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PREFACE

I have chosen to analyze the design of a ski-lift for
several reasons: first, being an ardent ski enthusiast, I
have an intense interest in the subject and have had the
opportunity to use and observe several different types of ski
lifts while in operation. Secondly, since the sport of
skiing has become popular in the United States only in the
last ten years, it is a relatively new subject. The need
for more and better skiing facilities is apparent to anyone
who becomes well acquainted with the sport. I have chosen
to analyze a T-bar lift because they seem to 1‘79 the most
practical in both the economic and engineering sense for
the ma jority of slopes that are aveilable in this section
of the country. Since there are probably less than half
a dozen companies in the whole United States that specialize
in this type of work, the available material concerning the
design of lifts is very limited. If the material presented
here in any way helps further the efforts of those interested
in the subject, the work I have put forth will have been
well worth while.
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INTRODUCTION

The engineering background for this type of structure
is not new at all. For many years numerous companies have
been designing end building this type stiructure for trans-
porting freight of various types. The common name applied
to these structures is "aerial ropeway" or "aerial tramway."
These tramways have been long used by mining companies to
carry ore or coal over mountainous terrain over distances
up to 72 miles. They have been built and successfully used
to transport such articles as send, gravel, cememt, rock,
bananas, fish, and even optical instruments. Their use
as a mode of transportation has been made economically
feasible in instances where the ordinary methods proved
too expensive or unhandy. The mining industry has by and
large made the greatest use of the aerial tramway, though
in recent years it has been used in the construction of
several of the larger dams. Boulder Dam is a good example
of where an aerial tramway was used to overcome especially
difficult transportation cond itions.

Development of aerial tramways for passenger conveyances
was first developed to high degree by the Europeans. It was
not until 1938 that the first aerial tramway was built in
the United States. This was built on Cannon Mountain for
the State of New Hampshire by the american Steel and Wire
Company. Since that time, the sport of skiing and the
facilities offered mushroomed until today there are an
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estimated one-thousand lifts of every variety, including
Tope tows.

By applying the known and proven engineering knowledge
used in building freight aerial tramways, oconversion to
passenger type structures was reletively easy. The prin-
oiple problem lay in the field of safety. An economical,
yet absolutely safe, structure was needed; one that required
no physical alertness or agility on the part of the rider
to safely use the 1ift.

Commercial tramways consi st of four basically different
types of structure: bi-cable tramway, twin-cable tramway,
reversible tramway, and the mono-cable tramway. Since the
fastest, most economical method was desired with no exces=-
sive weight requiremente, a mono-cable or bi-cable type
was chosen as most practical for a ski-lift. Of these two
types, the mono-cable type has been most extensively used.
Breaking the mono-cable types down into further classes,
we find a chair lift, a T-bar 1lift, and a J-bar lift. The
least expensive lif ts, most simply constructed, are the T=bar
and J-bar lifts. These types are of mono-cable variety and
constructed so vhat the skier remains on the ground and is
pulled up the hill. Since this type is better suited to
general use than the most expensive chair types used for
long steep hauls, I have chosen to analyze one of this type.
A T-bar lift needs to be of heavier construction than the
J-bar, but is used because of the increused capacity obtained.

The system consists of a row of towers supporting an
endless wire rope which is constantly moving while the skiers
get on and off the lift. ZEach towing outfit consists of a
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repe grip attaching the outfit to the heuling rope, a hanger
extending down from this grip, a so~-galled spring box ox
hydrenlic teke-up attached to the bottom of this hanger and

a wooden T~stiok which dangles from this spring box. The
upper end of the T-stick is attached to a piece of small wire
rope which is wound on a dmum inside of the spring box. In
the case of the hydrenlie type teke-up, the wire is shortened
by the hydraulic cylinder device. Both are teing successfully
used at the present time.

As a skier mounts the 1ift, this rope is pulled out and
is extended to its full lengthk throughout the uphill travel
of the skier. The passenger's skis remain on the ground and
he is literally pushed uphill by means of the crossbar of the
T-stick which rests against his hips. In normal operation
two passengers are carred by each T-stick, although one may
comfortably ride using a small degree of balance. As the
skier lets loose the T-stick it is pulled up end out of reach
of the skiers. At the lower end of the structure an anchorage
tower is situated and the power is applied at this point.

At the upper end a tension terminal is located where
the counter-weight is suspended, acting against the freme
which conteins the tension sheave. By controlling the weight
of this counter-weight and having the tension frame free to
ride on a truss of the tension struoture, a known and uniform
tansion is imparted to the traction rope at all times, under
all conditions of loading--no loed to full load. As the wire
rope wears and stretches, the counterweight lowers and the
tension freme moves back.

The power is applied to the rope by a large horizontal
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sheave located in the anchorage terminal. The power is trans-
ferred to this sheave by means of a set of devel gears, a
right angle speed reducer, and a W-belt drive, or some com-
bination of them. The power unit may be either a gasoline
engine, diesel engine, or electric motor. The gasoline or
diesel engine are used where electricity is not available,
but the electric motor is better suited for most units.

The ground under the rope must be relatively smooth and
level perpendicular to the line to keep the skiers from
slid ing off the tow trail. Vhen in operation, three or four
operatérs are reguired. One should be at the controls of
the power unit at all times. Another operator is needed to
pull down the T-stick and aid the skiers in getting started.
Also, one operator should be stationed at the upper end of
the tow as a safety precaution;if the skier doesn't leave the
stick at the upper end he would have a free pathway to con=-
tinue around the tension sheave. This point of the system
presents the only point of danger and this is very remote.
If a skier falls off the T-stick or becomes fouled in his skis
on the tow path he merely lets go the T-stick and maneuvers
himself off the path. The great adveantage of this tyre 1lift
is the simplicity by which it operctes plus the large ocapacity
it has. It can be used for any reasonable slope with relative
comfort to the skier.
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In this paper, I will analyze a 1lift being installed at
Jiminy Peak, Hancock, Massachusetts, by the John A. Roebling
Sons Compeny. GSince a complete enalysis of all the fixtures
meking up the lift would require more time than is available
and would entei 1l many problems outside the field of the Civil
Engineer, I will confine my analysis to the following items:

l. Finding the tension of the Cable throughout the entire

line on both the uphlu(loadod) side and the downhill
(-pty)lid'.

2, Finding the maximum tension and size of rope required.

3. Finding the resultant forces on the towers.

4. Finding the number of sheaves required at each tower.

H. Cheoking the distance between the rope and the ground

at all points for all conditions of loading.

6. Checking the design of the foundations against slid ing,

overturning, and excessive soil pressure.

In the usual procedure of designing a 1lift, the engineer
would have to first make several assumptions based on his past
experience and then check them and meske the necessary corrections
to finally arrive at workable solution. Taking the profile
of the proposed lift and the capacity that is expected the
designer proceeds along this line.

First, he establishes the position of the towers. The
tension and anchorage terminals are first put in at each end
of the line., Next, a tower is put at every sharp break in
the profile, sometimes spacing several relatively olose if
the break is very pronounced. Intermediate towers are then

spaced between those needed at critical points. The length
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of span must be ad justed suech that the sag of the cable

will not be so great &as t0 Tequire unreasonably high
towers. A good rough rule to use when picking the length
of span is to assume the sag to be five percent of the

spen., The height of tower used in ski lifts may vary from
20 to 30 feet, but should keep within these limits. Knowing
the approximate tower height to be used end clearances re=-
quired of the cable, the dist=nee between towers can be
estimated. Onoce the tower eites have been selected the
designer chooses o likely rope eize and, using the sag pre-
viously allowed for, end the maximum expected load, will
calculste the cable tension along the entire line. If the
oable strength iz sufricient to resist the maximum tension
times the given safety factor the rope selected is used., If
not, another trisl is mede.

After the tension at each tower haes been calculated,
the towers may be designed and the number of sheaves deter-
mined., "hen the meximum tension has been determined a
counterweight is selected to keep & constent tension in the
cable at the urper end. The anchorage terminal must be .
designed to accommodate the drive sheave and power dlant
and suitable frame structure and foundation to resist the
tension of the cable. The tension terminal must be de-
signed to contain 2 tower for suspending the counterweight
and for the tension frame to ride freely upon. Speed of the
rope must be such that the skier will have sufficient time
to get mounted and this time usually detemines the capacity

of the lift.
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My work will consist of showing the method the designer

W

would use to check his first sssusptions. I will use the

plans =nd data given in the completed lift and show how
they fall within the specifieations. The whole design will
be conducted with the following end results in mind:
1. That the tow have a cupacity of 560 skiers per hour,
2, That the maximum verticul distance between the rope
and ground at eny polnt on the ascending side of
the line be 26 feet.
3, That the minimum vertiecal dlstance between the rope
and ground at eny point be 16 feet,
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ms MOKE Ru NS PerpaY:

... thanks to the Patented Constam Ski Lift

—built by ROEBLING

! It's FASTER: The twin seating on this lift means more

i skiers are on the way up at one time, therefore less wait-
ing between runs. It's more congenial, too. .. gives you
a chance to compare notes, have more fun.

| It's EASIER: Even novices find it simple to engage the

stick or to leave the lift at any level spot. The ride is
smooth, pleasant ... with just enough effort needed to
prevent getting chilled.

It's SAFER: Your skis are on the snow through the

! whole trip up. And these lifts are enginecred and built
by Roebling . . . the builder of the world’s great suspen-
sion bridges.

RESORT OWNERS: Facts prove that Roebling-built Constam Ski
Lifts attract new crowds. And now is the time to get the facts
about building a lift for the 1948-49 season. Write John A.
Roebling’s Sons Company, Trenton 2, New Jersey —exclusive
licensee for the Patented Constam Ski Lift in the United States
east of the 100th meridian.
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Sonsideration No. 1
Detemining whether the distance between the rope and smow
is within ellowable limits at all points.

Data -~ (Distances)
1. Average snow depth -~ 3 ft.
* 8 Distance bwtween snow and contact point between T-stick
and skier -- 2 ft.
8. Contracted or minimum length of towing outfit -- 8'-8",
4, Extended or maximum length of towing outfit -- 28'-8",
Note: In both 3 and 4 the lengths stated represent the
distance from the center line of rope at the rope
grip to the oross bar of the T-stiok measured along
the towing outfit. The tow outfit is connected to
the grip by meens of a swiveling joint so that this
distence can always be considered to be a straight
line. .
5. Minimum distence between rope and ground at any point--
16 ft. (full load conditions)
6. Maximum distance betweem rope end ground at eny point --
26 ft. (single skier)
7. Towers are l6-2l-anu 26 ft. higk.
8. Coefficient of friction between skis and snow--10%.
(Weignts)
Total wéight of towing outfit -~ 68 lbs.

1
2
3
4

Average weight of skier -- 165 lbs.

Weight of rope -- .9 lbs/ ft.

Two skiers ride on each T-stick.
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8. Rope data -~ 3" diameter cable, 47,400 lbs. (max. strength)
6, Safety factor on meximum tension ~- 5
7. Spaeing of tow outfits along rope -~ 96.4 feet.

The data given above is required to meke the initial
eomputations.

Immediately, the following condition presents a problem
where the first assumption must be made. It concerns the
the angle that the tow outfit makes with the vertical as
the skier prodeeds up the slope between the towers. I have
shown this as angle (a) in the sketch labeled Figure 1.
Since the tow outfit is extended to its full length all the
time the skier is being pulled, the angle between the tow
outfit and the vertical would vary as the distance between
the ground and the main cable changed. This would cause
the components of force exerted on the main cable to vary
aceordingly. This problem was solved by using the following
assumptions:

1. Use an average slope for the entire lift.

2, Use an average rope height above ground for the
entire length of the lift. Figurgz shows angle (a)
with assumptions made.

With these two assumptions the 'rollaling set vertical
emd horizontal forces were found to act upon the hauling
rope., Figure 3 gives a sketch showing the forces and how
they act. TFigure 4 shows the angles used and distances used
in comput ing the forces. The reaction at the main hauling

ope is broken down into & component of tension along the
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main hauling rope and a vertical component. The component
of tension divided by the spacing of the towing outfits
results in en average loss of tension per foot of rope
length. Similarly, the vertical reaction plus the weight
of the towing outfit divided by the spacing of the towing
out it result in an average vertidal load per foot of rope
length. This added to the unit weight of the rope gives
the total load per foot of rope length for the uphill
(loaded) side. The downhill (empty) side loading is simply
the weight of the towing outfits and the rope.

Since the loss of tension per foot of cable along the
span is known the tension at either end of a span can be
calculated knowing one end. From this an average horizontal
tension is computed and the fllowing formulas for a uni-
formly loaded spen applied.
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GOMPUTATI ONS TO FIND ‘!'g AVERAGE SLOPE AND AVERAGE HEIGHT

Tower Rope Ground Difference
| _Elevation Elevetion
130.0 116.0 4.0
1 188.5 d‘:.i‘“) 8.2
2 200.6 i79.7 21.9
3 292.7 266.5 26.23
4 397.4 371.5 25.9
-1 466.7 439.5 27.2
6 634.4 613.5 20.9
7 690.8 664.9 25.9
h?::-:‘x‘m 788,06 714.4 24,1
Total 204.3
’ AV e_hei of rope == 22.7'

l Total elevation Difference 738.5
of rope 5(8).

Total elevation Dif ference 714.4
of slope 116
4

Average elevation Difference == 603.5 tan of angle (b)
in Figure 4 - .3079

Horizontal length of tow -- 1960'

Average slope == 43079
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Using the figures and dimensions shown in Figure 4, engles
b, 6, and 4 were found by the following method:

B -- previously found equal to 17°07'
o == 90% 17%7' = 107%F%"

sin o = (sin ;ggﬂovuas,zo) = 7537

o -- 48%5*
4 ~- 90-b-b = 23°58¢

From Analytiocal echsnics

PZVW (sind £ u cos b) - (330 2943 .1(.9557)) =
008 © # U £1n 6) - " (.6578) £ .1(.7528 = i28.07

Using the Sine Law of Triangles:

Vertiocal Component

V = 128,67 (sin 48955') . (.7537)(128.87) =
—r—f—r—vw,'—'—n T 107 o .95, = 101.91

Horizontal Component

H = (128.67)(sin 25%58') - (128.67)(.4062) -
"—"{)‘- ni‘(To'v'UTz T‘)' . "(.‘5%](.7) 2L 2 5409

00




FORCES ACTING ON THE M\ IN HAULING ROPE

1. Aseending Side~-~
. A+ Vertical Components 101.91 lbs, due to weight of skier

68,00 " due to welght of tow
outfit
169.91 1lbs.

Note:
Horizontal spacing af tow outfits equals spacing & long
rope %imes cosine of angle (b) of Figure 4--
(96.4)(.9557) = 92.13 feet.

B, Weight per Horizontal Foot % 2 1.85 1bs.

Weight per Horizontel Foot
due to Cable= (.9)(.9657)86"

Total --  2.7L 1bs.
per horizontal foot

C. Component along the Rope

= 'g-%:—%g- < .696 lbs/Horizonsal Foot

96.40 ~ -570 lbs./foot of rope

2, Descending Side=--

4+ Vertiosl Components .68 = v 1vs. due to weignt of

tow outfit

.86 lbs, due to weight of
Total weight per ca
horizontal f00t ===~ 1.60 1bs.






B. Weight per Horizontal Foot --- (1,60)(sin b)
(1.60)(.2943) = .470 lbs./foot

G. Component along the Rope -~ (.470)(cos b)
(470)(9557) = .449 1lbs.ffoot of rope

3., Total Pull on Cable (assuming no sag)
Asocending - (2055)(.5697) I 1170.7 lbs.
Descending - (2055)(.449) = 922.7 lbs,




The problem of figuring the deflection, tension, angles
at supports etc. presented a special case not covered by the
ordinary formulas for suspended ocables. The ocase of the
Tebar 1ift consisted of a counterweighted span and loads
having both vertical and horizntal momponents., There are
numerous equations for vertically cuspended loads upon a
counterweighted span based on either the catenory or parabolie
eurves. Upon studying the derivation of formulas presented
by F. C. Constanphen in an article published in the A.S.C.E.
Proceedings, I attempted to derive a formula for this special
case using the sune general methods. The formula is based
upon a counterweighted spen haviag any number of evenly
spaged loads, It applies to any position the loads may
assume wlong the span end is set up for the case where the
supports are at defferent e levations. It is presented as

follows:
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R,
Nomenclature of %uantities
y - Vertical Deflection from Upper Lupport to Point xy "
h - Vertical Difference in elevution of Supports
T - Horizontal Tencion of Cuble at Lower Support

- Horizontal Tension of Cable at !Ipper Support

= Vertical Tensioa of Cable at Lower Lupport

Vertical Tension ot Cuble &t Upper tupport

Horizontsl Spacing &t louds
- Horizontal distance from left support to first load
R - Number of coucentrate. louds
Gs- Horizontul Componeat of the Concentrated losd i
Ge- Vertical Component of tue Cuncentraied load
f - ingle between the Horizontal ana & chora between supports
- Horizontel distence between supports
~ Horizoutel distuice to the left of the point under consideration

- Vleight of cadle per foot of horizoutal span

= Horizontal component of table tension






. P ® Number of loads to the left of the Poim

Gs =g sin b= ui_-_u_ ez y_q:u_

Ge = G sin J

In the derivation the cable is treated as a free body.

Jx 2o

T «(G £G, £ G, £ G f G )(sin §)=T, =0

Lie

(R,A R)=(n Goos J #ws) o

Mo Zo

R,8 5 (s-m)G #(8~n-a)Gof(s-m~2a)Gef(s-n-na)Gof we? # T.h
# Gs(m tan f)# Gs(mfe)tan f) # Gs((nf20) tan f) £ Gs
((mfna) tan £)eeseeses

Let tan £ = ¥

R -nm-& [_L%J_)_Gou y‘n;‘__g,l[nmntangj

/n_(_rg\:_l,)_a(‘:aban;—]

Mb 30

¥t = xn-'x Pms-mcs{[pj%ua(}jlgmmtanrj
[_Lgﬁ_)_ aGstanx7

- 2 = - i
rimo-gl Em -med flgl o) fmg e ]

-/V'p.‘_p_#)_u Gs tan £7

Substituting R 1in the equation for y.
!:x/;Gc-mGej-/E bGu\Uy;_x_lTxh#xﬁmGntanrj
T 8 - T s 2t R T

2
xbcnatan -wx -Esz_-pmGB/oa()l
[_ t

[—om Gs tan f:, -Zc;‘ Gs tan t7
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o i/ S [ t] /o]
-{.[!‘l»h]i/t;}; w-:]-ﬁe‘m.x (pafoa)]

Exemple: Application to Span 3

8 = 300 Gs =(128,67)(.9138) 117.7
x = 150 Ge =(128,67)(.4062) 52.2
G = 128,67 n =8 P 1

J 2 83 58 £ =17 04

b= _8_&_8_]‘ 3 tan £ I ,3070

o= 1(1-1) O m 2 58,42

w = .66 lbs./foot a = 91.58

n =92l T3 ¢ = 6583
"t = tav = 6672

4 (osas)éoa.xg i 150} (17. 76675())1}:][(58 .42 4 (a)(n,se)]
- dsg [ 86{100) # 117, 7 ,t[uv .7 (58, 4.2)]
/I;;uuwa%u@_a.z__/ s



Obviously, the above formula is much too cumbersome
and for too preeise to be practical for the design of a
ski 1lift of this type where cons iderable leeway is per-
missible. No attempt Ims been made to derive a simplified
formule covering the special cases of one or two loads
centered on the span, although they could be derived by
the same methods.

Checking the deflection in Span 3 by this formula,
I find the deflection at the center to be 47.54 feet.
Using the approximate mothod used by the J. H. Roebling
Company, I find the deflection at the center to be 50.61.
Although there appears to he considerable discrepancy in
the results the approximate method gives a larger result
and would be uore toward the safe side in this case than
were the reverse true. It is my belief that the derived
formula gives the more accurate results since no assumptions
are used in its derivation, while the approximate method
requires using en average of values and assumes a uniform
load which is not the cuse. Sinse my derived formula is

too unwieldy in its present state and since time is too

limited to further iavestigate, I will use the approximate
method in my caloulations.

Using the estimated value of 8000 lbs. as the tension
at the lower end of the ascending side of the Cable, I
worked out the tension slong the line towa.d the top. I
found the tension at the top would exceed the strength of
the cable I had chosen after applying the safety factor.
A more practical method is to start from the upper end

h: Y
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vhere the tension is known and kept constant by the countere
weight. Then as one works down along the span the only
thing limiting the design is the amount of sag., If the
tension became so low at the lower end of the cable as to
ellow excessive sag, allofigeX cable and higher initial
tension at the upper end would have to be used. On my
second trial I worked from the upper end and found the

sag to be within limits of the specifications so only two
trials were necessary. I caloulated the descending line

in the same maiter from the upper send down.
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THE FOLLOWING NOMENCLATURE AND FORMULAS WERE USED IN THE
DESIGN OF THE CABIE,

y -~ Vertical deflection from upper support % point xy

8 == Horizontal distance between mupports

h == Vertiocal Difference in elevations of supports

¥ == Weight per foot of horizontal length of span

£ -~ angle between the horizontel and a chord between supports

B, == Angle between the horizmntel and a tangent to a cable
curve at the upper support

B,-~ Aagle between the horizontel und a tangent to ocable
ourve at the lower support

t,-- Horizontal component af cable tension at lower support
%! --Meximum cable tension at lower support

t.v=- Vertical component of cable tension at lower support
tu - Horizontal component of cable tension at upper support
tuve Vertical component of cable tension at upper support
ty) = Meximum cable tension at upper support

teu- Average horizontal component of cable tension in the span

Cable tension approaching and leaving each tower is equal

meking tY of one spen eel to t! of the next higher span.

Since the horizontal component of tension im the case of this
ski 1ift is not the same thmughout the spen en average value
of the horizontel component et either end will be used instead.
¥ == ve® £ b
8t Zz

B,z w8 £ ten £
T
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113* - tan ¢

tu ® (8! of next higher span) (Cosine B )

tau® tu - (length of spam) (Tension Dirrarmoe)s per Horizontal
Foot

tL = tu =~ (length of spen)(tension difference per M§1untd
foot

%! = tu sec B,

'

L

t. sec B,
tv ein B,

tuy
tuv S tL ein By

8inge the muximum aefleciion is ail that is required it is
negessary to celcuiste tue deflection only at the center of

the apan.

Because of the large &lope angle B, will te found to be an
angle above the horizontel exerting en upward null et the
tower which in the case of towers 1l and 5 exoceds the down-
ward pull of the cable in the adjacent span. This condition

requires tle use of depressor sheaves.
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AncHorRAGE
TENSION
TERMINAL o
DIRECTION OF ROPE ‘7
——
P

Power Sweave TENSION SHEAVE

Tension at Poiut T is equal %o the weight of the counter weight.

Increased tension in cuble aue to bending over sheaves applied
8t either side of temsion shesve (4 & b) and is «53% of maximunm

Tope tension = (.0033) (0480)= 31y

Tension at C may be roughly est. = tea ss follows:

Assume teusion &t b = 3200

\ ¢ ® 9200-31-1700 = 800O#







SPAN 1 «= 18t TRIAL

w % 2,71 1lbs./foot

4dssume: t% = 80004 B, ® 8954' from angle
Trial:

$. ¥ (8000)(Cosine 8954')= (8000)(.988)= 7904
tu = (7904) £ (150)(.598) = 7993

tau = 7949

tan B> 3 (2.71)(150) -~ (.1566) = 7%2g¢
{“}T)'z 'm«a.“b')"L

t. = (8000)(9916) = 7932
tu = (7932) 4 (89) = 8021

L]

tau = 7977

tan B, = (2.71)(,0247)(160) - {.1566) = ,1310 Bo = 7931
'Tﬁg"é‘}'—ﬂ'“—iw

tan B, ¥ (.0247) £ (.1566) = ,18153 B, = 107

tL 3 (4 )(sec B ) = (7904)91.0087) = 797
$u % (vu)(sec B ) = (7993)(1.0165) = 8120
tuv = (tu)(sin B ) = (8120)(.1704) = 187 f

2
¥ ® (2.71)(150)% £ 11,75 = 12,71
8)(7945)
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DATA FROM 1ST TRIAL OF ASCENDING SIDE - %'

. M. L b By B 1z wr | sivd

1 7904 7993 7949 7%28¢

. 2 7932 8021 7977 7931 10°17¢ 7972 1457
1 7993 8082 8038 12%59¢ 8196

¥ 2 7912 8001 7957 12959*  15%a3¢ 8119 2203 1824
1 8082 8261 8171 149250 8345

. 2 7877 8056 7967 14922 1993° * 8461 8131 2855 2015
1 8182 8361 8272 14%40°* ; 8458

o 2 8199 8396 8298 14%41*  20°19° 8915 8476 3095 2145
1 8701 8862 8783 12%71 8899

5 2 8719 8880 8800 12°08'  16°35* 9265 8918 1875 2644
1 8700 8924 8812 21%17* 9337

' 2 8637 8861 8749 21%16'  28%48° 9927 9268 4472 3362

’ 1 9540 9644 9592 16%34°* 9953
2 9515 9619 9567 16°34*  10%9e - 10183 9927 3340 2830

- 1 9959 10084 10022  11°11° _ :
2 9990 10116 10053 %120 140104 oles  losz? 2572 1978
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2 r
al wuﬂ . me-nu on._.on.En» + Total . ten £ z tan B, tan By
5 B o Diff.Tens. o

.1813 .1310
1 12.71 1% Py P %54+ +1560 11.75 .1813 .1310
2307
* 24.50 150 89 45 1a%220 -2560  25.55 2307
= M .3568 .2572

*
3 49,87 300 70 5 17%4+ : .3070  46.05 .3580 +2560
< .3702 .2618
4 . o i - 170320 ; - 3160 52,35 L3701 .2619
B 4 -2980 2148

3
5 87.48 599 161 81 14%23 5 3 .2565 34.65 .2979 2149
o .5049 .3895

e

6 0.2 275 224 1z 24%6' | , +4472  83.85  .5053 3891
2 i 3470 2906
x 29.27 175 10¢ 52 %20 T ; 3228 28.20 .mm +2975
o .. 2546 .1978
as 18%5 4] w .2262  25.75  .2543 .1981

'

oz







SPAN 8 -~ 2nd TRIAL

Assume: B, = 14%30' from lst Trial

9200 #

tu

tu (9200)(Ces By) = {9200)(.9680) = (8906)

t, = 8906 - 125 = 8781

tau = 8006 - 63 = 8843

tan B, ¥ (2.71)(210} # (.2262) = .2584 B, = 14%50¢
BE643

Assugye: B, = 14%9¢
tu = (9200)(.966) = 8887
t. = (8887 - 125) = 8762

tau = (8887 - 63) = 6824

ten B, = (2,71)(810) # (.2262) = ,z5e4 B, = 14%0¢
2) (4845

tan By = (.23262) - (.0%22) = ,1940 B, = 10°959*

% ™ (tu)(seec B ) = (8906)(1.0852) = 92194 Maximum
%, = (t )(sin B ) = (8781)(1.0187)= 8945#

(tu )(sin B ) = (9219)(.2585) = 2383

(t )(sin B ) = (8945)(.1906) = 1704

n

tuv

L7A4

¥ =271 (210)% £ 55,75 2 55,44
T8y(eeas) &
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DATA FROM SECOND TRIAL OF ASCINDING S

SpanTrial

No. KNo. = t teu By By .«.. tuv tv
5 1 6477 6432 10%40° 658¢
2 6473 6384 6428 10%0° 7%s* 6587 s vats S
;1 6517 6472 16%2° 6760
0 0 i
2 6516 6427 6471 16%32°* 12°40* 6780 o, o 1445
1 6771 6681 20%12¢ 7208
010 Oy
2 6762 6583 6672 20%12 13%50* 7208 .00 5408 e
% 1 7196 7097 20%46* 7682
0, o
2 7183 6986 7084 20%6" 14°11" 7668 55 2724 1765
s 1 7658 7687 16956 8030
. 2 7681 7520 7600 15%56° 11%46' 8029 ;682 2339 1566
e 1 7743 7631 27%12¢ 8690
2 772¢ 7605 7617 Nqoww. Noooo. 8690 8030 3972 2856
9 1 8305 8253 19%20° 8948
2 8441 8337 8389 19%19° 16%23* 8948 8690 2959 2451
s 1 8906 8781 8843 14%59° 9200
2 8887 8762 8824 14%09° 10%59* 9219 8945 2383 1704
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M_ Span r.mn«r of DAff. in .issumed
pan

No. ¥ Hor.Tens. B, for tan B tan B
18t Triels H 1 2
10%0°
1
12.94 150 -0 11.75 .1882 «1250
16°00° i
w 2 uus 150 89 14224 * 2560  25.56  .2874 2246
20°00°*
.. 50.61 300 179 : 17°%04% 1 .3070  46.05 .3678 .2462
20°30° '
¢ e 251,38 107 179328 o+ .3160 52,35 3793 2527
17°30°
s 57.00 aaosy 161 140238 ¢ +2065 34.65 .3045 .2083
_ 27%00° :
. .4472  83.86 5140 .3804
' 90.11 375 224 24%06% *
. 20%00°
S . .3223 28,20 3506 2940
29.44 175 104 17%52%
0,
14201 .2262 25,75 .2584 1940
210 125 120488 .
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I -l Y t teu B, B,
1 7293 7258 7%59* |
" 2 7358 7287 7323 9%g" 7590 743L°
1 7305 7270 16%16° 7583
. 2 7297 7226 7262 15°15¢ 15%28' 7065
1 7424 7353 18%6° 7852
3 . 7434 7298 7863 18%6* 15%21r  7esL
1 7729 7651 19%19° 8178
¢ . 7715 7559 7637 19%19" 15%3* 8179
1 8088 8025 15%9" 8414
5 . 8095 7968 8052 15%g? 12%6* 8414
i 7958 7870 259537 8854 -
$ 2 7964 7798 7876 25955 22°15' 8858
1 8567 8526 18%3" 9028
7 . 8548 8466 8547 18%3 17%1' 9028
1 9010 so1l  12%e' 9200
® 8936 ess7 8886  13%6’ 11%s3° 88%.

*issumed Maximum Tension

tuv tv
7865% 1275 lo22
7430 2014 1730
7563 2626 2002
7852 2604 2127
8175 2317 1830
8414 3864 3186
8854 2896 2592
2025 2190 1833
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Spen Span Diff. in  Assumed n .
L y Length Hor. Tens. B, for lst £ taz By W By
Pnu.»ar-
Q . o
11%0* ;7
f011.96 L1790 .1402
12,37 150 71 g%4r 1560
O
00 25.55 L2725 .£895
25,91 150 71 16%20  [2560
19%00" 46.05 3396 o244
48.50 300 141 17904 .3070
19%0° 52.35  .3500 L2814
55.23 331.3 156 17%32¢ 3160
18%00¢ 36.05 L2933 2295
36.47 269.7 127 14°25° .2668
‘ 26200 83.85 4853 4091
87.42 375 jUM 24%6' L4478
e 28.20  .2887 3059
18°20°
28,91 175 82 29520,
| = i b 23,75 2451 2073
| 12°00°

24,74 210 99 12%45*  .2268.







SELECTION OF ROPE

Since the 1lift has been designed for a maximum tension
of 9200# and a safety factor of 5 is required, the following
rope was seleoted:

6 x 19 Standard Hoisting Rope
3/4 inch diameter of
Monitor Steel and a
breek ing strength of
47,600 lbs., and weight
of .90 1lbs./foot.

This oconforms with the weight used in the design and
agrees with the rope selected by the Roebling Company. A
standard hauling rope was selected instead of the locked
coil type usuelly used on tramways because a ski 1lift
would not wear the rope nearly as severely and a great

saving in rope cost could be mmd.
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DISTANCE BETWEEN ROPE AND SNOW

Span (Y) Clearance on Clearence Chanje
D Ascendi on Descendi Reg'

b 12.94 12,87 11.86 12.43 6.14
2 24,73 23.9) 16.2 17.02 1.8
3 50,61 48,50 24.1 26.2 t“'i.o
4 57.69 55.23 20.6 23.0 None
1] 37.89 36.47 23.3 24.7 None
6 90,11 87.42 17.8 20.5 None
7 29.44 22,91 22.2 22,7 None
) 25.44 24.74 13.2 1.9 %
Note: Maximum allowable clearance = 28°

Minimum allowable clearance
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SHEAVE LOADS ON THE GHEAVE UNES AT EACH TOWXR 41
uuuug_vsuo ‘ Dnu:v;unc 880
5 g : e § : ) RAJAS § Sh ALY s
2 vy 136 4 1s¢ 138 w74 are
s I 72 290 298 ~1 18 13
P ——
3 324 783 757 186 399 418
4 857 1168 1810 463 974 814
s 176 sivd 54 507 se9 4 933
¢ 608 -  15R 1630 508 1873 1370
‘h
y 321 1258 1300 209 1063 1100

Each sheave tekes one-half the resultant load whioh in no oase
exceeds the following spsoifications:
Meximus allowable pressure on each support sheave along
the line -~ 700 1lbs.
Maximum allowable pressure on each hold down or depress

sheave along the line -~ 525 lbs,

Minimum allowable pressure on any sheave «-- 200 lbs.
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DATA CONCERNING THE TOWERS

The total weights of the various towers osm de
assuned to be as followst , '

1. 16 £¢%. tower -= 4,300 lbs, applied along a

vortieal line 1'8"™ uphill from the center
line of downhill amshor bolt group.

2. 81 £t. tower == 4,500 lbs. applied along a

vertisal line 2'0™ uphill from the eenter
line of dowmhill anchor bolt group.

3. 28 ft. tower -~ 5,100 1lbas., applied along a

vertiocal line 2'4"™ uphill from the center
line of downhill anchor bolt.

The forces acting through the sheaves can be assumed
to aot through the center line of the tower and at the
rope elevation,

jrhe weight of the conorete foundations were figured
using 140 lbs. per ocubic foot and are as follows:

l. 16 ft, tower -~ 8,660 lba.
2. 21 ft. tower --10,000 lbs.
3. 26 rt. tower --11,300 lbs.

Resisting foroe of the s01l against sliding is taking
1000 lbs. per square foot as recommended by Peele's Handbook
of Mining Engineering.

Soil pressure figured by Formula fa = P

A

1{9%;

S~
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DATA SHOWING SAFETY FACTOR AGAINST OVERTURN.
AND RESULT ING 80 IL PRESSURES

Number

Tower

ws o | m ] mw s mu M !
e P :
S3s .t FehE.h B, 4. ER 80 35 84 5
848 Gy, gE3NE: £5s 5§ i3 27 57 434 2
33, 3E5 SAREAR :is §RR g% 8s 2o 325 2
2R3 2e8 288 84k 827 225 Sa . as 58 8A& @
1 8660 4250 345 103 2634 39700 15.1 1 17.7 1170 292
2 10000 4500 196 43 990 71030 72 20.4 1110 530
4 11300 5100 1041 308 8750 91700 10.5 -'M 9440 23.1 817 695
5 11300 5100 785 263 15610 71400 4.6 -'_ 10 23.1 1070 277
6 10000 4500 1471 578 13400 79800 6.0 . 970 20.4 784 780
7 11300 5100 1202 310 8800 92000 10.6 "A 600 23.1 808 717

*

~

“

Overturning Safety Factor never dropped lower than 4.6 7
for any Tower giving a wide mergin of safety. The N
Soil Pressure shows safe pressures for eny ordinary X
soil coniitions. N
) o
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Forces on Right Foundation :

13.25 o, (663)x(Resultont of ascending sidke)
20 -plus —

6<o75 or (338)x (Resvltont of decending side)
2

Forces on Left Fouvndotron :
(663 )(Resuv/tant of decerding siok)

((338)(Resu/ton? of ascending side)







YORCHS TRANSFERRED TO FOUNDATIONB

e 00 2 B 0 M

254
30 16 88 43 87 45 308 158
4“ 23 198 98 s 1 9 4

148 76 477 246 83 4z 3283 136

283 115 764 394 167 86 537 277

116 60 341 176 203 104 609 313

408 206 1008 517 338 170 904 466
212 109 828 427 191 98 786 374

Foundetions which will bLe checked are as follows:

1. Descending side of Tower 1.
2, isoending side of Tower 2,
3. hAscending side of Tower 4.
4, Descending tid e of Tower §.
5. sscending side of Tower 8,

6. aAscending side of Tower 7.
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i FORCES ON FOUNDATIONS

‘ 46
Ascending Sdde Descend ing Side
by 76 238 108 345
] 43 1.96 20 107
] 190 613 159 509
4 808 1041 202 931
H] 220 654 263 785
6 578 1471 538 1421
? a0 1202 300 11583
Note:

Only foundations under the sides marked "x" will
be checked.

Each different type of loading will be checked. Only
the worst loading conditions for each type loading need be
ohecked. If they check all right, the others wiik less load
may be assumed to also be ocorrect.

Checking over the forces acting on the foundations as
given in the above tuble, six different possible types of
loading exist, Different height towers, varying length of
span, and varying slope causes the differences in cable
tensions and engles. Thus, diffsreut load conditions are
oreated.

Foundations will be checked for three possible types
of failure--sliding, overturning, amd soil bearing failure
in the direction of the lift. Since the lift i1s assumed

to be nearly perfectly aligned from tower to tower in a







straight line, there will de uo Srensverse forees aeting
OR the towers excepting wind, Although the wind forees

mey be considerable and inelwde thu: wind forees oa 1/8

the span ef oable on eash side of the tower, they are

not enough to ocamuse failure of the foundation besause

or_ the wide transverse spreed.






k)’aq 4 Fovndotions Agains?t S Lidymg

foce Arco = (3*2.46) = 7.38 s9.7+
Resisting Force =(738 )( /000} = 7380 Lbs.
Greotess) S5//ding Force on Foundotion =572 b

Sofety Foctor = % = /2.9 ok

Two Gencro/ Coses of Fovndation Loading
(Hor/zonro! Sheave fFessur:
B (x(Lat :

(W2 of Tower)

(vertica/ sneove Pressv re)| (Wt of Fovndotion)

3.5
overturning
Frgvred abovt Al 5 sength

This case opplies Fo Foundations ot towers L £S5

( Horizonte! Sheeve Pressvre)
S S

(W of fower)
(vertical sheove Aressure) (W of Fovndo#ion)

Wl | il

re———— Jerr97h o

(ouerfurn/nj mamenf)
aboc# @

This cose gpplies To Foundations at towers 2,346
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