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ABSTRACT

Project 3.3, aiming at prediction of blast damage to forests from
atomic explosions, sought to establish the following relationships for
isolated coniferous trees: (1) Tree damage in terms of stem breakage,
branch breakage, and defoliation in relation to peak overpressure and
positive phase duration time; (2) deflection-time and strain-time
functions for tree stems following arrival of shock wave,

Four pine trees and a weighted dis. on an aiuminum be;;)(called
lollipop) were exposed at each of four stations. Trees approximately
45 ft high and 12 in. in diameter were cut from the Nevada National
Forest and placed in concrete foundations at the test site. Lollipops,
32 in. in diameter and weighing 380 1b, were mounted 14 ft above the
ground on 4-in, aluminum I-beams, which in turn were-Tixed in concrete
foundations. Strain meter-oscillograph systems recorded strain-time
relationships on one tree and the lollipop at edch station., Motion
pictures were used to scale deflection-time data, On each tree scratch
geges recorded maximum strain at base of wn and at 1-ft level, and
snubber wires meesured maximum stem deflection at a selected reference

int " e
po ///

7
_ Six trees were broken op-Shot 3 and one of the remaining on Shot
4., No defoliation or bra breakage occurred; tree crowns broke up as
a unit with a stem bregk usually near the base of the crown. This tree
breakage was relatec with two ratios: shock peak dynamic pressure to
dynamic pressure for breakage due to steady wind; and tree period to
positive phase duration time. Lollipop deflection-time history was
also related to the latter ratic and to tue ratio of maximum deflection
to static/ﬁeflection aesociated vith peak dynamic pressure,

Good agreement was found hetween Shot 3 lollipop deflections and
those theoretically predicted using measured overpressures. Breakage
and deflection data on Shot 4 indicate that actusl peak dymamic
preésure was greater than that calculated from peak overpressure, This
obgervation agrees with Sandia laboratory dynamic pressure measurements
anl Los Alamos Scientific Laboratory smoke velocity data.

N

Blast damage to forests from atomic explosions is primarily a
function of aerodynamic drag associated with particie velocity. Peak
dynamic pressure is a more compatible parameter than peak overpressure
for predicting blast damage to trees and other structures which have
comparatively long periods and are susceptible to damage by aerodynamic
drag. The lower limit of peak dynamic pressure for complete breakage
of isolated conifers is estimated to be in the order of 0.7 psi when
associated with l-sec positive phase duration. This value of dynamic
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preasure corresponds to a sea level overpressure of 5.5 psi for Mach
reflection. Some breakage will occur at lower peak dynamic pressures
because of strength variations in tree stems)

[

Natural foreatsuoriprépared forest stands can be instrumented
economically to study blast damage from atomic explosions with no re-
Quirement for outside power or timing signals.

It 1s recommended that more static break;ZZ:::§t3 be made to es-
tablish variations in static strength of growing tree stems, and that
future effects tests consist of a graded series of shots to increase
the range of duration times as well as overpressures.
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CHAPTER 1

SBJECTIVE

Project 3.3 was one phase in a research program aimed at pre-
diction of blast damage to forests from atomic explosions, Studies
connected with Project 3.3 were confined to isolated coniferous trees
in order to simplify the problem and to establish the following re-
lationships, which provide a field check on blast damage prediction:

1. Tree damage in terms of stem breakage, branch breakage, and
defoliaticn in relation to peak overpressurc and positive phase dura-
tion time,

2. Deflection-time and strain-time functions for tree stems fol-
lowing arrival of shock wave,

To provide a further ~heck on computational systems used for
daniage prediction, deflection- and strain-time relations were measured
on a simple spring-mass gy-tem which was designed to represent an
"ideal-reproducible® tree,

These studies of isolated coniferous stems were preliminary to
more comprehensive projects which deal with tree stands of varying
densities, shapes, and combinations of tree species., Therercre it was
important for Project 3.3 to develop and field-test methods and tech-
niques of measuring motion and strain on tree stems subject to blast
from atomic explosions in order to instrument a forest stand at reason-
able cost.

9
CONFIDENTIAL RESTRICTcd DATA
Sacarity intrmstes

ATOMIC ENERGY ACT 1948

87

%




CONFIDENTIAL ,

Sacurity infermation

- e

CHAPTIR 2

BACKGROUND AND THECRETICAL DATA

2.1 GENERAL

Preliminary nnalysial/ of damage trees by shock wind indicated
that at sea level, conifers 24-in. DB with 50 per cent crown and a
patural period of 2.5 sec would be expected to break at ap overpressure -
of approximately 7.5 psi in the Mach stem region. The purpose of this 3
preliminary vork was more to develop methods or analysis and delineate .
problem parameters than to establish a radius of tree breakage. This
analysis provided the basis for several field studies which followed. | .

Studies of aerodynamic drag in tree crownsz/ indicated the nature
of forces which bdlast winds from stomic explcsions might exert on iso-
lated tree crowns. Variation in tree crown drag was found to be due ,
primarily to bending upon application of drag force. Lry weight of
crown appeared to be the best parameter with which draZ could be corre- .
lated. )

Bending and treakage characteristics of ronderosa pine stems sub-
jected to static loading have been analyzed,?’/ and indicate that maxi- .
mur stress at the point of static failure is of the order of 3,000
1b/sq in. Trees subjected to static loading near the center of
pressure of the crown generally broke near the base of crown.

;/ Operations Research Office, Preliminary Study of the Consequences
of an Atomic Explosion Qver a Forest. ORO-T-108. Washington, 1950.
102 pp.
2/ Dismeter at breast height, 4-1/2 r't above the ground, outside bark.
3/ U. S. Dept. of Agriculture, Forest Service, Division of Fire
Research, Experimental Investigation of Aerodyna~ic Drag in Tree
Crowvns Exposed to 3teady Wind—Conifers. Phase Report for Cperaticns 1
Rasearch Office, December 20, 1951, 19 pp. f:’
4/ U. S. Dept. of Agriculture, Forest Service, Division of Fire

r Research., JIree Breakage Characteristics Under Static Loading--Ponder-
Q8a . Report in preparation for Armed Forces Special Weepons
Project,

10
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2.2 COMPUTATION SYSTEM

Further anslysis of tree--stem breakage by shock wind,z/ which
employed data from work described above, established significant
parameters of tree characteristics and shock wave characteristics which
affect the probability of breakage and blc/-down following atomic ex-
plosions,

In this analysis the tree was replaced by a siugle-mags, spring-
masg system with the mass placed at the poaition of the center of
pressure of ithe crown drag force, Na*ural period of the simplified
system ecualed that of the tree, and the mass had ithe drag associa'ed
with the crown. Restoring force characteristics of the spring were
determined from static deflection measurements made on the tree stem,
The viscous damping constant was determined from damped free vibration
of the stem,

The equation cf motion equates drag, restoring, and damming forces
to the inertial force

Y
-

a fé . ,o!§ D(y) - R(y) -ecd (2.1)

where V 18 the relative velocity between the shock particle velocity
and the velocity of the mass center, y is the displacement of the mass
center, and 0 is the air density. Density and particle velocity are
assumed to have a linear function with time. Zquaifon 2.1 was then
mumerically integrated in the manner outlined by Timoshenko, Figures
2.1 arnd 2,2, results of calculations male to daie, were used to locate
stations for Project 3.3. Similar calculationy were made on vaighted
beams to predict maximum deflections for each shot. Theae calculations
wvere used to determine strength requirements and strain recorder gain
settings. A more deteiled vresentation of the method is in Appendix A.

57 U. S. Dept, of Agyiculture, Forest Service, Division of Fire
Research. Analysis of Tree-Stem Breakage by Shock Wind--Ponderoas
Pine. Report in preparation for Armed Forces Special weapons Pro ject.
6/ Timoshenko, S. Yibration Problems {n Engineering. (2nd ed.), New
York: D. VanNostrand Co., Inc., 1937. p. 126,
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Fig. 2.1 Cslculated Breakage Overpressures for Isolated Ponderosa Pine,
Based on Sea level Free Air QOverpressures for a 20 KT Bomb at
2,000 Ft Burst Height.
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CHAPTER 3

EREPARATIONS AND MFTHODG

3.1 STATIONS AND TREES

Four trees and a "lollipop"l/ were placed at each of four stations
on the Forest Service line in Area 7., Stations covered a range of 1.9
to 5.3 psi peak overpressure for Shots 3 and 4 as shown in Table 4.1,
Figures 3.1, 3.2, 3.3, and 3.4 are station photographs. The plot plan
and station layout are shown in Fig. 3.5.

.
' L?.n.n:‘ LI - .-.'_M- eI - it A R

Fig. 3.1 Station I Showing Lollipop and Trees A, B, C, and D (Left
to Right) with Crowns 40, 60, 80, and 30 Per Cent of
Total Height, View From Direction of Grourd Zero.

Trees, approximately 45 ft high and 12 in, DBH, were cut from
Site Class 4 and 5 areas on the Charleston Ranger District of the
Nevada National Forest. Whole trees were hauled by special wailer to

prepared concrete foundations, Stems were then grouted in place and

branches trimmed to form typlcal classes of tree crowns, which can be
seen in station photographs. Actual cutting was done 20 days before

Shot 3. Trees were positioned at Stations I and II before Shct 2 and
at Stations III and IV 10 days before Shot 3.

1/ Weighted disk on an aluminum beam.
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Fig. 3.3 Station III Showing Lollipop and Trees A, B, C, and D
(Left to Right) With Crowns %0, 50, 50, and 50 Per Cent
of Total Height., View From Direction of Ground Zero.
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Fig. 3.4 Station IV Showing Lollipop and Trees A, 5, C, and D
(Left to Right) With Crowns 50, 60, 80, and 40 Per Cent
of Total Height. View From Direction of Ground Zero.
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Reference points were established on each tree stem at the center
of the crown (vhich approximates center of pressure), and natural peri-
ods of vibration were measured prior to Shot 3.

Following each shot physical characterisilce of Sroken trees were
analyzed by measuring stem diameter inside bark at 5-ft intervals and
by determining weight and moisturs content of foliage and branchwood.
After Shot 4, natural periods of standing trees were taken again.
Static load-deflection and load-strain relations were then determined
for "A" trees by pulling each tree with a cable attached to the stem
at the reference point and measuring deflection, strain, and load until
the tree broke, Physical characteristics of these and the remaining
standing trees were then analyzed. These measurements and relations.
are summarized in Tables 3.1 and 3.2 and in Fig. 3.6.

E R

TABLE 3.1
Mechanical Characteristics of Trees

Station Deflection Spring Constant Strain Constant
and for (Lb/Ft) (#1n./In, /Ft)
Tree Breakage® Reference | Center of Refer'ence | Center of

(Ft) Point Pressure Point Pressure
14 15.0 146 237 627 672
II A 6.6 289 512 835 1250
IIT A 10.9 150 218 710 980
IvVa 14.0 183 296 938 1280

* peflection for breakage as a result of static loading applied at
reference point.
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Physical Characteristice of Trees
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TABLE 3.2

Stem Diameters

Hei

o}

Station -3~ L
and DIB® g N g &8

Tree? | DBH® |Ground 8 § :g g 5%
' Level s | 6% a o > ,25

31345 Py B

2| &2 SSE 899

(In.) | (In.) | (In. (Ft) | (Ft) | (Sec) (Lbs)
IA 10.7 9.4 5.2 34.2 1.38 40 80
1B 8.9 8.6 6.3 27.6 1,33 €0 83
IC 10,5 | 10.0 9.0 35.9 1.28 80 200
ID 10.2 9.9 5.1 24,6 0.87 30 60
II1 A 10.7 | 10.3 6.7 34.2 |125.9 04 30 17.2 £8
II B 10.8 | 10.1 8.5 36.6 126.3 36 60 22,5 157
IIC 10.5 | 10.2 9.1 27.9 {18.0 13 80 24,0 145
IID 10.5 | 10.4 5.9 31.0 | 26.0 98 40 13.0 44,
III A | 10.7 9.8 7.0 38.9 | 28.0 60 24,0 90
IITB | 9.6 9.3 6.4 38.2 | 28.9 50 19.3 60
IIT C 7.5 7.1 5.0 32.6 |25.1 50 16.8 23
III D 8.8 8.6 4.6 28.3 120.8 50 14.2 96
IVA 9,2 8.6 6.2 33.1 50 16,8 62
IVBEB 9,7 9.6 6.9 36.0 60 21.6 90
IvC 10.8 | 10.0 8.4 33.3 80 26.4 170
IVD 9.7 8.4 4.8 34.1 40 13,6 65

& All trees were western yellow pine, Pipus ponderosa var gcopylorum
Engelmann, except IIT D and IV C vhich were red fir, Abies magnifica

Murray,
b Diameter at breast height, 4-1/2 ft above ground, outside bark.
¢ Diameter inside bark

d Height at which deflection measurements were made end static loads
applied.
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Fig. 3.6 Static Strain, Load, Deflection Relationships
for Instrumented Trees
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3.2 LOLLIPOPS

A single-mass system was designed as an "ideal—reproduéible tree"

with a natural period typical of trees exposed. Natural period and

other characteristics of the single mass system (Table 3.3) were re-
produced in lollipops, which were constructed by mounting a_32-in,
diameter steel, concrete-filled disk on an aluminum JI-beam,

These I-beams were anchored in concrete foundations in the same

manner as the trees and were guyed perpendicular to the radius from
ground zero,

—v

4 - § \ )
L 3 . al . .
pe ‘_‘1\.‘_“ ) BN
- - . .
< .
- - RS, ¢
¥ ]
- M
Lo = -
B *
A
» 3

J o, :

5, o
¥
i o

PMg. 3.7 lollipop at Station I as Seen From Direction of Ground

Zero. Steel Guard at Base Proiects Strain Gage.

3/ 2;72-1b’ 4-11‘.0 I‘Mw, &uoy 61 ST 6.
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CTABLE 3.3
1ollipop Characteristics

ey s sttty
i S s s e g e el

Natural Period - 1.18 sec Spring Constant - 341 1b/ft

Disk Veight - 380 1bs Disk Area - 804 8q in,
Beam Weight - 34 1bs Beam Area - 351 8q in,
Bguivalent Total Fquivalent Total

Disk Weight - 387 1bs Digk Ares - 1005 &q in.

Strain Constant - 1920 win,/{i,®  Base FixityP 0.75
)

Height to Center of Tigk -~ 14 f.

s /Lin./in. = gtrain in microinches per inch
b Ratio of actual to theoretical spring constant values

3.3 INOTRUMENTATION

3.3.1 rain-time Measurement

Baldwin SR-4 strain gages were mounted 7 in. above the base
on the front and rear of each lollipop, A "strain meter" (Fig. 3.8)
was mounted on the ground zero (tension) side of tree "A" at each sta-
tion, 1 ft above the base, so that the gage couli be affixed to the
outermost wood surface (Fig. 3.9). Gage assemblies were protected
from blast damage by foam rubber padding and steel guards similar to
that shown in Fig. 3.7.

Strain meter and strain gage bridge output were recorded on
Sanborn Model 127 oscillograph recorders equipped with Model 140 strain
gage amplifiers., The system was independent of external power supply
or timing signals, A block diagram of the power and relay system is
shown in Fig. 3.10,

Pover was supplied by four 12-volt, 50 amp, hr automotive
wet batteries connected in series-parallel, ¥ach oscillograph power
circuit contained a separate 24- to 110-volit AC converter, Power con-
suxption during the shot was only 4 amp. hrs so that battery voltage
drop was small,
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Fig. 3.9 Strain Meter Mounted an Tree
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rg. 3.10 Bloek Diagram — (scillograph Power and Relay Systems
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A1l relays, except the photocell relay, were 24-volt aircraflt
mechanical-clectrical latch in type as insurance agsinat maifunction
due to shock,

The two alarm clocks were set at H-10 hrs so that slarms would
ring at H~1 hr and actuate the parallel toggle switches to close the

Agastat circuit, Strain amplifiers were thus powered during a one-hour

varm-up period for stabiiization. The fireball tripped the photocell
(Fig. 3.11), ectuating the photocell relay, which in turn closed the

two tape drive motor 1elays and cpened the Agastat operational relay.
After a time delay of 2 min.,, all pover was turned off by the Agastat.

,I' -
-
¥
. / . :
! N L
. ; \, =
- s
< S !
< . b . - -
.t -1 " - ot R 4 . . ’
s .. K . . .
B S . ‘,r.~fvo-“. WM
.~ el T \ 1Y 7
. S N P e A
R DU IR, TP UPY SR S Mo SRR

Fig. 3.11 vrhotocell and Mount Above Instrument Shelter

Upon recovery the toggles were opened and all relays were reset

with an eilectrical reset switch., Alarms were reset and the system was

{mmedia.ely ready for operation.

The pnotcell circuitl/ wag too sencitive, This defect was cor-

rected by spreying the tubes with aluminum paint so tnat & Wabash Press

No. 50 flash bulb would trip the relay at 2 ft but not at 10 ft.

All circuits leading tu strain meters, strain cages, and photo-
cells were shielded microphone cable, In addition, the first two
cables ran through conduit providing magnetic as wvell as electrical
shielding. All emicrophone cables and oscillographs were grounded to
the conduit,

57 Thomas I. Monahan et al. The Elfect of Thermal Rad{ation on Materi-

gls. Naval Material Laboratory, New York Naval Shipyard., A.F.S.W.P.
Report WT-311, Operation BUSTER, p. 26.
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3.3.2 Maxizum Strain Messyrement

Baldvin deForest scratch gages wvere mounted to measure maxi-
mun strain at the following locations on trees:

1 % above ground away from ground zero - all irees
1 ft above ground toward ground zer: - trees B, ¢, D
Base of crown away from ground zero - all trees

3.3.3 Maxigum Deflection Measuyoment

Deflection srubbers were made by attaching piano wire to
each tree at the reference point and to the center of the lollipop disk
on the side towards ground zero. These wires led on a 45° angle to
small snubbing blocks staked down on the ground zerc side of the tree,
Snubber wires were pulled tight and the length of long tails extending
beyond the smubbers was measured prinr to each shot., Snubber-wire ends
vere then remeasured upon recovery.

3.3.4 Mctiop Pictuyres

Camera stations for motion pictures were designed to piace
the plane of the {ilm parallel to the radius from ground zero in order
to measure deflection versus time, Figure 3.12 shows the camera view of
tree mcvement, Also shown are aluminum foil bands which were placed on
each tree 10 ft and 15 ft above ground level for scaling purposes. A
foil band was also placed at the reference point. Thirty-tive milli-
meter motion pictures were taken by the Army Pictorial Service Division,
Office of the Chief Sigual Officer, TUMBLER-SNAPPER Project 9.1,

‘V / - i
- - ‘ |
T Tt ot - - - » R

Fig. 3.12 Station I Viewed From Motion Picture Camera Station
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4.1 GENERAL
Overpressures and positive phase duration times to which trees and

lollipops were exposed are shown in Table 4.1,

CONFIDENTIAL
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CHAPTIR 4

RESULTS

TABLE 4.1

Overpressures and Positive Phase Duration Times at
Project 3.3 Statiors, TUMBLER Shots 2, 3, and 4%

-y —
Overpressure (PSI) Positive Phase
10-Ft Level Duration Tiues (Sec)
Station Peak Incident Ground Level
Shot 2 { Shot 3 | Shot 4 | Shot 3 | Shot 2 | Shot 3 Shot 4
I 1.3 5.3 4.1 2.1 0.42 0.98 0.98
I1 1.0 4.3 2.9 1.6 0.43 1.02 1.02
I11 - 3.6 2.2 - - 1.06 1.05
___;V - 306 1.8 - - 1.09 1.09

# Interpolated fram data furnished by the Armed Forces Special Weapons
Projecte 9 May 1952

Six trees were broken on Shot 3, and one of the remaining trees on

Shot 4 as shown in Table 4.2.

blast,

after Shot 3 but none after Shot 4.

No main branches were broken by either
There wvere a few scattered twigs on the ground at each station

Undroken trees and lollipops did not appear to be damaged struc-

turally.

Strain and deflection calibrations and natural pericd measure-~

ments made before Shot 3 and after Shot 4 agreed within limits of
experimental error.
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TABLE 4.2

Characteristics and Circumstances of Tree Breakage

W—_‘
Station Over- | Height of
and Shot | pressure* | Break Above Type of Break
Tree (Ps1) Base (Ft) r
IC 3 5.3 1 Diagonal bending failure
1D 3 5.3 14 Diagonal bending failure origi-
nating at knot on tension
113 3 4,3 2 Short bending failure
1II1C 3 4.3 9 Brash failure at knot cluster
II1D 3 4.3 19 Brash failure at one knot on
tension
111 D 3 3.6 13 Diagonal tension failure
1B 4 | 4] 7 Diagonal tension failure

* Ten-ft-level values, se Table 4.1.

» {
‘.c” S ;‘
oo
e -
L. e . !
- . o e e wa G H
S A ’
N S , . :
b I bewy, TTTM™ 5
Rl S —
. w&- -
- ~ ~ -
o~ 1
> i
Dot it

Fig. 4,1 Breakage of Trees B, C, D at Statiocn II, Shot 3

26
NSRCEDOATA  COMIENTA |
L - - RN - - j




e el R P —

TSP L MR 44547 MOV Y T R et (s

& o . GO e agrioo

~ GONFIDENTIAL

{ Jwity informatios

Fig. 4.2 Typical Stem Failures. A - Brash Failure at
. One Kiot on Tension; Tree II D. B -~ Diagonal
Tension Failure; Tree III D,

. Tree bdreakage and non-breaskage data for Shots 3 and 4, Figs. 4.3
and 4.4, vere normalized in the manner described in Appendix A, Dy-
namic pressure ratio was used rather than shock-pressure ratio because
the former is compatible with both regular and Mach reflection types of
shock when loading is principally due to drag, Dynamic pressures for
breakage due to steady wind were estimated from tree characteristics
given in Table 3.2, Conditional breakage regions in Figs. 4.3 and 4.4
correspond to that predicted theoretically (Fig. 2.2) when it was moved
parallel to itself so that it separated non-breakage and breakage data,
No weight was given to the three trees which failed at knots and which
consequently fell in the reyion of non-~breakage in Fig. 4.3.

4.2 DEFLECTION, TIME HISTORY - IREEDS

Deflection-time histories and maximum deflections were scaled
from motion pictures whenever clarity permitted, Since a comparison
of motion picture time of shock arrival with actual shock arrival times
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f shoved wide variation from nomin:l film speed of 64 frames/sec, film
"~ speed was estimated from osciilograph records of instrumented trees,
: Table 4.3, Oscillograph tape sieed timed before and after each shot

showed a ma::imum disparity of 8 per cent.

TABLE 4.3

Oscillograph Time of Arrival and Film Speed Data

Oscillograph | Film Speed (Frame/Sec)
Time of Arrival® "Based On
| (see) Time of Oscillograph
Trees [Iollipops |Shock Arrival| Tape Speed®
2 | 1 3.90 3.713 | 3.7 41.3
I 3-84 3.68 3.62 5304 -
3 11 4.55 4.56 4,51 57.2 54.7
v . III 5.28 5042 5.22 5705 -
v 5.93 5.85 | 6.13 84.5 60.8
. 1 2.9 2,60 | 2.81 29,1 31.8
II 3.78 3.68 | 3.64 62.4 64.6
41 m 4,57 451 | 4.48 64.3 64.6
Iv 5.38 5.37 | 4.87 76.4 73.5
ﬂ s Interpolated from data furnished by the Armed Forces Specisl Weapons

Project. 9 May 1952

b Not to be taken as true times of arrival -- for comparison only.
¢ During time of tree motion.

' : ﬁ Deflection-time histories and maximum deflections were determined
from strain meter data (Fig. 4.5) by dividing measured strain at 1 ft
by the static strain constant for the reference poirt,
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Fig. 4.5 Tracing of Strain Meter Record, Tree I A, Shot 3.
Strain = 1090 /l-in./in./division; Time = 2,68
division/sec,
Deflection-time histories computed by the method described in '
Section 2.2 are compared with those scaled from motion pictures and
those determined from strain meter data in Figs. 4.6, 4.7, and 4.8,
~ Maxioum deflection data are compared in Table 4.4,
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See Table 3.2 for Reference Point Height.
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See Table 2,2 for Reference Point Height.
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4.3 MAXIMM DEFLECTION — LiiLIPOPS

Maximmm deflections vere measured from motion picture films, but
relative movements of lollipop centers of pressure were too small for
moasurement of deflection-time histories. Oscillograph data were pro-
cessed in the same marmer as tree strain meter data., Maximum deflec-
tions for centers of pressure are shown in Table 4.5 and are compared
on s dimensionless basis in Fig. 4.9.

TABLE 4.5

Maximum Lollipop Deflections

Time to Max, | Peak Dynamic
Bhot | Station Maximum Daflection (Ft) Deflection Pressure

Oscillograph | Snubber | Movies (Sec) (psI)
2 1 0.0995 - - 0.30 0.052
1 " 1.73 - - 0.55
3 11 1.16(T) 1.52 1.48 0.46 0.41
] 11x 1.10 1.09 - 0.39 0.35
1v 1.13 0.97 0.85 0.42 0.35
I T 2.03 2.16 - 0042
4 1 0.868(T) 1.02 1.15 0.44 0.24
111 C.578 0.64 0.54 0.40 0.15
w 0.60% 0.52 0.48 0.39 0.098

® T — data not r~liable due to twisting of lollipop

4.4 SCRATCH GAGE STRAIN MEASURFMENT

Maxirmum strain values in Table 4.6 were read with a toolmsker's
microscope to the nearest ,0002 in, {equivalent to & strain of 0,1
in./in.) directly from scratch gage targets. Fgure 4.10 preaents a
typical target record. Only 6 cut of 70 gages failed to record.

Data from simultanecus free vidration records taken on Tree IV A
vith scratch gage and strain meter oo opposite sides of the stem are
coapared in Fig. 4.11,
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Fig. 4.10 Scratch Gage Record and Diagrammatic Explanation
(Magnification = X 32), Tree IV B, Shot 3, 1 Ft
Above Ground Away From Ground Zern.
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Fig. 4.11 Comparison of Strain jeasurement — Scratch GCage
Versus Strain Meter
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TABLE 4.6

Maximum Strain Compariso. — Scratch Gages and Strain
Meters, TUMBLER-SNAPPER Shots 3 and 4

P e —— — — e e

Station Shot 3 Shot 4

and Maximm Strain, 103 4 in,/in.| Maximum Strain, 1034 in./in,
Tree F-18 R-1® | R-C% F-1 R-1 R~C
IA 7,550 17.5 21 8.33 21.4 17.3
1B 8.4 14.5 32.5 17.4 19.3 33.3
1¢ 5.2 uc 11.6 md M M
1D U 8.5 7.9 M M M
II A 6,40 8.6 10.3 5,25 7.9 9.1
II B Be i 10.9 M M M
IIc B 12.6 12.9 M M M
I D U 5.9 12.7 M M M
III A 5,08 4.3 9.8 4,00 5,7 8.0
III B 5.0 8.9 8.4 3.5 6.5 7.1
III ¢ v 8.4 5.5 3.6 4.9 bob
III D 7.6 11.8 15 M M
IVA 5,35 6.2 6.2 3.62 4ol 5.7
IVB 5.6 5.2 8.0 3.5 3.8 3.6
IV e 5.7 6.4 5.0 2.6 3.3 2.9
IV D 6.9 5.3 2.3 3.7 4.0
a

Gage location om tree:

F-1, tension, 1 ft above ground facing ground gero
R-1, compression, 1 ft sbove ground facing sway from ground zero
R-C, compression, at base of crown facing awvay from ground zero

-4

¢ U = Record unreadable or missing

[-%

M = No record; tree broken by Shot 3

€ B = No record; tree bresk near gags
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CHAPTER 5

RISCUSSTON

5.1 GENFRAL

Predictions of minimum overpressures which will break forest trees
sre based on calculations which agsume that stem loading is the result
of aerodynamic drag of the tree crown due to after-shock winds, Aero-
dynamic drag characteristics of crowns have been determined experi-
mentally and correlated on a dimensionless basis with physical crown
characteristics. Calculations to date have been based on linear time
variation of after-shock particle velocity and density or on the theo-
retical time history appropriate to free air as shown in Fig, A.2.
However, the validity of applying free air time histories in regions of
regular and Mach reflection remains to be verified.

5.1.1 plat f Shot ta

Maximum particle velocity and density following shock —
peak dynamic pressure — determines the magnitude of forces acting on
trees, In the Mach reflection region peak dynamic pressure was calcu-
lated from peak overpressure by normal shock equations; in the region
of regular reflection the calculation was based on incident and re-
flected shock overpressures by using oblique shock equations., Result-
ant peak dynamic pressure values are shown in Table 4.5 and correlated
lollipop deflection data for Shot 3 are shown in Fig. 4.9.

If the fact that Stations I and II were in the regular
reflectica region on Shot 31/ (Stations IIT and 1V were in the Mach
reflection region) is neglected and peak dynamic pressure at those two
stations is computed by normal shock equations, this failure to account
for oblicue shock produces a 35 per cent discrepancy between correlated
lollipop deflections at the first two stations and the last two staticrs,

These correlation studies indicste that peak dynamic pres-
sure and duration time are the fundamental shock parameters for pre-
dicting or comparing damages to structures such as trees, suspension
bridges and towers, which have comparatively long periods and sre af-
fected primarily by aerodynamic drag. These parumeters ave particularly
applicable for damage comparison between regular and Mach reflection
regions,

1/ Test Data Purnished by the Armed Forces Special Weapons Project.
15 MNay 1352,
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5.1.2 Comperison of Shot 3 and Shot & Fesults

pDifferences between results of Shot 3 and Shot 4 are sum-
marized below:

1. Lollipop maximum deflections at Station I were higher
on Shot 4 than on Shot 3 even though peak dynamic
pressure determined from reported overpressures for
Shot 4 wes less than for Shot 3, and the positive phase
duration times were the same (Tables 4.1 and 4.5).

2. lollipop maximum deflections for all stations on Shot
4 vere higher than predicted when this prediction was
based on results of Shot 3 and overpressures as re-
ported for Shot 4.

3. Maximum deflection from snubber data and maximum base
strain from strain meter and scratch gage data for
tree I A, Shot 4, were higher than for Shot 3,

4. Tree I B, unbroken on Shot 3, was broken on Shot 4%,
This tree appeared structurally and physicaliy un-
changed after Shot 3.

These differences indicate that results from Shots 3 and 4 could not be
correlated satisfactorily even though allowance was made for Mach and
Jegular reflection occurrence as discussed in the previous section.

The only area of agreement between Shots 3 and 4 lies in the time to
maximum deflection for the lollipops. Little doubt remains, however,
that higher comparative deflections of Shot 4 over Shet 3 were a true
phenomenon, These data tend to support the hypothesis that factors
heretofore not considered caused peak cynamic pressures on Shot 4 to

be higher than indicated by reported peak overpressures,

Sandia Laboratory pitot tube results?/ lend supporting
evidence to the above hypotheais. Measured dynamic pressures on Shot
4 at the 13~ft level were 20 to 30 per cent higher than those computed
from measured overpressures in the 3 to 8 psi overpressure region,
Measured Shot 3 dynamic pressures were in substantial agreement with
computed values, Further, but inconclusive, support ori tes in Los
Alamos Scientific Laboratory Shol 4 smoke velocity data. Measure-
ments at the 300-ft level indicate peak particle velocities 10 to 15
per cent higher than those calculated from overpressure measurements
made nearer the ground.

é; Sandia Laboratory., gShock-Gguge Fvaluation Tests, A.F.S.W.P, Oper-
ation TUMBIXR-SKAPPER Report WT-505, Projects 19.lc and 19.1d,
Verbal communication with F. B. Porzel of los Alamos -cientific
boratory, September 17, 1952,
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Both data are subject to scatter due to low resolution at low
overpressure level; however, they agree in order of magnitude and in-
dicate the possibility of & 30 per cent increase in dynsmic pressure
ovar computed values., A 30 per cent correction added to dynamic pres-
sures used for correlation of Shot 4 lollipcp deflection and tree
breakage data would bring them into Juxtaposition with Shot 3 data.

An additional pressure pulse occurred on Shot 4 during the posi-
tive phase.é/ Since this occurred after maximum displacements of
lollipops and trees it may be presumed that this secondary shock had
no effect on these displacements,

5.2 TBEE ERFAKACE

Due to the limited number of tree installations and to the fact
that no two trees ere exactly alike, prediction of tree breakage must
lean heavily on calculation procedures and extrapolation of data by
theoretical means, In addition, because of the reduction of KT on Shot
3 from the originally intended bomb size, none of the fully instrumen-
tei trees broke., These situations precluded full exploitation of the
theory of breakage leveloped in Chapter 2; however, breakage, non-
breaksge, and conditional breakage regions of Figs., 4.3 and 4.4 have
been defined. Results of Shots 3 and 4 are displayed separately since
the discussion in Section 5.1.2 indicated shock phenomena were differ-

ent in each case.

The conditional breakage region determined from theoretical con-
sideratione alone (Fig., 2.2) is subject to certain inherent inaccura-
cies in magnitude, Although the equation of motion may be integrated
vith sufficient accuracy, dynamic breakage deflections are in doubt
due to a lack of complete knowledge of the increase in strength of
green timber under high loading rates, Further, more recent static
breakage data indicate that approximately 50 per cent of all trees will
be stronger than the trees used as tne basis of the conditional break-
age region displayed in Fig. 2.2. The procedure followed in the
theoretical analysis should produce the correct variation with respect
to period ratio; however, dynamic pressure magnitudes must be ad justed
in accord with field experiments as was done in Figs. 4.3 and 4.4.

Considerable scatter is inherent in such plots as Fig. 4.3 and
4.4 because of variations in tree characteristics and because it is
unlikely that a tree is located just at the breaking point on any one

Z? U. S. Naval Ordnance Laboratory. Free Air and Ground [evel Preg-
gure Messurements. A.F.S.W.P. Operation TUMBLER Report, Projects 1.3 ~
1.5. 15 September 1952,
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shot. However, it is believed that the three breakage points on Shot 3
wvhich fall within the region of non-breakage (Trees I D, II C, II D)
are not chance variations since these and only these trees broke at
knots as shown in Table 4.2. It is possible that stress concentrations
occur at certain knot combinations, More actual breakage data for
static and dyncaic loading are needed to esteblish the validity of this

hypothesis,

In Figs. 4.3 snd 4.4 conditional breakage regions were located to
separate breakage and ncn-breakage date except for the case described
above, The scatter _n these diagrams as well as the Shot 3 variutions
indicate need for more test data which, added to that already obtained,
can be used to establish breakage probubilities associated with varia-
tions in tree and shock parameters.

Section 5.1.2 and the above discussion indicate that the condition-
al breakage region determined from Shot 3 data (Fig. 4.3) represents
the better basis for the lower limit of dynamic pressure approaching

"~ complete breakage of isolated conifers,

The combination of tree periods and positive phase times of Shots
3 and 4 grouped data at the lower end of the period ratio scale (Figs.
4.3 and 4.4), Since periods of growing trees of the type used for
Operation SNAPPER range from 2 to 4 sec and periods of some species
range up to 14 sec, future tests should cover a greater range of period
ratio., With improved methods of installation it may be possible t¢ in-
crease tree periods to 2 asec; however, an increase in range of poeitive
phase duration times as well as overpressure should also be provided
through variations in bomb size,

Stem breakage occurred near the vase of the crown or below, and
in no case did the crown break up. However, since these trees were
selected because they had no defect and no dead limbs, breaks at such
defective points in siems and crowns can be anticipated in a natural
forest,

5.3 DEFLECTION-TIME HISTQRY — TREES

Deflection-time data determined from strain measurements generally
agreed with those determined from motion pictures when sirain constant
at small deflection was used, However, had the full static strain-
def{lection curve (Fig. 3.6) been used, excessive deflection values
would have been obtained from 8strain meter data, and in some cases such
deflection determinations would have been in oaxcess of breakage,
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It has been esteblished?/ that under conditicns of high loading
rate, the yield point for wood increases above its static value, Suf-
ficient data are not available in the literature to predict this in-
oreass for growing tress. Project 3.3 results indicate that this
inorease for green tiisber is much greater thar would be predicted from
dry wood data. One example is found in the .act that Tree II A failed
unjer static lcading at a deflection of 6.6 ft, wvhile motion pictures
sh~ved its deflection on Shot 3 to be 8.8 ft without breaking, This
phenomenon cannot be explained by moisture content difference after
Shot 3 (90 per cent) and efter Shot 4 (60 per cent), because within
this range experimental evidence indicates that there is no appreciable
change in the static strength of wood.

A detailed examination of corresponding motion picture deflections
and strain meter readings should lead to the determination of the
stress-strain relationship under dynamic loading. Unfortunately this
comparison cannot be made in the region close to breakage, since none
of the instrumented trees failed. Furthermore, film speed of the
motion pictures was in doubt, Consequently, film speed was arbitrarily
made to agree with oscillograph tape speed by matching times at initial
and first zero deilection positions. Agreement or disagreement between
times to maximum deflection is coincidental.

As a Tesult of the high yield point when loading rate is high, de-
flection calculaticns orn instrumented trees were made using the linear
load-deflection relationship as determined from the spring constant
instead of using the static load-deflection relationship described in
Section 3.1. Had the latter method been used, greater deflections would
have been calculated, and in some cases breakage would have been pre-
dicted.

Drag determinations were made from previous voer/ which estab-
lished weight retio of foliage to branch wood and crown weight as the
most important trcec parameters affecting drag. Since SNAPPER test
trees were cut prior to the current year's needle growth, the weight
ratio based on these previous studies, which were made in late summer
vhen needle growth was complete, was reduced by one-third.

Calculated maxi.um d~flections were within 20 per cent of measured
values, Agreerent among calculated deflection-time histories is con-
gidered good in view of the number of variables involved. This agree-
ment substantiates use of the gingle mass approximation used in previous
conifer analyses and use of the free air time dependency; nf particle
velocity and density as a suitable approximation in the regular reflec-

© tion and Mach stem regions.
: 57 L.J. Marquardt and T.R.C. Wilson. @Strength and Related Properties
of Woods Grown in the United States, U. S. Pept. of Agriculture Tech,
. 479, washington: U.S. Govt., Printing Office, 1935, p. 60.

&/ Forest Service, gerodynamic Drag in Tree ¢rowns, op, cit.
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5.4 DEFLECTION-TIME HISTORY — LOLLIPOPS

~ Derivation of the equation of motion outlined in Appendix A indi-
cates that normalized maximum deflection is a function of four dimen-
sionless varisbles for any particular particle velucity and density
history.

n 7 , Y Yo, R
Y, - f (27'1; g7t M A po)

Prior to 2UMBLIR-SNAPPIR a series of numerical integrations was
perforued using a linear time dependency for particle velocity and
density, These calculations covered the range of variables expected
for the lollipoups during the test as shown in Table 5.1.

TABLE 5.1

Range of Variaoles Covered by Deflection Calculations

- B |
J Iz I s}
27T, UGT, L P,
Minimum 0.1 0.0025 0.00175 1.11
Maximum 0.5 | 0.005 0.10 1.45

In the ranse indiccted «bove only the period ratio was significant,
shock overpreasure was second order, and the remaining two variables
insignificant, TUMBLER lollipop data remained within the above range
of calculations.

A second set of integrations was perfoimed using free air decay
of icle veiocity and density shown in Fig, A.2 for mean values of
Iy/U1Ts and Yg/L and pressure ratio range experienced at TUMBLER,

Flgure 4.9 compares results of these two computations, Use ¢’
linear decay gives somewhat higher deflection rati~r at higher period
ratio, but the disparity is not great.
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Maximum deflection and time to reach maximum deflection data were
normalised as desoribed sbove. Points plotted in Fig. 4.9 are based on
averages of the three methods of measuring deflection except at closer
stations, vhere twisting of lollipop beams invalidated strain gage
records, In these cases motion picture and smibber data were used to
calculate plotted points,

Shot 4 data fall below the predicted curve for reasons discussed
previously. Since the strain record went off scale on the one Shot 2
record, estimated maximum strain and the resultant plotted point may be
unreliable, Shot 3 results are considered to be the most reliable, and
sgreenent between these experimental points and theory is good.

Substantistion of the calculation method by these lollipop data
and the close approximation of the linear velocily decay calculations
to the free air.calculations indicate that previcus tree breakage
calculations shown in Fig, 2.2 vhichk were based c¢n & linear decay are
not considered to be seriously in error, The trend indicated by these
calculations should be reasonably correct; liowever, magnitudes must be
ad justed by experiment as was done in Figs. 4.3 and 4.4.

5.5 SCRATCH GAGE DATA’

Seratch gage installations were made to provide basic data on
maxinum s.rain at base of tree stem and at base of crown to provide
estimates of breakage-strain under impulsive loading, and to study the
applicability of low~cost, strain-measuring instruments,

Preliminary analysis of scratch gage data indicates that: (1)
Large deflections resulted in considerable distortion of the strain
gurve across the l-ft section as would be expected from curved beam
theory, and (2) greater strain occurred at the base of crown which adds
to the evidence that breakage will occur near this point,

Figure 4.11 establishes one-to-one correspondence between strain
meter and scratch gage readings., These data were taken at low de-
flection from a record similar to Fig. 4.10 and are maximum tension to
maximum compression readings. The maximum strain level represented is
therefore 3 4 in,/in., and the readings are not influenced by non-
linearity of strain across the section of the tree stem, which occurs
at high deflections,

Accuracy of scratch gage readings is dependent primarily on the
eatablishment of zero reading, {.e., zero strain level prior to shock
arrival, As zhown in Fig. 4.10 this line is rather wide. Aithough
readings were made to the nearest 0;;4u in,/in, of strain, estima‘ed
accuracy on the basis of Fig. 4.11 difficulty in est.blishing zero
is of the crder of 0.5 i in./in,
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5.6 INSTRIMENTATION
5.6.1 Smubbers

Smubbers are the easiest and least costly way to measure
meximum deflection, Field data can be read quickly and accurately,
Reduction of these data to maximmm deflection, however, requires that
the arc traveled by the reference point be known. This difficulty has
been overcome in recent static breakage tests by attaching two snubbers
at the reference point, and thus determining meximum deflection direct-
ly from field measurements. Snubbers can be used to instrument an
entire stand of trees. patural or artificial, vhich will be exposed to
atomic explosions,

5.6.2 Scratch Gages

Seratch gages represent an expedient method of recording
maximum strain whenever time sequence is not important. Accuracy is
approximately 1/10 that of strain meters but in view of low cost and
smsll installation time ($4.00 and 1/2 hr per installation), this can
be tolerated when a large amount of data is desired. Reduction of
data requircs a microscope and is rather tedious. Readable scratches
are not always obtained (only 6 out of 70 used by Project 3.3 failed to
record), but experience in setting ecratch gage arm pressure reduces
record loss to a minimum,

5.6.3 Qscillograph-Strain System

Oscillograph recording of strain meter and strain gage cir-
cuits provides accurate measurement of time variations in strain and
deflection, This gystem was well-adapted to field use and suffered no
damage from induced signals, shock, or sand., Amplifier gain settings
vere stable, Attachment of strain meters to trees was satisfectory as
evidenced by the fact that records returned to their original pre-shock
rero readings., Strain-time records may be obtained from any point in
the tree stem by use of this system suitably protected against blast

damage, ‘

The principal deterrent to large-scale instrumentation to
obtain strain-time history on many trees is cost. A complete oscillo~
graph-strain system to record strain-time at one point may be dupli-
cated at & cost of approximately $900 and requires cne day to install
after the shelter and conduits are in place.

5.6.4 Motion Pictures

Motion pictures provided general visual data on tree and
lollipop movement following shock arrival but were only partially
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satisfactory for sessurement of deflection. Disparity between nominal

£ilm speed and actual film speed made determination of time sequence

diffionlt. Hed film speed been 2cnstant and known, the disparity con- .
cerning the dynamic pressure on Shot 4 could have been resolved from

neesurenents of the displacement of vapor originating from the tree

foliage. Dust obscured all motion at Station I and motion after the

first maximum at other statioms on Shot 3. Collapse of a temporary

shelter cover at Station III on Shot 3 covered the camera lens before

saximm deflections occurred, All printes of Shot 3 were fuzzy, which

made it diffioult to fullow precisely the posiiion of tree siems,

5.6.5 [ollipope J

lollipops represeut instruments which respond to peak
dynamic pressure and may prove valuable in determining this quantity
vithin forest stands., lLollipops at Operation SNAPPER failed to respond
a8 intendad because of their twisting motion during large deflections.
This difficulty can be resolved by selection of a beam cross-section of
higher torsional radius of gyra‘tion or by a redesign on tne principle
of the ballistic pendulum, Consideration should be given to the possi-
bility of making the lollipop portable to permit changes in its loca-
tion between shots of a greded series.
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CHAPTIR 6

CONCLUSIONS AND RECQMMENDATIONS

6.1 CONCLUSIONS

1. Blast damage to forests from atomic explosions is primarily a
function of aerodynamic drag of the particle velocity. This basic
essumption was verified by results of Project 3.3.

2. A method of predicting tree breakage has been established and
in part substantiated., This method relates tree breakage with two
ratios: shock peak dynamic pressure to dynamic pressure for breskage
due to steady wind; and the ratio of tree period to positive phase
duration time,

3. Peak dynamic pressure is a more compatible parameter than peak
overpressure for predicting atomic explosion blast damage to trees and
structures which have comparatively long periods and are suscer’ible
to damage by aerodynamic drag. Peak dynamic pressure criteria ppear
to be compatible with breskage and deflection results obtained in Mach
and regular reflection regions, whereas peak overpressure alone does
not permit correlation of results,

4. Coniferous tree crowns break up as a unit wvith stem breakage
usually occurring near the base of the crown, Strain on the tree stem
is greater at the base of crown than at the 1-f¢ level,

5. Peculiarities in breakage and deflection data on Shot 4 in-
dicete that peak dynamic r-..oures experienced were greater than those
calculated from measured peak overpressures,

6. Agreement between measured and calculated lollipop deflectious
for Shot 3 substantiate calculation methods used to predict tree moticn
and the use of free air particle velocity and density time history as
approximations for Mach and regular reflection regions.

7. Applicability of a single-mass system to analytically predict
tree motion following shock was confirmed by Prolect 3.3 results,

8. The lower limit of shock peak dynamic preasure for complete
breakage of {solated conifers iz estimated to be in the order of 0.7
pei when associated with l-sec positive phase Zduration. This value of
dynamic pressure corresponds to a sea level overpressure of 5,5 psi for
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aoh reflection, Soms breakage vill occur at lower dymamic pressures

because of statisticel meriations of static strength found in ap- .
Jarently sound tree steas snd also because of stem Jefect such as rot

or fire scar.

9. Llollipops represent an instrument capable of measuring the
total impulse due to dynemic pressure of chock particle velocity.

10, detural foresis or prepareu forest stands can be instrumented
economically ‘o study Llest demage from atomic explosions witk no re-
quiiwment for cutside power or timing signals. "he rirain meter systea
sccuret~ly records time history of strain, snuouvers provide sdequate
msesuresaat of ma~imum detlection, and scrafch gages measure maximum
strain,

6.2 RICQRTHDATIONS
¢.2.1 Riture Atom Poamb Field Tests

i. The period ratio (tree period to duration time) covered
J in Project 3.3 should be extended by using trees with longer periods

and by increasing the renge of duration time through a grsded series of
skots,

2. Tncident aud rr.(lected overpressures for the regulsr
reflection reg should contiiue to he reported in the 2- to 8-psi
overpressure region, Values ehocld be measured approximately 20 ft
sbove the ground.

y 3. Dynamic pressure should be measured in preoference to
overnressure whenever such data are used for correlatior againsti
ctructurai demege due primarily to acrodynsmic dreg.

4. Investigation of shock wave disturbance due tc low
burst height should be continued, particularly in relation to peek
par .dcle velceitly end density,

] %, Instrumentation:

(a) Portalle lollipops should be designed for use in
and around forest stands,

(b) Secratch gages should be used {¢ investigate
maximum sirain along tree stems

6. Befome a prepared stand is exposed to atomic explosions

the problex of what minimum area will constitute a semi-infinite stard
aust de solved,
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6.2.2 Qther Work

1. More static breakage tests are needed to establish vari-
ation in static strength of growing tree stems.

2. laboratory tests should be made to determine deflection-
strain relations to the point of failure for tree stems.

O

49
CONFIDENTIAL RESTRICTED OATA
Sacurity intormaties




- . .
e e e o+

CONFIDENTIAL

Sacority iofermetion

APPENDIX A e
SALCULATION METIODS

A.l1 MUATION OF MOTION — LOLLIPOPS

1ollipop motion under blast loading is assumed to be that of a
simple spring mass system scting under external force due to aero-
dynemic drag of the after-shock particle velocity. Internal Jamping
force is assumed negligible in compar:zon to other forces, The system
is shown schematically in Fig. A.l.

SIS

Fig. A.1 Equivalent Mechanicel System -- Lollipop
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' ‘ From Newton's principle the equatiom of motioa is
Xy + kg (y)= (%ﬁ ODA)S (a.1)
vhere particle velocity relative to canter of pressure velocity is given
by
Vel 432 -20y coss (A.2)
nnd(l-gﬁ cm)s is the drag component in the direction of motiom, For

emall deflections the center of pressure follows a circular path and to
the first approximation the beam assumes a sine curve, The angles are

then
§¢ I wa s -2"1 1 (a.3)
Beferring to Fig. A.1l and combining Equations A.l and A.2
e 2 2 .2 o
VST A @ @) E
(A.4)

oos (0C+¥') cos (X-¥')

R e Y U S

Letting

2
:-.L-l-_f.,nnd(%) =B
k 4

Ty T,

d -
where
2
Y, = A21U) Cph
&
Equation A.4 can be written in dimensionless form:
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cos(el+ ) cos( - ¥)

JYs 2 siné
t. m—l U|T+
L. Is ¢z cosd
ho 0k (A.5)

5slss
L

d:ihz ' . s
2 L

For free air 9 = £3(x) and L= f2(x) as shown in Fig. A.2.
Uy 21-Po
The density retio zay be found from the equation

L a1 -21 % {1-1,(x) | A.6)
2 1 { zx} (,

Equations A.5 were integrated numerically for various values of

v Y Y , and to establish maximum values z, Yg , and the
-T2W+’_%-Ul+,l.’ % )ﬂ’
time to reach this value, Tp , for a linear particle velocity and

density T+

and for free aj particle velocity and density relationships. The re-
sults of these calc:lations are shown in Fig. 4.9.
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Fig. A.2 Theoretical Particle Velocity and Density Variation With Time
for Free Air, 2.2 < (P} - Py) < 8.4 PSI. Muations Represent
Pwpirical Fit Through Points Computed From L.A.S.L. IBM Prob-
lom M Calculations Supplied by Lt. Col., F. B. Porgel, lLos
Alamos Scientific Laboratory. Subscript o Refers to Preshock
Values, Subecript 1 to Peak Values,
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A.2.1 Regular Reflection

For incident-reflected shock configurations (Fig. A.3) the
density ratio may be found from

2 p 2
PR %
Il . 9 ~5 P (A.7)
Lo 1 <2 <5
i Al RS
. (3}
gince thermodynamic state equations are invariant under translation.l/

DIRECTION OF SHOCK MOTION  ==i»

..
REGION | . REGION ©

Fig. A.3 Incident-Reflected Shock in Stationary Frame of Reference

1/ R. Courant and X. 0. Friedrichs. §upgr§§qic E;%w and Shock Waves.
nterscience Publishers, Inc., New York, 1948. p. 2,
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Non-stationary oblique shock ndy be brought to rest by im-
posing a velocity g, on the velccity fiel (Fig. A.3) vhere

2 P
+

co) .m (&) _5; Fﬁé | (A.8)

Angle of incidenc 17 ,@ , wag determined from burst height and station
ground distance,

The peak particle velocity may then be found from the energy
equntion-’!/

PO o R eHE) e

where
2
(_1) - B, .~
¢y P P1
and
- -
ql = U; +q

In order to make the calculation method entirely clear, a
pumerical example of dynamic pressure determination is presented. Con-
sider the illustrative set of data:

burst height = 2500 ft Po = 13.0 psi
ground distance = 3500 ft APp = 5.0 psi
¢; = 1100 ft/sec APy = 2.0 psi

mﬁ-’ ppo 1‘8-149,
3/ This procedure vas only approximete for Station 1I, Shot 3, where

Mach refiection had formed, but the triple point was below the 10-ft
level. For that pressure level/3 -/Hgy¢r = 0.6°, which indicates that

this approximation was reasonably correct,
4/ Courant and Friedrichs, op,¢it., p. 302.
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= tal g% - 54,59

/lzliéfﬂr )‘-1.40

From Equation (A.7)

13.0 18.0
1+6 1+6
Y x———éfg—qcl.%

Po 6 +13.0 6 +15.0

From Pquation (A.8)

(qo) - (o Béﬁfq - 1.709

From Equation (A.9)

2
(Sl .1709+5(- i—zz-l.m;
S

Hence

o 0 & pe il o 2 Y g ATV AL ¥

" (3; - a) ¢, = (1.104 - 1.307)1100 = -224 ft/sec

The dynami: pressure becomes

2
avl . g el () 2 &

ro ()

e 0.70 x 1.26 x 13.0 (0.203)2 = 0.473 pst
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A.2.2 Mach Reflection
lyj/!or a normal shock, Equations A.7 and A.9 can be written

explicit

-

2

+ -
I/—o)l - 'ﬁ—rﬁ (A.10)
o
1+ /.l Py
P 2
2 - 1212 1 -
i (m) a j‘. ) (Pg‘ g (A.11)
c
° (1 +40) (,u +
% » Po)
A.3 _—
To reduce experimentsl deflection data to dimensionless form, base
. fixity was computed from the spring constant based on the lollipop peri-
od, as given by Equation A.12, and the theoretical spring constant com-
puted from the beam constants, ass a fixed end cantilever and
, loading at the center of the disk,
. 42 Cueo + 33, 412
ky !‘l?z ( disk * $5 Vbeam) ( )
F = spring constant from Eg, A,12 (A.13)
computed spring constant for fixed end cantilever
- actyal d cti
} theoretical deflection (A.14)
-

The theoretical spring constant k under steady wind loading was
computed using a distributed drag loading along the beam lenﬁtg equal
CpAa

to E_l,‘é’ﬁ Cphr Plus the drag due to the lollipop disk, 2371

S. Timoshenko. Yibration Problems in Engineering. (2nd ed.)
D. Van Nostrand Company, Inc., New York, 1937. p. 86.
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Drag coefficient was assumed to correspond to the steady state value:’/
of 1.1 for the disk and 1.8 for the beam, The equivalent disk area

then equals

. mwnmmmmm)
dog = Mg (J centexr of pressure deflection due to disk drag

(A.15)
Actual static deflection corrected for base fixiity becomes
N2
Yy « A%‘J._ Cpheq (A.16)

| W -

Trees are assumed to be simple spring mass systems with the same
characteristics as previocusly described for lollipops except that the
drag term is based on weight of dry crown and is a function of displace-
ltnt.§/ An additional assumption is that the crown drag is independent
of the angle of attack, Internal damping is neglected as experimental-
1y determined values of the damping coefficient are negligible when
compared with the crown drag force,

Calculations were carried out in a dimensional manner using Equa-
tion A.4 with the peak particle velocity, density, and positive phase
duration time appropriate for each shot and station,

A.5 REDUCTION OF BREAKAGE DATA — TREES

Dimensionless breakage relationships presented in Figs. 4.3 and
4.4 may be inferred from the following analysis. From results of lolli-
pop calculations the maximum deflection of a simple spring mass system
my be represented to the first order as

L. (2
Ya 1,

7/ Lionel S. Marks. Mechapical Engineers' Handbook. McGraw-Hill Book

Compeny, New York, 1941, p. 1543.
8/ TYorest Service, Analysig of Tree-Stem Dregkage by Shock Wind—

Ponderosa Pine, op, cit.
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midu a completely linear system for vhich breakage occurs at a peak
dynaxic pressure of /21U 2)b. A static deflection may be define. on
2

this besis:
o - (), 4

Under steady wind loading, breakage occurs at a dynanic pressure de-
fined by

n - (45), @

If under impulsive loading breskage occurs at the same deflection as
under static loeding by steady wind, then Yy must equal Y. Therefore,

(Yg)b = Yp f (%)

Hence

102
(TL%,_)-)-! = f if:) (A.17)
(27,

For tree breakage the system {. aot linear to breaksge. Neverthe-
lees, the dimensionless relationship inferred in Equation A.17 may be
sppiied intuitively provided it is realised that the functional re-

lationship may not be the same,

N
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NOMENCLATURE

Ay = lollipop disk area, sq ft

A,q = aquivalent lollipop disk area, sq ft

Ap = lollipop beam area per ft of length, sq ft/ft

Co = sound speed at prevailing atmospheric conditions, ft/sec
¢y = sound speed immediately behind shock wave, ft/sec

Cp = drag coefficient, dimensionless

drag function, sq ft

o
—~—~
g
d

"

e = 2,718..., base of natural logarithms, dimensionless

f = a functional relation

F = bage fixity, dimensicnless

g = gravitational constant, ft/sec?

k = spring constant for horizcntal loading, 1lb/ft

ky = spring constant determined from period of vibration, 1b/ft,

L = height of center of mass above ground, ft

m = mass, i1b/sec?/ft

No = flow velocity normal to incident shock, ft/sec

P, = ambient air pressure, 1b/sq in

Pi = air pressure immediately behind shock, 1b/sq in

P2 = air pressure immediately behind incident shock, 1b/sq in
qo = flow velocity ahead of shock, Fig. A.3, ft/sec

! ﬁ qp =~ flow velocity behind shock, Fig. A.3, ft/sec

restoring force function, 1lb

‘ R(y)

t = time, sec

60

RESTRICTED DATA CONFIDENTIAL

ATOMIC ENERGY ACT 1948
Sacenty tatencabes




Tm
Ts

U1

¥p
Ym

(3

» % W R

CONFIDENT'AL

Sacurity infermation

time to maximum deflection, sec

positive phase duration, sec

particle velocity, ft/sec

maximum partiicle velocity behind shock, ft/sec
relative velocity, ft/sec

weight, 1lb

time parameter, t/T,, dimensionless

mass displacement along arc, ft

dy/dt, ft/sec

d2y/ate, ft/sec?

deflection of center of mass u«t breakage, ft
maximuz deflection of center of mass, f%

static deflection of center of mass associatid with peak
dynamic pressure, ft

deflection parameter, y/Ys, dimensionless

dz/dx, dimensionless

d2z/dx2, dimensionless

an angle, Fig. A,1l, radians

angle of incident shock, radians

an angle, Fig. A.l, radians

an angle, Fig, A.1l, radians

-%;i%% , where ' is the ratio of specific heat of air,
dimensionless

3.1416,.., dimensionless

air density, 1b sacl/ri4
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