragments, Battery Post, Hocd
Fragmen!

2 4 Upholstery Strip, Chrome Strip, Headlight Socket, Oii Cap, Sheet-
Metal Fracivent

3 4 Two Chrowe Strips, Two Melal Brackets, Rubber Window
Wealthevsteip

5 4 Trunk Handle

0 3] Metal Feragment (7)), Water Hose

1 5 Vent Window frame, Mirror Mount, Metal FFragment

2 ! Cihvvome Strip

3 5 Hood Lateh Sepport, 24-Inch Chrome Strip, 5-Pound Taillight
Assembly

4 5 One-Half Hood Hinge (- 8)

1 Chrome Strip

1 7 Taillivht Assembiy 1)

5 8 G0-Tneh Chrome Strin

3 9 One-Hall Mirror, 48-Inch Chrome Strip

i 10 Five Glass Fracments, Clhiv ome Name Emblem

2 10 11- by S-ineh Glass Frag nend, 19- by 0,75-Inch Chrome Fmblem

1 11 Headiicht Rim, Fight 7- v 6-Inch Glass Frasneents, 68-Inch

Chrome Strip, Two Winds ield Wiper Blades, Three H5-Inch Chrome
Strip Fnd Picces, Vollage egulator Cap

2 11 Two Class Fraviments

3 1] - by D-nch Glass Fra ment
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RAW LIGHTWEIGHT AUTOMOBILE-DEBRIS DATA TABULATED 4
ACCORDING TO 50-PSI GRID SQUARES (Continued) i

50-Ps: i
Grid Square Automobile Debris Part :
X Y (originating automobile number in parentheses if identifiable) ;
Debris from 50-Psi Automobiles (Cont'd)

3 12 Interior Speaker Chrome Trim ;

1 13 Two Taillight Lens Fragments, Two Glass Fragments &

2 13 Glass Fragments

3 13 Five Glass Fragments, Metal Bracket :'3

Ground Range = 503.0, Bearing = 2565°51'23"": 5.5-Ponnd 7'runk Wheel Well
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RAW WEIGHINGS OF LIGHTWEIGHT AUTOMOBILE DEBRIS
(GATHERED AND WEIGHED FOLLOWING
GRID-SQUARE TABULATION)

i
i__;.-
i
L
£
:

107

Number
“utomobile Debris Parts of Parts
Debris {rom 15-Psi Automobiles
Light Rims, Light 8
Glass Fragments, Taillight, Window o1
Light Sockets 3
Taillight Assembly 1
Small Chrome Strips, Wiper Parts 10
Chrome Molding Fragrients 12
Chrome Strips 4
48-Inch 1-Inch-Wid: Chrome Strips 21
48-Inch 1.5-Inch-W de Chrome Strips 14
Small Die Cast Parts and Fragments 13
Die Case Parts, Fragments, Mirror 16
Rubber Pieces 4
Hubcaps 2
Hood Hinge Springs, Jack Base, Horn 4
Roof Support 1
Roof Rack Parts (from Automobile Number 6) 3
Air Filters 2
Air Cleaner Housing 1
Washer Bottle 1
Flexible Exhaust Pipe 1
Miscellaneous — Ash Trays, Distributor Part, etc. 15
Upholstery Wires 3
Armrest, Visors, Metal Fragments 4
Debris from 30-Psi Automobiles
Glass Fragments 55
Headlight Rims 3
Headlight, Vent Window 2
Taillight Assembly 1
Small Chrome Fragments 5
Chrome Fragments 7
36-Inch 1-Inch-Wide Chrome Strips 24
48-Tnch 1.5-Inch-Wide Chrome Strips 15

SRR D i e SN

Weight of
Parts

(pounds)

3.5
25
3.5

0.99
1.72
0.90

iy
10
11.5
2.26
9.5
1.83
11.5
8T

0.473
1.47
4,07
1.43
3.68

0. 1957
3.19
5.5
0.473
2.26
12
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RAW WEIGHINGS OF LIGHTWE'GHT AUTOMOBILE DEBRIS
(GATHERED AND WEIGHAED FOLLOWING
GRID-SQUARE TABULATION) (Continued)
Weight of 1
Number Parts 3
Automobile Debris Parts of Parts (pounds) |
Debris {rora 30-Psi Automobiles (Cont'd) 5
Rocker Molding Strips 2 4 ]
Die Cast Fragments — Handles, Air Intake Vents, etc. 19 13 $
Sheet-Metal Fragment — Proof Supports, Window Frames, 11 29
Hubcaps
Rubber Pieces 9 32
Hubcaps 2 2.8
Hood Hinge Springs 3 2.1
Hood Hinge, Hood Latch, Dash Molding 3 11
Horns, Window Guide 3 2,09
Air Cleaner 1 7
Battery Plate 1 0.352
Rod 1 1.54
Misceilaneous — Ash Trays, Mirrors, Wiper Blades, 20 4
Dash Parts
Upholstery Pieces 5 1.87
Upholstery Wires 2 1.43
Armrests, Visors 3 2.14
Debris from 50-Psi Automobiles
Taillight Lenses 3 0.341
Lightweight Light Backing Picces 13 4
Lights, Heavy Light Backing Pieces 8 217
Small Chrome Fragments 19 1.52
Chrome Trim Fragments 19 2.46
Miscellaneous Chrome and Aluminum Fragments — Ash 11 2.84
Trays, Speaker Grill, etc.
24-Inch 1.5-Inch-Wide Chrome Strips 4 1.09
36-Inch 1-Inch-Wide Chrome Strips 22 6.0
42-Inch 1.5-Inch-Wide Chrome Strips 32 17.5
60-Inch 1-Inch-Wide Chrome Strips 6 2.83
Chrome Vent-Window Frames 2 0.935
Lightweight Chrome Die Cast Fragments — Door Handles, 23 17
Grill Parts, cte.
Heavy Chrome Die Casi Fragments 2 4
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RAW WEIGHINGS OF LIGHTWEIGHT AUTOMOBILE DEBRIS
(GATHERED AND WEIGHED FOI.LOWING
GRID-SQUARE TABULATION) (Continued)

Weight of
Number Parts
Automobile Debris Partc of Parts (pounds)
Debris from 50-Psi Automobiles (Cont'd)

Chrome Rocker Molding 2 5.9
Miscellaneous Small Fragments 10 1.43
Window Guides, etc. 7 4
Brackets, Hardware Plates 14 8.5
Large Sheet-Metal Fragments, Muffler 41 140
Rubber Pieces 43 33
Hubcaps 3 4.96
Hood Hinge Springs 4 4.46
Battery Plates 24 4.96
Battery Case Fragments 14 4,82
Battery Terminals 3 1.96
Horns, Motors, Manifold Fragments, etc. 10 28
Push Rods 5 0.8i4
Upholstery Pieces 4§ 22
Upholstery Strips 9 6
Armresls, Visors, ete. T 5.95
Steering Wheel Fragments 4 3.48

v 109

S B ¥ e AR RN Y L e s Tk




T P L T B L T T O on e T T Y YT O e T T R S TV S W T SR AT 2 AL T TR T R Y Y VR O, TRy MY Y SR AT R 0 ¢ NP Al
t o g

&

kS

<]

,j

3

3

APPENDIX C g

%

TREE-DEBRIS GROUND WEIGHT DISTRIBUTIONS j

.

(

The ground weight distributions of the debris from the twelve trees subjected ;

to the Dial Pack nlast in this project are presented in the twelve ficures of this ap- 4

pendix. In each figure, the weight (in pounds) of the dehris from a specified tree in it

the appropriate grid-network squares is indicated, The weight of the tree trunk or 5
this tree remaining in the holding pipe has been estimated and added to the suitable

grid square. Note that the radicl line through the initial tree position is desig- :;

nated in every figure. 3

&

Some debris from the 50-psi trees was radially transported over 1000 {eet. 3

A

Such distan es appear to be incexplicable since just a few discrete fragments were 3

found at these lavee distances, with a large gap existing between those {ragments 3

23 o

and the closest lower-transported fragments. Some were collected fairly close to
a road. They might have been tree trimmings which had blown off a truck that was
carting them away as part of the preshot cleanup. But olhers were discovered
over 150 feel [rom this voad (the road was situated at about the 4-psi range), which
tends to disprove this explanation. Besides, most of the fragments resembled frac- a
tured debris rather than trimmings., Hence it seems nossibie that these fragments
were blasi-transportled io such disiances, or perhaps they were even part of

crater ejecta.
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placed at 50 psi
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APPENDIX D
PRESHOT AND POSTSHOT AUTOMOBILE CONDITIONS

The conditions of all thirteen automobiles before and after the Dial Pack blast
are briefly described in this appendix. To characterize the crushing (depressed in-
wards) or the peaking (pressed outwards) ronditions ¢’ the sheet-metal parts re-
maining on the automobiles after the blast, the following woras are usned to (ndicate
the extent from normal:

Maxiraum Depth or

Description Rise from Normal
Slight 2 to 4 inchcs
Moderate 4 to 6 inches
Severe 6 to 8 inches
Very severe 8 to 12 inches
Drastic greater than 12 inches

A chrome section refers to a 2- to 4-foot chrome strip, or cnrome trim with the
equivalent weight of such a strip. Otherwise, the wording used to depict the auto-
mobiles is self-explanatory.
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Automobile
Part
Hood
Trunk Lid

Doors
Roof
Fe:ders

DBumpers
Windows
Tires

Hubcaps
Chiome Trim

Lights

QOutside Mirrors

Miscellaneous

! H’-‘!'.-“l.r-:r-:mwewm-ﬂ:?':W‘fﬂ!“ﬁmh:ﬂ??”'.#W-&-W-mw”rﬂ’ﬂm"m et

PRESHOT AND POSTSHOT CONDITIONS OF AUTOMUBILES
Automebile Number 1 — 1949(?) DeSoto, Oriented Side-On

(Driver's Side Facing Blast) at 50 psi

Preshot Condition

Good
Good

Good (Four Doors)
Good
Good

Good
Good
Good

All Four On
Good

Gond (Some Rust Around
Headlights)

Driver-Side Mirror Attached

Aerial and Windshield Wiper
Blades Missing; Two License
Plates On

Postshot Condition

Blown Off

Unlatched Framework Severeiy
Twisted on Hinge: Shell Blown
Off

Blown Off
Blown Off

All Blown Off Except
Passenger-Side Rear Fender
Which Was Hanging

No Change
All Blown Out

All Flat Except Passenger-
Side Front

All Four Blown Off

Eight Sections Blown Off —
About 100 Percent of Chrome
Trim

Headlights and Headlight Rims
Blown Off: Taillights Blown
Off With Parts: Front Parking
Lights Good But Hanging

Blown Off

Both Wipers and Both License
Plates Blown Off. Chrome
Sections, Small Engine Parts,
and Hubcaps on Ground
Nearby
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES

Automobile Number 2 — 1246-1948 Dodge, Oriented Side-On
(Driver's Side Facing Blast) at 30 psi

Automobile
Part

Hood
Trunk Lid

Doors

Roof
Fenders

Bunmipers
Windows
Tires
Hubcaps
Chrome Trim

Lights

Outside Mirrors
Miscelianeous

it el i AR NI S Rt L

Preshot Condition

Good
Good

Good (Two Doors)

Good
Good

Good

Good

Good

All Four On

One Section Missing and

One Section Loose
Good

Driver-Side Mirror Attached

Aerial Missing: Front License
Plate On: Windshield Wipers
Good
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Postshot Condition

Blown Off

Unlatched Framework Re-
mained, Hanging on One Hinge;
Shell Blown Off

Both Open; Passenger-Side
Door Hanging and Driver-Side
Door Severely Crushed

Blown Off

Passenger-Side Fenders Blown

Off: Driver-Side Rear Hanging,

Driver-Side Front Severely
Crushed and Peaked

No Change

All Blown Qut

No Change

No Change

Seven Sections Blown Off —

About 70 Percent of Chrome
Trim

All Broken; Driver-Side
Headlight and Headlight Run
Blown Off

3lown Off

License Plate and Both Wiper
Blaaes Blown Off: Seat,
Chrome Sections, Hood Brace,
and Hood Spring on Ground
Nearby
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES

Automobile Number 3 — 1960 Chrysler Saratoga, Oriented Side-On
(Driver's Side Facing Blast) at 15 psi

Automobile
Part L

Hood
Trunk Lid
Doors

Roof
Fenders

Bumpers
Windows

Tires
Hubcaps

Chrome Trim

Lights

QOutside Mirrors
Miscellanceous

Preshot Condition

Good
Good
Good (Four Doors)

Good

Good

Good

Good Except Cracl: in Front
Windshield

Good

All Four On

Two Sections Missing

Good (Dual Headlichts)

"'wo Attached

Aerial and Liicense Plates
Missing: Windshield Wipers
Good
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Postshot Condition

Blown Off
Unlatched; Severely Crushed

Two Rear Doors Jammed Shut

And Driver-Side Front Door
Open: Both on Driver's Side
Severely Crushed

Detached and Blown Up in

Front: Attached in Rear Only
Driver-Side Fenders Severely

Crushed
No Change
All Blown Qut

Two Rear Flat: Spare Blown
Out of Trunk

Passenger-Side Rear Blown
Off

Fourteen Additional Sections

Blown Off — 2bout 75 Percent
of Chrome Trim: One Section

Hanging
Two Headlighls Blown Off:

One Headlight, Both Front
Parking Lights, and Both Tail-

lights Broken: Two Headlight
Rims Blown Off; One Head-
light Socket Hanging

Both Blown Off

No Change in Windshield
Wipers. Headlicht Rim,

Armrest, Roof Brace, Small
Engine Parts, and Spare Tire

on Ground Nearby
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;‘ Automobile
Part

:

2 Hood

: Trunk Lid

: Doors

3

g

:

4 Roof

'f_ Fenders

:

y Bumpers

: Windows

i

¥

’ Tires
Hubcaps

Chrome Trim

Lights

Miscellaneous
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Qutside Mirrors

PR:SHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES

Automobile Number 4 — 1959 Chrysler,
Oriented Front-On at 15 psi

Preshot Condition

Goad
Gond

Good (Four Doors)

Good

Good

Good
Good

Good
Passenger-Side Rear Missing

Good

Driver-Side Taillight Broken
(Dual Headlights)

Missing

Two Aerials Attached on Tail-
fins and License Plates Miss-
ing: Windshield Wipers Good
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Postshot Condition

Blown Off

Unlatched: Moderately
Crushed

Rear Jammed Shut and Front
Jammed Open; Both Driver-
Side Doors Moderately-
Severely Crushed, Both
Passenger-Side Doors
Lightly Crushed

Very Severely Crushed in
Rear and Severely Peaked in
Front

Driver-Side Rear Moderately
Crushed, Lightly Crushed
Otherwise

No Change

All Blown Out Except Driver-
Side Rear, Passenger-Side
Front, and Two Side Vents

No Change

Passenger-Side Front Blown
Off

Seven Sections Blown Off —
About 50 Percent of Chrome
Trim; Five Sections Hanging

One Headlight Blown Off; One
Front Parking l.ight, Both
Rear Parking Lights, and
Other Taillight Broken

No Change

Both Wiper Blades Blown Off,
Chrome Sections and Door
Handles on Ground Nearby
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES

Automobile Number 5 — 1959 Pontiac Laurentian,
Oriented Front-On at 50 psi

Automobile
Part _lireshot Condition Postshot Condition
Hood Good Blown Off A
Trunk Lid Good Unlatched:; Drastically
Crushed
Doors Good (Four Doors) All Jammed Open Witk One
Hanging; Both Driver-Side
Doors Severely Crushed,
Both Passenger-Side Doors !
Moderately Crushed '
Roof Good Blown Off :
Fenders Good Front Fenders Blown Off;
Rear Moderately-Severely
Crushed
Bumpers G od No Change

Windows Good Except Two Cracks in All Blown Out Except Two
Front Windshield Rear Quarter and Passenger-
Side Vent
Tires Good No Change
Hubcaps All Four Missing No Change

Chrome Trim

Lichts

Qutside Mirrors

Miscellaneous

Two Sections Missing

All Headlights Missing
(Dual Headlights)

Missing
Aerial, License Plates, and

Windshield Wiper Blades
Missing
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Sixteen Sections and Eight
Emblems Blown Off — About
100 Percent of Chrome Trim

Both Rear Parking Lights
Blown Off: One of Two Tail-
lights Broken

No Change
Passenger-Side Wiper Arm

Blown Off. Two Grill Sections,

Radiator Bracing, Wiper
Blades, and Headlight Rims on
Ground Nearby
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES 3

: Automobile Number 6 — 1950 Chevrolet, :
Oriented Front-On at 1§ usi ‘
;
1 ]
; Automobile
Part Preshot Condition Postshot Condition 5
Hood Good Passenger-Side Half Blown ;
Off. Driver-Side Half Un-
B latched and Hanging on Hinge
: Trunk Lid Good Unlatched; Lightly Crushed
; Doors Good (Four Doors) Ali Four Open and Lightly
Crushed
Roof Good Severely Crushed Down Center
5 Fenders Good All Lightly Crushed :
: Bumpers Good No Change
k Windows Good All Blown Out Except Two ;
Rear Side, Two Rear Quarter, ‘;
: and Driver-Side Vent :
' Tires One Flat One Additional Flat (Both on i
¢ Driver's Side) r
A Hubcaps All Four On No Change

Chrome Trim Good No Sections Blown Off, Two
Sections Hanging

Lights Good No Change
Outside Mirrors Driver-Side Mirror Attached Blown Off
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i Miscellaneous Aerial Missing, Two License One Wiper Blade, Other Wiper

% Plates On, Windshield Wipers and Roof Rack Blown Off.

i Good, Roof Rack On Rubber Window Liner, Wind- ,
i shield Wiper Blade on Ground i

# Nearby b
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PRESHOT AND POSTSHOT CONDITIONS OF AUTO!N.OBILES

Automobile
Part

Hood
Trunk Lid

Doors

Roof
Fenders

Bumpers

Windows
Tires
Hubcaps
Chrome Trim

Lights

Qutside Mirrors
Miscellaneous

Automobile Number 7 — 1958 Chevrolet Biscayne,

Oriented Front-On at 50 psi

Preshot Condition

Good

Latch Did Not Work, Wired
Shut

Good ( Four Doors)

Lond
Good

Good

Good

Passenger-Side Rear Flat
All Four Missing

One Section Missing

Driver-Side Taillight Broken

Two Attached

One Aerial Attached, License
Plates Missing, Windshield
Wipers Good
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Postshot Condition

Blown Off

Unlatched and One Hinge
Broken; Drastically
Crushed

Driver-Side Front Open,
Others Jammed Closed: Both
Driver-Side Doors Moderately
Crushed, Both Passenger -Side
Doors Very Severely Crushed

Blewn Off

Two Front Blown Off; Rear
Moderately-Severely Crushed

Front Loosened, Moderately
Damaged

All Blown Out
All Flat
No Change

Twelve Sections Blown Off —
About 60 Percent of Chrome
Trim; Nine Sections Hanging

One Taillight Assembly (Two
Lights) Blown Off, Twc Tail-
lights Broken, All Hea ilights
and Headlight Rims Blown Off

Both Blown Off

Aerial and Both Wiper Blades
Blown Off. Headlight Rims,
Chrome Sections, and Grill
Section on Ground Nearby
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: PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES
3 Automobile Number 8 — 1961 Dedge Dart, Oriented Side-On
(Passenger's Side Facing Blast) at 50 psi
: Automobile 3
* Part Preshot Condition Postshot Condition 8
; Hood Good Shell Blown Off, Framework
; Hanging
B Trunk Lid Good Unlatched Framework Re- ,
E‘ mained, on Hinges: Shell ’
3 Blown Off
E Door » Good (Four Doors) Driver-Side Front and %
Passenger-Side Rear Hanging, 4
Passenger-Side Front Jammed 4
: Closed, Driver-Side Rear i
3 Jammed Open; Both Driver- o
3 Side Doors Severely Crushed, 2
Both Passenger-Side Doors 3
E Very Severely Crushed ”i
%« Roof Good Rlown Off
5 Fenders Good Passenger-Side Front Hanging;
E Driver-Side Fenders Severely
£ Crushed, Passenger-Side i
g Fenders Very Severely Crushed -
E Bumpers Good No Change ‘
E Windows Passenger-Side Front Missing Ail Blown Out ;
E; Tires Two Passenger-Side Tires All Flat
¥ Flat
3 Hubcaps All Four Missing No Change
EE Chrome Trim One Section Missing Six Sections and Four E.nblems
E‘ Blown Off — About 90 Percent
s of Chrome Trim
i‘? Lirhts One Headlight Missing (Dual Two of Four Taillights and all
. Headlignts) Parking Lighls Broken: Three
¥ Headlight Rims and Three
? Headlights [lown Off
:f Outside Mirrors Passenger-Side Mirror Blown Off
ﬂ Attached But Loose
¢ Miscellaneous Acrial and {.icense Plates Both Wiper Blades Blown Off.
E‘ Missing: Windshield Wipers Suspension Coil Spring, Tail-
3 Good light Assembly, Seat, Hood
K Hinge Spring, Chrome Section,
P and M nifold Pipe Exhaust
% on Ground Nearby.
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Automobile
Part

Hood

Trunk Lid
Doors

Roof
Fenders

Bumpers

Windows

Tires
Hubcaps
Chrome Trim

Lichts

QOutside Mirvors

AMiscellaneous
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES
Automobile Number 9 — 1960 Pontiac Laurentian, Qrienied Side-On

(Passenger's Side Facing Blast) at 10 psi

Preshot Condition

Good

Latch Did Not Work, Wired
Shut

Good (Four Doors)

Good
Good

Good

Good Except Small Cracks in
Front Windshield

Good
All Four Missing
One Section Missing

One Headlight Broken (Dual
Headlights), Two Taillights
Broken

Missing

Aerial and License Plates
Missing, One Windshield
Wiper Blade Missing
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Postshot Condition

Hinges Bent (Rear) and Hood
Severely Peaked Upwards in
Rear

Blown Open

Both Passenger-Side Doors
Open and Moderately Crushed

Rear Moderately Crushed

Passenger-Side Fenders
Moderately Crushed

No Change

All Blown Out Except Two
Rear Quarter Windows

No Change
No Change

Five Small Chrome Emblems
Blown Off — About 5 Percent
of Chrome Trim: Or.o Section
Hanging

Two Additional Headlights and
Two Additional Taillights
Broken; Two Headlight Rims
Blown Off and Two Others
Hanging

No Change

No Change in Windshieid Wipers.
Glass Fragments, Hood Spring,

Small Chrome Decals on
Ground Nearby
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES

Automobile Number 10 — 1958 Mercury Monterey, Oriented Side-On
(Driver's Side Facing Blast) at 15 psi

Automobile
Part

Hood
Trunk Lid

Doors

Roof
Fenders

Bumpers
Windows
Tires

Hubcaps
Chrome Trim

Lights

QOutside Mirrors
Miscellaneous
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Preshot Condition

Good
Good

Good (Four Doors)

Good
Good

Good

Guod Except Crack in
Passenger-Side Front

Driver-Side Front Flat

All Four Missing
Two Sections Missing

Good

Missing

Aerial Missing, Two License
Plates On, Windshield Wipers
Good
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Postshot Condition

Unlatched (Rear) Open But Still
Attached to Hinges (Front)

Unlatched and Hanging o1 One
Hinge: Moderately Crushed

All Jammed Shut; Both Driver-
Side Doors Severely Crushed,
Both Passenger-Side Doors
Lightly Crushed

Blown Off

Driver-Side Fenders Severely
Crushed, Passenger-Side
Fenders Lightly Crushed

No Change
All Blown Qut

No Change, Spare Blown Out of
Trunk

No Change

Nine Additional Sections Blown
Off — About 50 Percent of
Chrome Trim: Four Sections
Hanging

Two Headlights and Both T'ront
Parking Lights Broken, One
Headlight, Two Headlight Rims,
One Headlight Socket, and One
Complete Taillight Assembly
Blown Off

No Change

Front License Plate and Both
Wiper Blades Blown Off.
Chrome Sections, Taillight
Assembly, Headlight Rims,
and Spare Tire on Ground
Nearby
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PRESHOT ANL' POSTSHOT CONDITIONS OF AUTOMOBILES

Automobile Nuv:e:

Automobile
Part
Hood
Trunk Lid

Doors

Roof
Fenders

Bumpers
Windows
Tires
Hubcaps
Chrome Trim

Lights

Qutside Mirrors
Miscellaneous

11 — 1959 Plymouth Belvedere, Oriented Side-On

‘_river's Side Facing Blast) at 30 psi

Preshot Condition

Good
Good

Good (Four Doors)

Good
Good

Good

Good

Good

One On

Two Sections Loose

Passenger-Side Taillight
Broken (Dual Headlights)

Missing

Two Aerials Attached,
License Plates Missing,
Windshield Wipers Good

134

A R s i

RS AT T

Y T Y,

Postshot Condit:on

Blown Off

Unlatched: Wheel Cover Off;
Moderately Crushed

Both Driver-Side Doors
Jammed Shut and Very Severely
Crushed; Both Passenger-Side
Doors Lightly Crushed

Shell Blown Off

Driver-Side Front Blown Off;
Passenger-Side Fenders

Lightly Crushed, Driver-Side
Rear Very Severely Crushed

No Change
All Blown Out
No Change
Blown Dff

Nine Sections and Two Chrome
Emblems Blown Off — About
75 Percent of Chrome Trim;
Three Sections Hanging

Three Headlights, Three Head-
licht Rims, Two of Four Head-
light Sockets and Taillight
Assembly Blown Off; Headlight
Broken

No Change

Both Aerials and One Wiper
Blade Blown Off. Chrome
Sections, Seats, Wheel Cover,
Roof Brace, Dash Section,
and Headlight Rim on Ground
Nearby
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k Automolbile
[ Part

A

;: Hood

'!

Trunk Lid

E Doors

L

i

]

? Roof
Fenders

Bumpers
Windows

Tires
Hubcaps

Chrome Trim

Lights

Miscellaneous

Qutside Mirrors
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PRESHOT AND POSTSHOT COWNDITIONS OF AUTOMOBILES

Automobile Number 12 — 1950 Chevrolet,
Oriented Front-On at 30 psi

Preshot Condition

Good
Good

Good (Four Doors)

Good

Good

Good

Good Except Two Large
Cracks in Front Windshield

Good
All Four Missing
Two Sections Loose

One Rear Parking and One
Taillight Broken

Missing

Aerial and License Plates
Missing: Windshield Wipers
Good
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Postshot Condition

Blown Off

Unlatched Framework Re-
mained, on Hinges: Shell
Blown Off

Both Driver-Side Doors Hang-
ing; Both Driver-Side Doors
Slightly Crushed, Both
Passenger-Side Doors Moder -
ately Crushed

Severely Peaked Upwards
Down Center

Driver-Side Fenders Slightly
Crushed, Passenger-Side
Fenders Moderately Crushed

No Change

All Blown Out Except Two
Side Vents

No Change
No Change

Six Sections Blow Off — About
60 Percent of Chrome Trim:
Two Sections Hanging

Tront Parking Lights and
Headlights Broken

No Change

Both Wiper Blades Blown Off.
Chrome Scections, Floor Mats
on Ground Nearby
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES

Automobile Number 13 — 1958 Plymouth Fury,
Oriented Front-On at 30 psi

Automobile
Part

Hood
Trunk Lid

Doors

Roof

Fenders

Bumpers
Windows

Tires

Hubcaps
Chronie Trim

Lights

QOutside Mirrors

Miscellaneous

Preshot Condition

Good
Good

Good (Four Doors)

Good

Good

Good

Good Except Front Windshield
Badly Cracked

All Flat Except Passenger -
Side Front

Driver-Side Rear On
Good

Two Headlights Broken
(Dual Headlights)

Two Attached

One Acrial Attached: License
Plates Missine: Windshield
Wipers Good
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Postshot Condition

Shell With [.atch Assembly
Blown Off

Unlatched anc Jammed Open:
Drastically Crushed

All Jammed Shut Except
Passenger-Side Front Open;
Both Driver-Side Doors Lightly
Crushed, Both Passenger-Side
Doors Moderately Crushed

Blown Up and Attached on
Passenger Side Only;
Severely Crushed in Rear and
Severely Peaked in Front

Front Fenders Hanging:
Passenger-Side Rear Moder -
ately Crushed, Driver-Side
Rear Slightly Crushed

No Change

All Blown Out Except Two Side
Vents and Driver-Side Rear
Quarter Window

No Change

Blown Off

Twenty -One Sections Blown
Off — About 70 Percent of
Chrome Trim: Ten Sections
Hanging

Front Parking Lights and One
Additional Headlight Broken:

One Headlight and One Head-
light Rim Blown Off

Both Blown Off

Acrial Blown Off. Headlight
Rim, Chrome Sections, and
Hood llinge Spring on Ground
Nearby

T ind PREACR IR T 3 ;

ot

g
i
i




el

Fak i

-

s

SO S P v e e o

SHEL 0 Sor ik

3
-
%""
g
¥
i
5
3
o

fQ
‘E‘A

1.

8.

10.

11.

R LA A il ol et b e B O el S Kot b s S T e et g A e

REFERENCES

F. M. Sauer, W. L. Fons, and T. G. Storey, "Blast Daniage to Coniferous Tree
Stands by Atomic Explosions," Project 3.19, Operation Upshot-Knothole,
WT-131, U.S. Forest Service, Division of Fire Research, January 1954.

W. L. Fons and T. G. Storey, "Blast “ffects on Tree Stand," Project 3.3,
Operation Castle, WT-921, U.€, Forest Service, Division of Fire Research,
March 1955,

N. J. DeCapua and E. F. Witt, "Debris Studies Projects 1.05, 1,07, and 1.08,"
Operation Distant Plain Symposium Report (U), DASA 1947-1, Vol I, September
1967, pp 264-233.

E. F. Witt, "Projects LN105, [LN107, and LN108 Building Fragmerntation and
Debris Transport Tests (U)," Operation Prairie Flat Symposium Report,
DASA 2377-2, Vol 11, February 1970, pp 1-42 (SECRET).

P, J. Morris and C. Wilton, "Debris from Trees Subjected to Blast," URS Re-
search Company, URS 794-1, May 30, 1970.

E. J. Briant «nd J. D. Day, "Effects of Rough Terrain on Drag-Sensitive
Targets (U),” Project 1.8B, Operation 2lumbbob, AD344937L, Ballistics Re-
search Laboratories, November 1959 (CONFIDENTIAL).

. H. S. Burden and J. D, Day, "Transient Drag Loading of Actual and Idealized

Shapes from High-Yield Detonations (U),"” Project 1.5, Operation Redwing,
AD361774L, Ballistics Research Laboratories, March 1960 (SECRET
RESTRICTED DATA).

L. Giglio~Tos, "Fundamental Blast Studies,” Event Dial Pack Preliminary
Report, DASA 2606-1, Vol I, Part 1, May 1971, pp 17-36.

A. M. pPatterson, "Blast Anomalies Studies,” Event Lial Pack Preliminary
Report, DASA 2606-1, Vol [, Part 1, May 1971, pp 37-60.

J. Zaccor, P. J. Morris K. Kaplan, and R. Rhoda, " Prediction and Significance
of Forest Damage from a 50-Ton HE Surface Burst,” Project 7.01, Operation
Distant Plain, Event 4, DASA-2065, URS Systems Corporation, June 1967.

Wood Handbook, U.S. Department of Agriculture, Forest Product Laboratory
of Forest Service, Agriculture Handbook No. 72, U.S. Government Printing
Office, 1955, pp 55-T1.

137

47 gk DAL e Sy LA as

3
43
2
ki

e T T g fv S T

o

e

SO ALY R VR ML ST

Iy g

1

!
2
v
)
N
.-”2




:‘f Iﬁjkz g‘».’r‘?.{ = :i‘r?k«}‘} Kettn

-A;fg"m; e

g

. Ny ]

12. E. I'. Witt, "Tree and Automobile Debris, * Event Dial Pack Preliminary Re- {
port, DASA 2606-1, Vol I, Part 1, May 1971, pp 153-184. ‘5
— ko

13. E. R. Fletcher and 1. G. Bowen, ""Blast-Induced Translational Effects,” :

Amnals of New York Academy of Sciences, Voi 152, Article 1, October 28, 5
1968, pp 378-402.

138




