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PREFACE

The study reported herein was conducted in support of DA Project
4A162121AT31, "Research for Lines of Communications Facilities in
Theaters of Operations," Task 02, "Airline of Communication Facilities,"
Work Unit 02, "Site Selection Analysis for Airmobile Operations,"
sponsored by the Office, Chief of Engineers (OCE), and later DA Project
1T162112A528, "Environmental Effects on Materiel Development,” Task 02,
"Terrestrial Effects on Materiel Development,” Work Unit 03, "Terrain

Analysis for Helicopter Operations,” sponsored by Headquarters, U. S.

Simulation Branch (ESB), Environmental Systems Division (ESD), Mobility
and Environmental Systems Laboratory (MESL), U. S. Army Engineer Water-
ways Experiment Station (WES).

All phases of the study were under the general supervision of
Messrs. W. G. Shockley, Chief, MESL, and W. E. Grabau, formerly Chief,
ESD, and now Special Assistant, MESL, and under the direct supervision
of Mr. J. K. Stoll, Chief, ESB, and project manager, who planned the
project and was responsible for developing the site evaiuuation logic.
Coordinating program activities with writing the computer programs and
designing the input and output were the responsibility of Ms. J. A.
Parks, formerly of ESB, now of the Aquatic Plant Research Branch.

Ms. M, H. Smith, ESB, and Mr. T. D. Hutto, ESB, assisted in writing the
computer programs. Mr. M. P. Keown, ESB, provided valuable assistance

in formulating some of the logic used in the computer programs.

CPT R. D. Brown provided valuatle consultation on helicopter characteris-
tics and performance capabilities. This report was written by Ms. Parks.

Directors o WES during the study and preparation of the report
vere BC E. D. Peixotto, CE, and COL G. H. Hilt, CE. Technical Director

wvas Mr. F. R, Brown.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI) AND
METRIC (SI) TO U. S. CUSTOMARY UNITS OF MEASUREMENT

Units of measurement used in this report can be converted as follows:

Multiply By
U. S. Customary to Metric (SI)
inches 25.4
square inches 645.16
pounis (mass) 0.4535924
tons .short) 0.90718
pounds {mass) 0.016018u6
per cubic foot

pounds (force) 6.894757

per square inch

pounds (force)
per square i-.ch

degrees (angular)

millimetres
centimetres

metres

square centimetres
aquare metres
metric tons

grams per cubic
centimetre

dynes per square
centimetre

knots (international)

6.89475T7 x 10

0.01745329

Metric (SI) to U. S. Customary

5

0.03937007
0.3937007
3.280839
0.1550
10.76391
1.1023
62.L2797

1.450k x 1072

1.151543

To Obtain

millimetres

square millimetres
kilograms

metric tons

giams per cubic
centimetre

kilopascals

dynes per square
millimetre

radians

inches

inches

feet

square inches

square feet

short tons (2000 1b)

pounds (mass)
per cublc foot

pounds (force)
per square inch

miles (U. S. statute)
per hour
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AUTOMATED PROCEDURE FOR EVALUATING SITES FOR
SUITABILITY AS HELICOPTER LANDING ZONES

VOLUME I
DESCRIPTIORS AND INSTRUCTIONS FOR USE OF COMPUTER PROGRAMS

PART I: INTRODUCTION

General Background

1. The use of rotary-wing aircraft (helicopters) in tactical
situations is an important characteristic of the U. S. Army's airmobile
operations. Experience in'all aspects of helicopter use (troop deploy-
ment, resupply, evacuation of wounded, etc.) has clearly demonstrated
that helicopter operations are severely terrain-dependent. Despite
their ability to rise and descend vertically, the machines still require
areas of reasonably flat and obstacle-free terrain on which to land
under even the best of circumstances. Furthermore, vhen the machines
are heavily loaded, efficient operations require nonvertical approaches
and departures, and these attributes magnify the amount of open space
required. The existing inability to rapidly and reliatly selec’
suitadle helicopter landing zones (HLZ's) is a major constraint : 1 the
Army's tactical mobility.

2. Many terrains, especially those covered with trees, canuot be
used for HLZ's unless the trees are first cleared. Terrain exhidbiting a
fev clearings in the forest is little better, decause the development
ef highly effective shoulder-fired antiaircraft missiles has made the
use of existing HLZ's exceedingly dangerocus. Creating suitadble KLZ's in
such situations by the use of conventional methods, such as rappelling
engineer troops equipped vith hand tools and demolition kits through the
forest canopy from hovering helicopters, is inordinately dangerous to
both troops and helicupters. In addition, creating an opening of suffi-
clent size to permit the landing of heavy equipment takes so long that
all hope of tactical surprise is lost. This situation has been partially




alleviated by the development of large air-delivered munitions that are
capable of clearing an opening of sufficient size by blast effects.l
However, the effective use of such devices is predicated on the assump-
tion that the detonation will clear an adequate area and that the
terrain surface beneath the trees will be suitable for an HLZ. Thus,
there is a need for a rapid method of assessing terrains in terms of
suitability for the use of forest-clearing munitions.

3. In view of these situations, it would clearly be advantageous
to have a method of analytically evaluating potential sites for suit-
ability as HLZ's, 80 that the optimum sites could be selected prior te
the initiation of the operation. Since this type of evaluation pro-
cedure is necessarily complex, such a capability appears to be practical
only by exploiting computers. Once developed, such a computer-effected
procedure could then be used repeatedly, regardless of the geographic
location of the proposed operation.

Purpose and Scope

4. The purpose of the overall study was to provide U. S, Army
combat forces with an analytical procedure that will rapidly and con-
cisely evaluate selected sites in terms of their suitadbility for use as
HLZ's.

5. The procedure comprises three computer programs:

a. Program 1 sFTKELl. This prograr relates specific heli-
copter characteristics to selected terrain descriptors

(slope, microrelief, and soil strength) to deteimine the
suitability of the site as an HLZ.

b. Program 2 (FTJPRH). This program is a mathematical model
of an explosion in a forest. It predicts the size and
shape of the clearing that results from the detonation of

an explosion of rvecified yield in a forest described in
terms of the stem diameters, heights, and species of the
component trees. A submodule makes it possible to compare
the size and shape of the opening with the geometric re-
quirements of a specified helicopter, so that the user
can determine vhether the opening will be adequate.

c. Program 3 (FTJPHL). This program uses a portion of the
output c¢f Program ¢ s input. One of the products of




Program 2 is an estimate of tree remnant (stump) height as
a function of distance from the point of detonation.
Program 3 compares these data with selected geometric
attributes of a specified helicopter and estimates the
number of tree remnants that would have to be removed tc
provide clearance for the specified helicopter.

6. Volume I of this report includes brief descriptions of the
three programs, specifications as to data requirements and the format-
ting of the necessary files, and instruction for the use of the programs.
Volume II consists chiefly of the statement listings of the three
programs,

Approach

7. This report has teen written on the assumption that the reader
will have some experience in using a teletype terminal and & time-
sharing computer system. As with all computer operations, the user must
follow e=stablished procedures and formats to the letter; it iz sometimes
difficult for a novice to appreciate the necessity for this. Neverthe-
less, the user by no means needs to be an expert. The programs are
vritten in "conversational" mode so that the user is led through the
correct procedure step by step. The user need only followv the instruc-
tions implicitly.

8. Each of three computer programs comprising the analyticsl
procedure is a separate and self-contained module. Individually each
consists of an essential component of the evaluation. Collectively they
provide all of the data required to determine the suitabdility of s site
as &n HLZ. The modular design wz=z used so that the user could omit one
or more of the evaluation steps, since not every site vill require them
all. For example, if the user knev ahead of time that the ground
surface beneath a forest is smooth, flat, and hard, the use of Program 1
would not be needed, since the user would already knov that a full-touch
tone (FTZ; see paragraph 104) would be available if the trees could be
cleared avay. The user would then start the analysis wvith Program 2.




Conversely, if the region was devoid of trees, but the ground was rough,
the user would need only Program 1.

9. All three computer programs were written to be run on a
Honeywell G-635 system that has time-sharing capability. Conversion of
the codes for use in batch or remote batch modes would require several
modifications, primarily in the input and output statements. Although
such modification is not recommended, it might become unavoidable if the
user found it necessary to evaluate a large number of sites. In this
event, it is recommended that only an experienced programmer undertake
the effort.

Definitions

10. The following expressions are used in this report in somewhat
specialized senses. In some instances, abbreviations and acronyms are
used in the text to avoid repetitious use of lengthy terms; the abbrevia-
tions and acronyms are given in parentheses immediately following the
terms.

a. Data array. In the terminology of this report, a data
array is a body of information stored in core memory,
excluding program statements.

b. Data file, In computer terminology, a data file is a
body of information stored other than in core memory.
It may be on disc, magnetic tape, paper tape, or whatever.

c. Departure angle. The acute angle between the horizontal
and a line generated by the helicopter as it rises from
its touch zone. The line intersects the ground at the
perimeter of the touch zone. The departure angle is
controlled primarily by the type of helicopter and the
load being carried at takeoff.

[

Full-touch zone (FTZ). A patch of ground so configured
that a fully loaded helicopter can come completely to
rest on the ground. An FTZ must be quite flat, free of
obstacles larger than a critical size related to the
specific helicopter, and with soil strength adequate to
support the weight of the aircraft.

. Glide angle. Synonym for departure angle.

Ground zero (GZ). The location of the point on the
ground immediately below the point of detonation of an

I~ o
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explosive. It is commonly used as the origin of a radial
coordinate system used to describe the propagation of the
explosion-driven shock wave and related pressure wave.

Helicopter landing zone (HLZ). A patch of ground so con-
figu 'ed that it meets the criteria of an FTZ, a skid-
touch zone (STZ), or a nontouch zone (NTZ).

No landing zone (NLZ). A patch of ground so configured

that a helicopter cannot approach close enough to make
loading or unloading practical.

Nontouch zone (NTZ). A patch of ground so configured

that a helicopter can approach close to the ground, but
not touch. Thus, loading and unloading must be achieved
with the aircraft in full hover. NTZ's are usually
characterized by steep slopes, complex microrelief (such
as boulders or tree stumps), or tall vegetation.

Program statement. In this report, a program statement
is a numbered line of instructicns which forms an inte-
gral and essential part of the computer program.

Skid-touch zone (STZ). A patch of ground so configured

that only one skid, or the tips of both skids, can be
brought into contact with the ground. 1In this situation,
the weight of the helicopter is largely, but not com=-
pletely, supported by the rotor. In a skid-touch mode
the helicopter is relatively unstable, and loading and
unloading require great pilot skill. STZ's are commonly
characterized by a significant terrain slope.

Touch zone radius (TZR). The radius of the essentially
obstacle~free area required for an FTZ. The radius is a
function of helicopter size and configuration.

10




PART II: DESCRIPTIONS OF ANALYTICAL PROCEDURES

Procedures Involving Surface Geometry and Soil Strength

Description of
computer program FTHEL

11. The analytical procedure for classifying terrain in terms of
its suitability as an HLZ is consolidated into a computer program des-
ignated FTHEL. It consists of a main program and one subroutine.

FTHEL is composed of sets of comparisons and decisions. The comparisons
match terrain conditions against geometrical and operational characteris-
tics of helicopters; the decisions are simply determinations as to
whether the terrain will meet the geometrical and operational require-
ments of the helicopters. Those conditions that will not permit safe
operation are identified; those that will permit operation are classi-
fied according to the type of landing that is permitted. A flow chart

of the analytical procedure is given in Figure 1, and the program is
listed in its entirety in Volume II of this report.

12. The first terrain characteristic examined in the computer
program is slope (ASL in Figure 1). The program asks if the slope of
the terrain is greater than those values that are the maximum allowed
for a given helicopter to safely come to a full rest on the ground, come
to a rest with only one skid on the ground, or hover close to the ground,
or whether the machine cannot achieve any of these. If any of the first
three types of landings can be achieved, the program internally charac-
terizes the site as either an FTZ, STZ, or NTZ. If the terrain slope is
too steep to permit any of the three, the program classifies the site as
an NLZ, outputs that information, and terminates.

13. If the site has been classified tentatively with respect to
slope as & FTZ, STZ, or NTZ, the program then compares the microrelief
characteristics of the site with certain physical characteristics of the
helicopter, such as ground clearance of the hull, height of the rotor
blades in toth lift and idling modes, touch zone radius, rotor blade
lergth, etc. On the basis of these comparisons, the program decides

1l




whether any microrelief features will interfere with the helicopter in
any essential way.

14, The first set of comparisons determines whether any of the
microrelief features are high enough to impale the hull of the machine
if it laends, or high enough to interfere with the rotor disc or snag
the tail rotor, and so on. If the microrelief features are too small to
cause any interference, the program simply proceeds to an evaluation of
soil strength. However, if some features are large cnough to be poten-
tially dangerous, the program determines which height class of microre-
lief features can impale the hull and examines the area between the
microrelief features to determine if the machine can land successfully
between them. This is accomplished through the medium of the sample
cell. The sample cell (see Appendix A, paragraph 22) is a circular area
occupied by 20 features (Figure A8). Thus, if the area of the sample
cell is divided by 20, the resultant is the average area assigned to a
single feature, and the diameter of that area is the mean spacing of the
feature.e Thus,

S=Tr1: (1)

S = mean spacing (which approximates the average distance between
the centers of all microrelief features large enough to
interfere with the helicopter)

where

D = diameter of the sample ceixl

N = number of features in the sample cell

Equation 1 appears in the subroutine SPACE (lower right corner of Fig-
ure 1). The average diameter of the features (see Appendix A) is sub-
tracted from the mean spacing to obtain a value which is, in effect,
the mean free open space between microrelief features. This value is
then compared with appropriate helicopter characteristics, such as hull
width, to determine if there is enough unimpeded space to ac:ummodate
the helicopter.

15. Based on the height of microrelief features and the mean free
space between them and the geometry of the specified helicwpter, the

12




program then classifies the site as either an FTZ2, STZ, NTZ, or NLZ.

16. The next step is to recall the classification based on slope
alone and compare it with the one based on microrelief alone. If both
are the same, no further decision is necessary, and the program stores
the classification for future reference. However, if the two are dif-
ferent, the worst condition is chosen and stored. For example, if the
classification based on slope is FTZ and that based on microrelief is
NTZ, the program selects NTZ and retains it for future reference. If
the classification with respect to microrelief is NLZ or NTZ, the pro-
gram prints out that result and terminates.

17. If the classification at this point is STZ, the program trans-
fers to a routine thet computes the departure angle (see paragraph 19),
If the classification is FTZ, the program prcceeds to an analysis with
respect to con2 index (i.e. soil strength; see Appendix A).

18. If the site is tentatively classified as an FTZ, the implica-
tion is that the full, loaded weight of the helicopter will come to rest
on the grouwid. Therefore, the program compares the cone index of the
soil at the site with the minimum cone index required by the helicopter
(see item labeled "CONE INDEX FOR AN FTZ, MAXIMUM LOAD (PSI)" in the heli-
copter data files, Tables 1-5). If the minirum cone index required by
the helicopter is greaier than the cone index of the terrain, the soil
is too weak to permit the helicopter to come to a full rest, so that
site is classified as an STZ. However, if thc helicopter value is equal
to or less than the terrain value, there is sufficient strength to sup-
port the machine, and the classification is thus FTZ.

19. Following classification of the site on the basis of cone
index, the program proceeds to a calculation of departure angle.
Allowances are madc for minimum touch zone radius and the height and
spacing of microrelief features (Figure 2). The helicopter is situated
at the center of the touch zone; this defines the distance of the heli-
copter from the edge of the zone. The program calculates the departure
angles for all microrelief features in the site and selects the steepest
angle as the departure angle that characterizes the site. The line

13




formed by the departure angle is normally called the "glide path," as
labeled in Figure 2.

20. At this point, the program prints out the final site classifi-
cation and the calculated departure angle and terminates.
Input requirements for FTHEL

21. Helicopter data files. Program FTHEL uses a set of data

files containing information describing five widely used Army heli-

3,% U4-1B Troquois,” OH-6A Cayuse,® CH-MTA
6,7

copters: UH-1H Iroquois,
Chinook,6’7 and CH-4TC Chinook.
one of these aircraft, he need only identify the proper machine from the

Thus, if the user is concerned with

list at the time the progrem asks for it, and the program will automati-
cally retrieve all relevant data from the appropriate file. The data
stored for each helicopter are given in Tables 1-5.

22. Several of the descriptors included in the helicopter data
files are not needed for this program. They were included only to
provide a rounded description of the machines and in anticipation of
possible future additions to the overall analytical routine.

23. Since it is unlikely that all users will be interested only
in the five helicopters already included in the date files, provision
has been made for adding additional helicopter data files as needed.

The procedure for adding additional helicopter date files to the program
is given in Appendix B.
24, Terrain data. Three terrain characteristics are required to

satisfy the requirements of FTHEL: slope, microrelief, and cone index.
Values relevant to these terrain attributes are called for by the program
at a certain point. To ensure that all needed data are available at

that point, it is strongly recommended that the "Data Input Form for
FTHE." (Figure 3) be used and completely filled in prior tc initiating

a run of the program, It will be noted that the data form is divided
into two parts: Microrelief Feature Data and Additional Terrain
Descriptors. The following paragraphs discuss the terrain data require-
ments in the order of their appearance on the data form (Figure 3):

8. Microrelief. In the content of program FTHEL, microre-
lief features are localized irregularities in the general

1k




terrain surface which are of such magnitude that they
affect the landing of helicopters. Typical features are
boulders, stumps, termite mounds, potholes, etc. Linear
features having a length/width ratio greater than 3.0 are
excluded from consideration. Microrelief features are
described by combinations of three factors: height,
average diameter, and number of features per unit area.
It will be noted that the data form (Figure 3) has six
columns, each of which is devoted to a specific heignt
class of microrelief feature (see Appendix A). If there
are no features in certain of the height classes, zeros
must be placed in the spaces allotted those classes.,
Detailed instructions for obtaining microrelief data and
filling out the "Deta Input Form for FTHEL" are provided
in Appendix A.

. Cone Index. This descriptor is technically the force
(in 1b/in.2*) required to push a right circular cone with
an apex angle of 30 deg and a basal cross-section area
of 0.5 in.€ through a soil to a depth pertinent to the
type of data being collected. For helicopter landing the
average of cone index values obtained at the surface and
at 3-in. increments to a depth of 12 in., is used. In
practice the reading is usually treated as a dimensionless
number. This reading is the value that is required by
program FTHEL.

¢. Slope. This is the angular deviation of the surface (of

the ground) from the horizontal, measured perpendicular to
the topographic contours.8 Program FTHEL requires that
the value be stated in degrees.

Suggestions for methods of obtaining values for the various terrain
d:scriptors are given in Appendix A.

25. With the "Input Data Form for FTHEL" completely filled in
(i.e. with values in every positicn), the user inputs the appropriate
values on the t2letype as they are called for by the program. Detailed
instructions for this procedure are given in paragraphs 26-34,

Instructions for use

26. Use of progrem FTHEL is predicated on the assumption that the
user will: (a) know which helicopter is to be used in the evaluation
and (b) have a completely filled in data form (Figure 3). As an example

® A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units and metric (SI) units to U. S. customary
units i3 presented on page 5.

15




of the specific procedure, let us assume that the helicopter at issue is
a CH-UTA Chinook and that the terrain data are as given in Figure L,
which is a completely filled-in example of the data form given in

Figure 3.

2T7. After the user has called Program 1 into working storage and
typed RUN, the teletype will print the list of available helicopters, as
illustrated at the top of Figure 5, and the request that the user select
one of the helicopters. Since the user is interested in the CH-LTA, he
types 4 (A in Figure 5), vwhich is the numerical code designating the
file in which data for that helicopter are stored.

28. The program (Figure 5) then asks for an indication of which
of the two TZR's is desired. The smaller of the two (which is labeled
in Tables 1-5 "RADIUS OF TOUCH ZONE - MINIMUM") is an area that barely
permits rotor blade clearance and is thus a situation to be avoided
except in emergencies. The larger of the two (which is labeled in
Tables 1-5 "RADIUS OF TOUCH ZONE - MAXIMUM") is an area chat provides
a substantial amount of clearance on all sides and is the one usually
chosen for normal operations. In the example, the user chose the maxi-
mum TZR, i.e, 26 (B of Figure 5).

29. The program then requests that the maximum height of the
microrelief features in eacn height class be input, starting with the
largest. Referring to Figure L, the array of numbers required is found
in the first line of pigeonholes under Section A, i.e. 4.5, 3.2, 2.5,
2.0, 0.5, and 0.1. The user has input them ccrrectly (C in Figure 5);
note that the correct input order is from the largest (Height Class VI)
to the smallest (Height Class I). If there are no features in a par-
ticular height class, the blanks for that height class on the form are
filled with zercs. For example, if Height Class 1II in Figure L con-
tained no features, the numbers input would be 4.5, 3.2, 2.5, 0.0, 0.5,
and 0.1.

30. The prcgram now requests the average diameter of the micro-
geometry features in each height class, in the same order &s the height
class values., These numbers are found in the second line of pigeon-
holes under Section A of the data form (Figure L). Again the user has
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input them correctly (D in Figure 5), i.e. 50, 65, 30, 28, 10, end 5.
Any height class having no features in it will have a zero in its posi-
tion in the number string of diameters. For example, if Height Class III
was empty, the input would be 50, 65, 30, 0, 10, and 5.

31. The next program request is for the number of microrelief
features in each height class, again in the same order. These numbers
are found in the third line of pigeonholes in Section A of the data
form (Figure 4). In this one the correct numbers are 20, 18, 18, 20,
23, and 30 (E in Figure 5). Again, if Height Class III was void of
features, the numbers to be input would be 20, 18, 18, 0, 23, and 30.

32. At this point the program requests input of the numbers re-
corded in Section B of the data form (Figure 4): cone index (100),
largest sample cell radius (50), and ground slope (2). Again the user
has input them correctly (F in Figure 5).

33. If all of the data are acceptable, the program signals that
fact by a row of plus (+) signs and then prints a classification of
landing zones and a brief instruction as to the implications of each
(G in Figure 5). Tue program then asks if the user would like to see
the definitions of the landing zone classification. In the example, the
user indicated that he would like to see the definitions by typing YES
(H in Figure 5). At this response the computer prints a set of defini-
tions of the landing zone classes.

3i. Immediately following, the program prints the classification
of the landing zone (I in Figure S) and a calculation of the departure
angle if the classification is either FTZ or STZ. 1If it is NTZ (example
in Figure 5) or NLZ, the program indicates that no depsrture angle is
calculated.

35. Appendix C provides additional examples of computer runs, in-

volving other combinaticns of terrain factor values and helicopter tyves.

Procedures Involving Explosive Clearing of Vegetsation

Description of come
puter program FTJPRH

36. Program FIJPRH predicts the size and shape of a clearing in a
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forested area by considering the blast forces from an explosion, tree
stem strength, stem diameter, and distance from GZ. It also has an
option for comparing the vegetation profile of this clearing to the
profile established by the requirements for the landing of a specified
helicopter.

37. The program is written in FORTRAN language for use on a
Honeywell G-635 system that has time-sharing capability. It is designed
to be run in conversational mode, in which the computer asks questions
and makes requests and the user responds accordingly through means of a
conventional teletype terminal. The program requires approximately 10K
words of core storage. Output consriists of tables printed on the tele-
type and a single disc file of variable length. A computer listing of
the program (main program and nine subprograms) is given in Volume II of
this report.

38. Program FTJPRH is a long, involved program by time-sharing
standards, and modification is strongly discouraged except when abso-
lutely unavcidable. Even an experienced programmer may encounter dif-
ficulty in tracing variables, separating procedures, and locating all
situations that are affected by what seems to be only a minor change.

39. Program I'TJPRH first evaluates the interaction between the
shock wave of an explosion (which has been characterized in terms of
yield in metric tons of TNT) and an array of trees described in a spe-
cific wvay. The precise evaluation method (see Appendix D for a discus-
sion of the mathematics involved) is dependent upon the elegance of the
description ér the tree array; the program operates in one of three
computational mndes depending upon the type of tree array description
that is provided, The three types of tree array descriptions ure desig-
nated as "Input Formats" or, more simply, "Formats."

a. Format 1. This description requires vevy detailed
information on individual trees, including for each
species its common name, modulus of rupture, Young's
modulus, wood density, and stem diameter (Figure 6).
Details for preparing the input data forms are given in
Appendix A. If the program is presented with Format 1,
it evaluates the tree and predicts the height at which
the stem will break at various distances from GZ. That
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Regardless of the input format, the program calculates a
"profile” starting at 3 m from GZ (see paragraph 78) that represents the
height of the tree stumps as a function of distance from GZ. A plot of
one of these relations (Figure 10) shows that the surface generated by
the remnant heights resembles & crater. To land, a helicopter must
descend into this crater without touching the walls or being impaled by
tree remnants in the actual touch zone at the center of the crater,

At this point, the user can invoke a program subroutine that
compares the geometry of the vegetation "crater" with the size and

Format 3. This format (Figure 9) requires that the trees

is, it predicts the height of the stump that will remain
after the passage of the shock wave., The remnant height
data are presented as they appear in the output file in
Figure T.

Format 2. As shown in Figure 8, this generalized descrip-

tion of the tree array is confined to three values:

(1) the maximum wood strength found anywhere in the site;
(2) the maximum stem diameter exhidited by a tree having
the maximum strength; and (3) the height of the tallest
tree having the maximum strength. Details for obtaining
these data and preparing the input form are given in ;
Appendix A. If the program is presented with this |
format, it evaluates a tree of the type described located
at short increments of distance from GZ and predicts the
remnant height of such a tree at each distance increment.
The remnant height data are presented in Figure 7 as they
appear in the output file.

on the site be first classified into six strength classes
and then into nine diameter classes. Details for obtaine-
ing the data and preparing the input dsta form are given
in Appendix A. When presented with this format, the
program identifies each combination of descriptors found
in the data input (i.e. each combination of stem diameter,
vood strength, and tree height) and evaluates each such
combination at each distance increment. Each combination
of descriptors results in a unique set of remnant height
data. As each combination is input, the appropriate
computations occur and the remnant height data are
written into the output file, as presented in Figuwre 7.
When all combinations have been run, the output file is
macde up of as many sets of remnant height data as com-
binations input. That is, if there are five combinations
of stem diameter, wood strength, and tree height in the
input data {Figure 9), there will be five output sets
like Figure 7.
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flight constraints of a user-selected helicopter. Given a user-selected
helicopter and its TZR and departure angle (Figure 2), the program then
compares the geometry of the volume of spece formed by the TZR and de-
parture angle with the geometry of the vegetation crater.

L2, The output of the comparison portion of progrem FTJPRH is a
tabulation that lists both the tree remnant height and the height cf the
glide path (helicopter hull clearance in the touch zone) as a function
of distance from GZ (Figure 11). Alternative methods of displaying the
same data are given in Figures 12 and 13.

Input requirements for FTJPRH
L3, Weapon yield. Weapon yield (hereafter called yield) is de-

fined as the total effective energy released in an explosion and is
usually expressed in terms of the equivalent tonnage of trinitrotoluene
(TNT) required to produce an explosion of the same magnitude.9 In this
computer program, the yield is expressed as metric tons of TNT.

L4, In most cases, a general-purpose bomb will probably be se-~
lected from an available inventory, and its yield will be input. Bombs
are usually described in terms of their total weight (in pounds) includ-
ing the housing and fill. This value is reduced to weight of the fill,
or explosive, expressed as an equivalent weight of TNT, and used toc cal-
culate the yield of the explosive. Table 6 is a brief list of some
general-purpose bombs and the conversion factors that were used to cal-
culate their yields.

4S. If the bomb to be used is not included in the list in Table 6,
its yield can be converted as required for this program to metric tons
of TNT. In this conversion process the key factors are the weight of
the f£ill in the bomb (pounds) and the factor converting thet weight to
pounds of TNT, as illustrated below.

a. A 10,000-1b general-purpose bomb has tritonal fill thst
weighs 7,477 1t.

b. The conversion factor relating tritonel and TNT is
1.07.1 '

¢. The conversion factor to metric is: 1 metric ton =
1.1023 tons (U. S. customary units).
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Yield in _ weight, 1b TNT/2000

metric tons TNT 1.1023

o JWTT x 1.07/2000 _
1023 - 363

L6, Vegetation data. Since the 1reliability of the remnant

height predictions depends lergely on the accuracy and level of detail

of the vegetation descriptions, those descriptions must be made with

geat care, Any one of three formats can be used (see paragraph 39).
The choice of which to use is normally & trade-oft between the amount
and reliability of available data and the nature of the desired evalua-

tion. Thus, for a "quick look" at a number of possible sites, the user

might choose to use Format 2, vhich is & highly generelized description.

Then, when the
might shift to
choice.

LT. The
briefly below.
and filling in

-a_o

o

choice of general region has been decided upon, the user
either Format 1 or Format 3 to prcvide data for his final

three input formats for vegetation data are described
Detailed instructions for obtaining the requisite data
the appropriate data forms (Figures 6, 8, and 9) are

given in Appendix A.
Format 1. This format can be used only in situations in

vhich detailed information is available for every tree in
the site, Only rarely will such information be available.

Formut 2. This format can be used in situations in vhich

only very general tree information is availsble. It has
one important advantage: Both data input time and ccupu-
tation time are much less than that required for ejther
Format 1 or Format 3.

Format 3. This format is intermedjate between Formats 1

and 2. In this format, the trees are descridbed in ‘erms
of parameter classes, rather than in absolute values as
in Format 1 or in gross generalizations as in Format 2.
The procedure requires that all trees exhidbiting the same
corbination of classes (i.e. ranges of values) of stem
diemeter, vood strength, and tree height be evauluated at
the same time, In effect, the program treats a class as
if it vere a single tree.

L8. Helicopter data. Program FTJPRH requires a set of data files
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containing information describing a helicopter. As stated in para-

graph 21, five widely used Army helicopters are in the data files: UH-1H
Iroquois, UH-1B Iroquois, OH-6A Cayuse, CH-LTA Chinook, and CH-LTC
Chincck. Thus, as in program FTHEL, if the user is concerned with one
of these aircraft, he need only identify the machine from the list at
the time the program asks for it (see paragraphs 54-77), and the program
will automatically retrieve all relevant data from the appropriate file.
The data stored for each helicopter are given in Tables l-5,

49, After the helicopter has been selected, the user must make
two important cdecisions. The helicopter data files include two values
for TZR. For example, in Table 1, the two are 10.5 and 15.0. The user
must select one of these. The second decision is the selection of a
departure angle. In the helicopter data file there is a value for mini-
mun departure angle and one for maximum departure angle (Table 1), and
these are set by the lift-off and landing requirements of the individual
helicopter. Within the runge set by this maximum and minimum, the user
is allowed Lo select a value for the departure angle. If an angle was
calculated and output by FTHEL, and that angle lies within the given
range, the user should use it as the departure angle requested in
FTJPRH.

5Q. It is entirely possible that a user will need to perform the
evaluation using helicopters other than those in ine existing data
files. Provision has therefore been made for adding additional heli-
copter files as needed. The procedure for cdoing so is given in
Appendix B.

51. Not all of the descriptive data included in the helicopter
data files are used in program FTJPRH., Tre descriptors actually used
are listed in Tabdble T.

52. Output file name. It will be noted that all three vegetation
data forms (Figures 6, 8, and 9) require an "Output file name.” This is

necessary because the remnant height versus distance to GZ data generated
by program FIJPRH are treated in two different wvays. In the first mode,
the data are generated and immediately placed in a separate file. Since
the computer system must have an allocated space in peripheral storage
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for this file, it is necessary to provide a name for the all..c*.a space.
The name must have the following characteristics (see Appendix E):
a. It must begin with an alplabetic character.

b. It cannot contain more than six characters (it can be
any combination of letters and numbers).

¢. It must be unique in the file catalog where the program
resides.

In the examples included in this report, the file name is RHF plus a
number. Each time a data set is generated, a new name must be assigned
for its file. In most cases, it is convenient to number the files
sequentially. Thus, if three evaluations are made, the file names might
be RHFl, RHF2, and RHF3.

53. In the second mode, the remnant height versus distance to G2
data go directly to an output device and are printed in the form of a
table {Figure 11) at the time they are produced.

Instructions for use

54, Program FTJPRH is a conversational mode program arrenged in
such a way that the user has a wide range of options depending upon the
type of vegetation date available to him and upon the type of analysis
with which he is concerned. Figure 14 is a flow diagram illustrating
the options in the program. In the following discussion, the notation
"Block 1," "Block 2," etc., refers to numbered outlined blocks in the
flow diag..am. The following legend applies to the flow diagram:

a. Outlined numbered blocks are somewhat abridged notations
of the questions or specific instructions which the pro-
gram presents to the user.

o

Statements in brackets are sets of procedures, instruc-
tions, or computations that occur in the program based
upon the input provided by the user.

. Statements in braces concern the input data requirements.

Letters in hatched boxes indicate entry points into the
program from other positions in the program.

e |0
L]

o

Circles and rounded-end boxes are directional markers
throughout the procedure.

55. The use of program FTJPRH is predicated on the assumption
that the user has the following:




A

« The yield of the weapon for which he wants the evaluation.

o Ip

One or more of the sets of vegetation descriptions. That
is, he has one or more of the vegetation input data forms
(Figure 6, 8, or 9) filled in and ready.

The identification of the helicopter in which he is
interested, including the TZR and departure angle for
which he wants the evaluation.

e
:

56. The procedure is to call program FTJPRH into working storage
and type RUN on the teletype to initiate the program.

57. The following discussion may be followed in part in Fig-
ures 15, 16, and 17, which are copies of teletype printouts obtained as
a user went through a number of the program operations for three sets of
input data. Lettered arrows in Figures 15, 16, and 17 are used to in-
dicate where in the printout the blocks (Figure 14) are located. The
program (Block 1) first asks whether the use. is familiar with the pro-
gram (A, Figures 15, 16, and 17). If the user responds by typing NO, the
program prints out a general description of the program and its input
requirements (A, Figure 15, sheets 1-2). After the general statements
are complete, the program informs the user that he will now have to
answer a specific series of questions. If the user responds to the
questions concerning knowledge of the program (Block 1) by typing YES (A,
Figures 16 and 17), the prograw goes directly to a set of questions
relating to data input.

58. At this point, the program first asks for the yield of the
weapon for which the evaluation is to be made (Block 2; B, Figures 15,

16, and 17). As soon as this has been provided, the program asks for an

identification of the data input format to be used (Block 3; C, Fig-
ures 15, 16, and 17). The user must specify whether he intends to use
Format 1, 2, or 3 (see Appendix A).

%9. Regardless of which format the user selects, the program asks
for the name of the output file which is to contain the data on remnant
heights and their distances from GZ (Block 4; D, Figures 15, 16, and 1T).
Note that each of the three vegetation data forms (Figures 6, 8, and 9)
includes a blank on which this name is noted. This requirement is dis-
cussed in general in paragraph ,2 and in detail in Appendix E.

[\>]
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60. As soon as an acceptable name is entered, the program prints
a line of stars across the page, indicating that it is now ready for
specific inputs.

61. Format 1 (Figure 15). If the response to the question con-

cerning input format (Block 3) is "1," indicating an intent to use
Format 1, the computer then asks for data as listed in Figure 6. An
example of & filled-in data form is given in Figure 18. In detail, the
program asks for the following four sets of information describing the
characteristics of the tree species:

a. The first request is for the common name of the tree
species., In the example (Figure 18) the tree species is
Englemann spruce (E, Figure 15).

b. The next request is for a set of three items: the tree
identification number, the modulus of rupture, and
Young's modulus (F, figure 15). Since this is the first
tree in the analysis, the tree identification number is 1.
On the data form (Figure 18) the modulus of rupture and
Young's modulus are both written in computer exponential
notation. This notation is used because conventional
exponential notation cannot be used on a computer. The
format conversion is:

Conventional nential Computer Notation
3.103 x 108 3,103E+8

c. The third request is for the wood density (G, Figure 15),
with & special provision for entering specific gravity and
moisture content (H, Figure 15), which is an acceptable
alternative to wood density. In this case, the wood
density is listed as 0.58. However, when entered on the
teletype (bottom of sheet 3, Figure 15), note that

this va_ue must have a 1 on each end, separated from the
density value by commas, as indicated at the top of

sheet 4, Figure 15. When the wood density is not avail-
able and the specific gravity and moisture content are to
be input instead, the teletype entry is very similar.

The values o! specific gravity and moisture content are
input, preceded by the number 2., At H in Figure 15 is an
example of thie kind of input.

[=%

Finally, the fourth request is for stem diameter and
height data (I, Figure 15). Note that stem diameter must
be given in centimetres, while the tree height must be
stated in metres.
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62. Upon completion of data input items 1-7 (Figure 18), the dis-
tribution of the trees throughout the test site is considered by one of
three options:

a. Option 1. The exact location of the tree is not known.
In this case, the program computes the remnant height for
each tree at l-m increments from 3 to 40 m from G2
(Block 5; J, Figure 15). These computations produce
vegetation profiles needed to evaluate the site for HLZ's
as discussed below.

b. Option 2. The radial distance to the tree is known. 1In
this case, the program computes the remnant height for
each distance specified.

c. Option 3. The XY-coordinates of the tree are known. In
this case the program computes the remnant height for
each XY-coordinate specified.

63. If the user wants tree remnant heights calculated at l-m
intervals (option 1), he types YES (J, Figure 15), and the program
asks whether the user wants to compare the tree remnant height profile
and the landing zone geometry required for e helicopter (Block T; K,
Figure 15).

64. If the user responds to the question in Block 7, by typing
YES (K, Figure 15), the program then asks for the following information
in sequence:

a., Selection of a helicopter from the list presented
(Block 8; L, Figure 15).

b. Selection of a TZR from the two presented (Block 9; M,
Figure 15).

c. Selection of a departure angle. The program gives an
upper and lower limii; any angle between the two may be
selected (Block 10; N, Figure 15).

65. If all entries are acceptable, the program prints a line of
stars to indicate that it is proceeding with the evaluation, and then
prints out two sets of data. The first consists of a listing of all of
the input data, thus providing the user with a ready check to ensure
that the input values were correct (bottom of sheet 4, Figure 15). The
second set is a table comparing tree remnant height and the height of
the glide path as a function of distance from GZ (sheet 5, Figure 15).

66. If the user responds to the question in Block 5 (J, Figure 15)
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by typing NO the program assumes that the user has data defining the
actual positions of trees with respect to GZ. The program then asks
whether the user has data involving radial distances, or whether the tree
locations are specified by XY-coordinates (Block 6). If the user indi-
cates that he has data in the form of radiel distances, the program then
asks for the number of such distances. When that answer has been pro-
vided, the program asks that the user enter all such distances in ascend-
ing order. When these entries have been made, the program shifts back to
Block 7 (paragraph 63) and proceeds as hefore (paragraphs 63-65).

67. If the user responds to the question in Block 6 by indicating
that he has data in the form of XY-coordinates, the program asks for the
number of such coordinates, the coordinates of GZ, and finally the
coordinates of all the trees. Upon completion of all entries, the
program shifts back to Block T and proceeds as before.

68. There is an option unique to those situations in which
vegetation input Format 1 is used. Because analysis with this format
deals with a single species at a time and there may be several species
located within one site, the program allows the user to input data for
several species. The indication for doing this is answering YES to the
question in Block 17 (Do you have another tree species? - 0, Figure 15).
If the answer to the question in Block 17 is NO, the program proceeds to
Block 18 (P, Figure 15) and presents the user with four procedural
options:

a. The first option asks if the user wants to evaluate
another site using the same weapon yield. If the user
selects this option, the program goes to Box B and pro-
ceeds from there as before.

b. The second option asks if the user wants to evaluate
another site using a different weapon yield. If the user
selects this option, the program goes to Box A and pro-
ceeds from there as before,

c. If the third option is selected (evaluate the same site
using a different weapon yield), the program asks for a
nev veapon yield {Block 19) and new output file name
(Block 20). The procedure then goes to Blcck S.

d. If the fourth option is chosen (end the program), the
progrem stops.
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69. Format 2 (Figure 16). If the user, in reply to the question

concerning the type of vegetation data he intends to use (Block 3),
indicates that he intends to use data in Format 2 (Figure 16, arrow C),
the program first asks for the name of the output file (see paragraph 59;
D, Figure 16) and then prorides instructions for the input of Format 2
data (E, Figure 16). A completed example of a Format 2 data form is
given in Figure 19. When all of the data have been irput, the program
shifts to Block 7 (F, Figure 16) and proceeds as before. The output is
a table, as illustrated on sheet 3, Figure 16.

T0. After the first set of data has been entered, the program
presents five questions concerning the nature of the product desired by
the user (Block 11; G, Figure 16):

a. If the user selects option 1 (remnant profile and another
departure angle), the program then asks for & new depar-
ture angle (Block 12). After this has been provided, the
user receives a table comparing the remnant profile
generated by trees having the strength class and the
maximum height and diameter indicated by the input data
end the height of the glide path as a function of distance
from GZ.

b. If the user selects option 2 (remmant profile and another
TZR, Block 13), the program asks for a new TZR and out~
puts a table as in item a above.

c. If the user selects option 3 (remnant profile and another
departure angle and TZR, Block 1k), the program asks in
sequence for another TZR (Block 9) and departure angle
(Block 10), and the user then receives a table as
described in item a above.

d. If the user selects option 4 (remnant profile and another
helicopter), the program asks for the identification of
the new helicopter (Block 15), a new TZR suited to the
nev helicopter (Block &), and a new departure angle
(Block 10), after which the user receives a table as
described in item a above.

e. If the user selects option 5 (no more), the program pro-
ceeds according to vhich input format was used (Block 16).

71. When Format 2 is used, the program now proceeds to Block 18
and presents the user vith four procedural options (H, Figure 16):

a. The first option asks if the user vants to evaluate
another site using the same weapon yield. If the user
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selects this option, the program goes to Box B and pro-
ceeds from there as before.

b. The second option asks if the user wants to evaluate
another site using a different weapon yield. If the user
selects this option, the program goes to Box A and pro-
ceeds from there as before.

c. If the third ortion is selected (evaluate the same site

using a different weapon yield), the program asks for a
new weapon yield (Block 19) and new output file name
(Block 20). The procedure then goes to Box C.

d. If the fourth option is chosen (end the program), the
program stops.

72. Format 3 (Figure 17). If the user indicates in answer to
the question in Block 3 (Which input format do you want to use?) that he

wants to use Format 3, the program first asks for the name of the output
file (Block 4; see paragraph 59). When that has been provided, the
user receives instructions for inputting Format 3 vegetation data (C,
Figure 17). An example of a completed Format 3 data form is given in
Figure 20.

73. The program then asks if there are any trees in strength
class 1 (E, Figure 17). If the answer is YES (bottom of sheet 1, Fig-
ure 17), the program then lists the diameter classes from 1 to 9 in
sequence (sheet 2, Figure 17), and the user must provide for each class
the stem diameter and tree height. As soon as this process is complete,
the program asks if the user wants to compare the tree remnant height
profile for the largest diameter class in which stem diameter and tree
height are not zero and the landing zone geometry required for & heli-
copter (Block T; F, Figure 17).

T4. If the answer to the question in Block 7 is YES, the program
asks the user to select in sequence:

a. A helicopter (Block 8).
. A TZR (Block 9).
. A departure angle (Blozk 10).
The user then receives a table (sheet 5, Figure 17) as output. At the

o

(]

top is an identification of the helicopter, departure angle, radius
of touch zone, weapon yield, and the vegetation data. The balance of
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the table is a comparison between tree remnant height and height of
glide path. After the table is printed, the program goes to Block 11

(H, Figure 17) and asks the user which path to follow (see paragraph 70).
When option 5 ic selected, the program asks if all six strength classes
have been run (Block 16). If the answer is NO, the program goes to

Box D; if YES, it goes to Block 21, '

T5. If the answer to the question in Block T is NO, the program
immediately asks if there are any trees in strength class 2 (G,

Figure 17). If the vser responds with YES, the program asks for new
data in the same manner as described in paragraph T3, and the procedure
goes forward as before, except that the question as to comparison is now
based on strength class 2.

76. If the user indicates that there are no trees in strength
class 2 by typing NO, the program immediately asks if there are any
trees in strength class 3. Depending on the user's reply (YES or NO),
the procedures described above are repeated, strength class by strength
class, until all are completed.

T7. When all input for the six strength classes is completed, and
"no more" comparisons are to be made, the program goes to Block 21 (I,
Figure 17), where the user is given three options: (a) option 1 directs
the program to Box B and the procedure continues; (b) option 2 directs
to Box A and continues from that point; and (c) option 3 stops the
program.

Special limitations of FTJPRH
78. There are two important items concerning the output of this

program that warrant special notatlon and attention. In the interval
between GZ and a circular sweep of 3-m radius from GZ, there are no
remnant height predictions made. This limitation is imposed by the
mathematical svlution of the nomograph upon which this program is based;
therefore, an alternative procedure is provided. To prevent complica-
tions in other computer programs that use these output files as their
input data, the distances from GZ that fall within this range have
Temnant heights that are arbitrarily assigned a value of 0.0001. This
height is t00 small to bear any real significance; hovever, it is
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greater than zero, and this prevents many difficulties that arise if
division by this value is required in some mathematical operation. This
value of 0.0001 is placed in the output file, but in the printed table
the heights falling within this range are deleted and not printed. This
makes the initial point in the profile located at 3 m from GZ.

T9. A second limitation is the gap that frequently can be detected
between the next-to-last predicted remnant height and the last one in
the vegetation profile. There are two sets of conditions that can cause
this gap, both controlled by the function of the mathematics in this
code. The remnant height can be predicted with confidence only to a
certain maximum velue for each reference case, and when thet value is
attained, the next value, which would be invalid, is replaced by the
height of the tree; and from that point on the tree height is used in-
stead of a predicted remnant height. A second circumstance is that the
distance from GZ is of such magnitude that the tree at that distance
is undamaged by the blast. Here again the tree height becomes the
remnant height from that distance on. In the table of comparisons, the
tree height is marked by an asterisk to pinpoint the distance from GZ
past which there can be no predictable damage to a tree (Figure 11).

Procedures for Estimating Number of Tree Remnants

Description of
computer program FTJPHL

80. Computer program FTJPHL is a proéedure for estimating the
number of trees that will have to be removed by maaual processes from a
clearing produced by an air-dropped munition in order to make it accept-
able as an HLZ for a user-selected helicopter. It accomplishes this by
comparing the profile of remnant heights remaining in the blast-cleared
vegetation crater (Figures 10 and 12) with the geometric configuration
of the landing zone required by the helicopter selected by the user.
For example, and referring to the situation portrayed in Figure 12, a
UH=1B helicopter attempting to land might impale itself on any of the
stumps that extend above the "profile of landing zone geometry" in the
actual touch zone (the circular area exi>nding outward a radius cf 15 m
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from GZ), or it might collide with any stems at the outer edge of the
vegetation crater on the way in or out. Note that in Figure 12 the
remnants beyond about 30 m from GZ extend above the glide path.

81. Program FTJPHL uses the date file produced as a part of the
output of program FTJPRH (see paragraph 52 and Appendix E) as a point of
departure. It will be recalled that the file does not imply that a tree
actually exists at any specified distance from GZ; rather it specifies
that if a tree of the specified +;pe were at that distance, it would
break off at the specified height. Thus, a file such as the crae il-
lustrated in Figure 7 describes only potential remnant heights of trees
exhibiting a speéific stem diameter, height, modulus of rupture, etc.
Thus, one data set {i.e. th= 2ata provided on one Format 2 data form)
vill be a sufficient description only in those instances in which the
foreat is a single-3pecies, even-aged stand. Many central European pine
forests are of this kind. However, if the forest consists of many dif=-
ferent species exhibiting many different stem sizes, Format 3 data forms
will be required to adequately define the configuration of the vegeta-
tion crater,

82. 1In order for program FTJPHL to predict the number of remnants
that must be removed, it must be provided with two basic items, in
addition to the name of the remnant height file. The first item (see
example of data form, Figure 21) of nev information is the "Eumber of
trees/100 " in the stand described by the data form used to generate
the special file. Methods of obtaining this value are discussed in
detail in Appendix A.

83. The second item of nev information is a specification of
"ianding zone design” that is desired. There are two options: circular
and rectangular. A detailed rationale for this sclection is given in
Appendix F. A selection of landing zone design, coupled witli the user-
selected TZR and departure angle, in effect specifies the size and
shape of the "clear volume" tnat muct be provided to permit safe opera-
tion of the gpecified helicopter. Program FTJPHL first calculates
the area of an annulus bounded by two distances from GZ. Using the
example given in Figure 7, the first "annulus" is that bounded by
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radii of 2.00 and 3.00 m. The program t.en compares the remnant height
(0.2452 m in Figure 7) with the required ground clearance of the heli-
copter. For example, the UH-1B has a ground clearance of 0.3 m

(Table 2). 1In this instance, the remnant height is less than the re-
quired ground clearance, so the program decides that no remnants need be
cleared in this annulus.

84. This process is repeated sequentially. Thus, when the annu-
lus bounded by radii of 4.0 and 5.0 m (0.3246 m in Figure 7) is examined,
the program will "discover" that the remnant heights in that annulus
exceed the ground clearance of the helicopter. The program then refers
to the "Number of trees/100 m2" value that has been provided by the user
and calculates the number of such remnants that will probably occur in
that annulus. Details of the mathematics involved in the procedure are
given in Appendix F.

85. This procedure is repeated until the outer diameter of the
annulus coincides with the diumeter of the specified touch zone. For
example, given the situation depicted in Figure 12, the last annulus
evaluated in verms of hull clearance would be that one hounded by a
radius of 15.0 m. At this point, successive annuli are evaluated in
terms of the elevation of the glide path. In the example in Figure 12,
the comparison of glide path altitude to remnant height in the annulus
bounded by radii of 15.0 and 16.0 m would reveal that some remnants
would intrude into the flignt path. The number of such occurrences
would then be calculated as described above. Hovever, the comparison in
the next annulue (i.e. that bounded by radii of 16.0 and 17.0 m) would
reveal that the remnant heights were well below the glide path altitude,
and thus no remnants in this annulus would have to be cleared.

86. The user's choice of one of the two landing zone design
options (circular or rectangular) triggers a procedural chunge in the
program calculations at the point at which the diameter of the annulus
being evaluated equsls the diameter of the touch zone. If the user
selects a circular landing zone design, the procedure described in
parsgraph 85 above is continued as described. However, if the user
selected a rectanguiar landing zone de3ign, the program calculates the

33




area of only that portion of each annulus included between two parallel
lines tangent to the edge of the touch zone. Thus, in the example in
Figure F2, the program would calculate segments of annuli bounded by
parallel lines 30 m apart. This is described in detail in Appendix F.
87. The proiuct of the calculations is printed out as a table, as
illustrated in Figure 22, From the tabulation in Figure 22 it can be
seen that eight trees with diameters ranging from 50 to 75 em will
have to be cut out of the touch zone or glide path. Because the exact
locations of the trees are not defined as input to the program (i.e.,
the structural cell concept is used to provide probabilistic tree
diameter-tree spacing relations for the computations), the exact loca-
tion of the trees to be cut cannot be identified as output. The output
does scope the amount of the work to be done; therefore, the amount of
equipment and number of men to be sent to the site can be estimated from
the tabulation (Figure 22).

Input requirements for FTJPHL
88. Program FTJPHL must be provided with all of the items of data

indicated on the data form (Figure 21), even though all of the notations
are not actually used in the calculations. The headings in the follow-
ing paragraphs refer to identically named items on the data form. An
example of a filled-in data form is given in Figure 23.

89. Sample No. This code is not called for by the program. It is
included on the data form only as an aid to the user; it helps him to
keep his records straight.

90. Helicopter. The code designation must be that of one of the
helicopters in the data file of helicopters. 1f the helicopter of
interest to the user is not in the file already held by the computer,
the user must add it to the file in accordance with the instructions
given in Appendix B.

91. TZR, m. This value must be one of the two TZR's specified in
the helicopter data file that describes the characteristics o! the heli-
copter of interest. For example, if the helicopter is a UH-1B (Fig-
ure 23), the number in this item must be either 10.0, representing the
minimum acceptable TZR (Table 2), or 15.0, repiesenting the maximus TZR.
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92. Departure angle, deg. This value may be any value between
the minimum and maximum departure angles, inclusive, as listed in the
helicopter data files. Thus, &ny angle between 22.0 and 75.0 deg
(Table 2), inclusive, may be selected if the helicopter is a UH-1B.

93. Landing zone design. The user may select either a circular

or rectangular design. The choice is usually dictated by considerations
of wind speed and direction. If the winds over the site are consis-
tently in one direction and exceed a speed of more than about 10 knots,
it is usually best to choose the {ectangular design. The rectangular
design. is an opening as wide as the diameter of the selected touch zone
and as long as required to provide clearance for the selected departure
angle. A schematic diagram of a rectangular HLZ design is given in
Figure 24,

9L, The advantage of this design is that it may significantly
reduce the amount of land clearing necessary. The disadvantage is that
it may constrain the helicopter to only one direction of approach. If
the wind blovs strongly and persistently from one direction, as in many
regions dominated by trade winds, the helicopter may be forced to
approach and depart against the wind for aerodynamic reasons; in this
event, the rectangular design may clearly be the best option. On the
other hand, if the wind velocities are very low, or the winds blow from
a number of directions, it may be best tc select the circular design,
since it would allov approach and departure from any direction.

95. Remnant height file name. This entry is the code assigned by

the user to the special output file created by program FTJPRH (see
paragraph 52 and Appendix E). If programs FTJPRH and FTJPHL are run
sequentially, as they vill be in most instances, this code permits the
computer to access the rpecific file that is relevant t¢ the site under
analysis.

96. Weapon yield, metric tous TNT. This value is not used in
prograp FTJPHL, It is included in tlic record only as an aié to the
user. The program simply accepts thii number, stores it temjorarily,
and then prints it out ax a part of the leader information in the print-
out (Figure 22). Any numder is acceptuble; if for some reas:n the user
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does not want to include the actual weapon yield, he can give the program
a nonsense number, However, that number will appear in line 5 of the
printout.

97. Number of trees/100 w. This is a new item of information

not previously furnished in this or the two preceding programs (i.e.
FTHEL and FTJPRH). Instructions for obtaining this number are given in
Appendix A,

98. Number of species. This qumber i3 not used in the calcula-

tions in this program. It is provideil in the data form as an indication
of the amount of space that must be set aside in computer memory to store
the list of species names which follows.

99. Common names of species. These names are not used in the

calculations in this program. They are simply stored tempcrarily in
computer memory and printed out at the bottom of the printout (Fig-

ure 22). The species names are included primarily as supplementary in-
formation. If the printout is given to a field officer as & guide for
operational action, the species names will provide him with some informa-
tion that will be useful in planning the kinds and amounts of equipment
required to perform the clearing Job.

100. The number of entries in the species list must equal the
number placed in the "Number of species” pigeonhole. If the species
names are not known, nonsense words nay be substituted for actual names,
but those nonsense wvords will be reproduced in the printout.
Supplementary data form

101. In those sites exhibiting a number of different stem diameter

classes and strength classes, such as many tropical foreats.lo it is
necessary to run calculations on each combination of stem diameters and
strengths in order to be certain that all contingencies have been exanm-
ined. An example of a computer printout reflecting such a situation is
given in Appendix C. In such cases, it is helpful, but not essentisl,
to use a modificaticn of the norwsl data form. Such a modified form is
illustrated in Figure 25.

Instructions for use

102. Program FTJPHL is a conversationsl mode progran. The prograzm
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requests data from the user in a particular sequence and will perform
the pr-grammed calculations only if all of the instructions are properly
met. Figure 26 is an example of a product of program FTJPHL, as driven
by the data provided in the data forms presented as Figure 27. The
following discussion of procedure will be based on the situation pre-
sented in Figures 26 and 27.

103. The use of program FTJPHL is predicated on the assumption
that the user has at least one completely filled-in data form. In the
example, the user has three filled-in deta forms (Figure 27).

104. The procedure is to call program FTJPHL into working storage
and type RUN on the teletype to initiate the program. The program first
presents the user with a list of helicopters that are in computer memory
and asks the user to select one of them (A, Figure 26). In the example,
the user selected the UH-1B Iroquois.

105. The program then asks the user to select one of two TZR's
(B, Figure 26). These values have been extracted by the program from
the appropriate helicopter data file (Table 2). As socn as the user
provides this information, the program rzquests “lie user to select a
departure angle (C). Any value between or including the two limiting
values may be chosen. The limiting values have alsc been extracted
by the program from the appropriate helicopter data file (Table 2).

When this answer has been provided, the program asks wheiner the user
wants to examine a rectangular or circular landing zone (D). In the
example (Figure 26), the user selected the rectangular design (Fig-
ure 2L).

106. At this point, the computer asks for the name of the input
file that contains "the distances and remnant heights" (E). These are
the special files produced by the use of Formats 2 and 3 in program
FTJPRH (see paragraph 52 and Appendix E). It is absolutely essential
that the identification be accurate, since the name is in effect the
address of the appropriate file in disc storage. Without the name, the
program cannot find the proper file. In the example (Figure 26), the
user identified the file as RHF6, which is the neme of the space set
aside to store the output of program FTJPRH.
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107. The program now asks for the weapcn yield (F). When this
has been provided, the program requests the number of trees per 100 m2
(G) that occur on the site and are characterized by a specific strength’
class and diameter class. Both the strength class number and the diam-
eter class number are derived from file RHF6, It will be recalled that
the file is headed by a single record (Figures E2 and E3) that includes
numbers for stem diameter, tree height, and strength class. The program
interprets the first of these in terms of stem diameter class and reads
the second and third numbers (maximum tree height and stem diameter
class) directly. These values appear as a part of the leader informa-
tion on the printout of program FTJPHL (sheet 2, Figure 26). Sugges-
tions and procedures for obtaining data concerning the number of tree
stems on a site are provided in Appendix A.

108, The program then asks for the number of species represented
by the data just provided (H). In the example, the program asks for the
number of tree species exhibiting strength class 5 and diameter class 8,
because those were the criterie used in the data file, It is important
that the number of species cited in response to this question match the
actual rumber listed in response to the next program request (see para-
graphs 100 and 111).

109. The next program request is a sequence (I), the length of
vhich depends on the number of species which the user has just provided.
The program will repeat the question (What is the common name for
Species No. ...?7) exactly the same number of times as the number of
species provided. Thus, in the exaxple, the question is asked twice.

110. At this point, all of the program requests have been satis-
fied. The program then prints out a line of asterisks to indicate that
it is making the necessary computations. When these are complete, it
prints out the display shown at the top of sheet 2, Figure 26.

111. As soon as that has bee. accomplished, the program asks if
the user wants to run another r=mnant height file (J)}. The user must
reply by typing either YES or NO. In the example, the user typed NC.

In this event, the program then lists five options (K) and asks the user

to select one of them. In the example, the user selected option 1 (run
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another departure angle and same TZR). Given this option, the program
asks for the new departure angle (L) and a landing zone design (M). As
soon as these have been provided, the program performs the computations
with the new data and prints out the results (middle of sheet 3, Fig-
ure 26).

112. When this action is complete, the program again asks if the
user wants to run another remmnant height file. If the answer is again
NO (as in the example), the program repeats the list of options and
egain asks for a selection. Let us suppose that the user opts to run
the same data but for a different helicopter, as in the example at the
bottom of sheet 3, Figure 26.

113. In this event, the program requests the identification
number of the new helicopter and the new TZR relevant to the specified
helicopter type (N). After this is provided, the program asks for a new
departure angle and landing zone design (0). The program then makes the
computations with the new data and prints out the product (bottom of
sheet 4, Figure 26).

11k, At this point, the program again asks if the user wants to
run another remnant height file (P). In the example, the user typed NO
and selected option 5 (Q) in response to the list of options which the
program hes presented. Other options could have been selected; examples

are provided in Appendix C.
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Figure 2. Diagram showing determinition of minimum departure angle
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THE FCLLOWING HELICOPTER FILES ARE AVAILABLES
Vo Ud~ir» IROQUOIS
¢e Ud=-18, IROQUOIS
3+ OH-6A» CAYUSE
4. Crd~=47A» CHINOOK
Se CA=47C» CAINOOK

SELECT A AELICOPTER AND TYPE ITS NUMSER. @

=4 -

SELECT 21«09 OR 26 +99Y METERS AS TUUCH ZUNE RADIUS.

o ®

INPUT THE WAKIMUM dEIGHT (M) TAAT OCCURS IN EACHA OF Tde SIX
MICRORELIRF HEIGHT CLASSES (QFGIN WITH TAZ LARGEST HEIGHAT

CLASS).

88¢503:¢2:2¢502005050 0] = (C)

INPUT TAE AVERAGE UBSTACLE DIAMETER (CM) FOR EACH MICRORELIEF
AEIGAT CLA3S (JEGIN WITH THAE LARGEST HEIUAT CLASS).

550:,65,30:,88210,5 = @

INPUT THE NUMJER OF MICRORELIEF FEATURES IN EACH RnELLAT CLASS
INCLUDED IN TrnE SAMPLE CELL ARSEA (BEGIN wiTn TdE LARGEST

CLASS) «
©

023, 18,18,20+23+30 =

INPUT TAREE VALUEST TdE CONE INDEX (30IL STARAEIGIA IN PS1),
LARGEST SAMPLE CELL RADIUS (M), «ND GRUUND SLOPE (LEG).

8100,59,2 - {F >

Figure 5. Sample run of the computer program FTHEL (sheet 1 of 3)




LANDING ZONES WiilL OE CLASSIFIED AS:
FULL TOUCH (FTZ)
SKID TOUCH (STZ)
NON-TOUCH (NTZ)
NO LANDING (NLZ)

TAE PREDICTIONS wAlCd ARE MADE IMPLY THE FOLLOWINGS
IF FTZ PREDICTED» FTZ» STZ» AND NTZ ARE POSSIGLE.
IF STZ PREDICTED» STZ AND NTZ ARE POSSIBLE.
IF NTZ PREDICTED, ONLY NTZ 1S PUOSSIoLE.
IF NLZ PREDICTED, TrdE SITE 1S UNACCEPTABLE AS A
LANDING ZONE OF ANY ALIND.

WOULD YOU LIKE TU SEE THE DEFINITIONS OF TdE LANDING ZUANE
CLASSIFICATIONS 7 (TYPE YES OR NO)
—®

sYES e

FULL TOUCH ZONE (FTZ) = A LANDING ZONE IN wilCH AT LEAST
ONE HELICUOPTER CAN LAND AND TAKE UFF SAFELYe. AN
FTZ AUST SE CAPABLE OF SUPPORTING A M1SSION wdiCH
REQUIKES A LANDING WITA THE WEIGAT OF A BPULLY
LOADED AIRCRAFT RESTING COMPLETELY ON TAE GAQUND.
OF ALL TnF. LANDING ZONE ULASSIFICATIONS, TERRALN
SPECIFICATIONS ARE MUST STRINGENT FOR AN FTZ.

Pigure 5 (sheet 2 of 3)
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SKID TOUCH ZONE (STZ) = AN STZ IS DEFINED AS AN AREA
IN WHICH AT LEAST ONE AELICOPTER CAN REST WITHA
ONE SKID OR SET OF WHEELS ON TAE GROUND, BUT
WITH THE WEIGHT OF THE HELICOPTER SUPPOURTED
LARGELY 8Y THE ROTOR. THlS LESS STABLE CONFIG-
URATION RESTRICTS TAE LOADING AND UNLOADING
PROCESS AND IS MORE DIFFICULT FOR TAE PILOT THAN
LANDING ON AN FTZe SOFT SOIL 1S OFTEN TAE REA-
SON FOR A LANDING ZONE CLASSIFICATIUN OF STZ.
AND THE IMPACT OF TdlS ON THE MOBILITY OF TROOPS
AND VEAICLES ARRIVING FOR LOADING UR UNLOADING
SHOULD BE CONSIDERED.

NON-TOUCH ZONE (NTZ) - GROUND FEATURES SUCH AS STEEP
SLOPES» MICRURELIEF (sOULDERS» DITCHAES» ETCe)»
AND VEGETATION CAN RESTRICT A SITE TO AN NTZ.
AN NTZ WILL PERMIT AT LEAST ONE AELICOPTER TO
APPROACH, HOVER WITAIN SIGHAT OF THE GROUND
SURFACE, AND DEPART. AN NTZ 1S SUFFICIENT FOR
DISCHARGE OF TRQOPS AND EQUIPMENT,» sUT LOADING
1S VERY DIFFICULT.

r NO LANDING ZONE (NLZ) = AN NLZ CLASSIFICATION IMPLIES
SITE CONDITIONS ARE SUCH THAAT A HELICOPTER CAN-
NOT APPROACH NEAR ENOUGH TO THE GROUND TO LOAD
OR DISCHARGE TROOPS OR EQUIPMENT» AND CONSE-
QUENTLY 1S UNSUITAZLE FOR AN HLZ OF ANY TYPE.

THE SITE CONDITIUNS SPECIFIED WERE EVALUATED FOR THE
CrA=47A CrINOUAs, ANV TAE RESULTS ARE AS FULLUWS3
o THE LANDING ZONE CLASSIFICATION 1S NTZ.
2¢ FCR THE NTZ CLASSIFICATION, NO DEPARTURE ANGLE
1S COMPUTED.

Figure 5 (cheet 3 of 3)
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Vegetation Input Data Format 1

Site

Weapon yield Output file name

Item Value

i. Common name (not to exceed 39 characters)

. Tree identification number (1-999)

. Modulus of rupture, dynes/cmz*

2
3
4. Young's modulus, dynes/cmz*
5. Wood density (green), g/cm3,

OR
Specific gravity and

Moisture content, %

6. Stem diameter, cm, measured at height of

1 m above stem base

7. Maximum tree height, m to nearest tenth

8. Tree positions (select one method from
the following)

a. Calculate at 1-m intervals from YES NO
GZ

b. Several locations of this tree at No. locations:
discrete distances from GZ, m; Distances:

enter distances in ascending order

(maximum of 115 positions)

c. Locations of this tree defined by Ne. locations:
XY-coordinates; enter coordinates Coordinates:
of GZ first, then follow with X

and Y for each tree position

(maximum of 115 positicns)

* These values are quite large, and it is much casier to enter the
value as a number with an exponent (as a power of 10}. In computer
language, E represents the term, power of 10, e.g.

Modulus of rupture = 524400000. = 5.244E+8

Figure 6. Data input torm for Format 1 for program FTJPRH
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10000 00001
2+0000 00001
3+0000 0. 2462
4+0000 0+2940
50000 0. 3246
60000 03461
70000 0+3643
8+0000 0.3827
90000 0+4037
10+0000 0-4284
11-0000 04577
12+0000 0-4919
£3+0000 0+5311
14.0000 05748
150000 0+6224
16+0000 06733
170000 0. 7276
180000 0+ 866
190000 0-8526
20+ 0000 09283
23 +0000 1+0156
22-0000 1-11:8
23+0000 1.2208
24°0000 13383
250000 1.4837
26°0000 1. 7053
27+0000 20904
280000 2+ 7458
29+0000 30 7297
30+0000 4+9356
310000 5+ 0000

Figure 7. Listing of

vegetation profile as

it appears in the
output file
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Vegetation Input Data Format 2%

Site

Weapon yi-1ld Output file name

Item Value

1. Maximum wood strength class occurring in
the site

2, Maximum stem diameter, cm, in the maximum
wood strength class

3. Maximum tree height, m to nearest tenth,
ir the maximum wood strength class

This format uses maximum conditions present in a site and evaluates
the site as a prospective landing zone by comparing the vertical
clearances required by the landing of a helicopter to the vegetation
profile of the clearing that results where these extreme conditions
exist.

Figure 8. Data input form for Format 2 for program FTJPRH
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Vegetation Input Data Format 3

Site
Weapon yield Output file name
Diameter wood Strength Cless
Class 2 3 L 5 6
B
b5 1
2 Height, m
o 2 Diam, cm
£ Height, m
& 3 | Diam, cm
’% Height, m
L Diam, cm
) Height, m
® Diam, cm |
: 5 [THeight, m
a 6 Diam, cm
P Height, m
S 7 | Diam, cm
- Height, m
g 8 | Diam, cm
Height, m
é g Diam, cm
Height’ m
DIAMETER CLASS RANGES
Diameter Strength Class
Class 1 2 3 L 5 6
l 0-7 0-7 0-7 0-7 0-7 Cc-7
e 7-9 7-10 7-10 7-10 7-10 7-10
3 9-14 10-14 10-15 10-15 10-15 10-15
L 14-18 14-19 15-20 15-20 15-20 15-20
5 18-23 19-24 20-24 20-25 20-25 20-25
6 23-34 24-36 24-37 25-38 25-38 25-38
7 34-L46 36-48 37-49 38-50 38-50 38-51
8 46-68 48-T2 49-73 50-75 50-75 51-76
9 68-85 T2-91 73-91 75-94 75-94 76-95
Figure 9. Data input form for Format 3 for program FTJPRH
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HELICOPTER UH-1H
DEPARTURE ANGLE (DEG) 42.0
RADIUS OF TQUCH ZONE (M) 15.0
WEAPON YIELD (METRIC TONS, TNT) 6.6
WOOD STRENGTH CLASS 5
MAXIMUM TREE DIAMETER (CM) 15,
MAXIMUM TREE HEIGHT (M) 4.

o 3¢ 3¢ 2 38 ke afe 3 ok afe ¢ 3k A ok 2k 0 o K Kk ke

DISTANCE FROM TREE REMNANT HEIGHT OF
GROUND ZERO HEIGHT GLIDE PATH
(M) (M) M
3.00 0.37 0.39
4.00 2.48 2.39
S.00 8.57 2.39
6.82 8.64 0.39
7.00 .69 0.39
8.00 .73 8.39
9.00 8.76 2.39%9
10.00 0.80 8.39%
11.09 d.84 2.39
12.00 0.89 9.39
13.00 8.94 0.39
14.09¢ 1.81 6.39
15.00 1.09 6.39
16.08 1.18 1.29
17.00 1.28 2.19
18.00 1.39 3.089
19.08 1.55 3.9%
20.00 1.82 4.89
21,30 2.30 5.79
22.08 3.12 6.69
23.00 4.00 =* 7.59

+ MAXIMUM TREE HEIGHT

2 & & ¥ & ¥ B ¢ 3 S 8 K S P S E K S T &S D

Figure 1l1. Exsmple of output table providing comparison
between remnant heights and glide paths
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SSF

30

25

MEIGHT MBOVE GROUND. METERS

& PROFILE OF LANOING IONE GEOWETRY

~ VEGRIATION PROFILE PRODUCED BY
S.6 RETRIC TOW 'l!ll.ll .

OISTANCE FRON CROUNO IERO. NETERS

HELICOPTER Un-18
OEPARTURE ANGLE (DEG) 30
TOUCH ZONE RAOIUS (K) 15
LOBLOLLY PINg

TREE OlANETER (CM) 14.0

Figure 12,

Graphic presentation of landing

zone evaluation prepared on an off-line

plotting device
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M
o

HEIGHT ABOVE GROUND,

HELICOPTER
DEPARTURE ANGLE, DEG
TOUCH ZONE RADIUS, M

WOOD STRENGTH CLASS

TREE DIAMETER, CM
TREE HEIGHT, M

UH~1B

15

16
9.6

VEGETATI!ON PROFILE PRODUCED
BY 3.6-METRIC-TON YIELD

PROFILE OF | ANDING Z0ONE GEOMETRY

/

— — ————d--—_—'

L} 10 18 20
OISTANCE FROM G2 M

Figure 13. Manually produced plot of landing

zone evaluation
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Xk ok ok ok ok ok ok Kk kK ok kR R K kK kR R K KKK

IS YOUR KNOWLEDGE OF THIS PROGRAM AND ITS OPERATION
SUFFICIENT TO ELIMINATE TYPING THE GENERAL EXPLANATIONS
AKD INSTRUCTIONS AND BEGIN IMMEDIATELY WITH THE INPUT
OF DATA ? (TYPE YES OR NO)
=NO

kRkkk kR Rk R gk ek Rk kR kgkRkkkkokkk kR R Rk k kR kRk

RERKEKERREREEEEEEERREEEEE R R ERRKEREERERRRRREKRRERERERRERE K
GIVEN A WEAPON YIELD (METRIC TONSe TNT) AND THEE
DESCRIPTIONSs THIS PROGRAM CALCULATES A VEGETATION

PROFILE (TREE REMNANT HEIGHT VERSUS DISTANCE FRUM

GROUND 7ZERO) AND STORES IT IN A FILE FOR LATER USE-

AN OPTION IS PROVIDED TO GRAPHICALLY COMPARE THE

VEGETATION PROFILE WITH A PROFILE OF THE FLIGHT PATH

OF A HELICOPTERe THE RELIABILITY OF THE OUTPUT IS
DEPENDENT ON THE DETAIL AND ACCURACY OF THE TREE
DESCRIPTIONS.

TREE DATA ARE INPUT USING ONE OF THREE FOMMATSe °‘THE FIKST
IS FOR THE MOST SPECIFIC DATA AND THE SECOND IS FUR THE
MOST GENERAL DATA. FORMAT 3 ALLOW4S ENTRY OF TREE DATA ON
THE BASIS OF SIX wOOD STRENGTH CLASSES AND NINE STEM
DIAMETER CLASSES (54 COMBINATIONS)e USE OF FORMAT 3 IS
NECESSARY WHENEYER PREDICTIONS ARE NEEDED UN THE PROBABLE
NUMBER OF TREES REQUIRING REMOVAL AFTER A BOMB EXPLOSIUN-

*EREREERS
FORMAT 1: YOU ARE REQUESTED TO FURNISH DATA FUR ONE TREE
SPECIESe UPON REQUEST. TYPE:

COMMON NAME »

TREE POSITIONS INDICATED BY ONE OF T™HE FOLLOWING:
1+ RADIAL DISTANCES FROM GRUUND ZERV
2° XY=COORDINATES (ALSQO INCLUDES COURDINATES OF
GROUND ZERV)
3¢ AT 1-METER INTEKVALS FROM GROUND ZERV

Figure 15. Sample run of computer program FIJPRH
using vesgatation input Format 1 presented in
Figure 18 (sheet 1 of 6)




e

STEM DIAMETER
TREE HEIGHT

WOCD DENSITYs OR SPECIFIC GRAVITY AND MOISTURE
CONTENT OF WOOD #*

RUPTURE MODULUS *

YOUNG'S MODULUS PARALLEL T0 STEM (MODULUS OF
FLASTICITY IN COMPRESSION 1S EQUAL TO MODULUS OF
ELASTICITY + 10%) «

* SUGGESTED REFFRENCE: TABLE 12+ wOOD HANDBOOX NOe 72 USDA

NOTF: FOR CONVERTING UNITS IN TABLE 12 TO METRIC UNITS
USE THE CONVERSION FACTOR 1 PS{ = 68950 DYNES/SQ CM

LTI 2 E

FORMAT 2: YOU ARE REQUESTED TU LOOK THROUGH A LIST OF
COMMON NAMES FOR THEE SPECIES AND CLASSIFY THE TREES
IN THE PROPOSED LANDING SITE INTO SIX wOOD STRENGTH
CLASSES. UPON KEQUESTe TYPE:

MAXIMUM WOOD STRENGTH CLASS IN THE SITE
MAXIMUM STEM DIAMETER IN THAT STRENGTH CLASS

MAXIMUM TREE HEIGHT IN THAT STRENGTH CLASS

shsssessue

FORMAT 3: YOU ARE REQUESTED TU EXAMINE THE LIST OF
COMMON NAMES FOR TREE SPECIES AND CLASSIFY THE TRERES
IN THE PROPOSED LANDING SITE INTO SIX STRENGTH
CLASSES AND THEN INTO NINE STEM DIAMETER CLASSES.

1TAM A (13 14 9

UPOR REQDUEST: TYPE:

MAXIMUM STEM DIAMETER IK EACH DIAMBTEE CLASS FOk
EACH WOOD STRENGTH CLASS

MAXIMUM TREE HEICHT IN EACH DIAMETER CLASS FUR
EACH wOOD STREMGTH CLASS

Pigure 15 (sheet 2 of 6)
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AolokaoRoR oKk ek ok kokakalok R akookokofokok ok ok deokodkolok deakolokdolok ok aolok sk ook ok

bkl ok ook ok ook ook ok ok ok ook ook ook ok Rakokk ok
YOU WILL NOW ENGAGE IN A CONVERSATION WITH THE COMPUTER

BY ANSWERING A SERIES OF QUESTIONSe TWO INSTRUCTIONS TV
REMEMBER ARE:

1+ TO ANSWER YES OR NO QUESTIONSs TYPE YES OR NO-
2+ TO ANSWER QUESTIONS WITH MULTIPLE ANSWERSs TYPE
EACH VALUE IN THE ORDER ASKED FOR AND SEPARATE
THE VALUES WITH COMMAS.
Rkl Rk ko ok R R kR ok ok sk kR ok

WHAT IS THE WEAPON YIELD IN METRIC TONSs TINT ? o
EXAMPLE: 10+000 LB GENERAL PURPOSE BOMB dAS A YIELD
OF 3.6 METRIC TONSs» TNT
=3:63
WHICH INPUT FORMAT DO YOU WANT TO USE ? e @
(TYPE 1o 2o OR 3
=1

WHAT IS THE KAME OF THE OUTPUT FILE WHICH IS TO CONTAIN
THE DISTANCES AND REMNANT HEIGHTS ?

=RHF1 \\@

LA A SRR P22 S g2 e 22 Lt Rt R R R a2t Rt AP L2 AR 2R et ittty 2

I ENTER THE COMMON NAME OF THIS TREE SPECIES- (NAME
NOT TO EXCEED 39 CHARACTERS)

=ENGLEMAN ™ SPRUCE

I1- FOR THE TREE SPECIESs ENTER:
1+ TREE IDENTIFICATION NUMBER (NOT To‘%
2. MODULUS OF RUPTURE (DYNES/CM SQ)
3+ YOUNG'S MODULUS (DYNES/CM SO}

EXANPLE: 196°13E+8:1+06E+11
2)9 30 103E48y 7: 274 7E+10
[11« IF WOOD DENSITY. IS AVAILABLE» ENTER:

1+ DENSITY VALUE»1
EYANPLE: 1+1+0101

Figure 15 (sheet 3 of 6)




IF NOT AVAILABLE» ENTER:
29 SPECIFIC GRAVITY» MOISTURE CONTENT ( PERCENT)
EXAMPLE: 2,0-5G+80

b

=15058+1

IVe ENTER: TREE STEM DIAMETER (CM) AND TREE HEIGHT
(Ms TO NEAREST TENTH)
=10+5

:

DO YOU WANT TREE REMNANT HEIGHTS CALCULATED AT 1-METER
INTERVALS FROM GROUND ZERO ?
=YES

®

DO YOU WANT TO COMPARE THE TREE REMNANT HEIGHT PROFILE AND
THE LANDING ZONE GEOMETRY REQUIRED FOR A HELICOPTER ?
=YES

®

THE FOLLOWING HELICOPTER FILES ARE AVAILABLE:
1+ UH-1H» IROQUOIS
2+ UH-1Bs IROQUOIS
3¢ OH-GAs CAYUSE
4+ CH-47A» CHINOOK
S+ CH=47Cs» CHINOOK

SELECT A HELICOPTER AND TYPE ITS NUMBER-
=3 -t L

SELECT 5+3 OR 8+0 METERS AS TOUCH ZONE RADIUS-
: )

SELECT A DEPARTURE ANGLE WITHIN THE LIMITS OF 22+ AND 90« DEGREESe

” T

LR B BN B BN BN BN BN B B BN R N IR BE BN R B IR B IR BR BE BN

HELICOPTER OH-6A
DEPARTURE ANGLE (DEG) 400
RADIUS OF TOUCH ZONE (M) 8.0

WEAPON YIELZ (METRIC TONS» TNT) 36

TREE IDENTIFICATION NUMBER 1

COMMON SPECIES NAME: ENGLEMANN SPRUCE

MODULUS OF RUPTURE (DYNKES/CM SQ) 0+ 31030000E 09
YOUNG®S MODULUS {DYNES/CM SQ) 0+ 72747000E 11
WOOD DENSITY (GRAMS/CM CUBED) 0.58

Pigure 15 (sheet 4 of 6)




MAXIMUM TREE DIAMETER (CM)

MAXIMUM TREE HEIGHT (M)

decokkokaokok ko ook ok ko ok

DISTANCE FROM

GROUND ZERO
(M)
300
400
500
600
7+00
8+00
9+00
10-00

11.00
12.00
1300
14:00
1500
16400
+»1700
1800
19:00
20+00
21+00
2200
23+00
2400
25-00
26+00
2700
28400
+00
*00
00

288

* MAXIMUM TREE

TREE RIMNA
HEIGHT
(M)

?????9????0000000
7o}
CaJIIRIEEELEBEERBY

e

1.02
1-1%
1.22
1-34
1.48
1-71
2:09
2:7
373
494
5:00 *

HEIGHT

NT

10-
Se

HEIGHT OF
GLIDE PATH
(M)
024
0-24
0.24
0-24
0.24
0+24
1-08
1.92
2:76
360
444
527
611
695
7N
8463
947
10.31
1115
11.99
12+83
13+67
1450
15-34
16-18
17.02
17.86
187
1954

Pigure 15 (sheet 5 of 6)
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* %k %k k k %k k k %k %k %k k k ¥k k ¥k ¥ k % ¥k %k ¥k %k ¥ X

DO YOU WANT TO COMPARE DATA FOR:

1+ REMNANT PROFILE AND ANOTHER DEPARTURE ANGLE (DA) ?

2+ REMNANT PROFILE AND ANOTHER TOUCH ZONE RADIUS (RTZ) ?
3¢ REMNANT PROFILE AND ANOTHER DA AND RTZ ?

4+ REMNANT PROFILE AND ANOTHER HELICOPTER ?

S5+ NO MORE ?

SELECT ONE AND TYPE ITS NUMBER-

=5
DO YOU HAVE ANOTHER TREE SPECIES ?

©
=NO

WHAT DO YOU WANT TO DO: —— @
1+ EVALUATE ANOTHER SITE USING THE SAME WEAPON YIELD ?

2+ EVALUATE ANOTHER SITE USING A DIFFERENT WEAPON YIELD ?
3 EVALUATE SAME SITE USING A DIFFERENT WEAPON YIELD ?
4« END THE PROGRAM ?

$

SELECT ONE AND TYPE ITS NKiMBERe
=4

® % & % ¥ ¥k k & %k ¥k ¥ ¥ ¥ k & ¥ & ¥ & & ¥ & ¥ £ &
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IS YOUR KNOWLEDGE OF THIS PROGRAM AND ITS OPERATION
SUFFICIENT TO ELIMINATE TYPING THE GENERAL EXPLANATIONS
AND INSTRUCTIONS AND BEGIN IMMEDIATELY WITH THE INPUT
OF DATA ? (TYPE YES OR NO)

=YES —— @

WHAT IS THE WEAPON YIELD IN METRIC TONS» 7INT ?
EXAMPLE: 10000 LB GENERAL PURPOSE BOMB HAS A YIELD

OF 3+6 METRIC TONS» TNT
=363 -—— @

WHICH INPUT FORMAT DO YOU WANT TO USE ?

(TYPE 1» 29 OR 3} < C
=22

WHAT IS THE NAME OF ™E OUTPUT FILE WHICH IS TO CONTAIN
THE DISTANCES AND REMNANT HEIGHTS ?

=RHF2 - @

L Se R R IR i S s St e D T e TR st Tl
TF YOU DO RCT HAVE THE WOOD STRENGTH CLASS OF THE TREE
SPECIES IN YOUR SITE» EXAMINE THE LIST OF COMMON NAMES

OF TREE SPECIES THAT HAVE BEEN CLASSIFIED BY WOOD

STRENGTH AND COMPILED INTO TWG TABLES IN THE INSTRUCTION
REPORT FOR THIS COMPUTER PROGRAM (TABLES 6 AND 7).

SELECT THE STRENGTH CLASSES HAYING TREES MOST LIKE THOSE

IN "™HE LANDING SITE IF THE EXACT SPECIES 1S NOT INCLUDED

IN ‘HE LIST.

2P Rl 2 g i o i ST RSt R R A D i R 2 il e Dl ST s L

FPigure 16. Saaple run of computer program FIJPRH
using vegetation input Format 2 presented in
Figure 19 (sheet 1 of 6)
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TYPE VALUES FOR:

1« MAXIMUM WOOD STRENGTH CLASS IN THE SITE

2+ MAXIMUM STEM DIAMETER (CM) IN THAT CLASS

3+ MAXIMUM TREE HEIGHT (M» TO NEAREST TENTH) IN

THAT CLASS .
=4+12+7-0 @

DO YOU WANT TO COMPARE THE TREE REMNANT HEIGHT PROFILE AND :::

THE LANDING ZONE GEOMETRY REQUIRED FOR A HELICOPTER ?
=YES

THE FOLLOWING HELICOPTER FILES ARE AVAILABLE:
1+ UH-1H» IROQUOIS
2+ UH-1B» IROQUOIS
3+ OH=6A» CAYUSE
4. CH-47A» CHINOOK
S CH-47C» CHINOOK

SELECT A HELICOPTER AND TYPE ITS NUMBER-
=4

SELECT 210 OR 26:0 METERS AS TOUCH ZONE RADIUS-
=21

&k % € & &k ¥ kX ¥ ¥ XX X EEE X EESE S

Pigure 16 (sheet 2 of 6)




HELICOPTER CH-47A
DEPARTURE ANGLE (DEG) 90-0
RADIUS OF TOUCH ZONE (M) 210
WEAPON YIELD (METRIC TONSs TNT) 3+6

WOOD STRENGTH CLASS 4

MAXIMUM TREE DIAMETER (CM) 12.

MAXIMUM TREE HEIGHT (M) e
Aokl dokooR KRk ok k

DISTANCE FROM TREE REMNANT HEIGHT OF

GROUND ZERO HEIGHT GLIDE PA™
(M) (M) (M)
3-00 0:43 0+50
4-00 0+ 56 050
500 0-64 050
6+00 0-69 050
7+00 Oe74 050
8.00 0.8 050
9.00 0-83 0-50

10-00 0-89 050
1100 0-96 050
12.00 1.05 050
1300 1-15 0+50
1400 127 050
15.00 1.41 050
16-00 163 0:50
17-00 2:06 050
1800 2+93 050
19.00 435 050
20-00 590 050
21-00 6-84 050

RADIUS OF TOUCH ZONE
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Figure 16 (sheset 3 of 6)
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DO YOU WANT TO COMPARE DATA FOR: = @
1+ REMNANT PROFILE AND ANOTHER DEPARTURE ANGLE (DA} ?

2+ REMNANT PROFILE AND ANOTHER TOUCH ZONE RADIUS (RTZ) ?

3+ FEMNANT PROFILE AND ANOTHER DA AND RTZ ?

4+ REMNANT PROFILE AND ANOTHER HELICOPTER ?

5« NO MORE ?

SELECT ONE AND TYPE ITS NUMBER-
=5

WHAT DO YOU WANT T0 DO: v @
1+ EVALUATE ANOTHER SITE USING THE SAME WEAPON YIELD 7

2+ EVALUATE ANOTHER SITE USING A DIFFERENT WEAPON YIELD ?
3+ EVALUATE SAME SITE USING A DIFFERENT WEAPON YIELD ?
4+ END THE PROGRAM ?

SELECT ONE AND TYPE ITS NUMBER-
=3

WHAT IS THE WEAPON YIELD IN METRIC TONS» TNT ?
=6-63

WHAT IS THE NAME OF THE OUTPUT FILE WHICH IS TO CONTAIN
THE DISTANCES AND REMNAUT HEIGHTS ?
=RHF3

DO YOU WANT TO COMPARE THE TREE REMNANT HEIGHT PROFILE AND
THE LANDING ZONE GEOMETRY REQUIRED FOR A HELICOPTER ?
=YES

THE FOLLOWING HELICOPTER FPILES ARE AVAILABLE:
1+ UH-1Hs IROQUOIS
2+ UH-1Bs IROQUOIS
3¢ OH-6A+ CAYUSE
4+ CH=47As» CHINOOK
5¢ CH=47C» CHINOOK

SELECT A HELICOPTER AND TYPE ITS NUNBER.
=4

Pigure 16 (sheet & of 6)
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SELECT 210 OR 260 METERS AS TOUCH ZONE RADIUS-
=21

® k k k % k k k k k k k Xk k k ¥ ¥ % k Xk ¥ ¥ ¥ ¥ %

HELICOPTER Cli=47A
DEPARTURE ANGLE {(DEG) 900
RADIUS OF TOUCH ZONE (M) 210

WEAPON YIELD (METRIC TONS» TNT) 66

WOOD STRENGTH CLASS 4

MAXIMUM TREE DIAMETER (CM) 12.

MAXIMUM TREE HEIGHT (M) ()

sk ook gk dokokodkok fokok ek
DISTANCE FRCM TREE REMNANT HEIGHT OF
GROUND ZERO HEIGHT GLIDE PATH

(M) (M) (M)
300 033 050
400 0+42 020
500 050 0+50
600 0+ 56 050
700 060 050
8400 0-64 050
9.00 0+67 050
10-00 0. 0+50
11.00 074 050
12.00 0?77 0+50
13.00 0.82 0. 50
14.00 087 050
15400 0-93 0-50
1600 1-00 050
1700 1.08 050
18.00 1-17 050
1900 127 050
20+00 1.0 050
21.00 155 050

RADIUS OF TOUCH ZO0NE

FPigure 16 (sheet 5 of 6)
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D0 YOU WANT T0 COMPARE DATA FOR:

1+ REMNANT PROFILE AND ANOTHER DEPARTURE ANGLE (DA) ?

2. REMNANT PROFILE AND ANOTHER TOUCH ZONE RADIUS (RTZ) ?
3« RDANANT PROFILE AND ANOTHER DA AND RTZ ?

4 RDANANT PROFILE AND ANOTHER HELICOPTER ?

5« NO MORE ?

SELECT ONE AND TYPE ITS NUMBER-
a5

WHAT DO YOU WANT TO DO:

1- EVALUATE ANOTHER SITE USING THE SAME WEAPON YIELD ?

2+ EVALUATE ANOTHER SITE USING A DIFFERENT WEAPON YIELD ?
3+ EVALUATE SAME SITE USING A DIFFERENT WEAPOM YIELD ?
4+ END THE PROGRAM ?

SELECT OWNE AND TYPE ITS NUMBER-
=4

IR RE AR BE BE NF BE NE BF BE BN BN BE B BE BE BE BE BE BE B BN BRI J

Figure 16 (sheet 6 of 6)
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I5 YOUR KNOWLEDGE OF THIS PROGRAM AND ITS OPERATION
SUFFICIENT TO ELIMINATE TYPING THE GENERAL EXPLANATIONS
AND INSTRUCTIONS AND BEGIN IMMEDIATELY WITH THE INPUT
OF DATA ? (TYPE YES OR NO)

=YES -—

WHAT IS THE WEAPON YIELD IN METRIC TONSs TINT ?
EXAMPLE: 10,000 LB GENERAL PURPOSE BOMB HAS A YIELD

OF 3+6 METRIC TONSe TNT
=662 -

WHICH INPUT FORMAT DO YOU WANT TO USE ?

@
0
{TYFE 1+ 20 OR 3) —— @
20

=3

WHAT IS THE NAME OF THE OUTPUT FILE WHICH IS TO CONTAIN

THE DISTANCES AND REMNANT HEIGHTS ?
=RHEJ -_—

L T2 20 22t it 22222 22222 222 222222222222 i 22ttty
[F YOU DO NOT HAVE THE WOOD STRENGTH CLASS OF THE TREE
SPECIES IN YOUR SITEs» EXAMINE THE LIST OF COMMON NAMES

OF TREE SPECIES THAT HAVE BEEN CLASSIFIED BY WOOD

STRENGTH AND COMPILED INTO TWO TABLES IN '™ME INSTRUCTION
REPORT FOR THIS COMPUTER PRCGRAM { TABLES 6 AND 7).

SELECT THE STRENGTH CLASSES HAVING TREES MOST LIKE THOSE

IN THE LANDING SITE IF T™HE EXACT SPECIES IS NOT INCLUDED

IN THE LIST.

LA 22 2222t 22 212t o2t 2t T2ttt led 2

EACH STRENGTH CLASS WILL BE DESIGNATED AND ALL NINE STIM
DIAMETER CLASSES FOR EACH STREMGTH CLASSe WHEN THE STIM
DIAMETER CLASSES ARE DESIGNATED» TYPE A ZERO (0} IF STIMS
DO NOT OCCUR IN A DIAMETER CLASS» OR ENTER THE MAXIMWM
STPM DIAMETER (CM) ANU MAXINUM TREE HEIGHT (M» TO NEAREST
TENTH) OCCURRING IN THE DIAMBTER CLASS.

ARE THERE ANY TREES IN STREMGTH CLASS 1 7
=YES

Figure 17. Sample run of computer program FIJPRH
using vegetation input Format ] presented in
Pigure 20 (sheet 1 of 6)




a

DIAMETER CLASS 1
=000

DIAMETER CLASS 2
=8y 2

DIAMETER CLASS 3
=10y 2

DIAMETER CLASS 4
=0+0
Dia¥

50 3

MDD N
X

raee
BN wInww

o

DIAMETER CLASS 6
=050

DIANETER CLASS 7
=000

DIAMETER CLASS 8
=0s0

DIAMETER CLASS 9
=0y 0

DO YOU WANT 10 COMPARE THE TREE RDMNANT HEIGHT PROFILE
FOR DIAMETER CLASS S STRENGTH CLASS 1 AND THE
LANDING ZONE GEOMETRY REQUIRED FOR A HELICOPTER ?

=NO

—®

ARE THERE ANY TREES IN STREMGTH CLASS 2 ?
=NO - _@

ARE THERE ANY TREES IN STRENGTH CLASS 3 7
=NO

ARE THERE ANY TREES IM STRENGTH CLASS 4 7
sYES

Figure 17 (sheet 2 of 6)
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DIAMETER CLASS 1
=000

DIAMETER CLASS 2
=0, 4

DIAMETER CLASS 3
=12¢3

DIAMETER CLASS 4
=168+ 3

DIAMETER CLASS S
=0s0

DIAMETER CLASS 6
=020

DIAMETER CLASS 7
=0:0

DIAMETER CLASS 8
=0,0

DIAMETER CLASS 9
=0+0

DO YOU WANT T0 COMPARE THE TREE RDANANT HEIGHT PROFILE
FOR DIAMETBR CLASS 4+ STRENGTH CLASS 4 AND THE
LANDING ZONE GEOMETRY RBQUIFED F<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>