
A STUDY OF THE LATERAL YARDING FORCES

IN A CABLE THINNING

by

Gary Dale Falk

A THESIS

submitted to

Oregon State University

in partial fulfillment of

the requirements for the
degree of

Master of Science

June 1983



APPROVED:

Pr6fessor of Forest Engineering In charge'é major

'I
/

/ : ;7

J7
i':;'-L. (.., - L 7

/Head of Department of Forest Engineing

Dean of Graduate School

Typed by Loui I-Iecht for

(

Gary Dale Falk

i

Date thesis is presented May 25, 1979



AN ABSTRACT OF THE PAPER OF

Gary Dale Falk for the degree of Master of Science

in Forest Engineering presented on May 25, 1979

Title: A Study of the Lateral Yarding Forces in a Cable Thinning/ 7, - -

Abstract approved: c1

John OLeary

This paper describes the results of a project conducted to deter-

mine the magnitude of and the parameters affecting the magnitude of the

cable tensions generated during lateral yarding operations in a cable

thinning. Specific emphasis was placed on measuring mainline tensions

as a function of turn weight, turn length, mainline vertical angle,

mainline to log lead angle, ground slope, distance from carriage,

number of logs per turn and thinning intensity.

The results show that the force resisting initial movement,

exclusive of the gravitational component, is independent of the variables

studied except number of logs per turn and thinning intensity. The

average resistive force for two log turns was twice the magnitude of

the resistive force for one log turns. The resistive forces encountered

in heavier thinnings were higher than those encountered in lighter

thinnings.

An upper limit of the magnitude of the mainline tensions necessary

to cause initial log movement can be predicted by determining the

resistive force such that an arbitrary percentage of the turns will

result in a resistive force that will be less. The mathematical

expression is:
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R+WcosO
cos(a-®)

where P = tension necessary to cause initial movement

R = resistive force

W = turn weight

= mainline angle

e = ground slope

The tensions developed during lateral inhaul, that is, after the

turn has broken loose, can be predicted by the equation:

'.1 I /
cos(a-®) + psin(c'-®)

where T = tension developed during lateral inhaul

= frictional coefficient

The frictional coefficient for this study was determined to be 0.64.
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A STUDY OF THE LATERAL YARDING FORCES

IN A CABLE THINNING

INTRODUCTION

Since the trend in forest management policy is moving toward

intensive management practices, and the practical utilization of

smaller diameter logs is increasing, and the amount of large, old

growth timber that is left to be harvested is rapidly decreasing,

the logging industry has begun to consider the need for efficient

smallwood yarders to be used in harvesting and thinning operations.

The efficient design and development of these yarders depends to a

great extent on the magnitude of the forces resulting from lateral

yarding since it is now recognized that the maximum cable tensions,

and thus, power requirements, can occur during these operations. Yard-

er design is currently a trial and error procedure due primarily to

the limited availability of design criteria.

Furthermore, current methods of analyzing the capability of

cable systems for payload are done with the payload in the skyline

corridor and assume full suspension, although some consideration is

given to the effect of partial suspension of the log payload (1, 2)

Since the maximum tensions occur during the lateral yarding operation,

this type of analysis may not be entirely adequate. No formal attempt

has been made to verify its adequacy either with respect to partial sus-

pension or with respect to lateral yarding. This is partly due to

the unavailability of data indicating what these forces are.



With a knowledge of the magnitude of and the factors affecting

the forces experienced during lateral yarding, efficient design and

development of yarders with respect to power, line size, and trans-

mission requirements can be greatly accelerated. In addition, progress

towards verifying the adequacy of current methods of payload analyses

can be made. Since yarder design and payload analyses are intimately

related, the end result of knowledge of the lateral yarding forces

will make it possible for the timber sale planner to select the best

system and equipment that will meet his desired objectives.
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OBJECTIVES

The major emphasis of this study focuses on the tensions in the

mainline. Skyline tensions are dependent on mainline tensions and

topography and can be examined analytically when the magnitude and

direction of the mainline tensions are known. The mainline tensions

of particular concern are: the tensions necessary to cause initial

movement of the log turn towards the carriage (the break-out force),

and the tensions while the turn is moving toward the carriage. The

effect of thinning intensity on these tensions is also investigated.

Besides thinning intensity, the other parameters that are in-

vestigated are as follows:

turn weight (W), total weight of all the logs in the turn

turn length (1), total length of all the logs in the turn

vertical angle of the mainline (ci)

lead angle (mainline to log) ()

ground slope (0), slope of ground in line with the mainline

distance from carriage

number of logs per turn

It was also important that the yarding operations be conducted

in such a way that the project itself did not introduce any independent

variables. In this way tensions and forces representative of the

actual yarding conditions would be observed. However, this also

meant that less attention could be given to detail that might help to

empirically substantiate fundamental relationships.

3
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It should also be noted that the objectives stated above were

only part of the entire project. There were other objectives, not

any less important, involved in the project that are not considered

in this paper. The project was planned in anticipation of collecting

data that would support the analyses of these other objectives as well.



PREVIOUS WORK

Several studies have been performed that investigate the resis-

tance of log turns to movement (3-9). These studies, were conducted

to provide data for comparing alternative skidding techniques and to

determine tractive effort requirements. Because of the nature of

the studies, ground based equipment was used and the studies were

conducted on either specially treated or previously disturbed surfaces

(roads and/or skid trails). These studies, because of their emphasis,

were not particularly concerned with the break-out force, although

Gibson (9) did some monitoring of these forces in his study. Also,

because lateral yarding with cable systems does not take place on

specially treated surfaces, but on undisturbed or only slightly dis-

turbed surfaces, the results of these studies are not directly appli-

cable to the forces involved in lateral yarding with cable systems.

However, these studies do give some insight into the factors that

affect resistive forces, and under certain conditions, provide a

basis for comparison of results.

5



SITE DESCRIPTION AND LAYOUT

The area selected for the study was on the McDonald Forest, just

off the Poison Oak Rd. (Figure 2). The area had been previously clear-

cut and the residual stand was approximately 40 years old. The stand

was predominately Douglas-fir (Pseudotsuga menziesii [mirb.] Franco)

with mixed hardwood consisting of madrone (Madrona pacifica [Pursh]),

big leaf maple (Acer macrophyllum [Pursh]), and red alder (Alnus rubra

[Bong]). Figure 1 shows the relative proportions of types according

to stems per acre and basal area, as well as average diameters.

400 stems-

300

200 -

100 -

0-

254 ft2

127 -

0_.
stems/acre 8as1 Area

(ft /acre)

T
6.3

5.6
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JL
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"I'll snags

FIGURE 1. Stand composition according to type, size and number.
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Figure 2A. Project Location



Slopes were moderate, averaging about 35%, (Appendix B) with

a northerly aspect. Soils were clay with rock fragments, GC, accord-

ing to the Unified Soil Classification. See Appendix A for a more

complete soils description.

In order to determine the effect of thinning intensity, the

area was divided into 8 units with the dimensions as shown in Figure 4.

Each unit was approximately 1/3 acre, and the total area slightly less

than 3 acres. Figure 3 shows the variation in stems per acre and basal

area, respectively, among the units. Table 1 tabulates these values

as well as the variation in average dbh.

I c'J

4-I

300

i.. 200
C.,

Figure 3. Variation in volume for each thinning unit.
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Tab'e I. VoThmes and average diameters (dbh) for each thinning unit.

11

UNIT
CONIFER

>7' <7"
HARDWOOD

>7 SNAG TOTAL
1 1 203 23 49 32 17 325

2 195 26 29 26 32 308
3 285 73 44 44 26 470
4 227 32 76 61 23 418
5 264 61 35 41 73 473
6 226 47 23 17 76 389
7 229 41 44 41 55 409
8 229 35 32 35 70 400

Total 232 42 41 37 47 400

A. Stems per acre

UNIT CONIFER HARDWOOD
UNIT >7" <7l

'7U
7" SNAG TOTAL

1 175 4 21 6 4 210
2 191 5 19 5 6 226
3 268 14 23 7 6 318
4 189 7 36 12 4 248
5 228 11 15 9 14 277
6 179 9 9 3 23 223
7 227 8 19 7 13 274
8 222 6 13 6 18 265

Tota' 210 8 19 7 11 254

B. Basal area (ft2/acre)

CONIFER HARDWOOD
UNIT >7" '7" >7" <7" SNAG TOTAL

1 12.2 5.4 8.7 5.8 6.2 11.2
2 13.0 5.9 10.2 5.6 5.5 10.7
3 12.6 5.8 9.4 5.5 5.9 10.2
4 12.0 6.4 9.1 6.0 5.4 9.8
5 11.5 5.8 8.5 5.5 7.0 9.5
6 13.0 5.9 8.8 5.4 6.2 10.2
7 12.9 5.7 8.6 5.5 6.7 9.5
8 11.5 5.8 8.5 5.5 7.0 9.5

Tota' 12.4 5.8 9.0 5.6 6.3 10.0

C. Average diameter (dbh-inches)



Each unit was randomly assigned to one of two different thinning

intensities; light or heavy. The heavily thinned units were cut to

a residual stand of 128 stems/acre, and the lightly thinned units to

192 stems/acre. Intensities were based on stems 7" and larger dbh.

Marking priorities were in accordance with the forest manager's policy

of taking hardwoods first, defective or suppressed trees second, and

then marking in order to achieve desired spacing.

The number of trees cut from each unit are shown in Figure 5.

These cuts represent an average of 55% and 29% for heavy and light

thinning respectively.

400 -

STEMS CUT Li STEMS REMAINING

300 -

100

1 2 3 4 5 67 8

UNIT NUMBER

Figure 5. Number of trees cut from each unit.
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DATA COLLECTION

Before Yarding

In order to determine distance measurements for the log turns

and to develop a topographic map with which to determine elevations

and ground slopes, the location of about 50% of the trees in the stand

was determined with respect to lateral, longitudinal and vertical

distances from a common reference point. Each tree located was num-

bered according to the unit it was in. Trees in the skyline corridor

began with #0001, trees in Unit 1 began with #1001, trees in Unit 2

began with #2001, etc. After these trees were located, the remainder

of the trees were numbered according to the same system. Appendix C

shows a plot of and lists the coordinates of the trees located.

Figure 4 shows the coordinate system chosen. It was during this part

of data collection that the cruise data was obtained.

During felling, the small and large end diameter and the length

of each log was recorded. Each log was numbered according to the

tree from which it came. For example, the logs from tree #2041 were

numbered 2041.1, beginning with the butt log, and numbered consecutively

(2041.2, 2041.3) for each log after the butt log. The stump was also

numbered with the tree number so that the logs could be traced back to

their original location in the stand.

During Yarding

Continuous measurements and recordings were made of both mainline

tension and speed from initial turn movement until the turn was in the

skyline corridor. The tension and line speed was measured with a

13
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moving line tensiometer with integral line speed indicator made by Tn-

Coastal Industries, Inc., and continuously recorded on a TEAC-R7OA four

channel tape recorder. The initial study plan was to also measure and

record the mainline vertical angle as well as the skyline tensions

during lateral yarding. The force balance inclinometer, Model SE-7O1FD

made by Columbia Research Laboratories, mc., which was to be used to

measure mainline vertical angle was not adequately protected to with-

stand the rugged treatment it received. It, or the coaxial cable used

to send the signal to the recorder, broke on several occasions resulting

in erratic and inadequate recordings, so its use was discontinued.

Skyline tensions were measured and recorded for many of the turns, but

the static line tensiometer, also made by Tn-Coastal mndustries, mc.,

broke on three occasions, so its use was also discontinued.

Figure 6 shows a fairly typical oscillograph of the recordings.

The graphs from upper to lower are: mainline tension, mainline vertical

angle, mainline speed. The fourth channel, which is not shown, was

reserved for skyline tension and wasn't recorded for this turn. Although

the vertical mainline angle was not used, the oscillograph was useful

in helping to interpret the recorded measurements. Since the skyline

tensions were not always recorded, the use of that particular channel

was sometimes used to record the sounds of the yarder and the whistle

signals between the yarder operator and the choker setter. These

signals were also useful in interpreting the graphs.

The number, location of the leading end of each log and the horizontal



DATA ANALYSIS

The analysis of the data will begin with how the regression of log

weights was done, followed by the analysis of the break-out force, a

discussion of the results, the analysis of the tensions generated after

break-out, and finally a discussion of those results.

Log Weights

The recorded weights of 16 logs ranging from 190 to 1250 pounds

(d12+d22)lTr
was regressed using a volume estimated by V

576

V = estimated volume (ft3)

d1 = small end diameter (inches)

= large end diameter (inches)

1 = log length (ft),

as the independent variable. The results of the regression yielded the

equation W=l02(34.4)v, where

W = weight (lbs)

V = volume (ft3)

with a coefficient of determination of 0.98. These results indicated

that one could be 90% confident that the true value of a single obser-

vation would be within 110 lbs of the value estimated by the regression

equation for the mean volume and within 120 lbs of the estimated value

for volumes at the extremes. The regression line along with the ob-

served data points are shown in Figure 7. This regression equation was

used to determine the log weights used in all subsequent calculations.

17
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angle between the extension of the mainline and each log (the lead

angle) was recorded for each turn. Because it was anticipated that

the force balance inclinometer might not be reliable, the vertical

angle from the leading end of the log to the carriage was measured

with a clinometer and recorded. Carriage location was also noted.

The turns were numbered in succession at the yarder and in the woods so

the field notes and the recorded measurements at the yarder could be

correlated.

To determine log weights, several logs were weighed by' suspending

them from a scale attached to the loader. From this a regression

equation for log weight as a function of log volume was derived, the

results of which are shown and explained further in the analysis.

Yarding was accomplished using a Shield-Bantam, 2 drum, 27' swing

boom ya'rder with 3/4" skyline, 5/8" mainline, and 1/2" chokers and a

Maki carriage. Weather conditions were consistent throughout the time

of yarding, which took place during October 16-20, 1978. It was cloudy

and overcast every day with some rain almost each day so that ground

conditions were consistently wet.
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Break-out Forces

Figure 8 pictures the forces acting on the log just before move-

ment occurs. If it is assumed that the force R acts opposite to the

T = resultant tension at the lead end of the log

CL = resultant angle of tension

0 = ground slope

W = log weight

R = sum of the forces resisting movement of the log (Resistive
Forces)

p = some unknown pressure distribution (lb/ft)

Figure 8. The forces acting on the log at impending movement.

direction of movement and that the direction of movement is along the

slope, then R can be determined as long as the force T which wil.l cause

19



Figure 9. Resolution of forces, free body diagram.

Equation 1 is based on a highly idealized situation. The log may

not always be directly on the ground (Figure 10), but as long as it

is assumed that the log moves parallel to the ground slope, the

variation from the idealized situation is very minor. The sum of

forces parallel to the ground slope still yields Equation 1. It

can also be seen that even if the front of the log rises during

20

movement is known, since the sum of the forces is zero. Resolving the

forces acting on the log into components parallel and perpendicular to

the ground slope (Figure 9), and summing them in these direction yields

Equations 1 and 2:

R=Pcos(a-o)-Wsjn

NWcosO-Psin(ct-O)



Figure 10. The resolved forces with the log not on the ground.

yarding, Equation 1 is still valid.

Equation 1, however, does not take into account that the log may

not always be directly in line with the mainline (Figure 11). That is to

say, does not always equal 0. Any theoretical analysis that considers

*O would involve taking moments, preferably from the point about which

the log would pivot upon movement. It would not only be a very cumber-

some expression, but it would also be virtually impossible to measure

either the magnitude or the location of these forces. Each log could,

and probably would, be a completely different case depending on the num-

ber of resistive forces acting on the log and the magnitude of the

individual resistive forces.

21



Figure 11. Plan view of log and mainline angle .

It was observed in the field that the logs would normally pivot

about a single point before actual lateral movement began only when the

lead angle was large and an obstruction was encountered. These instances

were rare so that lateral movement and pivoting would take place simul-

taneously. As long as lateral movement of the turn occurs, Equation 1 is

still valid because it would take a larger force to cause lateral move-

ment than it would to cause just pivoting under the conditions of static

equilibrium. However, under those conditions when pivoting does occur,

Equation 1 would introduce some error. But, since these instances were

rare, Equation 1 was used for the analysis of the break-out force.

22
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Since the tension in the mainline was measured at the yarder., the

magnitude of T would be the measured tension less the product of the

cable weight and the difference in elevation between the yarder and the

lead end of the turn. This is based on the relationship that the

difference in tension between any two points in a cable is equal to the

product of the cable weight and the elevation difference between the

two points (Figure 12). Since the location of the lead end of the turn

and the carriage was known, each turn could be plotted (on the topographic

map) and the log elevation as well as the ground slopes taken directly

from these plots. The plots of the turns are shown in Appendix D.

T1 T2wh

where:

T1 = Tension at upper end (lb)

T2 = Tension at lower end (lb)

w = Cable weight (lb/ft)

h = Elevation difference

Figuire 12. Force relationships.



The resultant angle (cL) is really tangent to the catenary curve at

the turn and not the angle of the line of sight from the turn to the

carriage. See Figure 13. The angle (cL) is a function of the cable ten-

sion, the cable weight and the distance and elevation differences from

the carriage, and is based on a catenary relationship. If the cable ten-

sions are fairly high (greater than 1/3 of the cable breaking strength),

the angle c'. is very close to the angle observed from the lead end of

the turn to the carriage. For most of the turns, this angle would be

quite adequate. However, since some of the tensions involved in

yarding after break-out was achieved were quite small, the angle needed

to be calculated using catenary relationships or large errors would

have resulted. For this reason it was just as well to simply calculate

-all the resultant angles. The catenary iterative procedure developed

by Carson (10) was used to accomplish this.

Carriage

Line of Sight

Figure 13. Resultant force angle.
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Table II. AN0VA of resistive force, heavy and light thinnings.

25

The resistive force, R, determined by Equation 1 was plotted in

5 different ways as shown in Figures 14-18. These plots give no basis

for suspecting that a fundamental relationship exists between the

break-out force and the variables being considered, or that an empirical

regression equation could be generated that could be used with any

reasonable degree of confidence. For this reason, further attempts

to analyze the break-out force in this way was not pursued.

An analysis of variance was performed to see if there was

statistical reason to reject the hypothesis that the mean of the break-

out forces for the heavily thinned units was equal to the mean of the

forces for the lightly thinned units (HO:TIH=pL) in favor of the alter-

native hypothesis that they are significantly different (Ha:T1).

The ANOVA table (Table II) shows that H0 should be rejected at the 99%

level.

Source d.f. SS MS F

Total 69 399868000

Treatment 1 43139000 43139000 8.22

Error 68 356729000 5246000



Table III. ANOVA of resistive force, mean of heavily thinned units.
(Critical F=4.31).

26

The critical F is 7.10 and the 95% confidence interval estimates

are L(iH)=l250_3l90 and L(1L)=3240_4560.

Similar analysis of variances was performed to see if the mean

break-out force among the units was statistically the same. That is,

the hypothesis that the mean break-out forces for each unit thinned

heavily were equal (H0:i2=i3=i4=i8) was tested against the alternative

that the mean break-out force of one of the units was significantly

different from the rest (Ha:234:1418). The lightly thinned units

were tested in the same way, however, unit #6 was not considered because

it had only one observation. (H0:ii1=i5=i7 against Ha:l1 '7). Both

of these analyses resulted in accepting H0 at the 99% level. The ANOVA

table are shown in Tables III and IV.

Source d.f. SS MS F

Total 47 284772000

Treatment 3 39967000 13322000 2.39

Error 44 244805000 5564000



Source d.f. SS MS F

Table IV. ANOVA of resistive force, mean of lightly thinned units.
(Critical F=6.Ol)

Since these analyses showed a high probability that heavier

thinnings generated higher break-out forces than lighter thinnings,

it seemed wise to try to determine if it was the number of stems on

the ground that might be the cause of the difference, rather than the

number of stems left before progressing with the analysis. The hypoth-

esis that the mean break-out force for units with "few" stems down

(H0:P) was tested against the alternative that they were not the

same (H:P*p). The difference between "many and ufewtl was deter-

mined to be more than the average number of trees down and less than

the average number of trees down respectively, because there was a very

evident break at that point. The results of this analysis are shown

in Table V.

27

Total 20 71606000

Treatment 2 10666000 5333000 1.57

Error 18 60940000 3390000



Source d.f. SS MS

Table V. ANOVA of resistive force, many stems down against few
stems down.

Since the critical F for this test is also 7.10, H0 was rejected

in favor of the alternative. This test strongly suggests that the

difference might be due to the number of stems on the ground rather

than to the number of stems left. It was anticipated that these

analyses might give results such as this, in which case a more sophis-

ticated statistical analysis would be needed which is beyond the

scope of this paper.

One further analysis of variance was done to test if the number

of logs per turn affected the magnitude of the break-out forces.

The hypothesis that the mean break-out forces for 1, 2, and 3 or

more logs per turn were equal (H0:p1=1i2-p3+) was tested against the

alternative that at least one was significantly different (Ha:1J1#1J2:13+).

This resulted in rejecting H0 in favor of Ha with the 95% confidence

28

Total 69 399820000

Treatment 1 48525000 48525000 9.39

Error 68 351295000 5166000



interval estimates indicating that the turns with 2 logs were signif-

icantly different from 1 log per turn. Table VI shows the ANOVA table

and Table VII shows the sample mean and -interval estimates.

Table VI. ANOVA of resistive force, number of logs per turn.
(Critical F4.95)

95% Confidence Interval
Logs/Turn Sample Mean Estimate

Low High

2180 1300 3060

4140 3380 4900

3860 2370 5350

29

Table VII. Sample mean and interval estimates for number of logs per turn.

Source D.F. SS MS F

Total 69 399985000

Treatment 2 59692000 29846000 5.88

Error 67 340293000 5079000

1

2

3 or more



LE
H

I H
N

IL
E

 (
IE

I3
R

E
E

5)
+ U

2-
U

P
I

+

LI

LI LI

1.
1

4

T
U

R
N

 L
E

N
E

T
H

 (
E

l)

F
IA

U
R

E
 it

-i.
 R

E
IT

IV
E

 F
LI

R
C

E
 V

E
R

S
LI

T
U

R
N

 L
E

N
E

T
H

 F
LI

R
 V

A
R

Y
IN

E
 L

E
A

D
 A

N
E

LE

LI LI

II

+

$ E
l

I
1

I
F

70
M

O
M

O
.1

00
11

0
12

0

$

cJ C
D



LE
I1

I
I1

N
1L

E
 (

D
E

IR
E

E
)

w
.

+
-2

LI

2-
U

P
1

-

is
::

U
+

* Lr
l

B

w -J
LI

+
u

U
Li

U

+
U

Li
-.

4

Li >
+

'I-

-

t-
.

4
+

fe
+

4
In

4
4

If'
0

tI
+

E
l

LU ix
*

4
+

+
+

uE
l+

t
E

l

+
0

U
-

-
I

I
I-

I
I

I
I-

4
E

Ø
H

ø
I

I 2
I 4

1E
I I

3&
k1

22
U

2L
I

2Ø
2F

31
I1

32

T
U

W
N

 W
E

IE
H

I 
(L

E
i)

E
l

F
O

R
C

E
 V

E
R

E
U

E
 T

U
R

N
 1

E
(E

H
T

 F
O

R
 V

H
R

Y
(N

I L
E

A
1 

H
N

E
LE



12

+

+

*T
U

R
N

 L
E

N
LT

H
 C

E
T

)
LE

_L
IB

+ L
I

L1
_U

P
I

I

U

$

+
+

LI
1

2W
'1

IØ
12

L9
1E

W
LB

2Ø
22

2'
IU

2E
W

T
U

R
N

 N
E

IE
H

I (
L5

)

F
IE

U
R

E
IE

. R
E

E
IS

T
IV

E
 F

O
R

C
E

 V
E

R
5L

1
T

U
R

N
 W

E
E

H
T

 F
U

R
 V

A
R

Y
 IN

E
 T

U
R

N
 L

E
N

E
T

H
.

LI

U
LI

L
I

*
*

+
+

+

LI
il-

+
+

"

I
L
I

$
*



+

4
:

+
U

I
I

I
I

I
I

I
1

I
I

I
I

2U
0

E
1ø

L
2U

1L
IU

1B
1

2U
22

Ø
2L

I
2U

N
O

R
M

A
L

 F
O

R
C

E
 (

L
5)

F
I
E
U
R
E
 
1
7
.
 
R
E
E
U
T
I
V
E
 
F
O
R
C
E
 
V
E
R
U
.
 
N
O
R
M
A
L
 
F
O
R
C
E
 
F
O
R
 
V
F
I
R
Y
I
N
E
 
L
E
A
D
 
A
N
E
L
E

F
-' Is
' * Li
i w -J Li Li > w w LU

12 H LI
--

- - -

U

U

+
I

+
4:

4
:

U

4
: 1+ U

I

LI

4-
L

E
FI

I?
 A

N
1L

E
 C

I?
E

I3
R

E
E

S)
ø-

I
+ U

P_
s-

U
P

*

+
LI

+

E
l

0

*

I
+

4
:

*
U

+

4
:

0
U

+
$

+

4
:

4
:

*
*1

1

t
+

E
l



L2
 -

T
U

R
N

 L
E

N
G

T
H

 (
PT

)
IE

L
f

+ U
G

f-
U

P
*

rs
;i

U
+

Lf
l

R
-

-j
1:

1+
U

LI

0
Li

i
+

+
[:1

+
LI

Li
i

U
I

>
I

+
I

I
£1

Li
i

I
Lf

l
+

+

f
l

Li
i

4
:

+

1+
0+

0
0

+

+
LI

t
+

+
+

11
F

I
14

0
I

I
I

I
I

I

0
20

0
1.

10
0

10
00

10
0

20
00

22
00

2I
00

N
D

R
M

FI
L

 F
E

JR
(E

 (
L

)

F
ItL

IR
E

18
. R

E
lT

IV
E

 F
O

R
C

E
 V

E
R

LI
S

 N
LJ

R
N

F
IL

 F
O

R
C

E
 F

U
R

 V
F

1R
Y

IN
I

T
U

R
N

 L
E

N
1T

H
.

i:i

4
:

*

L
I

£1

L
I

4
:

*
10

 -



Discussion of Results

The results of this study are similar to those reported by

Gibson (9) for a similar experiment done in hardwoods, where it was

stated that "the force needed to bring in a 28 In. by 35 ft. 8189

lb. log was 6800 lb. This was handled easily. However, when two logs

were winched together (6356 lb.), the maximum winching force went

to 11,000 lbs.". Almost the same relationship between resistive

force and number of logs was observed in this study wh.ere the average

resistive force for one log turns was about half of the average

for two log turns. The average resistive force for three log turns

decreased from that for two log turns, but the difference was not

statistically significant. There seemed to be a tendency for the

choker setter to treat three log turns with more caution, choosing

three logs for a turn when the circumstances would result in lower

resistive forces.

Figures 19 and 20 are presented to show the effect that the main-

line angle (a,) and the weight component (Wsine) have on the total ten-

sion (T) required to break the log turn out. In Figure 19, the

resultant force is the tension T and in Figure 20, the resultant

tension is Tcoso-G). It can be seen that both , and the weight

component have a sTgnificant effect, and quite clearly the variation

in these plots s due to the variation in the resistive force R.

This 1s the reason why R was examined by itself; the application of

these results can be more easily extended for ground slopes and

mainline angles that are outside the rancie of this data.
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There is no doubt that the resistive force relationships have

numerous interactions. For this reason even if the field measurements

were taken perfectly, quite a lot of variation in the resistive

forces would still be expected. The measurements introduced other

sources of variations. Probably the major source was interpreting

the oscillograph of mainline tensions for multiple log turns. It

was difficult to know just what tensions were the break-out tensions

since all the logs did not break out simultaneously. It was also

difficult to get an accurate measurement of the angle from the lead

end of the turn to the carriage. Since distances and the resultant

force angle were calculated using this measurement, the results would

reflect the error quite noticeably.

Lateral Inhaul Forces

Lateral inhaul forces were analyzed in a manner similar to

the break-out forces. After movement has started the resistive

force R is the frictional force. Figure 21 shows the free body diagram

from which Equation 1 was derived. From it, Equation 3 is derived by

replacing R with the frictional force, F.

3.) F=Pcos(ct-®)-Wsin®

The only difference in this analysis and the one used for the

break-out force is that the magnitude of the measured tension at the

yarder was less. Otherwise, the same mathematical techniques were used.

Figures 22-24 show plots of the friction force, F, against the normal

force, N (Equation 2).
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Icos(a-o)

Figure 21. Free body diagram.

These plots show that although a fairly strong Unear relation-

ship between the frictional force and the normal force is indicated,

there is not much reason to suspect that either the number of logs

per turn, or the turn length, or thinning intensity influences the

inhaul forces significantly. One other variable was calculated; d, the

distance from the end of the log to the normal force (Figure 25) to

see if it affected the inhaul force. Taking moments about the log

end yielded Equation 4:

d (W/2)cosO-Psin(c-ø)
1 WcosO-Psin(cx-G)
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Tcos(a-G) Tsin(a-O)

/
WcosO

Figure 25. Moments about the log end.

A multiple linear regression was attempted using Equation 4, but

the addition of the variable d/l did not significantly improve the

equation obtained with just the single independent variable N.

However, Equation 3 was also used to determine if the front of

the log turn remained on the ground if partial suspension occurred.

Theoretically if d/l < 0, then partial suspension occurs or is about

to occur, in which case the analysis would not be valid because the

elevation of the lead end of the log would not be at ground elevation.

This check showed that no partial suspension occurred on the turns

examined.

Figure 26 shows the data points and the regression line for

WsjnG
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frictional versus normal forces. The coefficient of determination

(r2) for this regression was 0.70. The statistics show that one can

be 90% confident that the real value of a single observation will

be within 300 lbs. of the value predicted by the regression line for

the mean and within 320 lbs. for values at the extremes.

The regression is F=320+.64N. The intercept, because the data

does not extend to N=0 does not have a physical interpretation. The

slope, however, represents the frictional coefficient commonly known

as "i." This value of 0.64 is certainly not an uncommon value, in

fact 0.60 is generally used as an estimate for the frictional co-

efficient when it is not known.

Discussion of Results

The only difference between these results and other works which

deal with the coefficient of friction that can be discussed is the

fact that both Caterpillar (11) and Henshaw (12) found that the

frictional coefficient is dependent on ground slope, but this analysis

shows no such dependency. No certain reason can be given for this

difference without further investigation, but it is suspected that

the differences are a result of different assumptions in dealing with

the resultant force angle at the lead end of the log.

There are several things that can account for the variation ob-

served in the data points in Figure 26. Probably the most significant

would be the variation in estimating the log weight and in measuring

the angle from the lead end of the log to the carriage, from which

distances were calculated.
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Another highly suspected source of variation is that very often,

several turns would be taken over the same path during lateral inhaul.

Each turn would have a tendency to cause the soil to become more com-

pacted and to make a smoother path for the turn which followed, which

would have a tendency to decrease the frictional resistance. Although

there are variations, the data is realistically represented and it can

be worthwhile in predicting the forces occurred in lateral inhaul.
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SUMMARY AND
APPLICATION OF RESULTS

Both the maximum and the average lateral yarding forces can be

predicted with reasonable confidence for conditions similar to those

under which this study was conducted. The maximum force will be

encountered as initial movement of the turn is achieved. Since the

analysis conducted indicates that the resistive force is independent

of turn weight and length, ground slope, and the resultant force

angle, Figure 27, showing the percent of resistive forces less than

a particular value, was generated. This figure may be used to deter-

mine the value of the resistive force such that an arbitrary per-

centage of turns will fall below. For example, if one wanted the

resistive force such that 95% of the turns would be less than, Figure 27

would yield a value of approximately 9800 lbs.

The value is only the resistive force. The weight component

and angle of the resultant force must also be considered to determine

what force is necessary to break-out the log from its bed. The

equation is:

4 )
p - R+Wsine

cos(cL-e)

where: P = break-out force

R = resistive force

e = ground slope

ci. = mainline angle
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49

With the resistive force of 9,800 lbs. and a ground slope of 30%, a

mainline angle of 35%, and a turn weight of 2,000 lbs., the break-out

fOrce would be 10,400 lbs. The tension at the carriage or at the

yarder would be slightly different depending on the cable weight and

the difference in elevation.

Care should be used in the application of these results because

Figure 27 was generated without regard to thinning intensity even

though it was shown that thinning intensity does affect the break-out

force. Also, intuition says that the resistive force will be dependent

on turn weight under some conditions; for example in harvesting old

growth timber. For these reasons extension of these results for

predicting resistive forces under conditions not similar to the

conditions under which this study was conducted would probably not

be valid.

The "average," or lateral inhaul forces can be estimated by

solving Equation 3 for T and using the regression equation for F,

ignoring the intercept.

6 ) T W(.64cose+sine
cos(c-O)+.64sin(cL-O)

or more generally

7.) T W(icose+sine)
W cos(a-O)+tsin(a-G)

Figures 28-30 show Equation 7 solved for various values of the in-

dependent variables. To use the figure, the mainline angle (a) is

not used directly, but rather the height of the carriage and the dis-

tance of the turn from the carriage is used. The carriage height is
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the height of the carriage in the corridor and the abcissa is the

distance of the turn from the carriage. The ground slope is the slope

of the ground in Une with the mainfine.
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SUGGESTIONS FOR FURTHER RESEARCH

Being able to predict the magnitude of the maximum and average

forces involved in lateral yarding operations, the resulting cable

tensions can be compared to those that result when yarding the turn

up the skyline corridor. In this way not only can efficient yarder

design be accelerated, but also the adequacy of current methods of

payload analysis be checked. It would be well to have the ability

to readily analyze a system both ways, laterally and in the corridor,

from the standpoint of designing systems. This would allow the

possibility of operating the systems in such a way that productivity

can be optimized.

It has yet to be determined just how thinning intensity affects the

break-out force; whether it is stems left standing or stems cut. It

may be that the number of hang-ups encountered are also influenced by

thinning intensity. Both of these aspects can be investigated with

the available data.

It would be good to conduct another study of this type, under

similar conditions, and yet conditions that go beyond those of this

study. In this way the effect of steeper slopes, heavier turns and

different stand and soil conditions could be investigated. At the

same time, since this is the first study of this type, the results

of this study could be verified.
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SOILS DESCRIPTION

UNIFIED SOIL CLASSIFICATION: GC

NAME: clay with rock fragments ("gravelly clay loamu)

COLOR: reddish brown

ORIGIN: slope deposit

LOCATION: mid-slope

ESTIMATED THICKNESS: estimated - 60 inches+

NATURAL MOISTURE: moist (leaves moisture on hands)

PLASTICITY: APL (above plastic limit)

CONSISTENCY: medium (undisturbed) to stiff (heavy disturbance)

PERMEABILITY: slow to practically impermeable based on ring infiltrometer

DRY STRENGTH: medium (can powder with difficulty)

DILATANCY: (ability to change volume by vibration) slow reaction

TOUGHNESS: low (holds together at plastic limit)
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