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STRUCTURES FOR CABLEWAYS

By Charlss H, Pleres

Introduction

Cableways and other structures that are used in connection with
measursnents of river dischargze are designed for definite and specific
purposes, and the various conditions that may affect their use require
careful consideration, The selection of the sits for a cableway should
be made with due regard to the hydraullic conditions of the river as well
as to the formation of the river banks, In current-meter measurements,
the direction and pattern of the stream flow and its possible effect on
the performance of the current meter are of major importance, The chan-
nel should be straight at the place of measurement and the river should
be flowing smoothly, without eddies or cross-currents., It is desirable
that the flow should be in one channel at all stages; sections having
overflow or diversions into 0ld channels should be avoided if possible,
Particles of drift in surface flotation that may be observed from the
river banks or a boat should move in parallel straight lines and in a
direction that is parallel with the river banks, The section should be
free of large rocks and boulders; the bottom should be as smooth as is
cbtainable, It is always desirable to observe conditions at warious
stages of the river, especially at medium and high stages, before de=~
ciding upon the site,

The fundamental principles that underlis the proper uss of the cur-
rent meter in making discharge measurements are fairly-well established,
although the methods of procedure may differ with the various conditions
that are encountered and with the available equipment, To obtain an
accurate measurement of the discharge it is necessary to detemine the
depth at definite places in & cross section of the channel and to measurs
the velocity at each of those places. Therefore, the method of procedure
should permit the placement of the current meter at definite and specific
positions in the c¢ross section,

Current-meter measurements are made from bridges or cableways, by
wading, from ice cover, from boats, or from improvised structures in
accordance with the circumstances and conditions at the place of measure-~
ment, The general procedure to be employed in each of these types of
measurement has been described elsewhere }/.

Because of the more satisfactory conditions of velocities and stream
bed that are generally obtainable at sites selected for cableway imstale
lations, as well as the more convenient arrangements for the suspension
and placement of the current meter, cableways are preferred to bridges or
boats for rivers that can be safely spanned with ordinary itypes of struce-
tures, Outstandingz examples of cableway construction are the 1 1/4 -inch

-0 S e D A S D B P D D TS M A S B BB G O T T €D WS

1/ See Water-Supply Paper 888 - Stresm-gaging procedure, vp. 13 - 28,
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galvenized tramvay track-strand cableway with a clear span of 1,654 feet at
the gaging station on the Columbia River at Trinidad, Wash., g/, and the

1 3/8 -inch gelvanized tramway track-strand cableway with a clear span of
1,727 feet at the measuring seetion on the Columbia River 9 miles upstream
from Celilo Falls, Oreg., that is shown in the photograph. (Flate 1).

Cableway across Columbia River above Celilo Falls, Oregon

The cableway above Celilo Falls, Oreg. is an outstanding example of
erbleway construetion, not only for the lemgth of span and the height of
th - towers but also because of the unusual features of its design and
operations It was constructed under the supervision of George [, Canfield,
district engineer, and is used for discharge measurements in determining
the flow of the Columbia River at The Dalles, Oreg. The first measurement
froaa this cableway was made on January 28, 1937, The following are asome
of the interesting features of its design and construction,

The clear span between centers of towers is 1,727 feet. A 1 3/8 -inch
galvanized extra~high-strength tramway track strand of 37 wires furnishes
the track for the gaging car, Above this strand there is a 5/8 -inch
galvenized extra-high-strength tramway track strand of 19 wires that was
used as a messenger cable in the erection of the 1 3/8 -~inech strand, After
that erection was eompleted, the 5/8 -inch strand was cut to the desired
length, field socketed, and erected for an electrical econductor to provide
current for the airways warning lights., It is insulated from the towers
by straln insulators, The other side of the circult is grounded to the
1 3/8 =inch strand, Stockbridge vibration dempers on both the 5/8 -inch
and the 1 3/8 -inch strands prevent destructive resonant vibrations, The
four individual strands shown in the photograph (pl, 1), which was taken
from the Washington side of the river looking toward Oregon, may be
deserived as follows: ’

1, The upper is a 3/4 -inch galvanized extra-high-strength steel
strand that is attached at the tower to a plate-fitting to which the
5/8 -inch tramway track strand (eleectrical conductor) is dead-ended, At
the lower end it is attached to a turnbuckle that is connected to an eye-
bolt in a T=type concrete anchorage,

2, The second, downward, of the ineclined strands is the 1 3/8 ~inch
strand mentioned above, It passes continuously over a saddle in the tower
to an open bridge socket with 9 feet 4 inches take-up to an eyebolt in the
same T-type concrete anchorage on the Oregon side of the river that is
used for the anchorage of the 3/4 -inch strand, On the Washington side of
the river an open socket is used for attachment to a T-type conerete anchor-
age which is also the same anchorage that is used for the 3/4 -inch strand,

3s The third, downward, is alsc a 3/4 -inch steel strand that is the
same as the upper strand except that its upper end is five feet lower where
it is attached to the base of the main saddle,

S DD S D > > S A D D S A B B D S B B B

2/ See Water-Supply Paper 962, plate 1, for photograph.
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4, The lowest of the four strands is a 1/2 ~inch galvanized stan-
dard-steel strand that is attached to the tower at its upper end and to
a8 separate concrete anchorage at its lower end, It carries a sheave to
which is attached a 140-pound eounterweight, A 1/4 -inch galvanized
wire rope about 200 feet in length is attached to the counterweight,
The other end of the wire rope is provided with a lever clemp for attache
ment to the 1 3/8 -inch tramway track strand at the cable car after the
rapid descent of the car down the incline has been suffieciently checked
by the sction of the counterweight. On the return to the landing plate
form at the tower, the pull exerted by the counterweight assists the
occupants of the car in the ascent of the steep slope adjacent to the
tower,

The towers are 10l feet in height above the tops of the conerete
piers which are at an elsvation of 174,00 feet above mean sea level,
The tops of the piers on the Washington side of the river shown in the
foreground (pl. 1) are 5 feet above the ground surface; those on the
Oregon side are 13 feet.

In accordance with the requirements of the Bureau of Air Commerce,
Department of Commerce, which were mandatory under the provisions of the
pernit issued by the War Department, each tower was painted throughout
its height with alternate bands of international orange and white, the
widths of the orange bands being one-zseventh of the height of the tower
and the widths of the white bands one-half of the orange. The towers
were required to be lighted in accordance with the following specifi-
cations:

At the top of each towsr there shall be installed two S50-watt
lamps s0 equipped with a relay for instant switchover in the event
of lemp failure,

At both the one~third and two-third levels of each of the
towers there shall be installed two 50-watt lamps, these lemps
being placed at each level in such a manner that there will always
be at least one light visible at each level,

All lamps shall be inclosed in red Holophane globes and shall
burn from dusk to dawn.

Compliance with the last specification was made by installing one
pair of 60-watt lights in red Holophane globes on disgonally opposite
corners of the tower at the one-third and two-thirds heights, the lights
at each height being on the opposite corners from those at the other
height,

As the nearest source of commercial power was 12 miles distant, it
was necessary to provide power at the site. This power consists of two
Model D 1700 S fully-sutamatic 800 watt, 110 volt D.C, Kohler sir-cooled
gasoline~engine-driven electric generators.
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The cost of the complete cableway installation was $15,000, including
the two electric-generator plants, the air-conditioned power house, the
astronomical clock and time switeh, the switchboards and wiring for the
airways warning lights, the obstruction markings, and the warehouse with
living quarters for engineers visiting the station for discharge measure-
ments., Because of the strong winds prevalent in the area fram about
10 a,me t0 8 peme, it is necessary to begin a discharze measurement in the
early morning as soon a3 there is light enough to see.

Design

Important considerations in the design of cableway structures are
+he clear span between the supports, the weight of the wire rope or strand
and the concentrated load, the loaded and the unloaded seg, the effect of
changes in temperature, and the heights of the supports required for the
necessary clearance above low water and extreme high water, The design
of the wire rope or strand consists of the determimation of the necessary
length; the correlation of sag and sllowable stress for any loading that
may occur when the eableway is in use, including an allowance for the
effect of changes in temperature; and the selection of the size end kind
of wire rope or strand that will meet the requirements most satisfactorily,

As the several parts of the design are interrelated to a considerabls
extent, some preliminary computations may be required before the final ’
decision is made as to the size and the necessary sag. The use of sag
diagrams, similar to those shown in plates 2 and 3, may be helpful in the
preliminary computations, In some circumstences, especially for long
spans, it mey be found desirable and economical to place the supports for
a minimumn length of span, even though high supports are required; whereas
for short spens a saving of a few feet in the length of span may not be
of as great importance as a reduction in the heights of the supports.

The physiography of the river banks and the approaches tc the cableway
may determine the positions of the supporting struectures and, therefore,
the length of the span as well as the size and shape of the footings and
anchorages, If possible, these should be on ground not sudbject to sudb-
mergence,

It is generally desirable to have the supports at the same elevation,
although the necessity for clearance over a railroad, highway, or electric
power line along one side of the river, or the desirability for greater
ease of operation on the near side, may be sufficient reason for a differ-
ence in elevation,

In the design of a cablewsy structure, different factors of safety
may be used for its several parts, ss the uncertainties will vary with
the nature of the material end the methods of its fabrication, the con-
ditions of loading, and in some instences, with the physical conditions
at the site 3/, The parts of the structure for which individual designs

§/ Information regarding the factor of safety in engineering design may
be found in the paper by Freudenthal and the subsequent discussions. See
Freudenthal, Alfred M,, The Safety of Structures: ASCE Proce., October 1945;
discussions in Proceedings for January, February, and June, 1946, and
February 1947,
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are necessary are (1) the wire rope or strand, commonly called the
"ecable,” (2) the supports, which are usually A-frames or towers, (3) the
anchorages, usually imbedded in the ground, (4) footings for the sup-
ports, (5) anchorage comnections, and (6) backlines, stays, and guys.
Various accessories may require special consideration in the design to
such an extent that standard plans can be used only to a limited degree.
If the river is classed as ‘navigable," the Corps of Engineers, U. S,
Amy, may establish certain requirements as to clearance for which
information, a3 well as the necessary permit, should be obtained through
the officer in charge of the loeal distriect, The pemmit from the War
Department usually specifies compliance with requirements issued in
accordance with law by any department of the Federal Govermment for the
aid or protection of aerial navigation (see ps3). These requirements
should be asecertained in advance, as far as possible, and observed in
the design of the structure.

Measurement of the span

Some of the preliminary studies, such as the investigations of the
relative economies of different spans and the corresponding heights of
tre supports, may be based on approximete measurements of the span but
a careful determmination of the distence between supports and the dis-
tance from each support to the corresponding anchorege connection should
be made before beginning the finel computations, For short spans, the
distance between supports may be measured with steel tapes or a tag line,
but for spans of several hundred feet the distance should be determined
by trianguletion from a carefully measured base line, one end of which
shouléd be at the site selected for one end of the span. The base line
should be approximetely as long =s the span and all three angles of the
triasngle should be measured. Jf socket connections are to be used, the
measurerents of the base line and the angles should be sufficiently
exact so that the length of span may be computed with a reesonsble de-
gree of eccuracy.

As an error in determination of the span produces an error in the
length of the wire rope or track strend as purchesed, and this error
mist be compensated by teke-up adjustments in order to obtein the
desired seg, it follows that an uncertainty in the messurement of the
span necessitates provision for a greaster take-up than otherwise would
be required, With the instruments that ordinarily are available for
measurements of angles and distences it should be possible to determine
the spen with an allowable error not exceeding 1 in 2,000,

Loads

In any structural design, the anticipated loads are given primary
consideration and the structure should be designed to carry those loads
with a reasonable fsctor of safety. If there is large uncerteinty in
regerd to the loads, a large facter of safety beyond that incident to
uncertainty in the strength of the materiel is needed, However, the
meximm load on a cablewsy when it is in use for current-meter measure-
ments can be determined very closely. Loads caused by falling trees
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or other objects striking the wire rope or strand may be in excess of
those assumed in the design, but those loads are not likely to occur
when the ceblewey is in use, There is no record of a Geological Survey.
cablewey having feiled under the loads for which it was designed. Such
failures as heve occurred because of falling trees or from other causes
when the ceblewey wes not in use generelly have been at the anchorage
connections or have been due to upsetting of the supports. .

The loads to be considered in the design of cableway structures are
(1) the dead-load weight of the wire rope or strand, which may be the
decisive or limiting load for long spens, (2) the concentrated load
carried by the geging car or produced by tension on the meter ceble
attached to the cer, and (3) loads ceused by wind and ice, The waights
per foot for various sizes of galvenized plow-steel 6 x 7 wire rope* and
galvanized smooth-coil round-wire tremwey track strand that may be used
in cableway design are given in tables 1 and 2,

The concentrated load that is carried by the geging cer on two
traveller sheaves** consists of the weight of the car and the equipment
and possibly two men, the sum of which ordinarily may be taken as 500
pounds; also the pull that may be exerted by the current-meter suspension
cable, The bresking strength of the 0,10-inch reverse-ley cable that is
cormonly used with reels is from 800 to 1,000 pounds. The breaking
strength of the 0,125-irch reverse-lay cable which is used with 200-pound
end 300-pound weights is about 1,500 pounds. A concentreted load of
1,500 pounds applied at the point of maximum sag is cormonly used in design
except in those instences where it is expected that the 0,125-inch meter
ceble will be used or additionel heavy equiyment will be carried on the
gaging cer. In those cases, the design should be made for a concentrated
load of 2,000 pounds or whatever smount will include the weight to be
carried plus the breaking strength of the meter cable.

Wind load should be considered in the design of towers, guy cables,
and footings, especially if the span is long. The possible effect of ice
covering should also be investigated if the structure is in a region sub-
Jeet to freezing temperstures. In the design of the cableway structures
for the station on the Columbis River at Trinidad, Wash., the effects of
wind load end ice covering were investigated as stated by Arthur Johnson
in his report 4/:

Two conditions were investigated; first, with the wind normal
to the ceble, and second, with the wind 45 degrees from normal, In
considering the wind stress, the cable and all mambers of the tower
were considered as having a coating of ice extending 1/4 inch beyond
each edge, or a total increase of 1/2 inch in width (N.E.L.A. class
B loading); a 3/4-inch cable supported two feet above the mein cable
¥ Add about 7 percent to the weight given for 6 x 7 wire rope to obtein
the weight for a corresponding size of 6 x 19 wire rope.

** For the spacing of the sheaves see plates 21, 22, 23, and 24,
4/ Unpublished report entitled "Construction of a gaging station on
Columbie River at Trinidad, Wash." by Arthur Johnson, assistent engineer,




Table 1, -~ ‘eight per foot, net cross-sectional area, and breskinz strength
of galvenized plow-steel 6 x 7 wire rope*

ADproz=- . Bresking strength (with deduction of 10 percent
Diemeter | imate gftcizzz for effect of galvanizing) .
weicht LSt Improved Mild
ver foot | Section plow steel Plow steel plow steel
Inches Pounds Square Pounds Pounds Pounds
inches
3/4 0.84 0,215 40,800 35,600 30,900
7/8 1.15 .294 55,200 48,000 41,700
1 1.50 «380 71,400 62,100 54,000
11/8 1,90 484 89,600 77,900 67,800
11/4 2,54 596 109,800 95,400 83,000

Teble 2, -~ Weight per foot, net cross-sectional area, and breaking strensth

of smooth-coil round-wire galvenized tramway track strand.

Breaking strencth (with deduction of

Wires Approx- Yet ;
Diemeter in imate o; ciﬁ:: ‘10 percent for effect of galvenizing)
strand weight seetion & . Extra High strength
per foot Yigh strength
“Inches Number Pounds Square Pounds Pounds
inches

3/4 19 1.24 0,301 58,500 49,700
7/8 19 1,69 «438 79,900 67,700
1 19 2.20 «576 104,400 88,600
11/8 37 2,70 o723 127,300 108,000
11/4 37 3423 «897 152,300 129,200
1 3/8 37 4,01 1,081 189,000 159,800
11/2 37 4,88 1.292 229,500 195,100

* For 6 x 19 wire rope the weicht is about 7 percent greater snd the breaking
strength is about 5 percent greater than that of the 6 x 7 wire rope.
" NOTEes =- The values of breaking strength and weight in table 1 are those given

by the Wational Buresu of Stendards:

mendation R198--43, page 1, table 1.

Wire Rope, Simplified Practice Recom-

The bresking strength and weiczht per foot of tremwey track strend have
The wvelues given in table £ aye those

not been officielly standardized,

zenerally used, In ordering tremway track strand of a given dismeter, the

required minirum breaking strength should be specified.
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was also considered, Such a ceble will probably be required at
some future date for supporting lights emnd streamers to mark the
obstruction to aerial navigation. A wind pressure of 8 pounds per
square foot on projected area of cebles and 20 pounds per square
foot on twice the projected ares of the tower wes used, The wind
normal to the cable gave the greatest overturning forece or uplift
on the footings and the wind 45 degrees from normal gave the
greatest campression on the footings. Although side guys were
used, the footings were designed to resist uplift due to wind
pressure, Consequently, in this design the wind load normal to the
cable wes used when considering uplift and 45 degrees from nomal
when considering compression. ‘

Types of construction

Various types of construction are used in cableways and the appurte-
nant structures, For long spans, high towers may be required similar
to those shown in the photograph of the czbleway across the Columbia
River (see pl., 1) for which the designs are given in plates 12 and 13,

Steel or timber A-fremes may be used as supports for cableways
across streams of ordinery size where the span is not too great end the
height of the support is less than about 40 feet., Designs for steel
A-frames of various heights are shown in plates 14 to 18, Designs for
timber A-frames are shown in plate 20,

The steel post support that is shovm in plate 19 has been found
very satisfactory. It is simple in design and ordinarily the steel c¢an
be readily obtained., An H-beam support 27 feet in height for a cableway
of about 700-foot span has been designed and used in the Boston district,

In some instances where the use is expected to be temporary, wire
rope is carried by sheaves supported by trees, the end connection being
made to a suitable anchorage or to the lower part of another tree. If
trees are used, either for supports or anchorages, four or more blocks
should be placed between the wire rope and the bark of the tree to protect
the tree from injury that might cause the failure of the support or anchor-
age. The use of trees as cableway supports is not recommended, except as
a temporary expedient until more permanent structures can be erected.

Anchorages may be constructed of mass concrete whereby the weight of the
concrete and the soil resistance to movement are the principal factors in
the security of the anchorage, or they may be of the T-beam type, suitably
reinforced, with most of the load carried by the resistance of the soil in
direct compression, The latter type is more economical of concrete but the
foms are more expensive than those required for the msss type of construc-
tion,

In places where the river banks contain ledgerock of sufficient height,
anchorage rods set in the rock are sometimes used, Owing to uncertainties
as to its strength and reliability, this type of anchorage it is not recom-
mended, A



In some cireumstances, where timber is plentiful and the cost of
concrete is prohibitive, the use of a timber deasdman as an anchorage
for a short span may be acceptable, If timber is used, it should be an
unsawed log with the bark removed, A wire-rope conneection between the
turnbuckle and the log should be provided with bearing plates between
the rope and the log and at least three turns of the wire rope around
the log and the bearing plates.

In all cases where a rigid connection is made to an anchorage by
means of an anchor bolt, care should be taken that the amchor bolt is
set in a direcet line and in the same plane with the comnecting back stay
or backline of the wire rope or strand so that there will be no bending
moment in the rod,

Wire rope and its connections, or the connections for any type of
construetion, should not be exposed to contact with the ground, If
below the surface, suitable waterproofing should be applied. A wrapping
of burlap covered with asphaltum is sametimes used.

Two different types of material, with respect to the methods of
their fabrieation, are used in the tracks of cableways., These are
(1) wire rope and (2) tramway track strand, Because of the difference
in their flexibility, due to their design and methods of fabrication,
different methods of connection to the anchorages are customary.

Although the physical properties and tensile strengths of these
two types of materiasl differ, certain general practices and procedures
in comnection with their use are common to both types. It is considered
good practice to use a size at least 3/4 inch in diameter, even for
short spans, as the greater ease in operation of the gaging car with the
smaller sag required for the 3/4 -inch size, instead of a smaller size,
will more than compensate for the small additional cost, Another
reason for specifying a minimm diameter of 3/4 inch for the cableway
track is that the smaller sizes would require the use of small wires
that would be more wvulnerable to abrasion and atmospheric corrosion.

Wire rope

The wire rope that is used for cablewanys consists of several
individual strands, usually six, each of which is composed of a number
of wires, The number of wires in a strand of this type is generally 7,
19, or 37, although others are obtainable, A strand of 7 wires has
been commonly used in cableways for river measurements, but a 19-wire
strand is often preferred because of the greater flexibility and some-
what greater strength of the rope with that method of fabricetion,
However, the smaller size of the wires in a 19-wire strand as compared
with a 7-wire strand renders the 19~wire strand more vulnerable to
abrasion and corrosion. .

A rope with a hemp core is ordinarily used and is so understood in
the designation of "wire rope” unless a different cors is specified or
is required by the method of fabrication. It is preferable that the
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hemp core should not be ludbricated, but a wire rope with a dry core is

not always obtainable, A wire rope has the advantage of flexibility and
is adapted to the use of thimble-and-clip connections to the turmbuckles
and anchorages, For these reasons and because of its general availability,
simplicity of connections, and ease of erection, hemp-center wire rope

is often used in cableways of short and medium span, The thimble-and-
clip connections are the greatest sources of weakmess in this type of
construction,

Various other types of wire ropes are available, among which ere ropes
with wire centers, These may be either independent wire-rope centers or
wire-strand centers, This type of rope has the advantage of somewhat
greater strength and is subjeet to less uncertainty in stretch end elonga-
tion than is the hemp-center rope.

6 x 7 wire rope

Wire ropes composed of 6 strands around a hemp core with 7 wires in
a strand are commonly known as transmission or haulage ropes, but have
sometimes been listed as "yacht rigging rope" by wire rope campanies.

As the wires are relstively large in the 6 x 7 type of fadbrication,
the rope is well qualified to withstand ebrasion but it is less flexible
~then some other types of wire rope, Because of its general availebility,
the 6 x 7 wire rope has been often used in short-span cableways, The
weight per foot, net eross-sectional area, und breaking strength of
ordinary sizes of different grades of galvanized plow-steel 6 x 7 wire
rope are given in table 1,

6 x 19 wire rope

Severel different designs of 6 x 19 wire rope are available, 8ll of
which are generslly listed under the heading of hoisting ropes They
differ in flexibility and other properties with the vaerious methods of
fabricetion, but the so-celled "Standard Hoisting Rope™ is more generally
used then any of the others, In this design there are 6 smaller inter-
mediate wires in addition to the 19 main wires, As the 6 x 19 wire rope
has & breaking strength sbout 5 percent greater than that of the 6 x 7
wire rope, with a weight per foot sbout 7 percent greater, if it is given
& seg corresponding to that shown in the diagrems in plete 2 the factor
of safety for ordinary spens will be slightly greater than that of the
6 x 7 wire rope with the same sag except that its greater vulnerability
to sbrasion and corrosion mey have an adverse effeet, Its modulus of
elagsticity is somewhat lower than that of the 6 x 7 wire rope.

Tremwey track strend

Tremwey track strand, because of its greater smoothness of operation,
greater strength and reliability, higher modulus of elasticity and less
sag, is generally preferred for river cableways, even though the span may
be within the limits of use of ordinary sizes of wire rope. The stiffness
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and lack of flexibility of tramway track strand, as compared with wire
rope, necessitates the use of socket connections. (See p.29), This
type of connection facilitates ersction of the cebleway but it requires
careful measurements of lengths in order to avoid the necessity for an
excessive length of take-up at the sockets., (See p.30), The weight
per foot, net eross-sectional area, and breaking strength of ordinary
sizes of smooth~-coil, round-wire, galvanized tramway track strand are
given in table 2, As track strand has not been as fully standardized
as wire rope, the suppliers of thet material should be invited to fur-
nish a listing of its characteristies.

Grades of steel

Plow steel that is generally specified for cableways is an acid
open~hearth steel so treated and drawn as to yleld a wire unexcelled in
unifomity, strength, and toughness. The three standard grades of
plow steel that sre used in the fabrication of wire ropes where strength,
toughness, and resistance to sbrasion are of primary importance are
"Improved Plow Steel," "Plow Steel," and ™Mild Plow Steel." 5/ Of
these three, Improved Plow Steel is the strongest, toughest, and most
wear resistant, The use of Mild Plow Steel is limited to installations
requiring high fatigue resistance where strength is not of primary
importance. The grade designated as Plow Steel is intermediate between
Improved Plow Stesl and Mild Plow Steel; the difference in strength
between each grade is spproximately 15 percent, Smooth coil tramway
track strand is fabricated only from two grades of steel vhich are now
designated as "Extra High Strength" and "High Strength.® The comparative
strengths of the two grades are shown in table 2,

A grade of steel that has a higher unit strength than those men-
tioned above is sometimes used in suspension bridges of short and
medium span, and for guys to towers, masts, stacks, and similer struc~-
tures where high strength is the prineipal consideration. Bridge strand,
which is made of that grade of steel, is not recommended for use in
cableways because of its unusually long lay and its resultant vulner-
ability to wirs displacement.

Fatigue due to vibration

Engineers experienced in the design and use of trauway track-strand
structures have found that failure of wires in the strand may occasionally
occur at the entrance to the socket if the socket is at the end of a long
free span and is not free to rotate. These failures have been attributed
to rapid changes in the angle of the strand where it enters the socket,
such s may be caused by variations in the conditions of loading or by
vibrations induced by wind or other eauses, If the socket is not free to
rotate, the flexure of the strand at the mouth of the socket may cause

§/ See N. B, S, Wire Rope, Simplified Practice Recormendation R198--43,
Various trade nemes are used by the different manufacturers in their
designations of these grades of steel,
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fatigue failure of some of the wires, A standard open socket presunsbly
is free to rotate because of its pin connection but, if the pin is
attached to a rigid anchorage or tower top, the bearing pressure pro-
duced by the tension may prevent rotetion. Therefore, with open sockets,
it is desirable to introduce a link between the socket and the fixed
anchorage. If vibration is noticeable, such as might be caused by the
passage of trains near the ecableway support or anchorage, it may be
alleviated by the use of Stockbridge dampers. The failure of an eye-bolt
connection that was attributed to fatigue induced by vibration in a cable-
way across the Yekima River has been described as follows 6/:

The bolt was rigidly anchored in rock and had been in service
for about 15 years. The cablewny equimment had been used repeatedly
for making high-water measurements, when the strain on the meter-sus-
pension cable was great, and with two engineers in the gaging car,
Only one engineer was in the car when the bolt broke, and the river
was at medium stage, so that the strain on the meter-suspension cable
was slight. Exsmination of the fracture seemed to indicate progres-
sive failure due to0 fatiguCeescses

Fatigue of tramway strand may not occur, or if it does occur
the process is undoubtedly slower than in an eye-bolt, ZEven so,
undue vidration is disconcerting, and cableway meesuring equipment
at many gaging stations may be in service for 50 years or more.

Computations
The following formulas are based on the principles of mechanics and

are similar to those cormonly used by wire-rope companies, The supports
are assumed to be at the same elevation unless otherwise stated. In the
formmlas for length and slope, it is assumed that the wire rope or strand
tekes the fomm of a parabolic arc instead of the catenary, This assunp-
tion greatly simplifies the computations and the error in results is
negligible.
Formulas

W = weight of the wire rope or strand per foot of length.

P = concentrated load at center of span or at point of maximum sag.

S = clear span between supports.

H

horizontal component of the tension,

tension at the point of meximum sag.

WSz+~PS=S_(WS+2P)......o.-..-...o(l)
8D 4D 8D

_§/ Unpublished report by engineers in the Tacoma distriet, February 1935,
12



Correspondingly, for the individual loads W and P:

HW=WS,ande=PS oooo.oooocoooooon"(lﬁ)
8 Dy £ D,

D =loadedsag=S(WS+2P) ¢ @ 8 & 8 5 ¢ & & o © 5 o 0 & o (2)
8 H

d = erection sag; to be computed.
T=mﬂmtem10ﬂ=ﬁsec€ooooocooocoooooo(3)

= angle between the horizontal and the tangent to the curve =t
the support. ’

tan@,forloadsWandP,--Z!D;ég! e s o e 0 000 oo (4)

where Q is the sag in the half spen from the chord joining a support
end the load at midspsne. The equation that is generslly used for tan P’
is:

tanﬁsWS+P..........'............(4a)
2H

L = length along the catenary (or parabolie ares) between supports,

For load W (weight per foot) the following approximate formulas are
used:
I“W’ S+W283=S(1+w282)83(1#8n“2v) o o ¢ & o o (5)
24 TS 24 H2 5 52

where Dy, is the sag corresponding to the tension Hy for the load W,

Fommula (5) is commonly used as:

wa-’S(l-l-gkz)000‘0000000000000000(58)
3

where k is the ratio of the sag to the span for the load We The deri-
vetion of equation (5) and also an exaet formla for the computetion of
the length are given by Steimmen 7/,

An approximete formila thet gives the erection length Le for a
level span suffieiently close for practicsl purposes is:

Le=2v‘%)2+_§nd2 .....o.....-...(ﬁb)

7/ Steimman, D. B., A prectical treatise on suspension bridges, 24 ed.,
Pe 5e 1929,
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By formule (S5b) the length of the paradbola for a span of 1,000 feet
and & sag of 45,0 feet is 1,005.,39 feet, wherees 1t is 1,005,40 feet by
fommla (5a).

With a load P st the center of the span, the length mey be computed

by the formila: Wz s 3 3
+ (E)eoseJoooocnoooooo(s)

L=2 Sl
2

24H

where S; is the chord length from the center of span to the support and
" is the angle that the chord makes with the horizomtal,

Ly = length along the catenery (or parabolic arcs) plus the sum of
the distances from the supports to the anchorage connections., (See eq.

(9)),

The above relations do not take into consideration the elastiecity
of the material or the smell changes in arrangement of the component
parts of the rope or strand thet may result in permenent stretck when
load is applied, The sag diagrams in plates 2 and 3 show the loaded
sag D corresponding to the alloweble tension T for a safety factor of 4
for improved plow-steel tramway track strand and a safety factor of
5 for improved plow-steel wire rope. ‘

Elongation under load

From preliminary computations or by the use of diagrams, a wire ropse
or strand of a certain size and strength may be selected and the corres-
ponding values of D and T determined from equations (1), (2), (3), and (4).
The results of those computations mey indicate theat a change should be
made in the selection. After satisfactory trial values have been obtained,
the elastic elongation due to load and the change in length due to temper—
eture changes can be computed,

‘The elongation due to the losds W and P may be computed from the
equation:

e-TL,ore=HLfortensi0nH........ (?)
AE AE

If the support is hinged at the base or is otherwise nonrigid in position,
L; should be used for the length., Same engineers prefer to use the
formla: 2

-SH..-I.'._._OOOOQQQQQQoo.ooooooQ(7&)

AE

In equation (7), and likewise in equations (8) and (9), the area A
is the sum of the net cross-sectional arees of the several individual wires
that compose the rope or strand, The values of A given in the tables pub-
lished by the various wire-rope companies may differ slightly for the same
nominal diemeter of the rope or strand,

6 =

As new wire ropes and, to a lesser degree, tramwey track strand are
subject to small changes in the positions of their component parts
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when the loads are first applied and these changes result in what may be
called "permanent stretch," the final adjustment of take-up to give the
desired erection sag should be postponed until heavy loads have been
applied and removed, For wire ropes with turnbuckles, the turnbuckles
may be tightened beyond the designed position end them slackened off to
the position that gives the correct sag. It may be desirable to make
an sllowence for the permenent stretch when plaeing the turnbuckles or
bridge sockets, unless the material has been subject to previous use or
to s prestressing process.

The permeanent stretch will vary with the kind of materisl and the
neture of its construction and 1s grester for wire rope than for trem-
way track strand. Wire rope may be expscted to have a stretch any-
where from 0.5 percent to 1,0 percent of its length, depending upon the
method of fabrication end the conditions of loading. For light loads,
such as the operation loads on cableways used for river measurements,
an allowance of 0,005 times the length msy be sufficient., This elong-
etion is additional to the elastic elongation shown in equation (7).

A prestressing process that is offered by some wire rope companies
is desirable for tramwsy track strend as, by the prestressing process,
a permanent stretch is given the strand and the modulus of elasticity
is stebilized for working tensions that do not exceed the prestressing
tension, It should be noted that the effects of prestressing diminish
rapidly for tensions above thet of the prestressing., For this reason,
it is ccmmon practice to prestress tramway trasck strand to 50 percent
of its ultimate strength in order that there may be a libersl margin
to the prestressing effects, The length of time in which the pre-
stressing should be maintained varies with the material, mt for tram-
way track strand one hour should be sufficient,

Although prestressing of hemp-center wire rope for the purpose of
stebilizing its modulus of elasticity is not generally practiced by
wire rope companies, the prestressing would be helpful in giving the
rope a permanent stretch and thereby eliminate some of the uncertain-
ties as to the loaded sag under operating conditions. For the pre-
stressing of wire rope to be effective, it should be maintained for
at least four hours at & tension of 40 percent of the ultimate strength
of the rope.

The factory measurement of length (see p24) should be made under
a tension equal to that in the cablewey when its erection sag is
ad justed to the erection sag specified in the design. The length would
then correspond to the length of the catenary at the time of erection,
The erection tension Hy may be found from equation (la) where D, is the
erection sag 4 that may be found from equation (8) or by the methods
deseribed on pages 17 to 20,

Modulus of elasticity

As may be seen from equation (7), the elongation e veries inversely
with the modulus of elasticity E. Values of E for galvanized tramway
track strend may differ as much as 15 percent, depending on the condition
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of the strand, apd for wire rope the variation in E may be as mch as 20
percent. Values of E ranging from 19,000,000 to 22,000,000 for tramway
track strand and from 12,000,000 to 14,000,000 for 6 x 7 wire rope have
been used in design. Because of the uncertainties, engineers of wire
rope companies generally favor the lower values,

It should be noted that the erection sag 4 for a specific loaded
sag D increases somewhat with an increase in the assumed value of the
nodulus of elasticity. The difference in the erection sag 4 due to the

se of 22,000,000 instead of 20,000,000 for E in the computations for
...ns of l 200 and 2,000 feet, using 1 3/8 =inch and 1 1/2 -inch extra
high strength tremway track strand, is shown in table 3, A value of
22,000,000 was used in the camputations for plates 3 and 4 in the 1933
edition of "Structures from which discharge measurements are made® 8/
and also in the computations for plates 3 and 4 of this edition,

Teble 3, =-Erection sag d required for a specific loaded sag D for E =
.20,000,000 and 22,000,000, Extra high strength tramway track strand

with safety factor of 4,

Size of Span Loaded Modulus of elasticity E Difference
strand gsag D 20,000,000 22,000,000 ind
Inches Feet Feest Feet Feet Peet
7/8 800 22,0 11.9 12,3 0.4
1 3/8 1,200 2540 18.4 18,6 2
2,000 5847 5065 5067 2
11/2 1,200 23,3 17.7 17.8 s
2,000 5640 48,8 49,1 3
Erection seg

The erection sag 4 that should be given a wire rope or strand in
order that the loaded sag D and the maximm tension T may not exceed
the limitations of the given specifications can be determined by means
of formulas representing the several factors that must be considered,
For convenience in systematizing computations in the preparation of
sag diegrams, the relations between the various forces and dimensions
that produce static equilibrium in the loaded cableway may be repre-
sented by the following equation:

i ]
| a4+ 8%+ st
’ 3 %
8(AE+H)d - (WS)da-us® =AE -S| =8 Heeo(8)
38 ° 3 8 a Y4 D% + 82

§/ Computations by C. H. Pierce, S. XK., Jackson, and L, L. Harrold, July 1933.
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In equation (8) the fraction on the right hand side of the equation
represents the length of a parabolic curve with the dead weight W S
replaced by W S sec & to obtain a closer approximation of the effect of
the total weight in the length L. As expressed in this form, the equa-
tion may not be as femlliar to meny engineers as are the equations con-
taining trigonometriec terms. In this equation, which is used after H
end D have been determined, the only unknown quantity is the erection
sag do The fundamental relations in equation (8) are similar to those
in equation (8a),

The diagrems in plates 2 and 3 that show the ereetion sag 4 for a
specific loaded sag D were prepared by use of the sbove equation (8),
The grouping of constants in the coefficients of 4%, d, and d~* in the
manner shown in plate 4 simplifies the work in making a series of com-~
putations, The solution is then made by substitution of trisl values
of 4 until a value is found that satisfies the equation. Plate 4 shows
the computations for the erection sag 4 for 1 3/8-inch and 1 1/2-inch
extra high strength tramvey track strand that are plotted in plate 3.
It should be noted that the values given in these computations and
diagrams correspond to the length between supports. The effective
length I would, of ecourse, depend upon conditions at the site.

Sag diagrams are useful in preliminary computations, and values
taken from them are often used in designs for short and medium-span
cableways, However, for spans of 1,000 feet and more, the computations
should be made for the specific problem under consideration with proper
allowance for the backlines and guys,

Formmlas developed by Carstarphen g/ have been applied to cableway
conputations with results in close agreement with those obtained by the
use of equation (8),

In the application of the theory of elasticity to cableway prob-
lems, the erection sag 4 may be found by first determining the erection
tension Hy that satisfies the equation for elasticity stability expressed
in the form:

(H - Hy) L

L~-1L_ =
e AE

= J(H"He)...........(Sa)

After finding the value of Hg that satisfies the above equation, the
erection sag 4 can be devermined from the equation W Sz

d =
8 Hy

In the above ncmenciature, J is the elastic change in length for
each pound of change in tension and Lg is the length corresponding to
the erection tensiom Hy o

9/ Carstarphen, F, C., Aerial tramways: ASCE Trans., vol., 92, p. 875,
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2 3 :
As Lo = S ¢ W s s the elastic relation may be expressed as
24 Ee s o

w2 s
J Hé + L -(J H+ S) " e B 0 4 4 6 0 60 s 0 s e (Bb)

24 Hy
L is a maximm when the load P is at the center of the span and for
that condition:
W % )° cos® &

L=2 Sl + R N ° 0 (6)

24 B°

The above equation is for a level span where S; is the chord length
from the center of span to the support and £ is the angle that the chord
mokés with the horizontal.

An application of this method to a 1 1/2 -inch tramway track strand
with a clear span of 1,800 feet, assuming that the supports are rigid and
fixed in fixed in posi'bion, is as follows

- P = 1,500 pounds,
W = 4,88 pounds per foot,
A = 1,292 square inches,
D = 46,52 feet.
H = 57,000 pounds.
E = 22,000, 000.
1 ( § 12+ 0® = 901,201 feet.

cos &&= S = 1,800
%1 1,802,402

= 0.,99866; cos°.& = o 9960
‘ 3
L= {901.201 + (4--88) (00) ﬁ.»996)]

24 (57,000)2
= 2 [901.201 + 0. 222] 1802,846 feet.

= L - 1,802,846 = 0,000,063,43
T = 1.292 x 22,000,000 R
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JE = 0,000,063,43 x 57,000 = 3,6155

= 5,786,900,000

Substitution of the sbove wvalues in equation for elastic sta-
bility (8b) gives the following equation for Hy :

0,000,063,43 Ho — 0,770 H: == 5,786,900,000 = O

The solution of this equation gives a value of Hg , to the nearest
10 pounds, as 49,450 pounds,

The corresponding value of the erection sag d is

40,0 feet {to the nearest tenth of a foot),

a - %
B,

which is the same as was obtained by the use of equation (8)e (See
plate 4),

In the determination of the erection sag where the conditions are
known, the length Lj should be used in place of L in the formmlas for
elasticity. (See egqe 7) The stresses in the backlines for the angle
“Y should also be investigated. (See page 21),

The tormmlas given below are used by same engineers, They are some-

what simpler then those given on pesges 17-18, and give results sufficient-
ly exact for most cases,

H S 2
AL = 2 (1« lg_.k )

AR
AD = 15 L
16(5k ~ 24%x°)

d = D =AD

A solution of the above problem, using the data given on page 18,
is as follows:

H, = 1,500 x 1,800 = - 14,510 lbs,
4 x 46,52
. D _ _46.52 _
k = 2 o0 0.02584
2
x“ = 0,000,668
k> = 0,000,017
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AL = 14,510 x 1,800 (1.0036) = 0,922 foot
1.292 x 22,000,000

AD = 13X 0,922 = 6471 feet
16 (0.129,2 = 0.000,4) *

d = 46,52 - 6,71 = 39,81 feet
which is about 0,2 foot less than was obtained by the first two methods,

The value of A D may also be found directly from the equation:

AD = 2578 w. (B

—_

64 DAE (5k - 24K°)

= _73,162,440,000 . ¢,71 feet
10,899,867 ,440

As the elongation under load cannot be exametly detemined mathemati-
cally because of the "permanent stretch™ of the rope or strand that is
mentioned on page 15, and some uncertainty in regard to the value of E,

a choice of the above methods of”ecomputing the erection sag may be made
without any eppreciable difference in aceuracy. The smaller erection
sag that is obteined by the last described method might be considered as
providing some allowance for the permanent stretch, although the larger
sag obtained by the first two methods would give a larger factor of
safety.

Supports at different elevations

As it is sometimes necessary or desirable for the supports to be at
different elevations (see p. 4), the following additional terms and
formulas are given for use in those circumstances,.

v

h = difference in elevation of supports, in feet,

Dy = total deflection at low point from the elevation of the highest
support,
e _S(WS+ 2P h

4+
8 Hl 2

S(¥S + 2P

@ = angle between the horizontal and the tangent to the curve at the
I hichest support,

63 = gangle between the horizontal and the tangent to the curve at the
2  lowest support. ‘
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’can@ WS-!'P *h

ZHl S
tan@ WS+P-§.

T maximm tension at highest support.

L = H, sec ?,
2 o

A mathematical treatment of the condition of supports at different
elevations from which the above equations may be derived has been given
by Carstarphen 10/.

maximum tension at lowest support.

An approximate method for the solution of cableway problems where
the supports are at different elevetions has been published by Pittmsn _1_1_/ .

Tension in backlines

The total tension in the backlines from the support to the anchore=
age is H sec where is the sngle between the backline and the
horizontal, This load should be investigated and back guys provided
for insuring the stability of the support and for teking the excess
load so that the tension in the rope or strand between the support end
the anchorage will not exceed the allowable tension T in the main span.

Where pin-and-socket connections are used at the supports, as indi-
cated in the plans for steel A-fremes (pls, 14 to 18), a larger-size
strand may be used for the backline so that the factor of safety will
not be reduced,

Bending moment in towers and A-frames

Beceuse of the conditions of loading at the supports and the diffexr-
ence in the angles and %/ , a bending moment may be developed in the
supports. These stresses may be investigated by graphical methods and
the best position for a back guy selected, The stresses due to wind
load should also be investigated (see pe 6 ).

The computations up to this point do not teke in consideration the
effect of changes in temperature as that subject cen be treated more
satisfactorily as a seperate problem,

BEffect of changes in temperature

The change in length of a cablewey and the corresponding change in
sag due to change in temperature should be considered after completing

10/ Carstarphen, F. C., Op. cit., p. 917.
11/ Pittman, Harrison V., Construction cableways on Norfolk Dam. Engre
News-Record, December 27, 1945, p. 67.
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L)

the provisicnal computations of length and sag. The immediate effect of
a change in temperature, say from a temperature of O degrees F to a
temperature of 100 degrees F, would be a change in length (AL) of € Lt
where € is the temperature coefficient and t is the change in degrees F,
so that there would be a tendency for the wire rope or strend to assume
a new length that differed from the previous length by € Lt. If the
cablewsy was free to take this new length under its own weight, a rise of
100 degrees in temperature end e value of 0,000,006,6 12/ for & would
change a length of 800,51 feet along the catenary to a length of 801,04
feet, However, with the increasse in the length end the resulting increase
in the sag, there would be a decreasse in tension that would tend to limit
the change in length and would affect the sag accordingly.

From the theory of elasticity snd the formmlas for length and seg
of cableways, an equation for Ad, the change in the sag d due to a change
in temperature, was developed by the writer and was used by him in the
computetions for the diagrams shown in plate § of the 1933 edition of
"Structures from which discharge messurements are made,” For convenlence
in the computations, the equation wes arranged to show the following
relations:

8d 3 8a® 2 16 a3 1%L 2
=5 (Ad) + 5 (Ad) + [-L €td + =g+ gap | Ad - Lét = Ouee(9)
The epplication of equation (9) to a définite gset of conditions is
shown in the solution of the following problem, using a safety factor of 4,
Assume that a 7/8 ~-inch improved plow-steel tramway track strend has
been selected for use at a clear span of 800 feet, The supports are to
be at the same elevetion and hinged at the base, The backlines from the
tops of the supports to the anchorages have a total length of 100 feet.
The data are as follows:
S = 800 feet.
W = 1,69 pounds per foot,
= 1,500 pounds,
= 0,438 square inch.
20,000 pounds; H = 19,800 pounds,

= 22,00 feet by equation (2),.

& O 48 P oW
(]

= 12,36 feet by equation (8).

k

}:2.6%2 = 0,0154 for the strand under its own weight,

12/ This value was used in computations for plate 5 of the 1933 pamphlet.
A wvalue of = 0,000,006,89 for wire rope 1s used by some engineers.
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2
Ly = 800 [.1 + %-(0.0154) ] by equation (5a}.

= B00,51 feet for 4 = 12,36 feet,

L, = 800,51 + 100 = 900,51 feet, Use L, for L in equation (9).

E = 22,000,000,

The procedure to be followed in the solution of equation (9) for the
ebove conditions is as follows:

First, detemmine the velue of L € td2 and the constants that are the

coefficients of the temms containing the first, second, and third powers
of A de

0.0412 (Ad)2 + 1.528 (Ad)® + 18,032 (Ad) = 90,797 = O

Next, ascertain by trial the value of A d that will satisfy the
equation,

TrydA d = 4:
2664 + 24445 + 72,13 - 90,80 = 8,42; therefore, 4 is too large,
Try A @ = 3,6:
1,92 + 19,80 + 64,92 ~ 90,80

=4,16; therefore, 3,6 is tco small,
Try A 4 = 3,74:

2616 + 2138 + 67,43 = 90,80 = 0,17; this 1is very close,

TryA d = 3,73:
20138 + 21.239 + 670259 - 90.797 = -0.161.

Therefore, the value of A d is between 3,73 and 3,74.

Another method of determining the change in sag due to a change in
temperature has been described by Barnes 13/, Using the same problem and
data given above, the method of solution makes use of two terms, a and b,
that may be described as follows:

& = change in length due to change in temperature alone, the tension
being considered constent, = L & t o ¢ o « s ¢ ¢ s o o o o o (10)

13/ Barmes, B. S., assistant engineer, Portlsnd distriet, "Solution of
three problems in cable design.”™ Unpublished manuseript (1935),
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b = change in length due to change in temsion elone; (e and b are
opposed in direction, but will be treated as positive quantities),

AHL..O..I..‘...‘....‘l........(u)

AE

Assume that AL) =A L =2 - b, and compute a by equation (10).
From formula (5b) for the length of the arc of a parabola:
2
L= VSZ + (16/5) dz and 4 = ‘[(3/16) (I;z -3 }o e o ¢ o @ (12)

‘For the above problem, a = 900,51 x 0,000,66 = 0,59 foot chenge in
length due to the change in temperature alone.

AL = 0,69 - b; assume a value for b and substitute the assumed value
of L+ AL for L in equation (12) to f£ind a mew d4; call this & .

Compute Hy by equation (la), Substitute the velue of d; for Dy in
equation (la) to obtein Hj ; them b = (Hy - H1) L/AE by equation (11).
If this equation 18 satisfied by the assumed value of b, the difference
between d and d; is the change in the sag due to the change in temperature,

Continue the use of trial velues of b until a wvelue is found that satisfies
the equetion. After several values have been tried in the sbove problem:

Try b = 0.237: then AL = 0,59 = 0,237 = 0,353;
L+A L = 800,51 + 0,353 = 800,863

dy = Wz/ls) [(800.865)2 - (eoo)z] = 4/259.04 = 16,10

1,081,600
H 2 e, = 8 400.
1" 8x16,10 ’

b = ‘10g940 - 8‘4002 900.51 = 0.257 as “m.

9,636,000

Therefore, the change in seg (A d) due to a change of 100 degrees in
temperature as computed by this method 18 16,10 = 12,36 = 3,74 feet, which
is practically the same as was obtained by the method first described,

Measurement of length

In the factory measurement of length corresponding to & specified
tension (see p,16) and a specified tempersture the procedure rollcmd by
sone wire rope compenles is es follows:

If the specified temperature coincides with the temperature at which
the tape is calibrated, the specified temnsion i1s applied and the specified
length is measured directly, assuming that the wire rope or strand will have
equal changes in tempersture under surrounding atmospheric conditions., If
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a different temperature is specified, a new length is computed in oxder
to change the specified length to the length corresponding to the tem-
perature at which the tape is calibrated end the measurement is then
made as above,

It is customary to design the cableway for the lowest temperature
that is likely to occur at the site and to compute the corresponding
Ad for the temperature at the time of erection, The tension and tem-
perature at whieh the required length is to be measured should be speci-
fied in the order to the menufscturer, In designing the supports,
allowance should be made for a sag corresponding to the temperature
specified in the requirement for clearance zbove low water if the
streem is nevigable and under the jurisdiction of the War Department,

Factors of safety

The factor of safety of a cableway structure, including that of
the wire rope or tramway track strand, and the supports, footings,
anchorages, and anchorsge connections, should be large enough t0 pro-
vide ample protection against any unsuspected weskmess of the materisl
or possible working loads in excess of those used in the design. Be-
cause of the differences in the materiels and methods of construction
of the several component parts, it is logicel to decide upon the in-
dividual factor of safety that should be allowed for each part after
consideration of the uncertainties that may affeet the material and
loads applicable to that parte.

With proper design and construction, the uncertainties affecting
concrete anchorages and footings can be so reduced that a relatively
smnll factor of safety beyond those ordinarily used in determining the
allowable working stresses of the concrete and the steel reinforcement
is needed, It is customary to design anchorages and footings for twice
the working loads that may be anticipeted, but with very favorable con-
ditions where sllowsble bearing pressures and frictional resistances of
the soil are known, the ratio of the design losd to the working load mey
be taken as 1,5.

A-fremes and towers that are constructed of galvenized light-weight
structural shapes should be designed for twice the expected working loads
and the allowable tensile stress used in the design should not exceed
16,000 pounds per square inch, although higher wvalues are commonly used
in the designs for heavy steel construction, The 1/r ratic for columns
and struts should not exceed 120 for main compression members and 200
for bracing and other secondary members.

As may be seen from the weights listed in teble 2, for the sizes
of strand required for spans greater than 1,000 feet the weight of the
strand between supports exceeds the concentrated load., Equation (1)
shows that the relative importance of the dead load in its effect on the
design increases rapidly with the incresse in span and size of strand
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The practical limitation to the size of strand that can be economically
used hes been graphically demonstrated by various Survey engineers ;&/ who
have cealled attention to the economic advantages to be gained in cableway
construction, especially for long spans, by the use of a safety factor of
four for tremway track strand with socketed comnections insteed of five as
formerly specified, As is stated in that article, one purpose of a factor
of safety is to insure against failure due to indeterminate live loads. ITf
the design is carefully made, and the loads and stresses are properly ana-
lyzed, there would seem to be little uncertainty beyond that incident to
the material and its febriecation, :

Engineering practice, as shown by the literature on the subject and the
experience of Survey engineers, indicates that the use of one-fifth the
breeking strength of galvanized improved plow-steel wire rope and one-fourth
the breeking strength of galvanized tremway track strand as the maxinum
allowable tension T, after an allowence of 10 perecent in each case for the
effect of galvanizing, provides a reasonsble factor of safety for the wire
-rope or strand if due consideration is given to all the foreces acting on
the structure,

Anchorage connections provided by the wire-rope companies as accessories
with orders for wire rope or trsmway track strand are intended to be able
to develop the full strength of the rope or strand, However, as experience
has shown thet those connections are the places of greatest weakness in the
structure, it is recommended that sockets, eyebars, turnbuckles, and anchor-
age rods be designed for a working load at least 20 percent greater than
the allowable working load of the wire rope or strand to which the connec-
tion is made.

Specifications

In preparing specifications for cebleway design and construction,
consideration should be given to the conditions of the installation as
well as t0 the lomds and the nature of the material, If it is expected
that the cablewsy will be continued in use as a permanent installation, as
is the expectation for the installations on the Columbia River previously
mentioned, it is a matter of business economy to see that every possible
precaution 1s taken to obtain the best possible design consistent with
good engineering practice and that the construction meets minimum stan-
dards in every respect, On the other hand, if the conditions warrant
only a temporary installation, or if the region is remote from transport-
ation facilities 30 that the costs of first-olass construction will be
prohibitive, it may be allowable to design struetures of a less permanent
nature with a view to replacement after a few years if a need for their
continued use is then apparent, However, it is well known that a gaging
station intended as temporary may continue in use for many years if it is
found that a long-time record of stream flow at that place is needed.

_J(.g/ Engineers in the Portland and Tacoma districts, unpublished manuseript
1934),
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Under no circumstances should the expected temporary nature of the
installation or its remoteness from transportation facilities be con-
sidered as justification for a design or construction that will not be
safe for the users of the cebleway. The safety of the engineer work-
inz in a remote place is of even greater importance than his safety
when working near a much-travelled highway, and he should be fully as
safe on a temporary installation as he is on an installation désigned
for long-time use,

Anchorage comnections

Anchorage connections include the sockets, eyebars, turnbuckiles,
rods, and pins that transmit the tension from the wire rope or strand
to the fixed anchorage. AS previously mentioned (page 9 ), the differ-
ence in the physical properties of wire rope and tramway track strand
suggest the use of different methods of comnection to the anchorages,
these methods are the thimble-and-clip connection for wire rope and the
socket connection for tremway track strand, The socket connections
that are required for the track strand may likewise be used for wire
TOpe.

No welds should be permitted on any perts of eyebars, anchorage
rods, turnbuckles, or the take-up bars of sockets. The specifications
should require that each of the individual parts that enter ihto the
finished product, such as the eye and bar of a turnbuckle, shall be
forged in one piece, Althoush welded connections may be made that
will develop the full strength of the bar or rod, positive assurance is
not readily available as to the efficiency of ah individual weld, The
required minimum breaking strength of the finished eyebar or anchorage
rod should be specified by the purchaser,

Field experience has shown that particular care is necessary in the
selsction of material for anchorage connections and in the heat treat-
ment incident to their fabrication, For spans of unusual length where
the eyebars, rods, and other connections are to be forged to meet
specific requirements the following procedurss are applicable:

1, The specifications should call for a steel suitable for forg-
ing and of a known origin for which physical and chemical analyses are
available, Its composition should be similar to S, A. Bo 1040 or to
that used for bridge eyebars ag described by Bain and Llewellyn.éé/.

2 In case of doubt as to the quality of the steel that is offered,
physical end chemical tests of specimens taken from the bars should be
required, :

15/ Bain, E. C., and Llewellyn, F, T,, Low-alloy structural steels:
ASCE Trans,, vol, 102, pp., 1240 - 1256,
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3. After completion of all forging operations, that portion of the
bar which has been forged should be relieved of internal stresses due to
‘heating and shaping by reheating to asbout 1,600 degrees F, and allowing
it to cool slowly in air,

4, If the fabricated bar or assembly is to be permanently subjected
to the full load of the eaebleway, it should be given a tension test under
a load that is twice the meximumm design load,.

Thimble~-and-clip connections,

The connections between the wire rope and the turmbuckles and be-
tween the turnbuckles and the anchorages for the sizes of wire rope cou-
monly used for cableways are generally made by means of thimbles and
clips; the size of thimble and number of clips that should be used for
various sizes of wire rope are listed in the catalogues of wire rope
compaenies for the types of clip furnished by them, The number of clips
for each rope end should be at least five for 3/4 -inch diameter rope
with a2 minimm spacing of 5 inches between c¢lips and six for 1 -inch
dismeter rope with a minimm spacing of 6 1/2 inches. The precautions
that should be observed in making a thimble-and-clip connections are as
follows: '

1, Before cutting a wire rope wind both sides of the contemplated
cut with wire to prevent the strands from separating or the individual
wires from spraying loose,

2. Always use a thimble of the proper size in the loop of the rope
except when the rope is carried around a bar or rod of a dismeter equal
to or greater than the size of a thimble,

3¢ Place the free end of the rope a distance from the center of
the loop as determined by the number of c¢lips eand the required spacing
and fasten the thimble in its proper positions in the loop with tempo-
rary wiring.

4, With the thimble held in positiom, slip it over the free end
of a bar or rod and bend the loop into place arcund the thimble, then
add additional temporary wiring around the loop at the open end of the
thimble,

S Have the desired number of clips at hand ready to apply. The
first e¢lip to be placed is that farthest from the loop, This c¢lip should
be about six inches from the end of the rope and should be turned up
tight when it is first put on, The threads in the bolts and nuts should
be oiled before the clips are applied, (Some engineers prefer to apply
the clip nearest the loop first, in place of the temporary wiring).

6e The clip nearest the loop should be put on next., This clip
should be four inches from the thimble and should be only partially
tightened at first.
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7. Add the additional clip or clips so that they will be equally
spaced at the specified minimum distance apart between the first two.
Before completely tightening the second and the subsequent clips place
some stress upon the rope to take up the slack and equalize the ten-
sion on ell the clips. ‘

8. Tighten the nuts on all the elips unifomly, alternating with
a few turns on each until all are tight.

9, Clips should be put on straight, without twist or crookedness,
end in true alinement, It is important that the "live" or long rope
rest upon the broad bearing surface of the base of the ¢lip with the
U=-bolt bearing against the "dead"™ or short end of the rope, All of the
elips should be applied in this way,

10, After the load has been applied the nuts should be tested and
possibly tightened again, as the ad justment of the strands under load
may change their position slightly. The tests should be repeated from
time to time after the cableway has been put into use,

The thimble-and-clip connection is easy to make and is constantly
exposed to view where it is subject to easy inspection, but its
efficiency may be only 85 percent or less ;g/. Two turnbuckles that
were tested for the Geological Survey at the Bureau of Standards in
1915 both broke at less than the specified minimum breaking strength,
the ratio of the actual to the specified breaking strength being 82
percent for the l-inch turnbuckle and 91 percent for the 1 1/2 -inch
turnbuckle, If the wire rope is one inch or larger in dismeter, the
socket connection would be preferable.

Sockets

Connection sockets for use on tramway track strand are of four
kinds: (1) open sockets without take-up, (2) closed sockets without
take-up, (3) open bridge sockets, and (4) eclosed bridge sockets, For
the connections of the main span and the backlines to the pims at the
tops of steel A-frames having hinge-pin connections at the base,
sockets without take~up are preferable, Those on the main span should
be closed sockets and those on the upper ends of the backlines should
be open sockets., Bridge sockets with the specified take-~up should de
used at the anchorages, open bridge sockets generally being preferred
although their cost is somewhat greater than the cost of closed bridge
sockets, The possibility of fatigue due to vibration at socket con-
nections has been mentioned on page 1ll,

As the lengths are measured to the outer faces of the sockets
when they are assembled at the factory, an allowance should be made for
the distances from the faces of the sockets to the connection pins when
specifying the length to be purchased. The dimensions of standard
sockets are given in catalogues of the wire rope companies,

16/ Committee on Rules and Regulations for Metal Mines, Bureau of Mines
Bulletin 75, p, 121, lst ed, 1915,
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The factory installation of sockets is recommended and is generally
specified, although it has been found by laboretory tests that, with the
proper tools and correct methods of procedure, field installations of
sockets can be made that will develop the full strength of the strand _:!._2/.
BEmphasis should be placed on the necessity for correet procedurs in the
field installation of sockets, especially in the method of seizing the
ends of the strand and in pouring the zinc spelter. These methods are
described in the catalogues of the varicus wire rope manufecturers and
elsewhere 18/. Field installation of sockets should be attempted only by
those having the propsr equirment and experiense in such work, This is
especially important in the case of tremway traeck strand where the bond-
ing area between the wires and the zinc spelter is less than it is for
the larger number of smaller-size wires in wire rope.

Take~up at socket connections

A liberal asllowance should be made in the take-up at each socket
connection so that any necessary adjustment can be made to obtain the
correct sag or to allow for a small inaccuracy in length. An unexpected
emount of stretch in the wire rope or strand may require a corresponding
take-up, If there 1s some uncertainty in the measurement of the span
the erection should be made at one~half of the total take-up after which
the sag can be adjusted as desired, TFor a span of 1,000 feet, a take-up
of 48 inches at each anchorage connection is not unusual, A careful
measurement of the span, as mentioned on page 5, will assist in the
detemination of the length to be specified,

The eye~bars for open bridge sockets and U=-bars for closed bridge
sockets ordinarily listed by the wire rope coampanies may not have as
much teke-up as is desired for the cableway installation, therefore, it
may be necessary to order special eye-bars or U-bars, Those orders
should specify that the eye-bars or U-bars with a specified take-up are
to be forged in one piece, without welding,

The hole in the head of the eye~bar should be 1/32 inch larger than
the pin of the open bridge socket.

Galvanizing

Galvanized wire rope and strand have the individual wires protected
by a coating of commercially~-pure zinc., The specifications should require
all tremway track strand, wire rope, or other material used in cableways,
guys, or anchorage connections, and also all sockets, pins, bolts, eye-
bars, U-bars, and turnbuckles to be galvanized by the hot-dip process,

The galvanizing to consist of a continuous coating of camercially-pure
zinc of uniform thickness applied so that it adheres firmly to the surface
of the individual wires, pins, or bars., The coating to be of first-class
commercial quality and free from injurious defects. It is to be non-
peeling and non-cracking, and shall have sufficient toughness to resist
weathering and corrosion, )

17/ Unpudblished report on "Field installation of sockets on tramway cables,"
by Fo Ce Ames, 1938,
18/ Committee on Rules and Regulations for Metal Mines, op. cit., p. 121.
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Although the individual fittings, except for threaded connections,
may be sufficiently protected by an occasional coat of paint, the long-
time usc of most cableway installstions warrents a correspondingly-
rermanent method of protection,

Anchorages

Anchorages should be designed to safely withstand any and all
loads thet may be transmitted by the cablewsy commections, For purposes
of design, these loads are commonly taken as twice the working loads of
the cebleway end the supporting structures and connections, although a
lower ratio may be used for exceptionally good conditions (see p. 25).
It should be noted that the load transmitted to the anchorage from the
cableway is H sec ‘j’ where ‘Y is the angle between the backline and
the horizontal, If the wire rope or tramway track strand of the
cableway is continuous over saddle supports and asdditionel guys are
used for the towers or A-fremes, it may be found desirable to compute
the individuel loads and to design the anchorages on the basis of those
computations, For long spens and high towers, wind and ice loads should
be considered in the design of towers end footings (see "Loads,” pe 5 ).
Reinforced-concrete anchorsges are reccammended for all permenent instal-
lations,

Design

The following requirements should be observed in the design of
reinforced-concrete anchorages,

l. Weight of eoncrete ls taken as 150 pounds per cubic foot,.

2. The strength of concrete in compression is assumed to be
2,000 pounds per square inch at 28 days. Allowable working stress,
500 pounds per square inch.

3¢ The coefficient of friction between concrete and earth may be
safely assumed as 0,40 for ordinary soil but if the concrete rests on
clay or shaley material, a smaller coefficlent should be used, For
medium to coarse gravel, a coefficient of 0,50 is allowables The
following statement is given by Hemna 19/:

The coefficient of friction of concrete on masonry or mason-
ry on rock generally veries from about 0.60 to 0,75, for concrete
on concrete it is about 0,60 to 0,70, for concrete on gravel
about 0,60, for concrete on sand about 0,40, and for concrete on
clay oxr shale sbout 0,33, Adhesion of the concrete Ho bedrock,
earth and rock above the plene of contact, and roughness of the
foundetion bringing shear into play greatly increasses resistance
to sliding.

19/ Henna, Frank W., The Design of Dams, p. 1. 1931,
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4, The U=-bars should be embedded in the conerete for a distence not
less then 30 times their dilemeter end should have 6-inch hooks at the ends.

5, Longitudinal and trensverse reinforcement should be such as will
properly transmit the loads into the anchorage.

6« The connection at the smchorage should be open to inspection and
well drained,

) 7. The front face of concrete anchoresges should be placed against
undisturbed earth without backfill of any kind elong this surface. This
is especially necessary where the passive resistance of the earth in front
of the concrete is considered in the design.

8. The U=-bars should be set in the direct line to the cableway sup-
port so that there will be no bending monment at the anchorage connection.

Designs for reinforced-concrete anchorages that were originally pre-
pared in the Columbus district office for use with tramway track strand
cebleways having a safety factor of five are shown in the following
illustrations:

Flate 5, Anchorage for 3/4~inch cebleway.
Flate 6, Anchorage for 7/8-inch cebleway.
Flate 7. Anchorasge for l=-inch cableway.
Plate 8, Sidehill anchorages,

In the above designs, an increase in the ellowable working load in
the tramway track strand corresponding to a factor of safety of four
instead of five gives an increase in the horizontel soil pressure for
maximm loads, Therefore, the ratio of the design load to the working
load is somewhat less than two (see pe 25)s If the anchoresge is sub-
Ject to submersion, a special design should be made,

A T-type anchorege that hes a transverse crossbeem of reinforced
concrete into which the load is transmitted by the U-bar connections
that extend through a square concrete stem is more economical of
materiel than those shown in the sbove designs, but the forms are more
expensive, For the T=-type anchorage, the top of the transverse cross-
beem is placed sbout four feet below the ground surface or at a suffi-
cient depth to obtain seatisfactory bearing conditions, A design of a
T-type enchorege for a 3/4 =inch extra high sirenmgth tremwey track
strand thet has been used in the Tecoma district is shown in plate 9,

Unless otherwise specified, the design and construction of rein-
forced-concrete anchorages should be in accordance with "Recormended
Practice and Standard Specifications for Concrete and Reinforced Con-
crete" as given in Proceedings ASCE, No, 6, Part 2, June 1940,

32



. DEPARTMENT OF

INTERIOR

GEOLOGICAL SURVEY

A
g
-9 AF"*
v
I l__g_/ﬁ;/é’ el ELEVATION
Y. s T* —_—
|(‘°v“/ <?¢ \svo I:;
P I
< 3
J
9 - o T3
T T—f{w
;ﬁ ﬁaﬂ =1 . PLAN
i ‘! | |”=-"=IJ“‘>51=1 fivin
T ‘:] "q ) 37 Cable
' "l LN L Open bridge soeket
muﬂu_}uq

T

GENERAL NMNotes

'Ercehon

J_nl___.

l. Coetfticient of friction between concrete and earth

ossumed
2. Concrete sh‘eng?h assumed zooolb[w@ 28 days. Use of some clean local material is permxssnb\e it strength is not decreased.
3. Any open space,between vertical sides of anchor and adjacent earth, should be carefully filled and well tamped or puddled before. load is applied]

.40

S T N e e T e
" Distance between eyes _‘i" ik 5
of open bridge socket-- - '6\\49\__1:_‘

4. Connection between cable and anchorage should be gpen o inspection and well drained.
3. Where soil conditions are poor use larger anchorage or bury anchor deeper.

o B S \] (<] ™~ . o ~ S T R, 18] < T I O N

CABLE DESIGMN . LOADS A N C© H o R A & ©

cIMain  |Back | Twice workmz loads for TR A s © @ RY =) - [N = [

2] Coble| Guy A-frames, Cables &Anchorages i <lelv N Weiht -2 -~ B AR S RCINFORCEME NT
E_f gworkingiWorkingly, - v ola 4 Guy |[Anchorages Ti5)s olume iNeig gloize |weight | £ 5| 5 [Size|Length [Weight
15 |Strength| Lood 3izle . € [oia o[ Eack| Tolal| = |E[E fEach Total

bs. | Ibs. Tbs. 1bs. Tos. |RF|T £ [yds] 1bs. Z[n] #] Tos|tbs| & [F1Z2Tn [Fr 1. | Tbs.
vert|Kja [ $?[45]40L] 27
X Erection[Z [V [12| 32 [ 64 [Horil] L [2 [ 5% |43 40f] 27
% 811700 [ 16250 | 2.3 400 |32 500 | 32500 |6 515516565 | 24750 [Main |1 [1&[14 [48 [48 [vorzM[9 [ 3[4 | 36| 24
[Factor 5.0 [Factord.¢| Factorz-5| Factori.s| Total {112 fHore{N[4. ] 2% 14 ] V6 i1
Total [i23 | 89
vert|<[o [ 2*[ak[ 3i3| 21

. o Erection 2] 1 [12 [32[c4 [RordL|2 | 1¢¥[ 5748 a0

%3] (1700 | 13300 | 23400 | 26600 | 32500 [63[5UEl1462/52 ({21940 [Main [T1R[14[48 4B Honz{M[®& [ t¥14 {32 | 21
[Foctor 5.0[Foctor4 4| Factor 2.5[Factor 2.2 | Total [112. [Horiz{N[4 [ 3%[4-1 1¢ 11
Factor of sofety based on ultimote strength of aerial tramuway trock Strand. Total jiz4t] B3

Eccehirlcﬁy L

CasT |RON ‘—T

BEARING o VY
BLock ¢ e
5/ |

STRUCTURES FOR CABLEWAYS

ANCHORAGES FOR 3-INCH CABLEWAY
Designed in Columbus District
PLATE 5




U.S. DEPARTMENT

OF INTERIOR

GEOLOG!CAL SURVEY

03' 7 47
— F
& °
< l: + I'_
8y S
5 L -’\’#6\’(6\» é—_ L— _L’ —Lui
i . L) r 74
DL 7
i
X ) — ﬁ—'j 1{ -
LTy T
9 NI IlN N! "l l +| 9 .
= R LAN
l “Mdml U-burl -I "55 [A) -
19 ] L. l‘- - .
| 1‘ l K l I %ﬂ% ;b cable
I h v ‘ Open bridge sockel
" | nll —] M o .
oS GENERAL NOTES

% — L 72 -

- 9‘" I —'1 | T 3 'k
[Frectiol | Uybar 1
B W o o i i

I%-p}n

I cable

l
VI

| o

[T -

o

Coetticient ‘of friclion between concreie and earth assufmed 40

e e e i, e i e

éﬁ_m;n” [ubar ‘H 2 ﬁ

ﬂErec:'n L \J{Eor"; 1

Open br'\dge sockel

Distance belween eyes
of open bridge socket. -

CORNER

BEARING BLOCK

TS

1.
7. Concrele sirength assumed 20001h/in* @ 28days. Use of some clean local materiol s permissible if sirengih is not decreased.
3. Any open space, between vertical sides of anchor and adjacent earth, should be carefully filled and well tamped or puddled before lood is applied.
4. Connection between cable and anchorage should be open o inspection and well cdrained.
5. Where soil conditions are poor use larger anchorage of bury anchor deeper.
SESIGWN COoON ST RUCTYON
CABLE DESIGN  LOADS AN [ H [=} = A <=3
[Main TBack Jwice working loads tor MASOMNRY S T = = [
6| Coble | Guy |Afromes,Cobles™ Anchorages. [ A U- B8 AR S REINFORCEMENT
ofSfwormalwork - | £|£|Volume fweight s Wt ET2] 5 Temel venatr Tweram
Mty 3 9| Main Cablef Back Guy[Anchorage | § |21 & Sp2ize JWelghty o }of 8o ngth |Weig
3 Sirengtl Load M EICI N use  ['g[oicfigiEach[Total| -Z € £ £ach] Tota!
“ 1bs. | 1bs. \bs. ibs. los. [fth[tt] §4. tyds] ibs. 2[in] T es] tbe] £ |12 [ [l 1% [ os.
. vert|x]9 [1*[ST4s] 30
o | Main 1 \5]16] 7] 67 [Hoiz] L]0 | §7 [ 53] 405] a3
i5@on| 21250 | 31600 | 43900 | 43900 |7|6]6[252| 251 31800] Erection[ 2] 17|12 | 32 | 64 [HorizIM[10] ¥ | B [ S0 | 34
Faclor5.0 |Factor3.6 | Factor 2-5 | Factor 1.8 Total [13) [Horiz]n[4 [ 2* [5] 20 | 13
Total Jle4i | L1
vert]kJo | ¥ [4 ] 36| 24
N main [V [12]t6]67] 67 [Hone]L [0 | 4% |53 495 233 Designed
T 15806 | 17456 | 31600 | 34900 | 34900 |7]6[5]|210[7%] 51500 | Erection 2| ('| 12| 32| 6Amrn=lm |2 [ 3716 [ 45 | 30 esigne
[Factor 5.0 {Factor4.5| Foctor 25| Foctor 2-3 [Total] 131 HorizN |4 | 37|61 20| 13
Tactor of safety based on ultimate strength of aeriol framwoy track strand. l_ Total \503] 00

STRUCTURES FOR CABLEWAYS

ANCHORAGES FOR %-INCH CABLEWAY
in Columbus District

PLATE 6

e

C.os!’l fron

i Eccent ricity
4




U.S. DEPARTMENT OF INTERIOR GEOLOGICAL SURVEY

] |
|
}
{
ke d ’
LEVATION r
—_— o4 T\ 3
~ . < Py {.!T ri- A ‘\5’,/// ) &\?6*- _.i: ‘) 7~ > -
| og? E\é/ 45/ > b* wd Sad » ) e
< Q’ﬂ L’; D K — {
< V2 e M K| A K|
|€\°\§w54/f/ & 5l — —+L ‘f;‘ ) Ancrorage  Corner | 2
AN CAN . ; | 2 ;
K v —_— N s s e e e — T e, s e g
_L&LI ' © GENERAL NOTES | 8z ¢
< 8 * I.Coefficient of friction between concrete and earth, assumed 40 T
2. Concrete strength ossumed 2000ly/in*@28days. Use of some cleon local material is permissible if strength is “not decreased. P % _—
3. Any open space,befween vertical sides of anchor and adjocent earth, should be carefully filled and well Tom;g_d or Eudd\ed | )(N“:’}- Bqlre (\"’g‘ e
4, Connechqn J'\:se_'nuee"m cable and and anchorage should be og nto inspection and well drained. |before load 13 apphed_ / Ll x
0
RS 73 : Y i BEARING Brock
- T '
z ¥ . TCast &
JFrerr Tl 71"1]—!|— T 2
l_A | ol l i l ‘19 - |Erec'no+ uiBorl e 'Kl ) %
Tt N T T === ¥ 1. 3 y
T F \g Pin | l ki 13 P ¥ o
i L inf |- Ban & = |"Cable N -I 1 Main| |u-8ar| L M \"Cable o o
PLaN g i - © ( r g3 o
| i I 1 | 17 " Open bridge socket T| w13l Dpen bridge socket £ o N
— — +— £
FI L . Terectibd ulgar | L9
LLﬂ_J__U_ZI 13 i
B - 5
e ©
L
5. Where soil conditions are poor use lgrger anchorage or bury cgg_h_g_vil_e_sgen
D ES |G N CONST RUC TIOMN
CAB L E DESIGN COADS A N < R o R A & E
c/Moin [Back | Twice working loods for M AS o MR P = = =
0| Cable | Guy |A-Frames,Cables“™Anchorages [ 2ol Veignt |2 - ® A RS REINFORCE MENT
T 32| Yoiume \g n O -
olv| Working| Workingly, « ?;g Size |Weight| ¢ . jlength \Weight
,rjsstmngt"ﬁ Lood Moin Cable Back Guy|Anchorage M sl a Use 'Eo'mumanch Yotal -5- :E“ Sz Each] Total
Y"[bs. | 1bs. | ibs. | ibs. TBs. [M.[fr5] §1. |yds) lbs. 2[in| . [T65]ibs] & [F|Z [In-[FF] f1. | Ibs,
vert | k[12]3%[ 6] 72 | 48
Math |1 131189 91 [Hore] {2 [Z® [GE] S8%[ 32
1"4s] 20000 | 27800 | 40000 | 55.600 | 55600 |81637[364]135]54,600 [Erection (2| 1"] 14-[37 |74 [norie{M[12] 5% | 53] 66 | 44
Foctor 5.0 Foctord.g faclorz | faclor k8 Total [165 [noriz{N |4 | 3% | 53] 22 | 15 STRUCTURES FOR CABLEWAYS
Total [218%] 146
_ l vert|x [12[5% 5 | 60 [ 40 ANCHORAGES FOR |-INCH CABLEWAY
Matn [V [IZT18]91 [ ot InerizjL [2[3¥ [ 7] 63 ] 42 Desi . L
1'[38] z0poo | 22700 | 46,000 | 45400 | 45400 | 8] 6| 6[306|1I% [45900 [Erection|Z| | [ 14|37 | 74 [rere{m| 12| 2% | 5 | 60 | 40 esigned in Columbus District
FoctorsOlFactorddl Factor?s | FaciorZ-2 [Tolal 165 [Horid N | A --0 HEIEE PLATE 7
Faetor ot Sotety based on uitingle strength of aeriol framway track strond Tolal 203 135




U.S. DEPARTMENT OF INTERIOR

GEOLOGICAL SURVEY

FrRONT ELEVATION

Center of '-Exravﬂ'y‘Su'tharsexs — 3 __.:?‘Js" ®
SinE ELEVAT\ONM ~ “t < > r——
L ___,i___.——- 4 .
r—" s 3 M | B earing Block }r
TUu-8ar—2 g
l" K K % K K K
| Tk |
0 L—— I Ce n;er of Gr§:/|’ry Iul a 'l%
1 G N
ENERAL OTES
A . o
y L. Where soil condilions are poor use larger anchor or bury
K'I\\ PLAN anchor deeper.
|K1 —t .
l K= — 2. Design
'*—--l—{-ﬁ_; ?" . a Coefficient of friction between concrete and earth assumed 40
| 24 v — Open bridge socket b.Concrete sirength ossumed 2000l/id @28days. If strength is not
L H u-Bar -4+ K %m reduced local materials may be used.
Q * N Iu c.Earth surcharge based on 30° _slope as shown.
| S A Q 3. Construciion 9ns Use
. — a Any open space belween vertical sides of anchor and adjacent
J J}L e earth should be carefully filled and well famped or puddied
K betore load is applied.
b. Earth surcharge should be in place before load is applied.
[[€ABCE MASONRY EARTH SURCHARGE c.Connection between eable and anchorage should be well
i work«;tz Design| Dimensions | Volume %‘:ﬁxﬁsmﬁf“’;"' Vol. [Weight drained and open fo inspection.
5 | Strengty Load | AlBIC|DTE b - e . . .
D e e P e it cuyds—FF 5 csr| b d. Cast iron beoring block for use with W-Bar at cable connection
311700 | 23400 8 | 7| 4 | S5 4L] 1403 | 825 S.os 70 456 | 4,560 same _as shewn oh PLANS FOR ANCHORAGES For CABLEWAYS -
1586001 31600 | 10| B| 4 5514l ] 303L | 1123 5.7 7.8 T42.| TAZO ColLumMaus DisTrRicT?
20000 | 40000l 11| B | 4| 6| 5] 366%|13.58 8.27 a.5 8.5 | 9850 . M
Ti(75s06 [Sorm 2[5 5 6] S D e 5= Tazs[azss 4 If two Side-Hill Anchomqes are used on the same cableway,add
73| 56400 | 66600 | 13| 10] 5 |64 55| BeTE[ 1oz T o7 1504|5046 necessary Erection U-Bars like those shown on "PLans For
- 21}
[STEEL RENTORCERENT ] ANCHORAGES For CABLEWAYs -CoLumBus DistriceT?
‘Anchor for g, Coble] Anchor for § Cable] Anchor Jor | Gable] Anchor for 1 Coble] Anchor for [ Gable]
5|3 ‘§“—\Lenqﬁ| wi{ g ] [Lenghlws FIp Lan_gLﬂ | Jrengtluwtf | [Lengtnjwr
R |5 N el |2 | R oo (2|8 €| §loafionl | 2|3 [pou
| Z 1Z[Bh n ne|2 [@ [0 el 2 |50 n~ Vo] Z | B[ [3 |tes] Z |@ [T |1 lbs
Vert.| W N2 |TVX B8B1Z [TV 4 [A8 32 23 T4& EARSIE AT
Woriz] L |12 (0| 75iso]ee 1z [y |8khoz[ca 12 [5*[ak 114176 12 [£¥ 10k 26| 84| 12 [£*] 1 |132] 88
Wora] ™13 15[zl 73 15[kl 7 |3 ,i.:3 ol 7[5 5%aiml o [ 3 ,:4* I STRUCTURES FOR CABLEWAYS
poriz| N [3 [s"l45/13[82]3 [¥*1451351 9 3 [5¥44[13H9 |3 || Sh{teb( 1} [ 3 5% SE{6h(
Heriz] P 5 "i“’ 5 |25 “% = 1) Sf ?_7% ‘aé 5 _\3! 5%27% 18“' 5 X = 37-'\_Hils Ty 355“’ . SI DEH”_L ANCHORAGES
Worz| © |3 [0 |5&|17|N3|3 v leE 108133 [ ler[1%i3]> 7i[m2ihs [ 3 [FY8sf2str Designed in Columbus District
Tetal __holly 221 23 265|176 188}
Horiz|W-Bar| ) |81 14141478 ) (R 16|16 ced ' (2116118 |31] t [IB120[20[141] 1 [1F 120l 20163 PLATE 8
[Totol Weight of Steel fi83] 7 T3t | j=)




U.S. DEPARTMENT OF INTERIOR GEOLOGICAL SURVEY

b 15-0'S
Sy a0 =
. I 40 4-0 5-0' —
i Mild Steel 1;" Mild steel 2 — ¢ =2
3R
& = = & = AR v . ’{ " %
/
,@lfﬁ ﬁiq-“n g
. R . - 8
| 6°0 i o ; 334 0 5-0
. DETAIL Us i , Eé R. hook turned up. E
fe— 20" v
1
! ll“l NOTE-Bends to be made at red heat. DETAIL Uy
; Ill“ NOTE-All bends to be made at red heat. The loop_bend (s
9 h! fo be rmade ground the bearing block to secure uniform
¥ :‘, I'llz NPT bearing between the block and rod.
Ll
i
O (o) *:__J ll::::::z-_—:.:iz_l -:i-.-:_.:_;-_—-__- el ‘t—“r/
- S == LI:-_:‘:.—_—.-"“E:‘:’ ____ e > D'd- e« e /¢625
g 2 i- M ey iz co i ]
|1 flui : G
H I
g é Il | NOTE- U bars to be coated with
By | PLAN  swhludwopedwiti bwir. DETAIL OF BEARING BLOCK
! || for_a distange of two feet below
@W rocket filled with gaphalt, NOTE- To be cast in grey iron g
l ' g have_hole reamed_to fs_?j—_llj%';_;__ld
&
v
BILL OF N
T MATERIAL § ° i
& Markihios|  Description Coef)" L sliding
‘ Us -IA-I See detail. friction=0.50
Uz | 1 |See detail. :
Rt |2 |3113 tong Force required to move anchorage
Re| 2 3;,1';3"3"";?9 with y 33400 +19280~ 35960 Ibs.
end 21 from en
of bond hook. Factor of safety= %1/3
Ra | 7 | £¢-7:¢ long. 90
Re | 2 |27%-4"0"long.
S114 {:-5‘0"Iong.
Sz |1 |{£°%4-9"Iong. :
: . = Wt. of prism of earth abc and backfill= 29400 STRUGTIRES FOR GRRLEWAYS
ELEVATION CTIONAA SECTION BB NOTE.-When anchor is subject t Wt of concrete (2.26 yds) * D50 T-BEAM ANCHORAGE FOR %-INCH CABLEWAY
Submersieonq‘:xc 5 ‘ls = 'Jec . Total wt. to be moved * 36550 Designed in Tacoma District
Submersion, use dumensions

followed by _lg_tgr_s_nnd_lmgmm Factor of safety of 4 in coble . _ PLATE 9
steel uccordinql_tj. Coble of 358.500% breaking strength .




Supporting.gtructures

For all permanent installations the supporting structures should be
designed for a length of life as great as that of the cablewsny they sup-
port. Although timber structures are scometimes used for supports of
moderste height, it hes been found that the more permanent steel struc-
tures generally cost no more than suitsble timber strucetures of the
sere heights and require less time in erection, Concrete footings and
steel anchor bolts should be used,

Helghts of supports

The heights of the supports for the cebleway are detemined by the
sag and the clearence that is required for the loaded cebleway. On
navigable rivers the clearance is specified in the permit issued by the
War Department. The supports should, of course, be of & helght suf-
ficient to permit operation of a gaging car at a stage of maximum
flood. Applicetion for permit should be made through the office of the
Corps of Engineers having locael jurisdiction. Requirements for clear-
ences should be ascertained in advance and be incorporated in the design
end application for permit. This requirement generslly is specific, for
exemple, as not less than 75 feet above low water (as designated by that
agency at 120 degrees Fahrenhelt, This requirement may be considered to
apply to the clearance of the unloaded cable at the point of maximum sag
(at center except for unsymetrical spens). The clearsnce that is pro-
vided should be from 5 to 10 feet more than that required by the permit
in order to allow for possible changes efter the cableway has been long
in use. The permit from the War Department ususlly also specifies con-
plisnce with requirements that are issued in accordance with law by any
department of the Federel Govermmernt for aid or protection of aeriasl
navigation, These requirements should be ascerteined in advence and
used in the design of the structures, The more recent tendency in this
respect is to require, for unusually high towers on or adjacent to
routes of air travel, painting in alternete bands of specified colors
and the installation and operstion of airways obstruction lights on the
towers (see pe 3 )« The need for clearance of the loaded cable car
above the probeble maximum highwater in order that discharge measure-
ments may then be safely made may control in determining the heights of
the supports and the allowable sag rather than the clearsnce reguired
for navigetion,

For installations neer landing fields or recognized air lanes, the
regulations of the Civil Aeroneutics Administration, Department of Come-
merce, should be consulted,

Towers

Designs for steel towers are generally made for the individusl
installetions and the loads and corditions to be expected, Light-weight
angles and plates are ordinarily used, but all angles and plates should
be at least 1/4 -inch in thickmess. The following general specificetions
are applicable,
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Notes: .
Ail holes '% dia. unless noted.
Al rivets % dio.
All bolts % dia. unless noted.
All steel including bolts to be galvanized.
Lodder to be secured by U bolls at position indicated
and special lugs in addition, as required, tfo be odded
at time of shop assembly.
Compiste assembly to be made in shop before
galvanizing then parfs malch marked with center punch,
parts o be remarked after golvanizing, erection diagram
1o be furnished showing pieces as match marked.
Plans showing shop details are on fie in the Portland
District Office.

©

s

4.9
S
®

1ok

)
— W SR | (.

S544'4s"

s e

UPPER PLATFORM
4 LI
: ARRANGEMENT OF PLATFORMS '
! SCALE : 12
| S i S @\:
1] - -
I

Py

| 8
'i > :
. H———H e o |
T [ _t—/‘ / }\ 2 !
i | £ | I | @
Jf ’ ; ! ! LOWER PLATFORM
*4 |
i ¥ |
?T i R | To River
: Y o i
© H
g ) -Je—-“—————-——': /5'-9}'——-——-, /2%
| i 5 IS el ¥ g
| N | e B\ |, 83
) 4| s v {31 Loy ? STRUCTURES FOR CABLEWAYS
AT 9 s 57 s 1 SQUARE STEEL TOWER
a SECTION B-8 WILSONVILLE, OREGON
ERECTION DIAGRAM FOUNDATION PIERS Designed in Portland District
SOALE NOT TO SCALE PLATE 10

(i'l'z' 3456 8 10 12




The steel to be used shall conform to the specifications of the
Americen Society for Testing Materials for Structural Steel for Bridges,
serial designation A7-24 es outlined on pages 69 to 75 inclusive of the
1924 A.S.TM, Stendards. All members must be straight as shovm. Iayout
is to be accurste so thet holes will come fair and members come true to
dimensions., All bolts 5/8 -inch unless otherwise noted, Bolt holes are
to be punched 1/16 —inch larger in diameter tlan the diemeter of the
bolts and wherever reasonasbly possible, are to be punched from the faying
surface, All projections are to be removed fram the faying surface be-
fore gelvanizing, All members are to be plainly merked, Deteils and
erection plens are t0 be furnished by the bidder.

Before galvanizing, a shop assembly of each tower shall be made and
all tower members match marked with center punch, After gealvanizing,
all perts shall be plainly maerked for field erection before shipping.

All steel, including field bolts, shall be galvanized by the hot
dip process, The galvanizing shall consist of a continuous coating of
comeercislly-pure zine of uniform thickness so applied that it adheres
fimly to the surfece of the steel, The galvanized coating shall be of
first class commercial quality free from injurious defects; it shall be
non-peeling and non-cracking, and shall have sufficient toughness to
resist weathering and corrosion,

Plens for square steel towers that were designed by the Fortland
district office for geging stations on the Willemette and Columbis
rivers are shovn in plates 10 to 13, The towers shown in the photo-
graph, plate 1, are those for which the designs are given in plates 12
and 13, For a tower more then 60 feet in height, a stairway instead of
a steel ladder is recommended, '

The designs given in plates 10 to 13 may be adapted to other heights
of towers by msking necessary chenges,

Steel A-frames

- If the heights of the supports are not more than 40 feet, steel
A-fremes may be used, If practiceble, the steel should be gelvanized, as
in most ceses that will be less expensive than frequent repainting over
e period of years.

Light-weight channels or column sections, such as the Carnegie H-
beam or WF sections, should be used for the legs of the A-frame, The
dimensions and weights of the sections would vary with the height and the
load, The stebility of the A-frame, acting as a column, should be investi-
gated in individual cases, especially for long spans., Hinge~pin connec-
tions at the base of steel A-frames are generally recammended, as the erec-
tion cen be made with less difficulty end there is less liklihood of the
anchor bolts being loosened by flexure of the A-frame,
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YOIY3ILNI 40 LINIWLYVYEIA "S°'N

ITEM|No.REQ. DESCRIPTION WEIGHT [ITEM [No. REQ. DESCRIPTION WEIGHT
I 4 |Angle 4"x4'x/4"x220Y with 3"x3"x 4" 600.5 Ibs] 29 2 | Angle 13x 1% xHzx2 5% 104 ibs)
2 4 o 3%'x 3% x " x 174 Y6" with 3" 3"x 4" 4123 30 2 v 33" 'k hi0" 7.9
3 4 o 3" 3'x%"x19-43" : 3795 3] 2 o« 334" 169" 15.4
4 8 w13 g% 18-3Ye 309.7 32 | 3%"plate with 4°x10"x /%" bent piates 1457
5 8 " " x 15-10%¢' 269.1 33 4 Ya"plate 64.1
6 8 " u x12-9'3¢" 2174 34 | % "plate with 2"x2"x 3¢ angles 140
7 8 " " x11-03%" 187.1 35 2 Angle 3"x3"xi4"%x 411" 48.2
8 8 " " x7-8%' 131.2 36 2 " «  x5-0" 49,0
9 8 " " x 59" 975 37 2 " v oxq-" 482
10 8 " " x4'-9%¢" 8l.] 38 4 0 2%2" Yg'x 3-3" 214
J 4 o 2%%2l'x¥Hex14-0%" 1720 39 4 1% ¥ ¥ gk a1 41.8
12 4 " " x11-1%" 136.6 40 Lower platform grating (in 3 parts) 168.0
13 4 " " x8-8" 106.4 41 |, Upper platform grating {in 3 parts) 1378
14 4 o 2"x2"x¥gx6%2" 60.1 42 4 6" 3"x ¥4"x 1°3" bent plotes 382
15 4 " " x4-5" 432 43 | %" plate with 8"x3"x3%" bent plates 808
6 2 " n x3-03%" 147 44 4 2%2%¥g'x 2-1%" (2 as shown - 2 reversed) 206
17 8 " 1x13%%Yex6-5%" 1090 45 4 Ladder sections 345.2
18 4 " " x5-9k%" 49, 46 16 | U-bolts for ladder 260
I9 4 " " x4'-1 %' 423 47 | a5 | Kx1% bolts 10.8

20 4 " 6'%6"}%'x0-6" (2 as shown - 2 reversed) 392 48 | 440 Sa'xllp' » 1804
el | 2 n_ 3'x3"%Y'5-9ls" 566 | 49| 12 | Ya™2" 8.0
22 i " o xi0-13" 497 50 6 5% 'x 5" » 43
23 I " " x10-1%" 497 | 51 2 | Angle 3"x3" 315" 123
24 [ " n x2-6" with 14" plate 16.] 52 6 5%"x5'%" bolts 4.5
25 i " " x5-9%" 28.3 Total Weight of Steel 5,230.5lbs.
26 5 " 13%"%1%"x ¥¢'x3"-0" (2 as shown - 3 reversed) 318 53 | Ironbark saddle to fit item 32

27 | 2% 2"x 3g'%2-6" 6.1 54 ! Ironbark saddle to fit item 43

28| | v 13%%1% Y6 x10™13," 215 |

STRUCTURES FOR CABLEWAYS

SQUARE STEEL TOWER
WILSONVILLE
Designed in Portlond District
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ITEM NO.66 MAKE |

2-104%" .= - Symm. abt, € except as shown.
. NS T + ..'.¢ ;/
o e “ of.
§ r - i ﬂ .'_. P
4 4 £l 25/5:40*;?31.

z hd '; &"

N | b—o o= + N
¥ O —l
R il T
N

2. Symm. obt. ¢

% %" 8olts Sq,
N Hds. & Hex Nufs
5/5'&40#/?&1. o i

“-Gray Australian iron
bark - vertical grain.

STRUCTURES FOR CABLEWAYS

SQUARE STEEL TOWER
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Designed in Portiand District
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Eastern FHard Maple (kiln dreed)
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. CABLEWAY POST
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/

STRUCTURES FOR CABLEWAYS

STEEL POST SUPPORT
Designed in Boston and Tacoma Districts
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U 2 3 ' ot i Maximum length of Timbers 7o be used for Cables
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Designs for steel A-frames with hinge-pin connections at the base
that were prepared in the Columbus distriet office are shown in the
following illustretions:

Plate 14, Steel A-fremes, 10 and 15 feet,

Plate 15, Steel A-fremes, 20 and 25 feets

Plate 16, Steel A-freme, 30 feet,

Plate 17, Steel A-frame, 35 feet.

Plate 18, Steel A-frame, 40 feet,

Steel details for rigid A-fremes for heights ranging from 12 4o
20 feet by increments of two feet, and for heights renging from 20 to
39 feet by increments of one foot, have been prepared in the Tacoma
digstrict office., Those designs use light-weight chemnnel sections.
The base plates are attached to the footings by fixed anchor bolts.

Steel post support

The Boston and Tacoma districts heve made successful use of a
gingle H-beam-strut support with upstresm and downstresm guy cables.
This type of support is simple and economical, especially for short
spens, The design of this type of support as used in the Tacoma
district is showm in plate 19, a few changes having been made in the
design that was first prepared anéd used in the Boston district.

Timber A-frames

- In some instances it is desirable and economical to use timber
A-fremes, If the proper timber is used, such as Douglas fir or Oregon
pine, timber A-frames may give satisfactory service for many years,
The individual pieces of the frame after being cut and fitted, but be-
fore joined to the completed frame, should be treated with suitable
preservatives, Helpful information in regard to the use of timber and
methods of its preservation has been published by the Forest Products
Laboratory of the U. S. Department of Agriculture 20/, Plans for
timber A-frames designed in the Tacoma district office are shovm in
plate 20,

Pootings

The footings should have ample bearing surface and be designed so
that there will be a unifomrm distribution of the load, They should be
placed on fimm ground and, where frost is prevalent, they should extend
to bedrock or to a depth of not less than two feet below the frost line,
Dimensions of three feet in width and a miniwvmum length of four feet in
the direction at right angles to the cableway are sometimes specified,

gg/ Wood Handbook, Forest Products Laboratory, U. S. Dept, of Agri-
culture, 1935,
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In most circumstances where the ground is fimm, the safe bearing capacity
of the soil will not be exceeded with footings of that size although pre-
cautions should be taken to avoid the possibility of umequal settlement
such as might ocour if one part of the footing is on ledgerock and another
pert is on soil, Table 4 gives the maximm allowable soil pressure for
different material as listed by Douglas 21/.

Table 4, Allowsble soil pressure in toms (2,000 pounds) per square foot,

Jaterial Maximm allowable pressure
Tons per sq. fte.

Alluvial S011l 4 ¢ ¢ o ¢ ¢ ¢ 0 s 6 ¢ ¢ 6 6 6 06 060 9 0 0 0 1l
SOftclayoooooooocoooo.ooclooo-oo 2
Wet clay; soft wet sand « o o ¢ ¢ ¢ ¢ ¢ 6 ¢ ¢ ¢ 06 06 0 o o 2
Moderately dry sand; fine sand, clean eand ATY ¢ ¢ ¢ ¢« o ¢ 3
Clay end sand in alternate layers ¢« ¢« ¢ o o ¢ ¢ ¢ ¢ ¢ ¢ ¢ 3
Fine and dry loam or clay; hard dry clay or fine send « ¢ 5
Compact coarse sand; stiff gravel ¢ 0 06 0 0o 06 06 0 0 ¢ 0 0 6
Coarse gravel; stratified stone and clay; rock

inferior to best brick masonry ¢ ¢ o o o ¢ ¢ ¢ 5 ¢ o 8
Gravel and sand well cemented ¢ ¢ o« o o o o o s o o o o 10
Good hardpan or hard shaele ¢ « ¢ o o ¢ s ¢ ¢ ¢ ¢ s ¢ ¢ o 10

Good hardpan or hard shale unexposed to air, frost,
Or WAter o o ¢ ¢« o o ¢ ¢ ¢ 0 ¢ ¢ 6 ¢ 6 6 006090060 15
Very hard native bedrock o« o o « ¢ ¢ o ¢ ¢ o ¢ 0 0o ¢ ¢ o 25

Anchor bolts should extend into the conorete for a distance of 30
times their diemeter and should have 3-inch hooks at the end, Footings
and anchorages for high steel A-frames and for towers carrying cableways
of long span should be individually designed for the loads to be carried
and the conditions at the site. Designs for standard footing that may be
used in ordinary circumstances are shown in the plans for A-frames.

Unless otherwise specified, the design and construction of concrete
footings should be in accordance with the specifications in "Recommended
Practice and Standard Specifications for Concrete and Reinforced Concrete™
as given in Proceedings, ASCE, No. 6, Part 2, June 1940,

Grounding

As a safety precaution, steel towers or A-frames if near the gage
should be grounded to the lower intake pipe by means of grounding con=-
nectors, If the structure is at some distance for the gage it should be
grounded by burying six loops of ground wire to a depth corresponding to
-~ that of the minimmm stage of the river. The ground wire should be con-
tinued in e trench to e eonnection with the tower or A-frame, If this
method of making a ground connection is impracticable, four 3/4 -inch by
8-feet clean g.i, pipes spaced six feet apart, driven full length
vertically end connected in parallel, should give a sufficiently good
ground,

21/ Douglas, Valter J., Foundations and earthwork: Am, Civil Engrs. Hend-
booke pe 71l. Fifth ed. 1930.
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Bearings at tops of supports

Several different designs of bearings at the tops of the supports
are used for the wire rope or track strand, the particulsr design de-
pending largely upon the height and construction of the tower or
A-freme and the load to be carried, Some of the common methods of sup-
port are sheaves, pin connections, =nd saddles,

Sheaves

Sheaves sre commonly used on timber or steel A~frames for the
smaller sizes of wire rope. The sheave should have a solid wsb, not
dished, with a tread diemeter of eight inches and a U-groove of a
diameter equal to the diameter of the rope. The diametsr of the steel
bolt that carries the sheave should be 1 1/8 inches for 3/4 -inch rope
and 1 1/2 inches for 7/8 -inch or 1 -inch rope. Sheaves with V-shaped
grooves designed for rope drive should not be used for bearing supports,

Pin connections

Pin-and-socket connections (see p. 29) shown in the designs for
steel A-frames, plates 14 to 18, are cormonly used for the smaller
sizes of tramway btreck strand as the stiffness of the strend does not
permit the use of sheaves, If pin-connection supports are to be used,
a careful determination of the léngth of the clear span is necessary
in order to obtain the correct sag with the A-frsmes in a vertical
position,

Saddles

Saddles are generally used on towers (see pls, 10 to 13) and they
may be used on timber or steel A-frames. They are particularly neces-
sary for long spans and the larger sizes of tramway track strande A
cast-iron saddle is sometimes used on A-frames, but a saddle of suif-
able wood, such as gray Australian iron bark with the grain vertical,
is preferable, The design of & saddle that was used on the towers
shown in plate 12 for a 1 3/8 -inch tramway track strand is shown in
plate 13.

Gaging cars

The cableway provides a track for the operation of a gaging car from
which the engineer works in the process of msking a discharge measurement.
Two types of gaging cars are in general use; these are the type-A or
sit-down car and the type-B or stand-up car. A combination car that has
same features of both the type~A and the $ype-B cars is used in some
districts; a canvas shelter or galvanized sheet-steel metal roof can be
installed on either type of car., Special designs of cars may be needed
for long-span cableways., In the type-=A car, the reel is generally used
at the end of the car whereas the type-B car is generslly designed for
the reel at the side, although in some type~B cars the reel may be
placed at the end.
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gm-A geging car

The type-A car permmits the engineer to work from a sitting position.
It is provided with a seat at each end, has either one or two foot rests,
and can be readily equipped for use with either a handline or a reel
assembly, Plates 21 and 2la give the dimensions, construction details,
and bill of materials for a type~-A gaging car that 1s used in the Fort-
land district.

-B i ear

The type-B car is designed so that the engineer may operate the cur-
rent meter from a standing position; several designs of this type of car
are available, The design made in the Columbus district that is shown in
plate 22 uses structural alumimm, except for a few steel parts and a wood
floor, It is of durable construction and is especially adapted for the
use of heavy equimment,

The type-B car shovn in plate 23 was designed in the Tacoma district
end is made of wood, except for the hangers and other hardware, With this
car, the engineer can also operate the current meter from a sitting position
if desired, The design includes a sheet-metal roof that may be used with
this and other types of gaging cars, Another design of a type~B car that
is used in the Tucson district is shown in plate 24,

Accessories

Among the accessories that are commonly used with gaging ears, the
sounding protractor, the puller, and the brake are perhaps the most use-
fuls A braske is very essentisl for a car operated on a cableway having a
deep sag. One method of providing a brake by means of a counterweight is
described on page 3,

In discharge measurements of rivers that are deep and swift where the
sounding weight and the current meter are carried downstream by the action
of the current, an accurate measurement of the vertical angle made by the
suspension line is essential to the correct determination of the vertical
depths A triangular type of sounding protractor g_/ for measuring vertical
angles is generally used on type-B cars, ,

Geging=car pullers provide a convenient means of moving the gaging car
and holding it at any desired position along the cableway; various designs
of pullers are used by Survey engineers. The type of puller designed and
used in the Tucson district is shown in plate 25, A cast-aluminum puller
which has the advantage of lightness of weizht is used in some districts.

22/ See "Sounding protractor," U. S, Geol. Survey Water-Supply Paper 888,
Pe 206,
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BILL OF MATERIALS
FOR ONE SIT DOWN TYPE GAGING CAR
i{ . . = AND ROOF (OPTIONAL)
| Lengthwise pressed seam on one side of roof li|
:‘ / :: LUMBER, ALL S4S
b . = " .
i Drill 16-%" holes in roof as shown. it ——— | DESCRIPTION o. REQ.
13l 24 gage galvanized Armco or Tonken iron, la: A 2."'0,," 5.40,,/ 29| CLEAR £
1 {1 B |2"x 4" x 2-4" NO. | COMMON 2
i 1 '4 C_[2"x4"x 18" NO. I COMMON 4
4 il D [2"x2" (EXACT) x 7'-0" C CLEAR I
“ ' L I ) 1 " "
4% 6-3 % E |2 x2" (EXACT) x 4" C CLEAR 2
~7-0" F_[1"x10"x2-0" ¢ CLEAR 2
ROOF ELEVAT'ON G |ll X0 x 203/4 C CLEAR 4
T e HARDWARE
‘Bend fo I" radivs at top. %" GALV. MACHINE BOLTS,9e4", 6@3", 1202 %" 27
3/
— /? GALV. CUT WASHERS 21
| /2" FLAT HEAD BRASS SCREWS 24
| ) \ D w GALV. MAIN HANGERS AS DETAILED 2
. N uarter twist /‘}‘V GALV. FOOT REST HANGERS AS DETAILED 2
= N n this distance . J— 8"x I¥g'x %" GALV. ROLLER BUSHED MANILA ROPE SHEAVES| 2
! .,\\.1" > / J GALV. 34'x 35 MACHINE BOLTS -PIN DRILLED-COTTER PIN | 2
& 3 ' = % GALV. CUT WASHERS 8
l " v | » GALV. ROOF SUPPORTS AS DETAILED 2
5 n ¥ | 4" Z 2 2|2 N\
G L e 4 o " <O GALV. ROOF AS DETAILED |
I'c%'x 6-10%" strap iron (bend _.J L2 o~ - o %ex 2’ GALV. STOVE BOLTS 16
after drilling). Galvanize ofter ’B’”’;{”A’l' e S e % 3 ; 6" x 9" GALV. 20 GAGE IRON BENT TO 2'x4"x9" ANGLE | 4
L Le * ¢ D 2" ROUND HEAD BRASS SCREWS 14
1-2 . - Form from '%6'x 1% mild steel. GALV. ANCHOR ARM (SEPARATE DRAWING) 1 OR 2
" 5% S 7 7o belviuze dLier Toreleg. GALV. BOLTS OR LAG SCREWS FOR ANGHOR ARMIS)
—{2 k- 2l Jbe—
T r : - TAl A PADLOCK (TO BE FURNISHED BY U.S.6.S.) |
-2 19" 1. 24" /8"
F‘h i i i SPECIFICATIONS
7 T TN
L
T # 3 LUMBER: PIECES TO BE GUT AND DRILLED, THEN PRIMED
| g ‘e WITH COAT OF EQUAL PARTS LINSEED OIL AND GRAY
| h§ s ? OUTSIDE PAINT AND FINISHED WITH TWO COATS OF
R S A/ bolt holes 7is ool | GRAY OUTSIDE PAINT, BEFORE ASSEMBLY.
@  except asnoted. Ty . o
¥ I3 LN & HANGERS AND ROOF SUPPORTS: TO BE GALVANIZED.
2 e ' BOLTS: GALV.— MACH., ONE NUT AND WASHER LACH, EXCEPT
s v ¢ LT 1
Ng SHEAVE BOLTS. STRUCTURES FOR CABLEWAYS
< SCREWS: BRASS. GAGING CAR
SHOP ASSEMBLY OF CAR,WITHOUT ROOF, REQUIRED CAR TYPE-A (with roof)
led 1 .—;4«:J - Form from Y16'x 2"mild steel. : S i ey
j i e e TO BE PREPARED FOR SHIPMENT WITH HANGERS, BILL OF MATERIALS
SPACER BAR, FOOT REST BARS, AND BOLTS Designed in Portland District
DETAIL MAIN HANGER REMOVED AND WIRED TO BOX. PLATE 21-A
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