SKYLINE ANALYSIS WITH
LOG DRAG

by

Allen C. Tobey

Masters Project

submitted to

Oregon State University

in partial fulfillment of

the requirements for the degree of

Master of Forestry

February, 1980



TABLE OF CONTENTS

LEGEND OF TERMS

ABSTRACT

INTRODUCTION

OBJECTIVES

MATHEMATICAL FORMULATION
Log Drag for a Live and Running Skyline
Log Drag for a Standing Skyline
Live and Standing Skyline Loads and Line Tensions
Running Skyline Loads and Line Tensions
Standing Skyline Length and Carriage Clearance
Carriage Types

SKYLINE ANALYSIS PROGRAM WITH DRAG
Profile Input Program
Skyline Analysis Program with Log Drag

EFFECTS OF THE PARAMETERS USED IN COMPUTING THE ALLOWABLE
LOADS AND LINE TENSIONS

Choker Angle

Length of Log

Log to Ground Clearance
Length of Choker

Point of Choker Attachment
Center of Gravity of the Log

Coefficient of Friction

Page

10
1
11
13
16
25
32

34

41
41
44
46

46
47

47
47
48
49
49



Page

Terrain Point Step Size 50
Type of Carriage for a Running Skyline 51
COMPARISON WITH THE SKYLINE ANALYSIS PROGRAM 55
ASSUMPTIONS AND LIMITATIONS 59
CONCLUSIONS 62
APPENDICES 64
Appendix 1: Users Guide 64
Appendix 2: Profile Input Program , 80
Appendix 3: Skyline Analysis Program with Drag 89
Appendix 4: Sample Profiles and Computer Runs 101

BIBL IOGRAPHY 117



LEGEND OF TERMS

Chokeriangle

Angle between 1og and ground

Angle between 1og and ground

Clearance between the top of the front end of the log and the ground
Clearance between the carriage and the ground

Carriage type

Previous C

6

Fraction of w4 in V4

Fraction of w4 in H4
Fractional distance from the end of log to the center of gravity
Array of horizontal distances from the headspar to the carriage
Horizontal distance from the headspar to the carriage

Horizontal distance from the éarriage to the end of the log

X coordinate of carriage with the end of the log at X(I+1)

Distance from the end of the log to the point where the choker is
attached

Horizontal distance From the end of the log to the front of the log

Constant in the elliptical path equation

Previous value of T

Current value of T

Reciprical of the fractional distance from the center of gravity of
the log to the point of choker attachment divided by the distance
from the end of the log to the point of choker attachment

Number of terms in the D( ), P( ), S( ), and V( ) arrays

File yarder is to be loaded from

Previous value of the function



Current value of the function

Minimum Y coordinate

Maximum Y coordinate

Maximum difference in values of the X coordinates
X graph 1imit for plotting profiles

Y graph 1imit for plotting profiles

X offset for plotting profiles

Y offset for plotting profiles

Vertical distance from the top of the tailspar to the top of the
headspar

Horizontal component of the force in line 1 at the carriage
Horizontal component of the force in line 2 at the carriage
Horizontal component of the force in line 3 at the carriage
Horizontal component of the force in the choker at the carriage
Headspar height

Tailspar height

Terrain point number

Input control parameter

Integer value of headspar terrain point plus 1

Integer value of tailspar terrain point

Constant

Constant which equals Y/D

Constant which equals (Y-H)/(L-D)

Constant

Constant

Span length which equals the horizontal distance from the headspar
to the tailspar



W N

= 2~ B~ B
[$2}

Length of choker from the carriage to the top of the log

Distance from the choker to the end of the log

Length of the log

Distance from point of choker attachment to ground below the end
of the log

Required rigging length
Constant

Constant

Constant

Constant

Constant

Constant

Number of terrain points
Plot parameter which causes the log to be plotted every third point
Constant

Array of slope angles
Slope angle

Profile number and file profile is stored in
Profile plot parameter
Type of skyline

Total weight in Tline 1
Total weight in line 2
Total weight in line 3
Running skyline parameter
Rc/Rm

Rs/Rm

Distance from the center of the drum in the carriage to the dropline



- 4 4 -
3 3 © ® N

O

N G
wn

[
=Y

Distance from the center of the drum in the carriage to the mainline

Distance from the centér of the drum in the carriage to the slackline

Array of terrain points

Headspar terrain point

Tailspar terrain point

Terrain point of inner yarding limit

Terrain point of outer yarding limit

Terrain point step size

Terrain point step size

Step size between terrain points

Step size between terrain points

Terrain point number

Allowable haulback plus slackline tension

Allowable slackline tension

Maximum
Ma ximum
Maximum
Tension
Tension
Tension
Tension
Tension
Tension
Tension

Tension

allowable skyline tension

allowable haulback tension

allowable mainline tension

in Tines 1 and 2 at the carriage

at the
at the
in the
in the
in the
in the

in the

Coefficient of

headspar in line 1

headspar in line 3

mainline plus the slackline at the carriage
mainline at the carriage

mainline at the headspar

choker at the carriage

slackline at the carriage

friction between the log and the ground

Minimum line length



Line length

Array of the ground elevations below the carriage.
Vertical component of the force in line 1 at the carriage
Vertical component of the force in line 2 at the carriage
Vertical companent of the forcé in line 3 at the carriage
Vertical component of the force in the choker

Haulback plus the slackline weight per foot

Slackline weight per foot

Skyline weight per foot

Haulback weight per foot

Mainline weight per foot

Maximum log weight

Carriage weight

Maximum log weight with the skyline or haulback being limiting
Maximum log weight with the mainline being limited

Array of X coordinates

X coordinate of the top of the headspar

X coordinate of the top of the tailspar

X coordinate of the bottom of the headspar

X coordinate of the bottom of the tailspar

X coordinate of the inner yarding limit

X coordinate of the outer yarding limit

X coordina}e of the end of the log

X coordinate of the carriage

X coordinate of the ground below the carriage

Vertical distance from the top of the headspar to the carriage

Y coordinate of the top of the headspar



Y

coordinate
coordinate
coordinate
coordinate
coordinate

coordinate

coordinate

coordinate

Yarder name

Array of X and Y coordinates which are loaded from tape

of
of
of
of
of
of
of
of

the
the
the
the
the
the
the
the

top of the tailspar
bottom of the headspar
bottom of the tailspar
inner yarding limit
outer yarding limit
end of the log
carriage

ground below the carriage



ABSTRACT

This paper describes a mathematical formulation and a computer program
in basic language for analyzing the load carrying capacity of skyline
systems using the effects of log drag. The actual log and ground geometry
are used in the analysis of the payload capacities for standing, live and
running skylines. The paper uses an example problem to show the effects
of the various parameters used in computing payload capacity using the
effects of 1og drag (choker length, log length, log to'ground clearance,
point of choker attachment, center of gravity of the log, coefficient of
friction, and type of carriage).

The method described in this paper was compared with an existing |
method which calculates skyline payloads for a fully suspended load. It
was found that when logs have one end suspension, there can be considerable

difference in the payloads calculated by the two methods.



INTRODUCTION

An important step in planning skyline logging systems is the deter-
mination of the load-carrying capacity of the skyline system while anchored
in a specific geometry and operating over a specific terrain. Several
methods are now available to determine the load-carrying capacity of this
type of system: graphical-tabular handbook approaches and mathematical
solutions using hand held, desk top, and large computer systems. However,
until recently none of these systems took into account the effect of log
drag and the effect of the actual log to ground geometry. Recently,

Gary Falk (6) developed a series of HP 67 programs which consider the
effect of the actual log to ground geometry.

Most of the methods currently used assume a fully suspended load.

The Skyline Analysis Program on the HP 9830 assumes a fully suspended
load and increases the net load by 50 percent for a dragging log.

The effects of the forces due to log drag on the skyline and mainline
depend on the angle the log makes with the ground, length of the log, length
of the choker, carriage clearance, ground slope, weight of the
turn, log diameter, point of choker attachment and the coefficient of
friction between the log and the ground. Carson (2) developed equations for
using the effects of log drag in determining the load carrying capacity
of running skylines. The equations developed by Carson determine the
forces at the carriage for a given angle between the log and the ground.
The equations cannot be applied directly to a standing skyline where the
angle the log makes with the ground varies as the load is brought in.

With a standing skyline, the length of the skyline is fixed during

the yarding cycle. The length of the skyline is often fixed at a length



such that the Tog will have at least one end suspended at all points.
This is done to eliminate the soil displacement damage caused by the
plowing of the front end of the 1og. Once the length of the skyline is
fixed, the angle the log makes with the ground along the skyline road
varies according to the ground slope, length of the log, length of the
choker and carriage clearance.

Desk top computer systems, such as the HP 9830, HP 9845, and the
Techtronics 4051, provide one of the easiest and fastest methods for
entering profile data and determining the load carrying capacity of sky-
lines. These systems have the ability to enter profile data from a
digitizer, keyboard, files, X, Y coordinates, or slope, % slope data.
The profile data can be stored for later use, analyzed, and plotted
with these systems.

This paper describes a mathematical formulation, a computer program
written in basic placed on the HP 9830 and the effects of the various
parameters in using log drag for determining the load carrying capacity of

live, standing and running skylines.
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'OBJECTIVES

The purpose of this study is to analyze the effects of using log drag
for determining the load carrying capacity of live, rdnning and standing
skylines, and to develop a working model on fhe HP 9830 for determining
the payload capacity of these skyline systems with the effects of log drag
included in the model. The specific objectives will be as follows:

1. Develop d computer program written in basic and placed on the

HP 9830 which will determine the load carrying capacity for a live,
standing, and running skyline system given; the allowable mainline
tension, the allowable skyline tension, log to ground geometry,

the log length, choker length, log to ground coefficient of
friction, yarder specifications, ground profile and cable system
geometry.

2. Determine individually the effects of the various parameters

used in the model (choker length, log length, log to ground
clearance, point of choker attachment, center of gravity of the
log, coefficient of friction, and type of carriage), and their
effect on the load carrying capacity, mainline tensions, and
skyline tensions.

3. Compare the results obtained using the HP 9830 Skyline Analysis

Program with the results from the Skyline Analysis Program with

Drag developed in this paper.
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MATHEMATICAL FORMULATIONS

The symbols used in the following formulations are all described in
the Legend of Terms. The terms used are all terms which could be programmed
into the HP 9830 and the equations shown are the ones used in the computer

programs.

Log Drag for a Live and a Running Skyline

For the purposes of this paper a live skyline will be defined as a
system having two lines; a skyline and a mainline, where the skyline length
-is varied to maintain a constant log to ground clearance (C) as shown in
Figure (1). A running skyline is a system where the haulback 1ine runs
through a sheave in the carriage, through a block at the tailspar, and is
then connected to the carriage. It has one or two additional 1ines; a
mainline and a slackpulling line, which run from the headspar to the
carriage. In a running skyline the haulback 1line length will vary to main-

tain a constant log to ground angle (Bi)-
V4=C6W4

A ¢ (x8,Y8)
Hy=CMy +—J"\
¢

e

¢
()

(X(I+1),Y(1+1))

(X,,Y,)

Figure 1. Log to Ground Geometry for a Running and a Live Skyline.



The following values are known:

C, P, X(I), Y(I), X7, Y7, X(I+1), Y(I+1), L3, L2, E5, L1

We want to find: C6’ C7, C], X8’ Y8

For the geometry shown in Figure 1, Carson (2) developed the following

equations for determining the horizontal and vertical forces at the

carriage due to a dragging log:

_ . COS}(P+B'| )/E5
H4 = w4(UcosP+s1nP)(CosB]+UsinB]» (nm)
] cos(P+B])/E5
v, = w4[]+(US1nP—COSP)](cosB]+UsinB] (2)
However, we wish to find C6, C7, C], X8, Y8 so let:
C; = Hy/¥, (3)
Ce = g/, (4)
K = cos(P+B)/[Eg(cos(By)+Usin(By))] (5)
Then: v ‘
P = Tan™ [(Y(I)-Y(I+1)1/[X(1+1)-X(I)] (6)
B, = sin-](C/L3) (7)
Eg = Lo/ (Ly-L4/2) (8)
C, = [Ucos(P)+sin(P)IK (9)
Cs = [1+(Usin(P)-cos(P)IK (10)
- -1
A = 90-tan”'(C,/C¢) (11)
X; = XgtLocos(P+B4)+Lycos(A) (12)
Yg = Y +Losin(P+Bq)+Lysin(A) v (13)
Yg = Y;+(Xg-X7)sin(P) (14)
Cy = Yg-Yg (15)



With this set of equations the geometry and fraction of the log
weight that is in the vertical and horizontal components of the choker
at the carriage can be determined for a given log length, choker length,
point of choker attachment, location of the center of gravity, and the

ground slope.

Log Drag for a Standing Skyline

For a standing skyline the log to ground clearance (C) is unknown,
but the carriage clearance C] can be found from the elliptical load path
equations, the skyline length, and the cable system and ground geometry.
So, referring to Figure 1, we are given: Cq, P, X(I), Y(I), X(I+1),
Y(I+1), X8’ Y8’ Xgs> Ygs Lps L3s Egs Ly
We want to find: Cg» C;, By, A
Referring to Figure 2:

/

C

Cq-Lysin(A)+L cos (A)tan(P) | (16)

A = 90-tan” (C7/Cq) (17)

Then from the law of sines and Figure 2:

L /
2 = C
sin (90+P) sin(B]5 (18)

Substituting in equation (16) and simplifying yields:

Lo - C]-L]sin(A)+L]cos(A)tan(P)
cos (P) sTn(B,7 (19)

13
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Lysin(A) b\\
¢y l Eﬁ? L,
Y 5
*; Cy-Lysin(A)
¢ ¥
A
L]cgl(A)tan(P)

Figure 2. Log Geometry for a Standing Skyline.

Solving for B]:

B, = sin"[ﬁggiﬂl (Cy+Ly (cos (A)tan (P)-sin(A))] (20)
Now, the following equations can be used to solve for B], C6, C7 and A:
B] = s1'n-][9‘—|3§-(Bl (C]+L](cos(A)tan(P)-sin(A))] (20)
2
K = cos(P+B])/(E5(ces(B])+Usin(B]))) (5)
Cs = (Ucos(P)+sin(P))K (9)
Cs = (1+(Usin(P)-cos(P))K - (10)
A = 90-tan”'(C,/C) (17)

To solve for C6 and c7 these equations are transcendental (cannot be

manipulated algebraically for direct solution), so an iterative type

solution is needed. First, for an initial quess of B] we can assume L]



15

and L2 are a straight line as shown in Figure 3.

Figure 3. Geometry for an initial guess of B].

Using the law of sines for the geometry of Figure 3, we obtain:

Lit, . G | | | (21)
sin{90+P) s1n(B])

By = sin” [Cysin(90+P)/(Ly*L,)] (22)
The iterative procedure is to first use equétion (22) to arrive af an

initial guess of B Then this value is used in equations (5), (9) and (10)

1°
to solve for C7'and C6. Using these values of Cg and C7, the value of A
can be found from equation (17). This value can then be used in equation
(20) to solve for a new value of B -

Then the new value of B, can be used in equations (5), (9) and (10) to

1
solve for C7 and C6. This process is then continued until the value of C6
changes by less than 0.001. This is not a conventional type iterative

procedure, but for this problem it tends to converge very rapidly.



Live and Standing-Skyiine Loads and Line Tensions

The following analysis uses a rigid link assumption for the lines,
and neglects line stretch. Figure 4 below shows the cable system geometry

for this problem.

= L -
. D
C(XsYq)
Headspar T T
_ji |
Tailspar

Figure 4. Cable System Geometry.

16
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Figure 5 shows the geometry and forces acting on each line segment
for this problem.
)
1A Vop

T Line Segment 1 Line Segment 2 ?
D L-D

A.‘ i E B—).H2
f i
"‘\~\\\\\\\\\ D/2 Y Ry ‘/////,/'////
. |
Rl\‘ ’ /
1 l-——r] Hpe— R

1 %
Ci

Hy <€— Carriag
3 A\ j H34—— —_ H4
V2 Y T W l

Figure 5. Free Body Diagram for a Standing and Live Skyline.

For each line segment the moments can be taken about the upper end.
Since the system is assumed to be in static equilbrium, there has to be a
moment force balance for each line segment. The following three equations

are then obtained: ,

IMy=0 V1 =Hy (Y/D) -R,/2 (23)
IM=0 V2 =H, [(Y-H)/L-D] -R,/2 . (24)
IMp=0 V3 =H; (Y/D) -R4/2 (25)



The carriage is also assumed to be in static equilbrium, so the
horizontal and vertical forces at the carriage must balance. The equations

for the carriage force balance are:

ZFX=O H3 = —H] +H2 +H4 (26)

ZFy=O Vy HVy #V, = g W, (27)
Let:

Ky = Y/D (28)

K, = (Y-H)/(L-D) (29)

Substituting equations (23), (24), (25), (28), and (29) into equation
(27):

H]K]-R]/2+H2K2—R2/2+H3K]-R3/2 = W5+V4 (30)
Now using equation (26) to substitute in for Hs:
Reducing: |

H2(K1+K2)+H4K]-(R]+R2+R3)/2 = W5+V4 (32)
Solving for H2 yields:

i, = (RyTRotR3)/2HI5+V,-Hy K (33)

2
Ky+Kz
In the above equations R], R2 and R3 are the forces due to the weight

of the cable in each line segment. These forces can be found from the

following equations:

Ry = Wy D2 + 2 (34)
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Ry = Wy Y(L-D) + (Y-H)® (35)
R3 = W3 D2 + Y2 (36)

The skyline passes under sheaves in the carriage. Assuming a
frictionless sheave, when a line passes under a sheave, the tensions in the
1ine on both sides of the sheave are equal. So for lines 1 and 2, the
tension in the cables at the carriage are equal. From this relationship

the following equations can be formulated:

T = W2+ 0° - N2 4 2 (37)
2 _ .2 2 or 2 2
Ié = V7 +H = V," + H, (38)

From equation (33) the value of H, can be found and using the relation-
ship between H, and V, from equation (24), the value of Tg can be found from

the following equation:

- Vy 2 - 2
Te = "Hyo + (H,Ky-Ry/2) (39)
Reducing yeilds:
o/ 2 2) 2
Te = "Hy (14K,%) - RoH K, + Ry“/4 (40)

Once the value of T6 is found the value of Hy can be found by using
equation (38) and the relationship between Vy and H, from equation (23) as

follows:

2 2 2

- - y?o 2

Reducing yields:



2 2
H (1+K] )

Since H]

2

2.9

found from the quadratic equation as follows:

Let:
_ 2
M 1+K]
N - -K-IR-I
0 =R 241
1 6
Then:
H] = =N +/N2_
M
values of H

The value of H4 can be found from the log drag equations and the

(42)

is the only unknown in this equation, the solution can be

(43)
(44)
(45)

(46)

] and H2 can be found from the previously formulated equations.

20

Once these values are found the value of Hy can be found from equation (26).

Now the tension in the lines 1 and 3 at the headspar can be found using

equations (23), (25), (28), and (29) as follows:

v 2
(H]KT-R]/Z) +H

]

2

v, 2
(H3K]-R3/2) +H

2.y 2
-+H] + W]Y

T6 = /V 2+H =
1

Ty = "V.2+H =
M 3

T. = T.#.Y = Y(H.K.-R./2)
7= Tgth 1Ry

T. = T.4WY = "(H.K,-R./2)
g = Tyt 3K17R3

The relationships T7 = -T6

2wy

5
*Hs 3

+ w]Y and T8 = TM + w3Y are from the

3

2

(48)

(49)

(50)

(51)
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catenary equation. This is one of the more simple and easy to use relation-
ships from the catenary equations. This relationship will be used to convert
tensions from the carriage to the headspar and from the headspar to the
carriage. It will be used to convert fhe magnitude of the force, and the
rigid 1ink equations will be used to determine the direction of the force.

The previously formulated equations assumed the log weight was known.
If the log weight is known, then from the previously formulated equations
the mainline and skyline tensions can be found. However, it is useful to
know what 1og weight will cause the mainline or skyline to be at its maximum
allowable tension.

The following analysis is a method of determining the maximum allowable
load which will cause the skyline to be at its maximum allowable tension.

First, assuming the skyline is at its maximum allowable load, then the

value of H, can be found using equation (24) in the following analysis:

2 _ ., 2 2 _ ., 2 2 _ 2
Reducing yields:
2 2 2 2 _
Hy” (14K, ) -HyK R, + R, /8 = (Ty-W )% = 0 (55)
To solve for H2 the quadratic equation must be used as follows:
Let:
M= 14K)2 ’ (56)

o
I

2 2
= Ry“/8 = (T-W,Y) (58)



Then:

N+ NP-amo

o = M (59)

If the value of H, is known, equations (3) and (4) can be used to
substitute for the value of Hy and V, in equation (33) and then the value
of w7 can be solved for in equation (33) as follows:

. (Ry*HRy*R3)/2 + Wy + Co - C MK, (60)
2 K #K,

Solving for w7 yields:

- - H2(K2+K]) - WS - (R]+R2+R3)/2 61)
7 (C6-C7K]) ,

With the above equations, the log weight can be found which causes-
the skyline to be at its maximum allowable tension. However, in some cases
the mainline will be the limiting factor in determining the maximum log
weight. The following analysis is a method of determing the log weight

which will cause the mainline to be at its maximum allowable load.

From equation (26):

Hy = Hy - Hy + H, (62)

HyZ = H2 + H2 4 H2 - 2H H, + 2H,H, - 2HoH, (63)
Then from equations (38), (23) and (24):

V2 e H2=y 24?2 (64)

22



(H]K]-R]/Z)z + H]Z = (H2K2-R2/2)2 + H22 (65)

2 2 2
Hy (14K %) = Hi KR+ (R SR

2 2 2 =
15 )/4 - H2 (]+K2 ) + H KR 0 (66)

2 2272

Substituting the values of H, and H 2

] 1 from equations (62) and (63)

into equation (66) yields:
2/, 2 ., 2 2 2
2 2 2 2y _ 2
+ Hy (1+K] ) + H4 (1+K] ) 2H4H3(1+K] ) + H3K]R]
2 p 2 -
Now let:
V4 = Ce”s - (68)
-H4 = c7w8 (69)
W. + (R,+R,+R,)/2
- 5 1 2 3
My = (70)
1 K]+K2
M2 = (C6'C7K-| )/(K'|+K2) (7])
_y 2 2
= 2
M4 =1+ K] (73)

Substituting (68), (69), (70), and (71) into equation (33) gives:
Hy = My + Mg (7)

HZ = M2 + 2M MW, + M 2w82 (75)

2 1 27178 2

Substituting equations (68), (69), (72), (73), (74), and (75), into

equation (67) yields:

23



2

2
(M + MMy g + My g

- KyRy *+ KoR,)

- CoHgK Ry +

Simplifying yields:

2

2
w8 (M,”M, + 2M_M C, + C,'M ) + w8(M2(2M3M - 2HM

23

2HM

2
) Mgy - 2H3My

My + (M) +MoHg) (2C

+H2M 4 C2u2M 2 - 2CoW.HM. + H KR

]

2

3

7

4 778 4 77834 311

R.2 _ R22)/4 =0

2 K;R

74 1 34 MM

+ KyRy) + 2C,My (M = H3) = CoK Ry) + My (M/My - 2H M, - KR

77171 34

+ KpRy) + Hy(HaMy + KiR) + (R;2 = R2)/4 = 0

]

To solve for w8 the quadratic formula must be used as follows:

Let:

M= M.2M, + 2M.M Co + Co2M

g M3 ¥ 2MMyly + LMy
N = My(2MMy = 2HoM, = KRy + KoRo) + 26, M, (M -Hy) = CKR
. 2

0 = M (M Mg 2HM, - KR+ KRy) + Hy(H M +K R ) + (R R
Then:

W= =N N2 - amo

8 M

]

2

2

/4

The value of H3 to be used in the above equations can be found

using equation (25) in the following analysis:

2 2

T = v.¢ +

3 3

Reducing yields:

2¢, 2

2 _ Y
= (HgK -Ry/2)" + H

3R

3

2 _ 2
3 = (T3-H3Y)

2 Y.
+ RE/4 = (T,-H,Y)

(76)

(77)

(78)
(79)

(80)

(82)

(84)

24



The solution to equation (84) can be found using the quadratic

formula as follows:

25

Let:
_ 2
M= 1+K] (85)
o 2, 2
0 = R, /4 - (T3-w3v) (87)
Then:
-N +"\?-amMg :
Hy = o (88)

The solution procedure for"finding the maximum allowable log weight,
is to find the maximum log weight with the skyline being limited and then
find the maximum log weight with the mainline being limited. The smaller
of these values is then the maximum log weight. The limiting line will
then be at its maximum allowable tension and the tension in the other
line can be found from the formulas which give the tensions in the lines

for a given log weight.

Running Skyline Loads and Line Tensions

The analysis method for a running skyline is essentially the same as
for a standing and live skyline, only in place of line 2 are two lines
with equal tensions. The mathematical formulation shown here for a
running skyline will be reduced, just showing the essential equations and
analysis. For more details on the analysis refer to the standing
and live skyline analysis which is essentially the same with only a few
changes in each equation. The cable system geometry for a running skyline

is the same as shown in Figure 4. The geometry and forces acting on
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each line segment are as shown in Figure 6.

) )
T]A Line Segment 1 Line Segment 2 28 )
D L-D T

A

TVSA Line Segment 3 VT W5 L Line Seament 2 T

5 > 2
(L-D)/2 /

Figure 6. Free Body Diagram for a Running Skyline.

For a running skyline, the equations for the moment and vertical
force balance for each line segment remain essentially the same as equations

(23), (24), (25), (28), and (29). These equations are as follows:

Let:

K]v = Y/D (89)



K, = (¥-H)/(L-D) (90)

Then:
My = 0 V= HK - R/2 | (1)
ZMB =0 V2 = H2K2 - R2/2 (92)
My = 0 Vg = HgKy - Ry/2 | (93)

The equations for the carriage force balance are the following:

n
o

TFx 2H, + H, = Hy + H, =0 (97)

2 4 1 3

n
o

LFy V] + 2V2 - V3 - w5 - V4 =0 (98)

Using these equations, the following equation for H2 can be for-
mulated:
) w5 + V4 + (R]+2R2+R3)/2 - HyK

Ho = 1
2 2(K]+K2)

(99)

The equation for Ry» R2 and Ry are only changed by substituting for

the diffefent line weights as follows:

Ry = Wy "D2+y2 (100)
Ry = Wy Y(L-D)2+(¥-H)? (101)
Ry = W "Dy (102)

The haulback on a running skyline also passes over a sheave in the

carriage, so assuming a frictionless sheave, the tensions in lines 1 and 2
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/
at the carriage will be equal which are also equal to the tension in line 2

at the carriage. From this relationship, the following equations can be

formulated:
_ Yy 2., 2 _ Ay 2, 2
To = V5 = VW, 4, (103)
2 _ 4y 2 2 _ 2 2
T6 = V] + H] = V2 + H2 (104)

Substituting for the value of V, from equation (92) into equation

(103) yields:

T, = “ﬁéz + (H2K2-R2/2)2 (105)

Once the value of T6 is found, the following equation can be formulated

from equations (104) and (91) to find the value of H]:

2 2 2 2
Hy (14K %) - HiKGRy + R/ - TS = 0 (106)

The solution to this equation for H, can be found from the quadratic

1
formula as follows:

Let:
2
M = 14K, | (107)
N = -K]R] (108)
5 2 2
0= R] /4 - T6 (109)
Then:

/2
_ =N + YN°-aMo |
H M (110)
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Once the values of H] and H2 are found from equations (99) and
(110), the value of H3 can be found from equation (97). When the values
of H] and H3 are known, the tensions in lines 1 and 3 at the headspar

can be found from the following equation:

2 2

o= W2+ (Kg-Ry/2)7 Y (111)
J ?

Tg = "H? + (HgKy-Ry/2) + WY (112)

The previously formulated equations are for determining the haulback
and mainline tensions for a given log weight.
The following analysis is for determining the maximum allowable log

weight with the haulback being limited by its maximum allowable load:

To= T, - WY (113)

2 2 _ 2
o7 = HyT + (HyKymR/2) = (T,-HyY) (114)

Reducing yields:

2 2 2 2 _
H2 (1+K2 ) - H2K2R2 + R2 /4 - (TZ-WZY) =0 (115)

To solve for H2 the quadratic formula must be used as follows:

Let:
= 19k,2 (116)
N = -K,R, (117)
0 = R,2/4 - (Ty-Hp¥)? (118)



Then:
_ =N+ "N™-4MO

Hy = M

(119)

Once the value of H, is known, equations (2) and (3) can be used
to substitute in for the values of V4 and H4 and the resulting equation

can be solved for w7 yielding the following equation:

_ 2H, (Ky*K;) - Wg = (R;+2Ry*R5)/2 .(120)

W

With the above equation, the log weight can be found which will cause
the haulback to be at its maximum allowable tension. However, with a
running skyline, the mainline will often be the limiting factor in deter=-
mining the maximum log weight. The following analysis is a method of
determining the log weight which will cause the mainline to be at its
maximum allowable load.

First, by substituting equations (91), (92) and (97) into equation

(104) and simplifying yields:

2 2 2 2 2 :
H2 (4K] -K2 +3) + 2H2(2H4(1+K] )-2H3(1+K] )+K]R]+K2R2/2)
2 2 2 2 2
(14K “)HH, (14K, ) -2H Hy (14K, %) +H K Ry -H K R,
+(R]2-R22)/4 -0 (121)
Then let:

Vy = Cghg (122)
Hy = C Mg (123)
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_(Ry*2R,4R2)/2 + g

M, 2(K;*K,) (124)
C.~CK

Moo= 670 (125)

2~ 2(K#K,)
22

My = 4K - K + 3 (126)
2

My =1+ K | (127)

Substituting equations (122), (123), (124), and (125) into equation
(99) yields:

Hy = My + M2W8 : (128)

Ho? = M2+ 2M Mg + M 202 (129)
Substituting equations (122), (123), (126), (127), (128), and (129),

into equation (121) and simplifying yields:

2

2,, 2

2 52 _
+H3(H3M4+K]R]) + (R] -R2 )/4 =0 . (130)

To solve for w8 in this equation the quadratic formula can be used
as follows:

Let:

M= M.2M. + AM.M C. + C.2M

2 3 2477 7 4 (131)
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) 2_p 2
0 = M (MMy-4HM,-2K R +KoRy ) + Ha(HoMy+K(Ry) + (R, “-R,%)/4 (133)
Then:
-N + N°-4MO
Mg = N (134)

The value of H3 to be used in the above equations can be found using

equation (93) as follows:

2

+H2 = (HBK]-R3/2)2 + H32 = (TyW Y)2 (135)

3 3

Reducing yields:

2, 2 2 2 _

The solution to equation (137) can be found using the quadratic

formula as follows:

vy 2, 2
) K]R3 + KRy

3 2M,

2 2
’ ~4M, (R3“/4-(T-WY)?)

(139)

The solution procedure for finding the maximum allowable log weight
is to find the maximum log weight with the haulback being 1imited.and then
find the maximum log weight with the mainline being limited. The smaller
of these values is then the maximum log weight. The limiting line will

then be at its maximum allowable tension and the tension in the other line
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can be found from the formulas which give the tensions in the lines for

a given log weight. /

Standing Skyline Length and Carriage Clearance

A standing skyline has a fixed line length. For this analysis it is
assumed that this line length is fixed such that the log will have a specified
minimum amount of one and suspension at all points along the skyline.

This line length is found by placing the log, with its minimum required
clearance along the terrain as described in the section "Terrain Point
Step Size." The 1ine length for each of these points along the terrain
is then determined. The line length is then fixed at the shortest of
these lengths. |

The carriage clearance is found from the equations shown for log drag
of a 1ive skyline. Once the carriage clearance (C]) is found, using
Figures 1 and 4, the skyline length can be found from the following
equations:

First, from the geometry of Figures 1 and 4:

Yg =Yg * C (140)
Y=Y - Y (141)
H=Y, - Y (142)
D= Xg - X | (143)

Then the skyline length can be found from the following equation:

Us = 022 (LD)PH(Y-H)P (144)



This analysis assumes straight 1ine segments and neglects line
stretch.

Once the Tine length is set,the vertical distance from the carriage
to the taop of the headspar (Y) can be found from the elliptical load
path equations developed by Carson (1). These equations were modified
to use the variables from the rest of this analysis. These equations

are as follows:

Ug
F=— (145)

LAY
M= E2 + HZ(E2-1)/L2 | (146)
N = E(1-2D/L) (147)
0= (1-20/L)2 - HE(E2-1)/L2 (148)
N = (-N+ABS (H)”N2-4MO/H) /M (149)
Y = (HO+ENL (E2-1) (1-N2)) /2 (150)

Once the value of Y is found, the carriage clearance can be found

from the following equations:

Y8

0

=
1

-

(151)

(]
—
n
-

9 . (152)
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Once the value of C; is known the horizontal and vertical forces at
the carriage from the choker can be found by using the analysis shown
for log drag for a standing skyline. Then the formula for determining
standing skyline loads and 1ine tensions can be used to find the maximum
allowable load for each terrain poinﬁ and the resulting mainline and sky-

1ine tensions.

Carriage Types

For a standing skyline, which is usually skyline 1fmited, a single
mainline type carriage is assumed in the computer program. For a running
skyline, which is often mainline limited, and where mechanical slackpulling
(MSP) and over/under wound type carriages (Rowley-Parker style) are often
used, the computer program offers a choice of using a single mainline type
carriage, a MSP type carriage or an over/under wound carriage. For a
single mainline type carriage, the equations formulated for a running
skyline analysis can be used as formulated in the section "Running Skyline
Loads and Line Tensions." Figures 7 and 8 show a free body diagram for a

MSP and an over/under wound carriage, respectively.
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o
Figure 7. Free Body Diagram for a MSP Type Carriage.on a
Running Skyline.
Tm‘s\\\\\ /7 ﬁ\ el 6
Ts S~ e —T6
\ +
R

Figure 8. Free Body Diagram for a Over/Under Wound Type Carriage on a
Running Skyline.
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For a over/under wound carriage as shown above, it is assumed the
dropline, mainline and slackpulling line drums in the carriage cannot lock,
and therefore, the sum of the moments about the center of the drums must

be in balance as shown in the following equation:

M=0 RT -RT, -RT =0 (153)

The analysis for a MSP carriage is the same as for a over/under
carriage only Rm = Rc = Rs'

Let T be the maximum tension the mainline plus the slackpulling
Tine can have at the headspar. If the value of T is known, the equations
derived for a running skyline can be used with T in place of the maximum
allowable mainline tension and with the mainline plus the slackpulling
line weight substituted for the mainline weight. However, the value of
T is generally not known and cannot be solved for directly, so an iterative
type procedure is needed: The secant method was the iterative procedure
chosen for this problem with thé value of T as the variable and the difference
between the allowable mainline tension and the actual value of the mainline
tension for the chosen value of T as the function. The value of T which
makes the value of the function equal zero will then be the value of T
for which the mainline will be at its maximum allowable tension. For this
problem, the value of mainline tension at the headspar can be found as
follows:
First, rearranging equation (153) yields:

- Rc Rs

Tm = Tc * 'm TS (154)



Let:
_ Rc
Rs = Rm (155)
_ Rs
Re = Rm (156)

Then substituting equation (155) and (156) into equation (154) yields:
Tm = R5TC'+ R6TS (157)

Solving for T yields:

(158)

The value of T, T, and Tm can be equated using the following equation:

T-W =T +T (159)

Substituting in equation (159) the value of T, from equation (158) yields:

T RsTe
T-WY‘—'T— +Tm (160)
Solving for Tm yields:
R:T R
_ 5¢c 6
T = (T + =) Tomg (161)

If the value of the mainline tension at the carriage is known, the

tension in the mainline at the headspar can be found as follows:

T =T +W
m

ma Y (162)

3
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RsTc, Rg
Tma = (T-WY+_§E_) Tiﬁg' + WY (163)

The value of TC can be found from the following equation:

/o2 .2

T.=W C6 +C7

c 8

The equation for the function can now be written as follows:

Vo 2,2

C.+C R
6 7 6
R6 ) ]+R6 - w3Y (164)

RgWg

F4 = T3 - Tma = T3 - (T-WY+
In the above equation, the value of w8 is found from the equations for
determining the maximum allowable load with the mainline being limited.
Using the secant method, the equation for choosing a new value of T is
the following:
Eq-E3

T=E -F, —2> (165)
47 T4 F,oF,

In this equation E4 is the current value of T, E3 is the last value

of T, F, is the current value of the function, F3 is the last value of

4
the function, and T is the new guess for a value of T.

The iterative procedure is then to choose two initial values for
E3 and E4 and find the vaiues of F4 and F3 for these values of T. Then
equation (165) is used to determine a new guess of T. The value of F4 is
then found for this new value of T using the equations for finding w8
given the value of T and equation (164). This procedure is continued until

the value of F4 is within an acceptable tolerance of zero.
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Portions of the preceeding analysis and figukes used the methods
devised by Carson (2, 3), Carson and Mann (4, 5), Peters (9), Sessions

(10), and Falk (7).

40



41

SKYLINE ANALYSIS PROGRAM WITH DRAG

A computer program has been written in Basic and placed on the HP 9830
to solve this problem. This computer program is actually two separate
computer programs. The first program is for entering and storing the
profile data and the yarder specifications. The profile data is stored on
the auxiliary cassette and the yarder specifications are stored on the main
cassette along with the computer programs. Once the yarder specifications
and profile data are stored on the cassette, they do not have to be re-
entered and when an analysis is done they can be used over and over.

The second program is for analyzing the profiles determining the
allowable loads, mainline tensions, and skyline or haulback tensions.

This program uses the yarder specifications and profile data previously

stored on the cassettes.

Profile Input Program

This computer program consists of a mainline memory subprogram,
plus ten subprograms on the special function keys 0 through 9. Figure 9
shows the special function key overlay for both programs. The descriptions
above the special function keys refer to the profile input program.
The descriptions below the special function keys refer to the skyline

analysis program.
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Figure 9. Special Function Key Overlay.

For example, special function key f. is for entering data from the

0
digitizer in the profile input program and for entering a new profile from
tape in the skyline analysis program.

The mainline memory subprogram is for initializing the program and
loading the special function key subprograms from tape. Special function
keys fo through f4 are for entering profile data from a contour map using
the digitizer. Special function key f5 is for reversing a profile. Special
function key f6 is for storing a profile once it is entered. Special
and f

function keys f g are for entering profile data by X, Y coordinates

7
and slope distance, percent slope data respectively. Special function key
fg is for entering and storing the yarder specifications that are used in
the skyline analysis program with drag. The profile inputs and computer
programs used for these special function key programs are essentially the

same as the ones used on the Skyline Analysis Program (Sessions, 1978).
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However, the programs were all slightly modified to simplify the input
and storing of the profiles. Appendix 1 contains a users guide for using
this program. Appendix 2 contains a copy of the program statements

for this program.

Skyline Analysis Program with Log Drag

Figure 10 shows a typical printout of the output for this program.

The yarder specifications and profile data are all entered from tape which
was stored in the profile input program. The carriage weight, tailspar
height, headspar terrain point number, tailspar terrain point number, inner
yarding limit, outer yarding 1im1t; length of the choker, length of the
log, minimum log to ground clearance, and terrain point step size, were

all entered in this program. The terrain point, span, maximum log load,
skyline tension, mainline tension, carriage clearance, 1og to ground angle,
and required rigging length are all output by this program.

In this program, the mainline memory subprogram initializes the program
and loads the special function key programs from the cassette tape.
Referring again to Figure 9, the descriptions below the special function
key apply to the skyline analysis program with log drag. Special function
key f5 enters the program inputs, analyzes the data, and prints the out-
puts. Once the first profile has been analyzed, special function keys fj
through f, and f_. through f

4 6 8
the user which are then analyzed using special function key f5. For

are used to change the inputs specified by

example, after the first profile has been run using special function key
f5, special function keys fo and f6 could be used to change the profile
data and the carriage weight before analyizing the data using special

function key f5 again. The yarder data, log and choker data, 1og clearance



and terrain point step size would all remain the same and would not have
to be input again. If all new data is required for the next analysis
after the first profile is run, then special function key f4 would be
used before using special function key f5 again. Special function key
fg just gives another listing of the profile. The profile is also listed
in the profile input program. The computer programs were set up in this
way to require the least amount of input.

Appendix 1 contains a users guide for using this prograﬁ and

Appendix 3 contains a copy of the program statements for this program.
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EFFECTS OF THE PARAMETERS USED IN COMPUTING
THE ALLOWABLE LOADS AND LINE TENSIONS

Appendix 4 contains sample profiles and computer runs to
demonstrate the effects of the various parameters. Figures 17 and 28 in
Appendix 4 show the basic profiles and inputs. The parameters were varied
from this basic data one at a time, to show the effects of the parameters.
The following is a discussion of these computer outputs, and the effects

of the various parameters.

Choker Angle

The smaller the choker angle (A in Figure 1), the higher the horizontal
component of the force at the carriage from the choker will be (H4 in
Figures 5 and 6) and the lower the vertical component of the force at the
carriage from the choker (V4 in Figures 5 and 6). As the horizontal com-
ponent of the force increases and the vertical component of the force
decreases in the choker, this causes an increase in the mainline tension
and a decrease in the skyline tensions. If the skyline is limiting the
allowable load, then the allowable load would increase as the choker angle
decreases. However, if the mainline is limiting the allowable load, then
the allowable load would decrease as the choker angle decreases. Most
of the parameters discussed in the following sections affect the line
tensions in this manner, by changing the choker angle and horizontal and

vertical components of the force at the carriage, shifting the effects of
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load from one line to the other.

Length of Log

Figures 18 and 19 show the effects of the length of the log. For
this example the skyline is 1imiting, and a longer log causes a higher
mainline tension and a higher maximum log load, a longer log causes an
increase in the horizontal component of the force at the carriage, a
decrease in the vertical component of the force at the carriage, and a
smaller choker angle. This causes a transfer of the force from the sky-
1ine to the mainline, which allows a higher log load, if the skyline is
1imiting, ~If the mainline were 1limiting, a longer log would decrease the

allowable load.

Log to Ground Clearance

Figures 17, 20 and 21 show the effect of the log to ground clearance
(C in Figure 1). Again in this examp}e, the skyline is always 1imitihg
and the higher the log to ground clearance, the lower the,maximum log load,
énd the lower the mainline tensions. Higher 1og to ground clearances
cause a higher vertical component of the force at the carriage, and a
larger choker angle. This causes a transfer of some of the load from the
mainline to the skyline and decreases the allowable load if the skyline

is limiting.

Length of Choker

Figures 17 and 22 show the effects of the length of the choker. A

longer choker causes a shortening of skyline in order to maintain the



minimum log to ground clearance. In the example this caused a decrease

in the maximum log load and a decrease in the mainline tensions. For

a given log weight, the horizontal component and vertical component of the
force in the choker at the carriage remain the same and the choker angle
remains the same. For a given log weight the shorter the skyline, and
less the deflection, the higher the tension in the skyline. So if the
Sky11ne is limiting, the shorter the choker length the higher the load

that can be carried.

Point of Choker Attachment

In the computer program, the choker is assumed to be attached 2 feet
from the end of the log. This value can easily be changed in the computer
program or could easily be made an input. To change the point of choker
attachment in the computer program, the value of D3 needs to be changed
in statement number 30. The point of choker attachment was changed from
2 feet to 14 feet from the end of the 1og in the computer program and the
results of the output are shown in Figure 23. Comparing Figure 17 (D3=2)
and Figure 23 (DB=14), placing the choker closer to the center of the log
caused a decrease in maximum load and decreased the mainline tension.

The negative mainline tension at terrain point 8, indicates the mainline
would be slack at this point and the 1og would slide down the hill with-
out the assistance of the mainline. Placing the choker closer to the
center of the log causes the vertical component of the force at the
carriage to increase, the horizontal component of the force in the choker
at the carriage to decrease, and the choker angle to increase. If the

skyline is 1imiting, then choking the log closer to the center causes a
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decrease in the maximum log load. If the mainline is Tlimiting then

choking the log closer to the center would increase the maximum log Tload.

Center of Gravity of the Log

In the computer program, the center of gravity of the log is assumed
to be located a distance of half the 1og length from the end of the log
: (08;0.5). This value can be easily changed in the computer program by
changing the value of 08 in program line number 85 or this va]ué/cou1d
easily be made on input. Figures 24 and 25 show an example of the effect
df having the center of gravity of the log 0.3 and 0.7 of the length of the
log from the end of the log. In this example, having the center of
gravity closer to the end of the log (08=0.3) increased the mainline tension
and caused the mainline to be 1imiting in some cases. Also, the maximum
1og load increased because the skyline was limiting with Cg=0.7. Having
the center of gravity closer to the end of the log (08=0.3) caused more
of the load to be taken by the mainline and less to be taken by the sky-
1line. The closer the center of gravity of a log is to the end of the log,
the higher the horizontal component of the force in the choker, the lower
the vertical component of the force in the choker, and the smaller the
choker angle. If the skyline is limiting, a higher load can be carried
for a log, with its center of gravity closer to the end of the log. If
the mainline is 1imiting a higher log load can be carried with a log

that has its center of gravity farther from the end of the log.

Coefficient of Friction

Values of the coefficient of friction reported in the literature have

generally varied from a value of 0.5 to a value of 1.0 with a value of 0.6



for the coefficient of friction being the most commonly used value in
most engineering calculations. The computer program assumes a value of
U=0.6, however, this value is very easy to chahge and could be made an
input. Figures 17, 26 and 27 show the effect of the coefficient of
friction. The coefficient o6f friction was 0.6 for output shown in Figure
17, 0.4 for the output shown in Figure 26 and 0.8 for the output shown in
Figure 27. For the examples shown in Figures 26 and 27, changing of

the coefficient of friction from.0.4 to 0.8 did not significantly change
the maximum log loads, but did cause the mainline tensions to increase.
For a Tog with a given one end suspension, increasing the coefficient of
friction causes the choker angle to decrease and causes the tension in

- the choker to increase. When the skyline is limiting, the increase in
load from a decreased choker angle is offset by an increase in the ;hoker
tension. When the mainline is 1imiting, increasing the coefficient of
friction would cause an increase in the mainline tension and a decreased

log Tload.

Terrain Point Step Size

Figures 11 and 12 show the effect of the terrain point step size.
As shown in Figure 11 for a terrain point step size of 2 every second
terrain point is analyzed with the carriage directly above the terrain

point and for a terrain point step size of one every terrain point is
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analyzed. - Similarly, for a terrain point step size of 3 every third terrain

point would be analyzed and for a terrain point step size of 4 every

fourth terrain point would be analyzed. Figure 12 shows that for a

terrain point step size of .5 (1/2) two points are analyzed between terrain



points, one with the carriage directly above the terrain point and one
with the end of the log on the next terrain point. For a terrain point
step size of .33 (1/3) three points are analyzed between terrain points
as shown in Figure 12. Similarly for a terrain point step size of .25
(1/4) four points betweenrterrain points would be analyzed and for a
terrain point step size of .20 (1/5) five points between terrain point
would be analyzed. The advantage in analyzing more terrain points is
that the critical point for the payload is more 1ikely found. Also,
for a standing skyline analyzing more terrain points assures that the

minimum Tine length is more accurately found.

Type of Carriage for a Running Skyline

Figures 28, 29, 30, and 31 show the effect of the different types
of carriages. In these examples the mainline is always limiting. The
MSP carriage gave the highest Tog loads, the over/under wound carriage
with R5=R6=1.5 the second highest loads, the over/under wound carriage
with R5=R6=2.0 the third highest log loads, and the single mainline type
carriages giving the lowest loads.* However, the single mainline carriage
gave a higher load on a few of the terrain points with flatter or downhill
slopes. For the downhill and the flatter uphill slopes, more of the log
load is transferred to the haulback with a single mainline carriage, since
the choker tension is not transferred directly to the mainline through a
sheave or series of drums in the carriage. The MSP and over/under wound
carriages are generally more efficient, since the slackpulling line carries
a portion of the load. The smaller the ratios of the mainline drum

*See the section on carriage types for an explanation of R_. and R

5 6°
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TERRRAIN POINT STEP 5IZE = 2

STHND INE SKYLINE

TERRAIN POINT STEP 5IZE = |

STRND INE SKYLINE

2
LIVE SKYLINE

Figure 11.- Effect of Terrain Point K
Step Size.
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TERRAIN POINT STEP SIZE = K

STANDING SKYLINE

LIVE SKYLINE

TERRAIN POINT STEP SIZE = .33

STAND INE SKYLINE

LIVE SKYLINE

Figure 12.- Effect of Terrain Point
Step Size,



diameter to the dropline and slackpulling line drum diameter (R5 and R6),
the more efficient is the over/under wound carriage and the more load

the slackpulling Tine will carry.
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COMPARISON WITH SKYLINE ANALYSIS PROGRAM

Figure 13 shows an example of the output from the Skyline Analysis
Program on the HP 9830. The value input for the loaded carriage clearance
to insure a specified amount of one end suspension is generally a guess.

A va]ue'of 9 was used in this example because it was the average carriage
clearance found using the Skyline Analysis Program with Drag (Figure 14).
In the standing skyline output, the carriage clearance can greatly vary
and it is generally a guess whether to use the dragging load or the flying
load for the actual loads. The value for the dragging loads was deter-
mined by multiplying the flying 10g loads by 1.5. The Skyline Analysis
Program does not determine or limit the mainline tensions. To accurately
determine the mainline tension for a dragging log, the horizontal component
of the force from the choker has to be used in the analysis. Figure 14
shows the output for this same profile using the Skyline Analysis Program
with Drag. For the live skyline analysis, which would have a dragging
load, the Skyline Analysis Program with Drag gave a lower payload for the
first few terrain points since the mainline was limiting and the Skyline
Analysis Program on the HP 9830 does not even check the mainline tensions.
For the rest of the terrain points, the Skyline Analysis Program with

Drag gave higher payloads. The negative mainline tension for terrain
point 13 indicates the mainline is slack and the log would be sliding

down the hill. For the standing skyline payloads, the two programs give
similar results, since the load is flying for most of the terrain points.

This example demonstrates that for a dragging log, using the fully
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suspended payload or using the fully suspended payload and the "rule of
thumb" that a 15 times greater load can be dragged than flown, can result

in payloads which differ by over 50 percent.
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ASSUMPTIONS AND LIMITATIONS

The log diameter was neglected in the analysis. For a log which is
reasonably long as compared to its width, with its choker located near
the end, and the center of gravity near the center of the log, the
amount of error will be small in neg]ecting-thé log diameter. Peters
(9) developed equations similar to Carson's (2) which consider the
effects of the diameter. These equations could be used, on]y}they are
a little more complex and would require an additional input to the
program for log diameter.

The cable segments were all analyzed using a rigid link analysis as

an approximation to the more accurate catenary-type analysis. The
error involved in using a rigid link analysis is generally small for
taut cables. Since the skyline systems are analyzed using the maximum
log weight, the skyline in the standing skyline and live skyline
analysis is generally taut. When yarding uphill, a dragging log

tends to increase the mainline tensions, so the mainline will usually
be reasonably taut for a dragging log. In the running skyline analysis,
all of the cables help provide 1ift, so all of the cables will generally
be taut. The biggest possible source of error in the skyline analysis
using the rigid link assumptioh, would be in the mainline for a fully
suspended load in the standing skyline analysis or in the slackpulling
line in the running skyline analysis. The cables could be analyzed
using the catenary relationships or just the mainline and slackpulling

1ine could be analyzed, using the catenary relationships to help
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minimize this error. However, the catenary equations require an
iterative type solution, which requires more time to compute, especially
on the HP 9830, which is slower than some of the newer desk top com-
puters. Also, an error statement could be added to the program to
indicate when the rigid Tink assumption is in error.

If a haulback line is used with a standing or live skyline and has
tension in it during the inhaul, it could greatly change the payloads.
Mechanical slackpulling carriages and over/under wound type carriages
are sometimes used in live and standing skylines. The option to use a
haulback 1ine, a mechanical slackpulling carriage and over/under wound
type carriage could also be added to the program for a standing and
1ive skyline.

In some situations, the tension in a 1line can become negative to
obtain static equilibrium. When the log slides down the hill,

the mainline tension becomes negative. In these situations where
there is a negative tension in the lines, the loads computed will be
in error. A haulback line could be added to the analysis when the
mainline tension becomes negative.

The effects of line stretch are neglected in the analysis. This will
cause some error in the standing skyline analysis.

The horizontal distance from the carriage to the end of the log must
be less than the distance between terrain points, for a terrain point
to be analyzed.

The maximum allowable tensions are assumed to occur at the headspar.
For downhill yarding, whenever the tailspar elevation is higher than

the headspar elevation, the skyline and mainline tensions may be



greater at the tailspar and the carriage than the values input for
the maximum allowable tensions. For downhill yarding, an analysis

procedure which uses a fully suspended load should be used.
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CONCLUSIONS

The method described in this paper provides a means to determine the
load carrying capacity of skylines when partial suspension of thé logs is
used. As shbwn in the example problems, the load carrying capacity of a
skyline system can vary from the result obtained using log drag by over
50% when log drag is neglected. A correction factor of 1.5 has been used
in the past to determine the increase in payload for a dragging log. This
correction factor only applies to the skyline and does not consider the
mainline tensions. Also, this factor varies with the ground slope, length
of the log, 1og to ground clearance, choker length, point of choker
attachment, center of gravity of the log and coefficient of friction. If
the mainline tensions are to be considered in skyline analysis with a
dragging log, a factor has to be used to determine both the decrease in
the vertical component of the force and the increase in the horizontal
component of the force in the choker at the carriage. The best method of
determining these factors is to use a log drag analysis. This paper
describes one such method.

Often when determining the load carrying capacity of a skyline system,
several of the parameters such as length of log, length of choker, point
of choker attachment, center of gravity of the log, and coefficient of
friction are unknown. However, realistic estimates can usually be deter-
mined and the effect of different values for these parameters can be
determined to arrive at a realistic load carrying capacity for a given

skyline operating over a particular terrain.
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The computer program presented is as easy to use as the Skyline
Analysis Program, which does not consider log drag. If this type of
analysis is considered to be too sophisticated, or it is felt that
realistic estimates of the parameters cannot be found, then this type
of analysis can be used as a comparison to demonstrate the difference
in payloads which can occur from using a flying payload and a correction

factor of 1.5, or a flying payload for a dragging log.
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SKYLINE ANALYSIS PROGRAM WITH LOG DRAG USERS GUIDE*

This program inputs profile data, inputs cable system geometry,
determines skyline payloads, mainline tensions, and skyline tensions

including the effects of a dragging log and the log and ground geometry.

ASSUMPTIONS AND LIMITATIONS

1. The effects of line stretch are neglected.

2. The maximum allowable tensions are assumed to occur at the headspar.
For downhill yarding, the skyline and mainline tensions may be
greater at the tailspar and the carriage than the values input for
the maximum allowable tensions.

3. The horizontal distance from the carriage to the end of the log
must be 1ess‘than the distance between terrain points, for a terrain
point to be analyzed.

4. The program assumes the choker is attached 2 feet from the end of the
log and the center of gravity of the log is located in the center of
of the log.

5. The loaded cables are assumed to be rigid links. This error is generally
small for taut cables. If low tensions occur an error check such as

Carson's (1) HP 67 error in rigid 1ink program should be used.

*Portijons of the users guide were copied from the Skyline Analysis Program
(SAP) documentation (Sessions, 1978?
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The minimum log to ground distance used in the program is the distance
perpendicular to the ground to the top of the front end of the log.

The choker length used in the program is the distance from the carriage
tovthe top of the log.

When a negative tension occurs the payload is in error.

GENERAL OPERATING NOTES

A1l data is input in response to visual prompters. If more than one
piece of data is requested, the pieces of data must be separated by a
comma .

A1l data is entered into the program by pressing EXECUTE. Always
check the display before pressing EXECUTE; because what you see is
what you get.

A1l spar locations are referenced by Terrain Point Numbers and
fractions are acceptable.

Loads are calculated only at those points the user defines when
responding to the prompter "TERRAIN POINT STEP SIZE." For example,
if the user inputs "1", the payload is calculated at each terrain
point between supports. For "2", every other point is calculated,
for "3", every third point, and so forth.

Terrain data from the digitizer is entered using the method developed
by Carson in PNW-31. Special Function Keys 0-4 correspond to those
functions in PNW-31. Several applicable pages from PNW-31 are attached.
When analysis of any profile has been completed, a new profile can be

generated by pressing a Special Function Key.
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7. If the user makes an input error at any time, the system will recover
if the Special Function Key correqunding to the particular operation
is repressed and the data re-entered as requested by the display.

8. The analysis program assumes the yarder is on the left.

9. Visual prompters.requiring a "yes" or "no" answer require use of

II'III or "0"-

The Skyline Analysis Program with Drag actually consists of two
separate computer programs.

The first program enters and stores profile data and yarder specifi-
cations. The profile data is stored on the auxiliary cassette, and the
yarder specifications are stored on the main cassette along with the
computer programs. Once the yarder specifications and profile data are
stored on the cassettes they can be entered from the cassettes, and the
data does not have to be re-entered when used more than once.

The second program is for ana]yzing the profiles, determining the
allowable loads, mainline tensions, and the skyline or haulback tensions.
This program uses the yarder specifications and profile data previously
stored on the cassettes.

Figure A shows a copy of the special function key overlay for both
of the programs. The descriptions above the special function keys
refer to the profile input program. The descriptions below the special
function keys refer to the skyline analysis program. For example, special
function key fo is for entering data from the digitizer in the profile
input program and for entering a new profile from cassette tape in the

Skyline Analysis Program with Drag.
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In the profile input program, special function keys fo through f4 are
for entering profile data from a contour map using the digitizer. Special
function key f5 is for reversing a profile. Special function key fe is for
storing a profile once it has been entered. Special function keys f7 and
f8 ére for entering profile data by X, Y coordinates and slope distance,
percent slope data respectively. Special function key fg is for entering
and storing yarder specifications. These profile inputs and computer
programs are essentially the same as the ones used in the Skyline Analysis
Program (Sessions, 1978). However, the programs were all slightly
modified to simplify the input and storing of the profiles.

In the Skyline Analysis Program with Drag special function key f5
enters the program inputs, analyzes the data, and prints the outputs.

Once the first profile has been analyzed, special function keys fo

through f4 and f6 through f8 are used to change the inputs specified by
the user. Once the inputs have been changed, special function key f5 is
used to analyze the data. For example, after the first profile has been
run using special function key f5, special function keys fo and f5 could
be used to change the profile data and the carriage weight before analyzing
the data using special function key f5 again. The yarder data, log and
choker data, tailspar height, log clearance and terrain point step size
would all remain the same and would not have to be input again. If all

new data is required for the next analysis after the first profile is run,
then special function key f7 would be used before using special function
key f5 again. Special function key fg gives a listing of the profile data.

The fo]]owing example problem demonstrates the use of this program.
When entering a different profile the same general procedure should be

followed.
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Example

User Instructions

-10.
11.

12.

The following example demonstrates the use of the program.

Place plotter paper on the plotter, switch it "on" and engage the
"chart hold" key.

Set the plotting limits.

Place the program cassette into the cassette transport on the
calculator. Be absolutely certain that the front of the cassette,
which is labelled, faces outward.

Place the data tape into the peripheral unit, switch that unit "on".
Press the REWIND button for that unit.

If terrain data is to be entered from a map, then switch on the
digitizer and tape map on digitizer surface. |

Switch the calculator and the printer "on". Press the REWIND key
on the calculator.

Press the SCRATCH A and EXECUTE keyé.

Press LOAD and EXECUTE keys. |

Press RUN and EXECUTE keys.

Al11 user inputs are entered by typing the input on the keyboard

and pressing the EXECUTE key.

Continue with the procedure outlined in the following table by
responding to the visual prompters with the numerical entries indicated
in the middle column. The descriptions should be read for an under-

standing of the process.
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Input Explanation for the Example Problem

VISUAL PROMPTER ON DISPLAY KEYBOARD DESCRIPTION
RESPONSE

GO TO SPECIAL FUNCTION KEYS o Selects digitizer input of the
profile.

MAP SCALE (FT/INCH)? 200 Enters scale of the map being
used.

CONTOUR INTERVAL (FT)? 40 Enters contour interval of the
map being used.

HORIZONTAL GRAPH LIMITS (FT)? 2000 Enters scale value for X-axis
on plotter.

PROFILE NUMBER? 1 Enters number of profile to be

plotted. The profile number must
be between 1 and 100.

DIGITIZE FIRST POINT AFTER BEEP. (DIGITIZER RESPONSE): Set origin
and digitize first point on the
profile.

SELECT A SLOPE AND PROCEED.
f3 Executes program on function key f
which anticipates downhill profile:

(DIGITIZER RESPONSE): Digitize all
downhill points (2 through 15).

STOP

5 Executes program on function key f2'
which anticipates level profile.
(DIGITIZER RESPONSE): Digitize level
section (points 16 and 17).

STOP

f4 Executes program on function key f

which anticipates fractional contour
interval.
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VISUAL PROMPTER ON DISPLAY KEYBOARD DESCRIPTION
RESPONSE
FRACTION (+FOR UPHILL; -FOR +.5 (DIGITIZER RESPONSE): Digitize next
DOWN)? contour (point 19).
STOP
f] Executes program on function key f
which anticipates uphill profile.
(DIGITIZER RESPONSE): Digitize re-
maining uphill points (points 20 and
24).
STOP
e Stores the profile in the auxiliary
cassette. The profile is stored in
the file corresponding to the profile
number.
fg Executes program to enter and store
the yarder specifications.
YARDER NAME? SKAGIT Enter the yarder name.
BU-739
ALLOWABLE SKYLINE TENSION (LBS)7 53300 Enters the allowable skyline tension.
AL%OWA?LE MAINLINE TENSION 34500 'Enters the allowable mainline tension.
LBS)?
ALLOWABLE HAULBACK TENSION 0 Enters the allowable haulback tension.
(LBS)?
AL%OWA?LE SLACKLINE TENSION 0 Enters the allowable slackline tension.
LBS)?
SKYLINE WT (LBS/FT)? 2.89 Enters the skyline weight per foot.
MAINLINE WT (LBS/FT)? 1.85 Enters the mainline weight per foot.
HAULBACK WT (LBS/FT)? 0 Enters the haulback weight per foot.
SLACKLINE WT (LBS/FT)? 0 Enters the slackline weight per foot.
HEADSPAR HT (FT)? 100 Enters the headspar height.
STORE YARDER IN FILE #(4-20)? 4 Stores the yarder specifications

in file 4.
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VISUAL PROMPTER ON DISPLAY - KEYBOARD DESCRIPTION
RESPONSE

Special function keys fq through fg should be used until all
of the profiles and yarger spec1f1cat1ons that are to be
analyzed are entered. The next few steps enter the Skyline
Analysis Program with Drag which analyzes the profiles and
yarder specifications stored on the cassette tapes.

SCRATCH A Erases all program lines and
data from the calculator memory.

LOAD 2 Loads program from tape.

RUN Initializes the program.
GO TO SPECIAL FUNCTION KEY fg f5 Executes the program to analyze

the data.
LIVE-1, STAND-2, BOTH-3, RUN-4 2 Selects type of skyline (3 selects
SKY? both a live and standing skyline
| for analysis).

LOAD YARDER DATA FROM FILE #? 4 Loads yarder data from file 4.
PROFILE NUMBER? 1 Loads the profile data from file 1.
WANT PROFILE PLOTTED? 1 Executes plotting of profile.
CARRIAGE WT (LB)? 1000 Enters the carriage weight.
TAILSPAR HT? 50 | Enters the tailspar ht.
HEADSPAR T.P. #, TAILSPAR T.P. #} 1, 24 Enters the terrain point numbers

for the location of the headspar
and tailspar.

WANT DATA PLOTTED? 1 Executes plotting of the data.

INNER YARD LIM, OUTER YARD LIM? 1, 24 Enters the yarding limits between
which the payloads are calculated.

LENGTH OF CHOKER (FT)? 12 Enters the length of the choker from
the carriage to the top of the log.

LENGTH OF LOG (FT)? 32 Enters the length of the log.
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VISUAL PROMPTER ON DISPLAY KEYBOARD DESCRIPTION
RESPONSE
MIN LOG TO GROUND CLEARANCE? 15 Enters the minimum clearance between

the top of the front end of the log
and the ground.

TERRAIN POINT STEP SIZE? 1 Enters the terrain point step size.

The program then analyzes and prints out the data. If only

a portion of the data is to be changed for the next analysis,
special function keys f, through f,, f6 and f, can be used to
change the desired information. Fgr example,’if we wanted to
change the tailspar height and the carriage weight, “the
following steps would be used.

f2 Selects changing of the tailspar.
TAILSPAR HT? 30 Enters new tailspar height.
HEADSPAR T.P. #, TAILSPAR T.P.# 1, 24 Enters new spar locations.

f6 Selects changing of carriage

weight.

CARRIAGE WT? 600 Enters new carriage weight.

f5 : Executes analysis of the data.
LIVE-1; STANDING-2, BOTH-3, 2 Enters type of skyline.

RUN-4 SKY?
WANT PROFILE PLOTTED? 1 ‘ Executes plotting of profile.
WANT DATA PLOTTED? 1 Executes plotting of data.
-

Figures C, D, E, and F show the outputs for this example
problem.
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MATIHNLIME ZASEHE 1. 25
HAULERCK & 5. B5

o mE

SLACELINE

HERDSFAR HT= 16

Figure G- Qutput for the example problem.
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wkeraSKYLIME AMALYSIS PROGREAM WITH LOG DRAGHHwHkok

STRHDING SEYLINE LORD ARMALYSISCRIGID LIMK ASSUMPTION?

YREDER SFECS. —SEARSIT BU-FI3
RLLOMARLE LIME
LOaRD MEIGHT

SEYLINMNE 2EZAG 28s
MAIML IMNE Z4530 i a5
HRILERCE %) (5 6 1
SLACKLIME &= 3, A

HERDSPHR HT= 180

FROFILE 1
CRRRIRGE WT= 181 THILSFAR HT= =8
HERDSFRR T. P. ' THILSPRRE T.F. = 24
InH YRRD LIM= oUT YRRD LIM= 24
LEMGTH OF CHOKER= 12 LENGTH OF LDG= 32
MIMN LOG TR GROUND CLERRARMCE= S '

TERRARIN FOINT STEF SIZE= 1

il
[l ]

STAMNDIMNG SEYLINE PARYLORDS BRSED OM R SEYLIME LEMGTH OF 1877 23 FT

TERRARIN HORZ MAA LS SEYLINE MEIMNLIME CRRRIAGE LOG TO GROUND
FOIMNT DIST LORD TEMZTIOMN TEMNSION CLEARRMNCE HMIGLE

28 152 45277 S3TE0 IES4T 16, 29 12. 39
O 224 ZZ9AT SITEE 122668 27, 55 32 59
4 o 243 24951 S2ITOE 14215 22 9z 2315
5 8 418 47995 523G SRS I8, 52 45 o9
5. 6 495 14812 SEIEE S2FS G, S5 S, 5
T.E STS AZTES SIZEG 4777 £S5, 53 £2. o7
S 554 13218 SITEE 4424 23 7S 4% 57
3O £32 AZE4T SIIO0 42TE 113 25 48, 38
16, @ T2E  AZ2ETE SITE0 4181 144 418 St 34
11. & Trs  1gzFes S2TIEE el ] 171, 21 5@, 13
12, & 224 12549 SO a1 193, 23 28 23
13 @ g5 12831 q”“ﬁa IEE3 231, 44 S8, 95
14, & azE 1ZESE ' Toda 254 TS T2 =9
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FoE dZdd1 15145 IEST 238, @l TE. &l
18 8 4385 - 18929 ot 244, 95 185, 52
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.3 ASIF  ZSIET TS 134, 55 141, 34
228 1543 33624 —-SETE a7 AS 148, 9=
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RECUIRED RIGEIMG LENGTH= : o5

Figure D.- Output for the example problem.



Figure E.- Output for the example problem.
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Figure F.- Output for the example Problem.
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- PROFILE INPUT PROGRAM

There is one main program and ten subprograms in
the profile input program. The following is a listing
of these programs: '

MAIN PROGRAM

o

SO YELSE ], TR, T4, T2 TZ b WL, W2, WMZE HE
DIM GelSal, as{Sal, US[oa J. Wal 3@ 1. 25058, 2]
FRIMT
FREINT TARELS"#wedsskekhdkbdPROFILE IMPUT FPROGERM:® btk psbbsehk
- FPRINT "
LoRD  KEY 1
Ui =8
DISP "GO TO SPECIAL FUMCTION EEYSY;
A STOR
& EMND

e D o)y iR b T b
@O e DD oSS



PROGRAM ON f, KEY

FUT Dd

T Di=g THEM 14d

CZR O"MAP SCHLE CFTATMICH» M

FUT H

(SF "COWTOUR INTERWAL CFT2"

FUT

"RINT

TRINT "MAP SCALE = "H® FEET FPER INCH"
SRINT "CONTOUR INTERMAL = "C" FEET®
FREINT

Di=4

RISF "PROFILE MNUMEBERCG-=-353";

INPUT HS

LDISF "HORZ GRAFPH LIMITOFT»";

IMPUT =B

SCALE &, 4. WE, |, 2R
FEM
OEFSET @ 1 O ahsxg
FLOT &, 8, -2

PLOT @.od.0 1
LABEL v+, 2,1 F. 8 771410
oRLaT . =

LABEL <@+, 2. 4. F. 8. 711 0MNT
FLOT &, E

LAEBEL o, 1.4, 7o 741
CRLOT &, -2

LAEBEL o+, 1.1 F. 8. 7 11v1n

CPLOT &, =

Si=Ef=El=MNi=8

WEITE ﬁif.:qﬁﬁ"FEHFILE MUMEBER "M

FRIMNT

FORMAT FZo&. 2 " POINT SFRM ELEY DIFF
DISF "DIGITIZE FIRST FOINT AFTER BEEF" .

HRIT Zgoo

HEITE o3,

ENTER
h"l M1+

K '
EIJP “E LECT A SLOFE HND FROCEEDY:

FROM PTL"
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U R KX I KA

i
L2

ke,
‘-Ll

e’

O
DN A

!

VDR O O S S O S 3D

A
L2
k:
L4
LS
L&
L7
L=
L9
26
21

= I
LU

K
!

AR
DU R IOURUY SR

GRS TN I 017 T O IO I OO O A T

"
e

1
3
g
3
1
1
1
1.
bl
4
1
i
1
1

S

)
fiox)

)
]

PROGRAM ON f; KEY

AHi=1
FPRIMNT TREd4E"UPHILL ZLOFPE"
HRITE (3. #3
EMTER o3, %282, 52
fi=M1+1
H=EI—-rl
"\":'T'E—'T'i .
S=SLIR ] M +¥+ PRIy
S1=51+%5
Ei=E1+R1+C
E=El1-E&
LC ML I=51
WML I=VL1 1+E
FPRINT Nl.S1.E
PLOT S1.E. 2
LABEL 1,1 Fol 7110
CRLOT —1.-2 .
LABEL <#, 1, 1. 7. 8, FA110ML
CPLOT 1.Z=
ul_{ﬁ
l—l | e
ST =8

O EMD

"PROGRAM ON f2 KEY

Al=1
FRINT TARE4®"LEWEL SLOFE™
BIRITE &3, #2
EMTER «3, #2182, v
Ml=MN1+1
W**“ Ei
™1
5: anfv L R LR o
S1=5145
El=E1+HL+C
E=E1-EQ
L N1 I=51
VLML I=WE 1 J+E
FRINT Nl 1. E
FLOT =1.E. 2
LABEL ¢#.1,1. 7.
CPLOT -1.-2
LABEL l o I © P I I S W
CPLOT 1. = .
:.'1_':-:"."-
) l1 -..l I
uuTu =@
EHDs

)
(RRA]

P
!

)
LU

|"'|
g
H

RO )

AR IR
_,,n

oy
!

DU ]
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R A A

ol

['-5 POPRI R B B B Bt e B ) T R ) )
(R O S oV B O B W O ) T S O O O oy B o i RS x|

o
obe

BN I DA I Y]

A

-
't

T TN Y PO B B R S R PR R R R LT G B O L) [0

D B TS P I L 0 BT WO X | I N O U o

Lo

O

[ A}

DR R R I

PROGRAM ON f3 KEY

Fi=—1

FRINT TEE4E"DOHNAILL SLOPE®
WMRITE 3, )
EHTER ¢S, %355, ¥2

Hi Hi+1

MmEQ—-nl
ITI....Il __ITIl
S=SER A Y b e
S1=51+3

El=E1+H1+C

E=E1-E&

UL N4 1=51

YENL 1=V 1 1+E

FRINT HMi.Z1.E

FLOT <1, E. 2

LEEEL o#,1.,4, 7.6, P-145
CFRLIOT -1, -2

LEEEL o, 1., 4. b R 2 B
CRLOT 1. =2

Hl=M2

Yi=Y2

GOTO 26

EHD

o
>

PROGRAM ON fy KEY

GISP "FRRACTIONCHFOR UPHILL: —FOR QORRD Y

IHFUIT H1
El=H1+
FRIMT TRE4E"FRACTIONARL INCEEMENMT="E1
WMEITE 3.+ '
EMTERE 3. w3xz. Y&
Hi=pMi+1
W Dt
lTx_lTlf_-:_vTI

S=INE S e Dok

S1== 1+-

El=Ei1+H1i+

E=F1-E&

LML 1=51

VEML =YL I+E

FEINT HMi,S1.E

PLOT =S4, . =2 .
LABEL o+. 1.1 7. &, 7-/14)
CRLOT -1, -2

LABEL s+, 1.1 7.3 FA110H1
PFLﬂT 1. = :

ml=wz

”1~Hh

GOTO S5&

END

-
AR

oy IOV O I o I U ot By B AR I U I )

o
1ol

-
=X

AR
JOURRN BRA I
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PROGRAM ON f5 KEY

FI<ED & , :
FOR I=1 T3 ML
GLII=WCI]
GC13=VEI1]
ME=T I
U4 1=
W04 3=VINL]
FOR 1=2 TO ML
Ui=GENLi+2-1 1-GE MN1+1~11]
Wi=0E N1+2~T -0 N1+1-11
UE13=140 I—-13+01
WO131=VEI-13-%1
MEWT I
148 DISP "PROFILE NUMEBER{@G-933Y;
158 IMFUT NS
18 FOR I=J(Mi+1 TO S0
17e UL I =i
128 YL I 1=a
198 MEST I
288 FOR I=1 TO S0
218 ZLI.13= 11
Z2e JLI.23=% 12
238 NERT I
248 STORE  DRTAR #3535, MS. £
2TE EMD ‘

T 0

Lyt
T
DX

Bpa U0 0y g T ) Bl R
WS s on oo D

XY
=

PROGRAM ON fg KEY

FOR I=cHi+lid TO S8

FOoR I=1 TO 5@
ZLI1.13=0C13
FLI.21=%C11]

MEAT I ,
STORE DATA #5. NS. Z
B EMD

BPoan 00 = O el
(DY I SO RO R I U kA

e

k!



N R R R, N A
[ B U S I U A T A0 B O I U oo

(FX IRV AR FA I RUR PN R P I PX IR PR A (NI (VI O O (RN LI (RN LN I LN OV ol o

Dt R PRI OV I ol B I B B ) Y EX I OV S BT e s B R IO RO Y B Y B oAU R WYY

Foofe BB B Lo Ly

3 OFFSET

U DA

,-
LA

=
i)

[

ORI AR RO U]

-
ot

AR AR A

KU I v I U T Y

Do A

PROGRAM

DISPE "PROFILE NUMBERCG-33)
INFUT KNI

FRIMNT

FRINT "FROFILE"Y, NS

FRIMT

DISF "HORZ GRAFH LIMITIFTOY;
INPUT =R

SCRLE 8. 4. 2RO, 8, 1. 2%

FEM

:l i)
| =
X +
_-.l
=)
T
4]
*
-.'-
ha

1o
!

PLOT &, &
PLOT &, l'.-.h 1

LABEL v+, 2, 4. 7. @, 771410
CPLOT E;E
LABEL o+,

PLOT E.E

LABEL .

CRLOT
LABEL
CPLOT
FRINT TEFPHIH"

=
(1]
™
n
(%N
f;

mth
X
-4
[N )
=
[
~’

-E‘
|

|‘-‘|

R FCERRER

o,
*
'.F*
=

B -
, R

:l.
el

ON f

PRINT " POINT W OCOoRD

PRINT -

KEY

-

C1sP “"IMITIRL STATION. INITIAL ELEW";

IMPFUT Al 82

Ni=1

PRIMNT M1, AL A2
UL HL I=H1.

WEHA 1=R2

ISP "ENTER =.%";
IHFUT ¥, %
Mi=Mi+1

LIC ML J=2
WVEHL I=%
HI=x-"1

X »:.‘__r ;_H-;
FRINT Hi.*
LABEL =%, 1,
FLOT H3, '3
CPLOT -1, -2
LABEL o+, 4,4, 7, &, F/L12ML
CRLOT 4. = '
GOTD Zad

STOR

EMN

DN

86



e b 03 T O e W)
Doy BN TR I O B e IO R U

]

i
vy’

O S RV I Y s O 0 O Y B O ot IR YRy X B N VR X A PN Y LK Y

Led o b el B0 T P P PRI TG [ [0 B B B B BB s
N D R R R o R R A

DR IO R

Do R

v
D]

DO B T ) T O R CRE Y Y A T - 2 i KX Py P X

B

PROGRAM ON f, KEY

87
DISP "PROFILE MUMEBER{G—S5sn;
IMPUT HS
FRINT _
FRINT "PROFILE", NS
PRIMT
DISP "HORZ GRAPH LIMITCFT "
INPUT 5
SCALE &, 1. S, @, 1, 240
PEN

't

OFFSET AT I G I T R

FLOT &,
PLOT &,
LREEL «
CRLOT &, 2

LAEEL &#., 2,1, T 8 FALLNS

PLOT & 8,1

LABEL <#,4, 1. 7. 8. 720100

CRLOT &, -2

LABEL <#, 1,1, 7,8, 7 410"

CPLOT &, =

PRINT "TERRAIM" _ _

FRIMT " POINT ® COORD Y COORD SLOFE DIST % SLOPE"
PRINT ‘ '

DISP "IMITIAL STATIOM, IMITIARL ELEWY";

IMPUT A1, A2 :

Mi=1

FRIMNT Ml, Al A2

LML I=A1

VWL ML I=R2

Yi=HZ

WL=R1

LEG

DISP “SLOFE DISTHMCE. PERCENMT SLOFE

IMFUT S.P

MLi=Ml+1

FL=ABSIP».A158

A=ATHLFL)

HESHCT IR

W=k MY AD

IF P>3 THEHMN 428

lTI —— 'T' .

PR R

Fi=L+Y

UL M1 I=#1

WML I=%1

FRIMT ML, #1, Y1, 5. F

HZ=r1-/1 '

Vo=l —RE

LABEL o, 4, 1. 7.8, 7,110

v e o
e U X

- A T~
XA DY IO I ORI oy IO ey B I U o R o e

DA RN R I IR R U R 0 S0 o R U

LAl

=
LABEL <« 4.1, 7,3, F-lisMl
CRLOT 1.3
GOTO =234
STOF
EMD



ol el i XIS B VRN B O DI N
P OO SO R A B Y B BN U o U L)

AR A

Lo Sl dod Led Iad daf ded 2 B3 X L3 RD TD PJ PO PO DY BB

Tr 00 B ) B3R S G 00 =) Ty O] B b PSR S A0 T
[y B I I R ot oy S B I SOOI U Bt I i B o I ot B v I o )

PROGRAM ON f_ KEY

STARHDARD
DISF "YARDER MAME":
INFUT Y&
PRINT
FRINT Y%
LIsF "ALLOWRELE
IMFUT T
LISk
IHNPUT T=
DISF "ALLOMABLE HALULEBARCK
IMPUT T2
DISP "ALLOMAELE
INFUT Ta
DISF "SKEYLIMHNE WT CLBSAFTH":
IMFUT i1
H ISP "MAINLIMNE WT
IHNFUT WX
DISPF "HRULBACK WT
IMFUT W2
DISPF "SLACKLIME WT
INPUT s
PRINT
FPRINT "
FRINT *
MRITE <45, ZS@sTL, Wi, T2 W3
FORMAT "SkEYLIME". &8#. F3.
MRITE 45, 2o@2Ta. Ma, TE Wa
FORMAT
DISFE "HEARZFPARR HT
IMNFPUT HE
FRINMT _ -
FRINT "HERDSFAR HT="Hs&
LIZFE “"STORE
IMNPUT M
STORE
EMD

CLESAFT>";
CLESASFT)Y;

CLESAFTH":

RLLOMABLE
LORD

CFT»Y;

DRTA M

s "MAIMNLINEY.

B, Se. FE. 2, 7

PHRULEBRCE ", D, FE 9, S Fal 2,

YAFRDER IM FILE#O4-280";

SKEYLINE TEMSIOMCLEBS"M;
"ALLOWAEBLE MAIMLIME TEMSIQHOLESX";
TEMSIONCLES "

SLACKLIME TEMNSION LBS";

LIMNE"

MEIGHT" -

[~ ot = L o~
SE. PS8, 3. Fal 2

A TSLRCKL I'HE“, 4. FE R, SH.FE. 2
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90

SKYLINE ANALYSIS PROGRAM WITH LOG DRAG

There is one maih program and ten subprograms in the
Skyline Analysis Program with log drag. The following
is a listing of these programs:

MAIN PROGRAM

] TE, T1, T2, TE, WS W1 M2, WE, HE
235038 L WSO8 1 DE0 15 1, PEC 16w ], S50 165G

[ix]

3. WS lB

|S|

]

FRINT TRELS"s:ekSKSYLINE AMALYSIS FPROGEAM WMITH LOG DRAGH:#®R®RRY

FRINT

LOHD
Ii=&
LISk
STOR

ErD

¢ =

"GO0 TO SPECIARL FURCTIOM KEY FSY; |



AR I R Y

oy
it

g

L

"
sl

P BB b R p o LT 00 ] Ty O R bl D b
RN PR VIS v

N

U IR MY
LOLRLKU R A

T

DI O PR A o
=

=

DI B GO FR VI
S U RO B

oy

ey
O]

PROGRAM ON fo KEY

FIMED @

LISE "PROFILE HUMEER";
IMFUT PiL

LomD  DRTAR #3535, PL. 2
FOR I=1 TO S5O
WlId=201I.41

YOII=Z[I, 21

MEST I

Mi=1
FOR I=2 TO S8
IF MLIJ='t THEN 145
Ni=1 :
MEXT I
I1=2

DISPE "G00 TO SPECIAL FURCTION EEY FT"
EMD

T T T e
D IO R U A I |

PROGRAM ON f, KEY

GISF "LOARD YARDER DATH FROM FILE#Y;
INFUT F1 .
LOoA DATA F1

D1SF "GO0 TO SFECIAL FUMCTION EEY Fo¢
EML:

PROGRAM ON f, KEY

DISP "TRILSPAR HT":
INFUT HF

LISF "HERDSPAR T. F. # TRILSFAR T. P. #"

INFUT 51, 52

DISP "G0 T SPECIAL FUNCTION KEY FS"
EHD -



PROGRAN ON £ KEY 92

& DISP "LEMGTH OF LOGEFTI":
& OINPUT L3
G DISPE "LEMGTH OF CHOEERCFT™;
oINPT L1 '
B DISP "GO TO SPECIAL FUMCTION KEY FS¢
FOEMD

PROGRAM ON fb KEY
8 DISP "LOG TO GROUND CLERARBMHCE";
wmOINFUT ©
i@ [1SP “TERRIAM POIMT STEF SIZEY:
te IMPUT S5 )
s DISP "GO TO SPECIAL FUNCTION EEY FS*
E EMD : '

PROGRAM ON fngEY

STAMDARRD
LES

5

5

g DIE=2

@ F=EZ=8

B MS=3

G Ld=00089

8 U= 5
Fa=1
Ca=8 S

i
o
é
=
1
1
1
1
i
4
i
1
1
i
E

GISFE "LI”E—l;:THHD~;;EﬂTH-' Fl—d Sk

INPUT F

GOTO B OF 14®%, 458, 1286, 2008

FRIMNT "LIVE SEYLIME LOAD AMALYSISORIGIO LIMK ASSUMPTION"

GOTO 228

PRIAT "STAMDIMNG SENYLIME LOAD AMRLYSISORIGID LINME ASSUMPTIONY

SOT0 228

FPRIMT "LIWE AMD STANDIMG SEYLIME LORD AMALYSISCRIGID LIMK ASSUMPTIORD ™
GOTD 226 . '
PRINT "RUMMNING SENYLIME LOAD AMNALYSISORIGID LIME ASSUMFTIOND"

Fd=z

IF Ii1#a THEH 265G

DISF "LOoRD YREDER DRTA FROM FILEH#":

IMFPUT F1 '

LoRe DATAH FL

PRINT

FRIMNT "YARDER SPECS. -"Y¥§ .

FRIMNT " ALLOWARERLE LIMNE"

AR IR I WA

WENReY T PR | T O PR O T o B W ¥ T 0 1 Y O P B (R o I o I B
Do I I R RO I kot IV I X

-
AR A

-
e’

238 PRINT LOADT  WEIGHT®
TG MRITE 45, ZA@3TL, Wi, T, W3



FORMAT "SEYLINE™. 8X, FS. 8, Sk, FS. &« "MRINLINE". S, F2 8, S5, Fs. 2
HRITE 15, ZEGTE. W2, T, 19

o

-

FRINT "HEADSFAR HT="HS
IF I1#@ THEM ZS9

GISFE "PROFILE NUMBER";
INFUT Fi

FRINT

WEITE ©15. 4885F1
FORMAT "FROFILE".F
IF I1#8 THEN Sz@
LOAD  DATA #5, FL.
For I=1 TQ Sa
#“LI13=201.13]
YEII=Z[1.2]

MEX®T 1

MHi=1

FOR I=Z TO 5@

IF #LI3=& THEM Sza

MNi=1 -

HE®T 1

D1SP "WANT FROFILE PLOTTED";
INFUT FS :

IF FS=8 THEM 574

GL=G2=YL1]

FOR I=Z2 TO N4

IF Y[ 13151 THEM S35

G1=%L[ I3

IF %YL I3JGS THEN s18

GZ="L 1]

MEXT I

GE=ABSCMOML 1-%01 3> -

Ga=1. I#G3

GS=1., 2%CGI-G1+15E

IF «3+G4.-16. SH<5% THEN S358
GS=G4wS/ 10 5

GOTI S35

G=5S+1E, 528
Ge=nl 1 I~IG4—-533 72
Gr=G1—{GES~GS+G1—156) /2
SCALE G, GE+Gd, 57, Gr+5E5
FLOT SC12. %0111

LABEL £#, 2, 1. 7, 8. 7 11
CRLOT &, 2
LHE’EL D l v
FLOT #C13.%C41
LABEL =, 1,1, 7,
CFLOT -8, . -2
LAEBEL o, 1.1, F. 8. Foddlandn
FLOT W[12.%012.1

FOR I=2 TO Ml

FLOT ¥[ILYL[IM2

CELOT -1 -2

LAREBEL ww#, 1.1 7T &, Fod1rl
PLOT #[I2L%CI31

by
R IR RN

-
1

e -
DU AURIOCURROUR K

h
=

-
I R Y}

-4

XX
i

A R R I A I A OO T 5 S I AT WO A AT
O M S S D S0 T S

Jau
DU U o B 1]

o T
[ R )

TS T 0T T 0T T O
DA B B B RN

-
SAURUOURERY

T T
AR

(R Y

I R o §

T S

1, vl

iy
el

b
}
}
}
3
}
¢
b
3
4
]
3
o
bt
bl
=)
b’}
=
=
=
=
=3
=
=
&
)
=)
=
=
=
7
7
e
-
1
¥
-
)
.
i
-
¥
‘;‘.-
el
x
=
=
;
!

S ot BN Rt I S R R 78 T OO I ot T T N T N 3 T O P8 I O S o TR o Y B I RN )

o T
O R R R

OO )
i i
Aoy WOy

XX
e

FORMAT "HRULEBARCE™, Sk, P2l @, D F&, 20 00 "SLACKLINEY, 4. F2 &, S, F&. &



0 m

D)

=y

R I R B I I O R IR S R Y B I

ool S0 S S S S % S Doy
N el IRV A X B Ry O ) O < PR T OO S it St B % B T B A B B oy B ko)

: el el sl aadl sl ol o ¥ (N Y LN '.ﬁl EY I NN Y S R v W k)
DD R R I R o RO R B O

—
'

WX
el

AR

ey

DD 0D ) T L)

iy
—y
=
[

94

HEXT I

IF Ii#60 THEN 3z2@

Disk "CARRRIAGE WT JLB>X¢;

IMNFUT WS

DIZF "TRILSFAR HT":

IMFUT HTF

WRITE 45, 3280450 HF

FORMAT "CARFERIAGE MT=". 2M. F7. &
IF Ii=1 THEN Z7& ,
DISP "HERDSPAR T. P. #. TRILSPAER T. P. #";

IHNPUT Si. 52

PRINT "HEADSPARR T.FP.=  "Si:® THILSPAR T.P. = "s52
DISP "WAMT DATH PLOTTEDR": :
IMPUT PS

Hi=KZ ‘f”EIHT'-lJ+l]-“[IHTf:lﬁ]5¥ﬂ:l-IHT'H133+»[INT“ql}]
WE=CYLIMT OS2+ I-YL IMNTOSA ) 10k Sl —INT IS 2+ YD INT IS ]
ME=Ed =0 WL INT S22+ 1=50 THT OS2 1o S2—THT OS2 04+l INTCS2) ]
WA=OYD INTOSEd+L I-YO INT 0520 T S2-INTOSZH 0+ D INTOSED T,
Yi=YZI+He

Y2=Yi+H7

L=sd=t2

H=Y'1-%2

IF P3=0 THEH 1144

PLOT =3, %31

FLOT ¥i, %1,
FLOT 2. %2,
FLOT X4, %4, 2

FLOT x<4.%1.1

IF Ii=1 THEM 11V .

DISP “IMMER YARRD LIM. QUTER YARD LIM";

IMFUT S5Z. 54 ,

FRINT "IMH YARD LIM= nsE v U7 YARRD LIM= T
IF Ii#8 THEM 1222

DISF "LEMGTH OF CHOEERCFT»™:

IMFPUT L4

LISF "LEMGTH OF LOGCFT»";

IMNPUT L=

RITE 45, 42480041, L=

FORMAT "LEMNGTH OF IHH}EF“" Fd, @, 3=, "LENGTH OF LUh " FDL @
o=l Z-0%

ES=L2A L2032l 30

IF Ii#8 THEW 1=ZG3

ISP "LOG TO GROUND CLEARRMNCE":

INPUT :

FRINT "MIN LOG TO GROUND CLEARRANCE="C

IF 1i#® THEN 1=4@

DISFE "TERRRIM POINT STER SIZE":

IHPUT 55

FRINT “"TERRARIM POINT STERP SIZE="S5

FIZED 2

IF F#4 THEH 1524 .

DISP "MSF-4. OO0 MOUND-2. 5 ML -2, CARE. Y

IMFUT 2

FE=TZ

GOTO 02 OF 1414, 1468, 1516

.\L-'

L OUTRILSFPAR HT=". 2x F5. 3
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FRINT "MSP TYFE CARRIAGE"

M=hE+LE

T=TE+T3

RS=RE=1

GOTO 1556

FRINT "OWERCUNDER WOUND TYPE CRARRIAGE"
RES AT RN

T=TE+T=

RE=FS=1. S

SOTo 15ﬁU

FRINT "SIMGLE HHIHLIHE TYPE CARRIAGE"
W=l -

T=T3

IF R#i THEH 15593
PRINT
FRINT "LIWE SENYLIME FPRYLORDS"

AS=CRDINTOSZ2) J-wD INTOSZ) 10w 52=TNTCSZ0 0+H0 INTCEZ0 1
HESCWE INTOSS D I-AL0 TMTOS3) Joed S~ THT O S s 2+ INTOS42 3

IF We#xrd THEM 1224
HE=Ke-1a

IF =S#-2 THEM 1558
RATE AT :

IF 55 = 1 THEN 1838

SE=4
SY=INTOLA/250-1
GOTO 174E
SE=INTLSS)

=y=a 1

IF CLZ THEM 4vESe
El=200

Lad=C-Dz=

GOTO AVTE

La=Lz

BA=ATHE ECALE) /SORC1—LCALEI ™23
IF R=2 THEMW 1738
GOSUE Zveg

4+@ 93 STEF =6

FioRE I=sINTOSZE) T INTOSd+6

mE=EE L]

E=R1

F=ATHICYL T I-Y [I+l]\"'EI+13—‘EIJ"
IF B+P<30 THEM 135&

E=SE—P

F=COS O P+E Y A ES R COSCE I+ U+SINCE 33D
CesOle oSO P oS ITNOP 2 2l

CE=L+ LS THO P Y =005 P o kgl
A=9E8-ATHICFACE

mrEnStl eSS CP+R L ARCOSCHD

IF #®y»sLI+4 ] THEW 2256

D =kT =

De=:C I+1 1-D1
:1=L4+ﬂIHLP+E3+Ll*'IH'_'—Di*EIHiP)

SS=l02—-H0 1 1a A5V -0, Bl
DES=LEZ#COSCP+E Y

95
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D=xL I 3~D1+D5

1F 0E1+Do0=ED THEM =g
W=D [ -0« TAMNCF ) +LZSIM
US=S0R DDy Y+ SR Ol —
IF LaaUs THEM z8Z:
=S

FﬂP MIS=x{ 1] TO D2 STEF =
=01 THEM ZzZeQ

S THEM z=48

=HE I 30 AR I+ J=C I Dok W0 I+l 3= T J0+YL 1]
Yo=Y+ C1

D=%S—-ix1

1 I....l ll l‘_l

-

tHa=2EaEees

SE=I4C =KL I I WL I+L 3-20 1 30
F=F+1

LLCF 3=D

FLF 3=P

SLF 1==3

158 “LF =9 ,

S48 GFATO R OF 2434, 2218, 2133, 2178
2178 GosSUR Z2z0

B QOTD 2zn8
woGosue Z2z2g

G GIosuUE ZTsia

8 US=S0Rc D+ a0+ SORCCL-D T2+ 0 -H T2
9 IF U&dUS THEM 2244
w o dd=ls

B MEXT #3

g MEXT I

B 1F FE=1 OF R=d4 THEM 2530
B2 IF R#$Z THEM =Z1%9

5 IF FS=3 THEM =318

B PLOT 2. ¥2.2
=
i
&
i
(5}
=t
“
it
5}
=t
5]
5]

&
MEF+B 3 +L 1S INCAD

l'
Do 72+0Y-HIT2

0 thoh

v
P

DU U R B IO Iy IOV oy By B e o B R ooy S

1

L
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FLOT Hl. i I

== PRINT. . .

=3 FRINT “STAWNDIMNG SEYLINE FAYLOADS BASED O A SEYLIMNE LEMNGTH OFYU49FTH
P GOSUE IT28 T :

pos E=ld, Shm e sl +HkH >

3I5@ FOR I=1 TO F

2268 D=0C I3

P40 F=FLI]

Z3=3[ 13

Yo=\[I]

M=E"2+H+H+®(E™2~1 2L 72

MN=E# ] 1-2+D/ L)

D=0 =D Al 2 T E-HEaH  ERE—L 2 LT

H=i =MN+ABES CH 3 A Hae SR O RN =000 2o
“—fH+f1+E$H}+L$5@HKiE*E—ib*ti—H*H}}}ﬁz
ll ....Ill

= S T
At I Loy I U A

)
-
[t s

e Tl=Ys- "‘

Vit HE=haed

ZEOIF CLA+L2001 THEM 25449
28 B=3E-F
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251E Ca=1
2o2a A=59a
2E5EH GOTO 2eca
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DO o IOUICY I o o IOTIo R I oy I OCRDCR CROIct T ) B B U IO T o0 B B e ot O B o o R o DU oy I s IO I R o I B o R IO o B o At )

CE=5
KF=ClaSIHS0+P 2 CL1+L 2D

L= HTH“FTHEﬂFf'—FT+HT)‘

EE=COs PR ) AU DOS B H LS INIE Y 0 SES
SOOI ORI FSIHOF ) DS
CE=l+CUsSINCF ) =COSCR D 24KS

IF RES(CE-CS)<m, Bol THEN 2558

Lo=Cs

SH—FTHECFACS

ZDb'F‘ L2 S+l L O s TRANCP =S IMCAI 2 2

2TER
NECTACED

P 1

J—y

T oA D
lllﬂll
'-lll'-
I.J'_J

i.

-

uu:UB =2
SGoOsUE =2od
HEST 1 :
IF P3=8 THEN 2724
PLOT #A2.%2, 2
PEN
=IMNTLS1+1)
Ig=INTIS2> '
LO=SRi R L IS =630 ““+L¥T—f[1333’”)+:DP- Hd—=HKL IS 1D T2+ YL IS I=-Y4 2732
FOR I=IS TO CI&-12
L=l a+S0R e (L I+1 J=<E T 1072+ 0 T -0 I+1 32722
HE=T I )
Lo=fdwl S+« HS+HT o
FRINT "REQUIRED RIGSING LEMGTH="LS
I1=1 :
EMD
FAd=Y0
EE=0r=HYA 0L —D0
izl SR DD+ )
FE=WNA+S0R (-0 T2+ 0 Y~H»"
FEZ=WZwS0R C Dbl )
M=+ 2+K2
H=—k2+F2
D=R2eRz2 o d— 0 TL~pleY 22
o PR e SR S B FEE R AU N I gt g I
My ={HZw 2+ ) =S —-P1+F’+F?1r-1«-t SN J D
Mi=C RL+RZ+RZED A2+05 -b1+F*-
M2 'Lr—l?+Fl"'Fl+P_.
ME=K1"2-k2™2
Mad=1+E1™2
HE={FK1+REI+SORE KL T2HRITE—Gu:fldk iRET2 /4= (TE-W2ERN 3722 2 0 /274
M=M2 T2 ME+ 2 M2 S 0T +H07 T 2 _
MN=p2Z o 2l — 24 HZ M = A R L+ 2R 2 D+ 24P (ML —HE ) —C7 e R
Ci=fid o o ML Z= e HE M= A s RL+R 2R 2 IFHEZR CHEZ MG+ s Rl 2+ (L T2-R272 0 /4
flSt= o =P+ SER M= s e 00 D2
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Ve =Ciswld
Ha=0 7wl
HZ=( M3+ Y+ RL+RI+RID A2 —Hawk 12 A KL +KED
TE=SERCHE S+ (H2R2~R2/20 720
TP=HIAABS CHZ y { TE+HL YYD
EOTO 22as
T7=T41
Hed =7
H e R

=l bkl .
Ll—Fl‘hFxl A= T1- M:L #iP T2 ®
Hl=e —~N+208 0 k- 4*Hkn)>' 2-M
HE=HZ+Hd-H1
TE=HZAABS(HZ 3+ (SRR H‘+K1 ESAZ2T2+HI T2+ MExY)
FEETURMN
END
Ki=?ﬁﬂ

=N —-Ha L -0

Fl—u kSRR DD
FE=b2«IgR o L—D "2+ Y-H2"2)
RIE=blaSER DD +Y Ry
M=1l+k2ek2
M=—k 2R
D=RRR2 /4~ T2-MEwY 22 -
H2Z= =H+SER G MM -Gl 2 2 02 )
MP=C 2eHIw {2+ R ) = {S—{R1+2+RIZ+RID 20 A0S0 #KL )
Ml=C CRL+Z+RE2+REDAZ2HNT I A2 KL +RKZ D)
MZ=Ca—C7EAL0 A2k K1+E0 D
ME=dwp 1™ 2-HIT2+2
Mad=1+K1"2 . '
HE=(KASREE+SOR LT 2R E T 2=k (RET2,- 4= T=lF 2722 2 0 A 2-°M4 -
M=M2 T 2#MI+4 w2 P07 T 2k .
H=120 0 20Tk~ 4+H:#H4-g+h1+Ei+H2$RE}+2$D?$H4$i2*H1—HE>—EF*H1*R1
=ML MLt E=d e HE R =2l L1 K2 HRE2 D FHES CHER M+ L #REL D+ (RLT2-R272 0 A4
HJ—I—N+:DFLH*H—4*HwH->zn*AH%
IF C2== THEHM =434
Fad=TR=0 (T—li+xY 1eRE+RS +u=+huPnE:'?+lT':};ff1+Pr1—b? 24
IF RABSoF<4 Lo THEM Z4573
Ed4=T
T=E4=Fd®iE4-EZ0 A CF4-FZ)
Ez=E4
F3=F4
GOTO ZZsa
=0T
IF 2=l8 THEM Z¢
IF Wy>a AMD WEs
L=l
To=TZ=
Wad=ggald
Hed =7 bl
He={ LS+ d+ i B1+2RE2+RIDN A2-Had ek 3 A0 20 KL+ Z0 0
TeE=SHaRCHZ T2+ H2®KZ-R2/20720
TV=HZAABS T HZ Dk TE+HMZ4Y
EOTO TEas
TP=T2

ey tT,

1515 .
WS THEN Zoed
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W =CEslig

Ha=CP*big

M=K "2+1

M=—Rlxk1

D=RLRRL A= TE—b2wY 2 ™2

Hil=( —MN+S0R { Mett— 400 3 22, M

HE=2#HZ+H4~-H1

TO=HE/ABSCHI p#{ SRR (HEHKL~RI/2 5 "2+HI ™20 )

Ta=q THRRE+RSHIHIR W4T 2+HE ™20 2/ L L+RE S +H Tkl

RETURN

END

FRINT

IF R=4 THEM ZF&@

PRINT “TERRAIM HOIRZ2 MAX LIS SKYLINE  MAINLIME  CRRRIAGE LOG TO GROU
GOTD =7Pa . '

PRINT "TERRAIN HORZ MAX LOG HAULEACK MAIMLIME  CRARRIAGE LOG T4 GROU
FRINT " FOIMT DIST  LOAD TEMSION  TENSION CLEARAMNCE ANGLE "
PRINT :

RETURNM

EMC:

[ ]

Dy

[ B

\a
i

O 0 By 5y ot e Y S A

8 WRITE <45, 2228253, D, M4, T7. TS . B
FORMAT Fo. 4, 2H.FS. 8. 18 F7. &, cf"w F? B 2, FY. &, 8. F7V. 2, 3K, F7. 2

IF PS=R THEN 32
FLOT HZuYan 2

IF HS#ZE THEM Z31E

IPLOT LA#+COS(Ad, —LieSIMORY, 2
IPLOT —DE+C0OSCP+ED, DERSINCP+E S,
IPLOT LEZ#COSCFP+EI, ~LZeSINOF+E D,
FLOT =2, e, 1

NS=5

MHE=HZ+1

RETLEM

EMHE

AR Y
DA O U R Y

[ K (]

e

DA

PROGRAM ON fg4 KEY

ISP "CARRIAGE WT. “

IMFUT WS

ISP "GO TC SPECIAL FUNCTIOM EEY FS®
EML:

PROGRAM ON f7 KEY

1=H '
2I5P "GO TGO SFECIAL FUMCTIOM KEY FSM

l'ﬂ"‘H
"J‘lull

{0
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PROGRAM ON f_ KEY

18 DISP "IMMER YHRRD LIM, DUTER YARD LIM": _

28 IMPUT S5z, 54 \ ,
2@ DISP "GO TO SPECIAL FUNCTION KEY FS™ :

S8 END

PROGRAM ON f9 KEY

FIMED &

FRINT

PRINT "FROFILE"PL |

FRINT "T. P. # ¥ CODRD Y COORD",
FRINT

FOR I=1 T M1

FRIMT I.®M[ILYC[I2

MEHT I

FRINT

& EMD

WD T O e L D

. o
DU I U A I o o ]

b=
fax
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. u
LIWE AMD STAMDING SEYLINE LOAD AMNALYSISORIGID LINK ASSUMPTION?

YARLER SFECS. ~THUNDEREIRD MOEILE WARDER -

ALLOWAELE LIME

lHHD HLIUHT

SEYLIME :
MAINLIME
HELULERCE
SLACKEL IME
HEADSFAR HT= 43

= s
LYW
Ty L
[
Do o IS

%
L

@m0
" 100
(I R )

.,.

[x]
=
e

B

FROFILE 14

CARRIAGE WMT= G RE] TRILZFAR HT= 1]
HERDEFAR T.F. = 1 . TRIL=PRAR T.F. = =)
It YARD LIM= 1 OUT YARED LIM= 9
LENGTH OF CHOEER= 2

= LEMGTH OF LG=
MIK L TO GROUMD CLERR :
TERRAIM POINT STEF <IZ

LIVE SEYLINE PRYLOADS

TERRRIM HOEZ MAX LG SENYLINE MAIMLINE CAREIAGE LOG TO GROUND
POIMY DIST LOA TENZION TEMH=ION LCLEARFANCE AMGLE

,.
[y}
)
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Jau
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DO A R O ) B ) IR
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Welh g b 000 0
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i

STAMGING SEYLIMNE FAYLOADS BRSED OM A SKYLIME LEMGTH OF 1542 4= FT

TERRAIN HORZ  MAX L3 SEYLINE MATIHLINE CREEIAGE  LOG TO GROUND
FOINT [DIST LR TEHZION TEHZTIOH CELEAFAMCE AMNGLE

= 14257 ZADEE SEEE =AY D48
E TSENE =4589 G4 21259 2E. 71
4 G 4oes 245868 214% =5 7E TS R
sog A4Z45 24505 17ZE =5 B S 1. 43
£ B AZ2E Z4 T 17Es 145, 4= &2 a1
v.u 4511 Z450E 17zE 154, 4= SE. G
=R LEE =t Rt =4 SEE 1252 21 ey 164, 5V
FEGUIRED RIGEIMNG LEMNGTH= 1785 18

Figure 17. Basic Output.
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LIVE AND STANDING SEYLIME LOAD AMALYSISCRIGID LIME ASSUMFT ION)

YARDER SFECS. —THUNDEREIRD MOBILE YARDER
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SEYLIME
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[]
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DU R R
D R N

-
b}

FROFILE 14

CRREEIAGE WT= “HE TAILZFAR HT=
HEADSFAR T. F. = 4 TRILSFAR T.F. =
ItH YARD LIM= 1 QUT YARRD LIM=
LEMGETH QOF CHOKER= = LEMGTH OF LiG=
MIM L3 TO GROUMD CLERFRAMHCE=S 2

TERERIM POIMT STER ZIZE= 1

hax}

B

i

LIVE SKYLINE FAYLOADS
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1z472
11529
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STAMDING SEYLIME PAYLOARS BRASED O A SEYLIMNE LENGTH OF 1543 43 FT

TERRHIN HORZ  MAA LOG SEYLINE MRIMLINE DHRRIHGE LS T GROLMD
FOIMY  DIST LORD TEMNZTOHN TEH=TOM CLERRFMCE AMNGLE

28 =G7 1Z1e2 24555 szl I T 2Bz
= a 28 SoEd F4506 283 21, 8z 2. 75
4. @ b A S Z45EE 1aa1 5. S0 2d 13
S Vs 4345 245068 174% S 45 S 4%
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Figure 18. Output for a Log Length of 16 Feet.
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