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HOW TO SUBMIT MATERIAL

In able to have an authoritarian vertical orient-
ed newsletter we need good material on the sub-
ject of vertical travel and related toplcs.
These articles can be reprints from other news-
letters or original material, Letters to the
editor are encouraged tut the editor claims the
right to censor or alter any article 'in a way as
to fit the publication withoui changing the in-
tent of the article. We do request that new ma-
terial be supported with tests and field usage
records. Let's please stay away from politics,
A1l pictures are requested to be black and white
pen and ink drawings. The editor is able to re-

draw upon request any pictures of explanation that

are unclear. Please submlit all material to Bruce
W. Smith, 1745 Woodside Drive, Westland, MI LB185

The NYLON HIGHWAY is an official publication of
the Vertical SEction of the National Speleologl-
cal Society; published at least twice, but not
more than four times a year by the annually
elected editor, Subscriptions are $3.00 a year
while membership dues are $3.00 a year. To en-
state oneself as a member of the Vertical Section
one will need the endorsement of two charter mem-
bers or two non-charter members who have been
members for two or more years.
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LETTER FROM THE EDITOR

Fir:t of all I want to apoligize for the lateness
of this issue. But it's out and if anyone's
curlous, postage has gone up by 50%.

Belng the editor of the Nylon Highw iy has been
a prestiglous honor with many personal rewards.
With my increased work load in my job and the
Jack of interest on the part of the section I
intend to print one more Nylon Highway and open
the position up for other talent to take over.
Think about it and consider the responsibility.
Of course the files of the section will be passed
on to my predicessor. I sincerely hope that
whoever decided to take on the responsibilities
holds with the total technical nature of the
newsletter and avolds politics of all types.
Nominations for a new editor will be open to

the fleoor at the convention and there will be

an election as there was in 1973. For my last
issue I've got some European devices planned

for publication, 1f I receive the information in
time. I hope it will be one of the best issues
yet. I hope I receive some good domestic work
as well, I'm looking forward to heariig from

you.
Sincerely, /. ./ .
Wz
B

NO.1 REPRINTED

Believe it my friends Nylon Highway #1 is

being reprinted this week. If you have paid
for your reprinted issue it will be in the mail
this week, If you care to order a copy to
complete your set the price for all old issues
t through 4 is $2.00. I have about 5 copies of
#2 left. The reascon it has taken so long is
that the entie L0 page issue had to be re-
typed so that it could be photgraphically reduced.
Several of the illustration had to be reduced
as well but the actual content of the first
issue is complete and correct.

We also intend to sell past issues at the
convention.

COVER Depicted here is the likeness of the famed 60* wall drop in Walt Allen Cave, W. VA.,

somestimes referred to as the Baxter or Beverldge Cave.

Its been the sight of many exhausting

experiences including a serious injury sustalned by Beverldges' son who fell from the top

off a ladder while unroped.
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LIFTING WITH PULLEYS

by Bruce Smith

It often becomes necessary, often under much less than ideal conditions, to raise héavy loads
and/or victims from the depths of a deep shaft. In Nylon Highway #2 severdl methods were discussed
but here, let's discuss various 1ifting methods using pulleys. Carabiners can be used in place of
pulleys but the friction developed by carabiners almost negates any intended mech&nical &dvantage.

A good oiled pulley with a small axle develops about 10% friction whilé a carabinér will develop
between 30 and 60 percent, depending on the ropé and its condition i.e:,(muddy, stiff, etc.)

A large hayfork pulley or pulley of comparable slze would make & nicé addition to ones car trunk.
These large pulleys not only produce less friction than thé small oné but provide a much larger
maxgin of safety with regard to their actual ability to hold wéight: Cartying these large pulleys
deep inside a cave becomes cumbersome, btut =m0 is a stokes litter.

BLOCK AND TACKLE

There are two basic pulley configuration. The most common 1s commonly reférred to as the
block and tackle. The ideal mechanical advantage is determined by counting the dctual number of
support lines. Figure #1 shows one support line., By this I mean the actual load 15 being supported
by only one line. There is no mechanical advantage in a system of this nature iunless you are the
hauler and the load; then you will find 1t relatively easy to 1ift yourself. See Flgure #2 showing
a mechanical advantage of two.

Figure #3 shows a better way to orient one pulley énabling one man to fixed roint
1ift another (excluding ffictianal forces), Notice there are two support
lines which can be equated to the mechanical advantage., Figures 4,5, and

Fixed point 6 show other configurations of Block and Tackle
arrangements and their designated mechanical
advaniage.

While Block and Tackle is probably the east-
est to understand 1t 1s probably the most impra- 1
tical for cave situations. First of all the rope

Furchase
liné w

needed for block and tackle arrangements if often
unavailable. Second, the mechanical advantage ‘ Fig # L. Mo
obtained is often negated by the weight of the mechanical ﬁdvagtage
pulleys the rope and friction in the pulleys.

Let's take a hypotheical situation of a 200 pound load with a mech-
anical advantage of four (see figure #5)., The person hauling should

1deally have to pull 50 pounds on the purchase 1ine. But each pulley pro-
-duces approximately 10% retardation in frictional losses, That would be
10% of the combined tensions on each line coming into or going out of the
pulley. Let's diagram this 4 to 1 system another way. (Figuré #7), so

Fig # 2. that we may seée tensions on each line and each pulley. It 1s evident

Mechanical Advantage

of 2. When the weight o
to be lifted supplies iti nmaking 4 total of 100 pounds in the pulley: Ten percent of 100

:E: igz;; ;ic;::iiiiten pounds is 10 pounds of frictional lose in éach pulley. How much force

advantage is one half will actually be needed to 1ift 200 pounds in a 4 to 1| system?....
of the normal mechanical

advantage of the

system being used.

that each 1iné coming in or out of a pulley has 50 pounds of tension on



Lifting with Pulleys

50 1bs. + 3 X 10 1lbs. = 80 1bs.
(The original force (Pulleys)  (Frictional (Force required
needed on the purchase force in each to 1ift 200 1bs. wlth
line) pulley) al to 1 system)

See the graph (figure #8) illustrating the pull force required to 1ift 200 pounds in various rated
block and tackle systems.
PIGGY BACK

The other pulley system and by far the most practical is commonly referred to as the piggy
‘pack system. A far greater mechanical advantage can be obtained with fewer pulleys. With two
pulleys one can obtaln a mechanical advantage of four while three will produce an advantage of
eight. Figure #9 shows a mechanical advantage of 4 and all the related tensions on each line.
Let's determine the force necessary to 1ift 200 pounds. Ten percent of the 200 pounds in the first
pulley plus 10% of the 100 pounds in the second pulley plus the purchase 50 pounds totals 80 pounds
necessary to 1ift 200. Trying any other piggy back system we come up with exactly the same figures
found in the graph in figure #8. ’

Comparing the two basic methods of 1lifting we find no significant difference, except the
plggy back method uses less pulleys to get the same amount of work done. Of course, by using less
pulleys then you have hegated the force necessary to 1ift all the pulleys necessary with block and
. tackle systems,

Fixed point . Fixed point Fixed point Fixed point

Purchase 1 :
:1line

- A

:,2 support
el lines; each
supporting
half of W
W w
21%; f 3 Fig. # b Fige #
: 3tol b to 1

RESCUE_SITUATIONS

By now I hope we have both come to the similar conclusion that the plggy back méthod 18 more
pratical because it uses less pulleys. Under actual situations though, two additional factors
must be incorporated into any hauling system. The first is the development of & purchise system
while the second is the need for a method to capture progress once it has been made.

PURCHASE_SYSTEM
 Often time space limitation and the shortage of long rope requires the use of a purchase

system whereby a litter or gear can be pulled up in short methodical hauling sesslions., These

systems can be easily set up in any small space. Please see Flgure #10. Thé system is shown
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Lifting with Pulleys

Fixed point Purchase

Line ready for a hauling session, Figure #11 shows the

system at the completion of a hauling session when 1t

;g . collapses., Here progress must be captured and the

+

+10 pulley system re-extended to appear as Figure #10.

50 1%% b Please make note here that your galn is only half the
Se

distance of your total hauling systgm set-up. See

2 tensions of pigure #11.
50 1bs. produce .
100 1bs. in the  Flgure #10 depicts properly the orientation of the

—pulley pulleys. Figure #2 and Figuré #3 in NYLON HIGHWAY
200 Ibs No. 2, page 4 and 5 depicts a top pulley, which is
unnecessary.

Fig. # 7 An alternate

way to look at a & to 1 0Of course as previously stated 1t 1s necessary to

mechanical advsntage capture all your progress. Thls 1s done wlth a prusik
' ' jo0,knot, Junar or even better a stop cam, It willbe
o ] : R isce RE R RRRE
necessary for someone to tend the stopi. 1 T \ _;f}fﬁi}j f E x%;i
cam to insure maximum progress unless o Fig. # 8 f'iif
perhaps someone has an elastic knee 150 Force vs.

IMechanicsl Advantage|ii]: .

444 Fhag i

plece from a floating knee cam off a
€ibbs floating system {See NYLON
HIGHWAY #1) See figures 10 and ti
for set-up details of this elastic
plece, Surgical tubing would also

i4++1 444 4

.
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work very well. 50 o
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1
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Purchase Fixed point

line ‘f)\ﬁi Pofpetet | 1o
[ H T
X 34 56 78 910 15 70

Mechanical A&van%age

Force required to 1ift 200

50

+10
+20

B0 1bs.

1035 friction
loss totaling >
10 1bs.

Purchase
100 .
line

10% friection . —
loss totzling
20 1bs.

200
Fig. # 9 Piggy back pulley : c\c‘\ Elas‘iiic d
system showing no noticeable N shoc cor
difference in the force «f:,;===:—_ : ‘\‘i
rejuired to 1lift 200 1bs. / ;g
N =
.:,‘-top Camn \ //

Fig. # 10. Pigzy back pulley
system with a stop cam cocked
for a hauling session



Lifting with Pulleys

MINUTES

Minutes of the meeting of the
Vertical Section of the Natlonal Speleo-
logical Society held Friday June 27,
1975 at Frogtown near Angels's Camp,
California.

line

Elastie
shock cord The meeting was called to order

by Kyle Isenhart. Board members pre-

S\ \ ;‘ sent were Pete Strickland, and Kyle

Stop Cam - Isenhart. Those absent with proxies

A e ‘#‘r f | present were: Bill Cuddington whose
h i proxy was Delbert C. Province and
‘ Allen Padgett who was proxied by Jim

Fig. 11. p !
8. # g2y back pulley Gordon. Absent without proxy was

system with a stop cam after

allliauling session, Notice Kirk MacGregor., The financial state-
a rogress i t
the ghogk cgr;? captured with ment submitted by Bruce Smith was pre-

sented by Kyle Isenhart, Section Secre-
tary. The Section newsletter, The Nylon Highway was discusses. It was decided to thank Bruce
Smith for his excellent work as Editor and ask him to continue. His wife, Barbara, the Assistant
Editor was also thanked for her work. The sectlon members were urged to submit articles to be
considered for publication in the NYLON HIGHWAY. The board requested that more of the section
members asslst with the contest and training sessions. The board also urges members of the sectlon
to work toward the development of better vertical equipment and techniques. It was announced that
no dues increase would be necessary this year., The floor was then opened for nominations for
ﬂhﬂMnthBmmfutMCmmgwﬂ.AswmtmnmwutﬂmaMtMmehﬂmwuemu
Cuddington, Kyle Isenhart, Delbert Province, Oscar J. (Jim) Gossett, and Pete Strickland. Bill
Cuddington wlll continue as chairman and Kyle Isenhart as Secretary. It was announced that dues
would be collected and new members accepted immediately after the meeting. The meeting was them

ad journed.
Respectfully submitted by
Kyle Isenhart, Secretary
Vertical Section of the N.S.8.

DEVELOPMENT OF CAVING ROPE

by J. R. Newell, Jr., President Blue Water Ltd,

The purpose of this paper is to explain the characteristics of several ropes that have been or
are being used for caving, Since I am most familiar with the development of Blue Water II & TII
ropes, emphasis will be placed on how these ropes perform with regard to caving and how these res-
ults were obtained., I have found that cavers are becoming much more sophisticated with their rap-

pelling and prussiking techniques and thus seek more knowledge about the types of squipment that are
5



Development of Caving Rope

available for caving teday. No longer can companies that supply equipment to cavers expect to have
their products accepted unless they meet the specific requirements for caving. Gone are the days
when cavers accepted equipment designed for other activities that only particially meet the re-
quirements for caving. Many 1tems are being offered today eliher by cavers or by companies pro-
mpted into the manufacture of these jtems by cavers, A case in point is the rope that I manufacture
today.

Elght or ten years ago, the main ropes used for caving were the braided rope manufactured by
Samson Cordage, the twlsted rope called Noldline and the various bralded ropes manufactured in
Europe. When I first joined the West Georgia Grotto, I ran inte a third rope that had been obtained
by some of the members from a local textile mill. This rope had many of the qualltles that we
felt were desirable for a caving rope such as low stretch and good resistance to abrasion., However,
this rope did have its drawbacks and was finally discontinued because of them., Being a textile
engineer and active in the textile business at that time, I felt that a rope could be developed for
caving using the facllities already avallable in my plant. Thanks to the suggestions and active
participation of the West Georgla Grotto members, the Blue Water II rope was finally developed and
tested 1n the field. Many cavers still aid in the further development of the rope as I feel that
we should continue to seek to improve its construction and manufacturing procedure, In order for
you to understand some of the background of the rope, let us look into the same areas that were
examined when the rope was first developed.

Our first thoughts were directed toward what we felt a caving rope should be. The properties
that we felt were desirable were (1) High Strength (2) Low Stretch (3) Long Wear (%) No Spin
(5) Constant Characteristics and {6) Reasonable Price. We then looked at the various ropes being
used and how they met these requirements. The laid Goldline had good strength, good abrasion
resistance but had exé;ssive stretch and did spin when used on a free-fall drop. One draw-back of
all twisted ropes is the wear that takes place on the inside of the rope due to the rubbing of the
strands against themselves when the rope is loaded. It is very difficult to evaluate the strength
remaining in this type of rope after 1t is used for a period of time as this type of wear is not
easily seen. Also on the lald ropes, any wear 1s on the load-bearing strands since all strands are
load-bearing.

The next type of rope evaluated was the braid on braid type of construction used in the
Samson rope. While the strength was good and the rope did not spin on a free fall drop, this rope
was very stretchy and tended to swell to a larger diameter after use making the use of mechanical
devices such as Jumars very difficult. The construction of the rope left a lot to be desired since
the manufacturer did splice the individual strands in both the core and sheath by just braiding
the loose end of the fiber into the rope without a knot belng tied or attached in any manner,

We also looked at the climbing ropes made in Europe and found them to have less strength
that elther the Goldline or the Samson rope plus the fact that a very thin sheath was used which
gave them very poor resistance to abraaion. These ropes were also very stretchy but did have the
no~spin characteristic.

So now we asked ourselves "What do each of these ropes have that we want and how are these
properties obtained?” We like the high abrasion resistance of the Goldline, the no-spin character-
istics of the Samson the the European ropes. We like the high strength of the Goldline and Samson
as well as their price btut none of these ropes could offer all of the desirable properties that
we wanted.

Now let's see how each of these ropes obtalned the desirable characteristics that we wanted.
The high strength of both the Goldline and Samson was the direct result of the amount of nylon used

6



Development of Caving Rope-

in the manufacture of the rope plus the type of nylon used., There is no way to obtain equal tensile
strength without using the same amount and the same type of nylon, You can obtaln a high impact
strength through a construction that will abserb loads by stretching which is how the European
ropes rate so high on impact loads although their tensile strength 1e lower than other ropes. The
Goldline rope will also do this by stretching whereas the Samson rope could do this same thing to
a polnt. 1In fact MSR offers the Samson type of construction for a mountain rope. After looking
at thls information, our decision was to use the high strength nylon offered for cordage use and
use enough of it to glve us the strength desired,

Next we approached the high stretch characteristics. Goldline and Samson both stretched
guite a bit but each stretched in a different manner. The Goldline stretched since the individual
strands tended to unwind when loaded and the Samson stretched due to the loose manner in which it
was bralded, Our approach was to use parallel strands of nylon so that there would be no mechanical
let out when the rope was loaded. The only stretch that we would have then would be the inherent
stretch present in the nylon yarn itself which is very small on a 400 pound load., In order to obtain
the 7/16" diameter rope we wanted, a very large number of individual fibers would be required which
ereated a problem in just the handling of them, We found that 760 strands would be required to
give us the proper diameter and tensile strength just for the core of the rope. In order to handle
thls number of strands, it would be necessary to twist a number of them together but anytime you
add twist you create a torque which causes the rope to spin. There is a2 way around this problem
so what we did was to work with ten core supply packages twisted in a clockwise direction and ten
rackages twisted in a couﬁter—clockwise direction. The torque generated by the first ten packages
wags off-set by the reverse torque generated by the second ten packages. This gave us a low-stretech
zer »-torque core. The third property we wanted was long-wear which means a high resistance to abra-
slon in a caving rope. The GUoldline seemed to have the highest degree of resistance when compared
to the Samson or European ropes. I felt that the factor that gave Goldline the edge over the other
ropes was its high twist in the individual strands. As twist is added, the length of the individual
flbers exposed is shortened at the point of contact thus making 1t more difficult to break the
fiber. The tightness of braid 4n the sheath also added to the resistance to abrasion. For those
who have climbed on the loosely-braided Samson, you will remember how Jumars tended to catch on the
Tope strands., The rocks act in the same manner and tended to catch on the individual fibers and
break them, In a short time, the Samson rope could become fugzy from broken fibers. There is an
interesting point about this fuzz that was formed on the Samson rope in that it offered a cushion
effect against further abrasion but the rope did become larger in diameter and made the use of Jumars
on the rope more difficult. In view of the above observations, our approach was to cover the core
strands with a tightly braided sheath exposing as little of the fiber as possible, We further im-
proved on the abrasion resistance by twisting each sheath strand., The final sheath strand ended as
actually three strands made by twisting a small strand and then combining three of these together
with a twisting operation in the opposite direction from the first twisting operation. The result
was a zero torque strand with very short segments of the individual fibers exposed. The resultant
size (15,000} denler was about twlce as thick as the sheath used on the European ¢limbing ropes.
The construction using the thicker, double-twisted sheath strands coupled with the closeness of the
strands in relation to each other gave us a tough sheath which resisted abrasion better than any of
the other ropes and as an added factor, protected the load bearing core strands much better than any
type found,

Another property desired was the maintenance of constant characteristics, This could only be

obtained by using the same raw materials, some machine settings and constant checks by the machine
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DevelOPment of Caving Rope

operator. The only way to obtain this is to use people who care about the product they make and
take pride in their work. For this reason, cavers were used when I could not make the rope myself.

To attempt to tie all of this information together, let me outline the Blue Water IT constr-
uction. The core consists of twisted rylon strands of type 66 nylon; one half twisted clockwise,
one-half twisted counter-clockwise, The sheath consists of double twisted three ply strands ( a
total of 16) from type 66 nylon., The breaking strength under ideal lab conditions is approximately
7000 pounds but we rate the rope under conditions similar to caving conditions. We ran tests with
the rope tied around a 1" diameter steel bar using a mid-shipman's knot and averaged 5400 pounds
for the tensile strength in a dry condition. Tests showed that the core 1tself contributed about
70% of the total breaking strength. The tightness of the braild construction offered the high
resistance to abrasion and also prevented the sheath from slipping over the core in the event it
was cut, I found that a Jumar would slip only 8" if placed on the rope and the entire sheath was
cut just above the Jumar. Tests conducted by Charlle Gibbs showed that the Blue Water
construction resisted cutting by his ascenders better than did the Coldline or Samson construction.
From my own experience, I have no fear of rope damage from Cibbs or Jumars when used properly.

All of the previous information given was for the original rope, Blue Water II. During the
past year, we began production of Blue Water III rope. The only difference between the two ropes
is the type of nylon used in the sheath. The two constructions are identical but we use a new
type of nylon manufactured by DuPont known as thelr Super Blue 707 nylen, According to DuPont, tests
have shown with regard to weathering, that a 20% increase in outdoor durabllity can be expected for
Super Type 707 versus present type 707 ropes which is the standard type 66 nylon. Their tests also
indicated improved abrasion resistance over ropes of their standard 707 in a 1ald construction.
While we can not state for a fact an exact percentage improvement for abrasion resistance, we do
know that it is better. ..However, the new rope alsc obtains another characteristic over our original
rope. It tends to be much faster when new. Some cavers find that this is somewhat of a disadvantage
so we continue to offer the original rope and plan to continue to offer it in the future.

There 1s really no secret to our rope construction unless it is the fact that we take a lot
of time and care in its construction., The larger companies can not warrant the lavor costs involved
for such a specialized product for what they consider to such a small market. For our small company
the market is consldered to be large and we appreclate the confidence the cavers have in us. We
will always appreciate your ideas, your suggestions and also Your complalnts in hopes that we can

continue to improve our rope,

INCHWORM CLIMBING

by Bruce Smith

Basically, inchworming comes to us from the West. Some of the well known inchwormers are
Charles Townsend, Toni Rowe, Pete Strickland, and Richard Weisbrod. Incidently, Richard
Welsbrod happens to be the person who has given me the bulk of ny inchworm knowledge. Without
going into great depth, my primary objective is to present a basic exposure (no relation to the
sickness) to the inchworm method.

The foot plece is the only part of the system that must be homemade and is unique to the
inchworm method. Aluminum "L" stock or channel stock have been used in the past. I've deplcted
(Figure 1 ) the attachment of a channel Plece to the base of the Jumar. Richard calls this
foot piece a Mar-Bar, '( Short for Jumar Bar) He also recommends "L" stock attached with "U"
bolts as shown in Figure # 2, The strap is usually made of one inch tubular webbing and



Inchworm Climbing

riveted or bolted to the ends of the bar. Figure #3 depicts the actual system, This upper Jumar
must be extremely tight and as Richard mentions, you can walk with difficulty but it should be
vertually impossible to stand straight up. It's important that the seat carabiner be placed in
the bottom hole of the Jumar, chances of it riding up and unclipping your safety latch become more
pronounced. Flgure #4 and #5 show the actual climbing cycle. Very basic, up-down-up down yawn!
In tight chimneys Richard recommends that the Mar-Bar be removed and used above thg climber as a
chinning bar. Obviously, this could be for short distances only.

The Mar-Bar has several other very praticial uses besides climbing which became very attractive
after T locked them over. (1) To haul a rope out of deep pits. (2) To provide a better grip on
the rope for a belay from below on rappels. (3) To hold the rope ¥hen helping someone to Jumar
off the ground.

4

&y

Filgure #2

"U" bolt arrangement
on a Mar-Bar using

A "L" stock,
=i

ot - LA TN T

Figure #1

Mar-Bar depicting 1" tubular webbing and channel construction.

The inchworm method is a fast efficient way of vertical travel but not
without disadvantages. It works best on long free drops. But it's bulky.,
The bar is usually about a foot long and takes up considera¥le room in a
cavers pack. For a short drop cave, it is to your advantage to use Prusik
slings or another compact climbing system. The second disadvantage is clim-
bing in tandem. The system affords so 1little slack that any rope motlon
from below is transmitted directly to your body and usually results in the
need for Pepto-bismol or dramine. No system is perfect and nonecontalns all
the advantages that we would like but an exposure to all the various systems
can only broaden our knowledge of vertical work and make us more effective
safe vertical cavers. (See inchworm medification in the article

Attach Three For Safety

References: Cal Caver, Vol. 22, No. 5, Octobert 1971, AN ALTERNATE
INCHWORM TECHNIQUE by Richard Weisbrod.

Inchworm System



FINANCIAL
REPORT

ACCOUNTS RECEIVED

Dues & Subscription $327.00 73.6%
Donations 42,00 9,5%
Back Issues 53.00 11.9%
Issue #1 Paid, Not sent 10.00 2.%
1975-76 Dues in Advance 12,00 2. 7%
Total Assests Ly, 00 100.0%

ACCOUNTS PAID

Balance brought forward $ 11.62 3.1%

Printing of Newsletter 223.95 58.6%
Postage 70.86 18.5%
Supplies 71.85 18.8%
Printing dues reminders 3.90 1.0%
Total Debits $382.18 100.

Balance brought forward into next years budget: $61.82

It now becomes evident that the Nylon Highway could
not have made 1t without the additional sales of back
issues and the generous donation of Bruce Herr and
Kirk MacGregox.

Let's compare this years expenditures to last years
expenditures under the major categories of interest,

1973~74 Category 1974-75 % Inc./Decrease
60,004 Printing and Paper 58,6% -2.7%%

25. % Postage 18.6% "“26 . %

10.8% Supplies 18.8% +74 .1

$228.40 Assets $ilsds, 00 +ok, Lo

Respectfully Submitted by
Supplies Categnry Include: Bruce W. Smith, Editor & Treasurer
Mailing Envelopes Vertical Section of the N.§5.S.

Mailing Labels M
Staples é[)

Typewriter Rental /@4&“’
Rub on Letters

Paper for Masters

Tipe

Ink

Return Postage Guaranteed Stamp
Glue
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THE STRENGTH OF YOUR RIGGING

by Bd Schott

In rigging ropes the tension in the ropes can be much larger than the actual weight of the
object being suspended.

The relationship between the force in the rope and the load being suspended is determined hy
the geometry of the situation., Only the loading of straight stretches of rope is dlscussed here.
Due to the complex nature of stresses in knots they are not discussed although the knot rather than
the straigh section of rope may well fail first.

The graph shown below shows the relationship between the weight, W and the rope tension, R
and the horizontal reaction force, P. It should be noted that for angles less than 30 degrees
that the tension in the rigsing rope is greater than the welght.

Highly stretchable rope like nylon is somewhat self protecting because as it stretches the

angle increases and the welght supported for a

LW,

R=Rope tensile load
P=Horizonal reaction

glven rigging tension increases, o '%ngfiéjﬁiééflﬁééifiggﬂé
Two things should be noted carefully when e i K A ]
uaing this graph. One, the angle is the angle . tE FE 1;5
of the rigging rope from horizontal and two, A v : TH+
the tension is the rigging rope tension and not 'g aw A - Sngpuuppny
+

the vertical rope tenslon.
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An especially dangerous situation would FAL 3 Note: Load is glven
occur if one rigged a tight rope, which would y Suxw terms of ¥ H
not streteh much, ever a pit and then fastened P? ] =

[l
[ -
a main vertical rope to the center of it. 0 R T I ==8=5.......§0

The geometry of this situation may also be
- A, Angle, Degrees

applied to a rope tied around a itree or other

object although the possibility of a dangerous sltuation is probably less there.

Reprinted from ROCK RIVER SPELUNKER, Vol.5, No. 2 June 1971.

BOLT INSTALLATION MADE EASY

by Kyle Isenhart

How many times have you wanted to set an anchor at a pitch in order to make 1t safer but the
thought of all that work prevented you from doing i1t? The placement of anchors such as rawl drive-
in studs or self-drilling anchors is a slow and strenuous task. While the actual amount of time
and effort necessary to drill a hole for an anchor 3/8" diameter by 3" deep varles greatly with
the hardness of the limestone it rarely takes less than 30 minutes and often as long as an hour,
As if this weren't bad enough the optimum location for the anchor 1s often extremely awkward to
reach or requires the person placing 1t to be supported by some sort of make-shift belay during
the operation. Often bolts are placed in compromise locations because of these difficulties. It
wag for the preceeding reasons that I made the piece of equipment described in this article. At
first glance you may feel that the additional equipment needed would make the system impractical
but the fact 1s that due to the time and equipment involved most of the bolts that are 1n caves

were put in on trips designated for that purpose. For that reason alone the system is practical.

1



Bolt Installation Made Easy

Instead of everyone wearing out their arm, a couple of people just carry an extra piece of equipment.
The time saved in placing the anchors 1s astronomical! The system 1s based on the use of a small
pneumatic hammer and a specially constructed rawl drill holder, The pneumatic hammer is about the
size of a small 4" electric drill and operates on about 80 p.s.i. of compressed air., ¥With a small
Pressure regulator and a standard scuba diver's 72 cubic foot tank you can drill from 8 to 12 3/8"
by 3" deep holes in most limestones., The great part is that it only takes from 20 to 35 seconds
drilling time to make the hole. The utility of such a unit especially during rescue operations when
time is a major factor makes 1t worthwhile for every group to have one.

The dril} holder is made as shown in Figure #1. Step #1. Take an attachment for the hammer
and saw it off approximately 11" in from of the flanged collar. Fut this plece in a lathe and turn
1t a .376" dlameter section approximately 1" long leaving the shoulder in front of the flanged collar
for the tool retaining spring to rest against. Step #2. Take a standard rawl drill holder and cut
it off retaining approximately 13" beyond the slot into which the frift pin fits to dislodge the
drill. Drill a ,.375" dlameter hole in this end approximately 14" deep. Step #3. Drive the two

pieces together and braze. I also made a small

wrench as shown in Figure #2, which is extremely

Flgure #1 useful, The drill works so fast that without
\?- — a mechanical lever you cannot rotate it while
:E ----------- -4 | drilling. A box end wrench or adjustable open
SAW— end also works. For this operation, with the
wrench 11lustrated the box end fits over the
— 10— = rawl drill holder and is used to rotate it while
L__" _2 gt | 4 L) drilling. The two open end wrench cut-outs on
RAW DRILL 3750 the other end fit the nuts on £" and 3/8" rawl

HOLDER (/,BRAZE drive-in studs. If you prefer self-drilling

anchors, attachments are commerically avallable

.

= o to hold them while drilling with this type of

The dr411 holder with appropriate . pneumatic hammer and the same type of time

alterations.
9 7
savings 1s realized, 16 16

This information is presented in hope that 4t will help These two ends

fit the nuts

expedite the placement of those necessary anchors which are on  and 3/8
inch raw]drive
needed underground. I do not wish to encourage the indiscri- in studs

minate placement of anchors underground by making it a quick-

and easy operation., Before placing anchors remember that they Wrench thlickness

are only semi-permenant but the damage to the underground at least 4
is permenant. Use good judgement and happy drilling. Addstional
holes to

Kyle Isenhart reduce weight

This end is used
to rotate the
drill holder
while drilling,

aSSSSi£iii33;Sj;Sf;;gEﬁ§3352K§355:53;5<3:5:S:3\ Figure #2

Marianne Wadelski Pneumatic hammer wrench
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BOLTS

by Kyle Isenhart

The placement of semi-permanent anchor bolts in caves is a point of some controversy. Many
people say they are never justified and conversly others say they are always needed. Nelther of
these viewpoints are correct. The indiscrimenate placement of unnecessary hardware underground in
not only 1n violation of N.S5.5. conservation pelicies but can lead the unknowing to place lines in
improper places simply because rigging points are available. The criteria that should be used in
deciding whether or not to place anchor bolts are: Flrst; Is it absolutely necessary to do the
pitch safely? If the answer 1s yes bolts should be installed., The other criteria that should
be considered if the answer to the first one is no is1 Will the improvement in the rigging point
by installation of the bolts justify the permanent defacement of the cave? It requires considerable
thought and judgement to make such a decision and it should not be made lightly. If the piltch can
be done at all it should be before installation of bolts to improve it is considered. Often
the best place to rig a pitch cannot be determined from the top and hence this intitial descent is
necessary to prevent installation of anchors which willl elither have to be removed later or cause
further difficulties due to their improper placement. If it 1s decided that bolts should be placed
the most desirable location must then be Expanding Plug

determined,For further suggestions on this

matter one may wish to refer to the author's
article entitled, HOW TO RIG A VERTICAL

IAMAA

P d
PITCH, Nylon Highway No. 2. HZ;S ‘k\\H“Self ~drilling anchor
One of the most important criteria /Here \\\ (red head)

is that the line should be near the desired \Q§§§

location. By far the most important factor Z; ﬂ\
\m\\\\; )

in placing bolts is that the matrix in

which the anchors will be set must be solid. t~ \\\ \ﬁb\\

Thin flakes, and soft or crumbly areas Knock off this
front plece

Points flare out
to give 360° holding

Notice the
space at the
bottom of each

should be avolded. Often solid rock under-
lies thin and stable surface layers. Con-
versly thin but solid appearing flowstone
ete., 1s occasionally deposited over clay

or unstable underlying layers., The best

“== A\ drilled hole.

designed anchors will not support loads if
placed in an unsuitable material under most

ecircumstances more than one anchor should ; Eye bolt pla.cerﬁent
be installed. Whenever possible they should Load
be placed in different bedding planes to N

Hex bolt
lessen the chance of simultaneous matrix A Placement

failures.
After a sultable location for place- 1
ment has been determined you must then decide {

whlch of the several types of anchors to use.
The one thing they all have in common is ‘
that they work by expansion of the anchor ’

against some part of the hole in which they Figure #1
are placed. The most popular anchors in use \ Self drilling anchor
placement,
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Bolts

by cave explorers in this country are manufactured by the Phillips, Star and Rawl companies. Each
of these companies produce different styles of anchors, The Star "nall-in" anchors as many refered
to them are seldom used now. They, as well as the use of any anchor which used lead as the expand-
ing medium 1s not very desirable due to the extreme softness of the lead. Thelr helding power is
not high when compared with some of the other types. The use of plastic sleeves is not popular for
the same reason. The most common and best readily available anchors are the Raw} drive-in studs
and the self-drilling anchors which are produced by several manufacturers, It is these two types
that will be discussed in the remainder of this article.

The self-drilling anchors need a special attachment to hold them while drilling the holes,
but as the name implies a serparate drill is not necessary. The inexpensive brands often do not
drill well because the metal is either too soft or brittle, then a2 separate drill is necessary.
They derive their holding power by enlarging at the end in the base of the hole and hence require
good so0lid holes near the bottom. (See Figure #1) Because they expand outward in a complete
cirecle they give equivalent results when loaded in any direction. They are generally short (less
than 2 inches long) and this can be a disadvantage in areas of soft or crumbly rock., The self-
drilling anchors generally have the best helding ability of the various anchors especially when
loaded parallel to thelr axis. High strength bolts should always be used with self-drilling
anchors and care must be taken to be sure they aren't toc long or they can actunally loosen the
anchor while being installed,

The rawl brand drive-in studs are the other most popular itype of anchor used by cavers.

They require a drill to make the hole for installation. The author has had better performance from

the specilally manufactured rawl brand twist type
: \Q§§ percussion drills then from regular star type
c3IIE:::::;;:::jiff§§§§§fi) drills in drilling limestone. The rawl drive-
Rawl drive-in stund \\ in studs are avallable in different diameters

and lengths but the most comman ones are £" or

Secure the nut l\ N .
. /x SN \ 3/8" in di@eter in 1er.1gth from 1 to 3",
N ) . They derive their holding power by pressing
o \ outward against the central portion of the hole
and hence the hole needs to be solid in that
area to use this type of anchor. Because of
the split nature of this anchor it only forces
against the hole on two opposite sides and when-
ever possible should be loaded perpendicular to
+ Flgure #2 ) these sides. (See Figure #2) These anchors
- Load Rawl Stud Placement
hold best when loaded perpendiculé} to tﬁeir axis. |\\
When drilling holes with either a precussion drill - k R \\\\
or a self-drilling anchoxr keep the hole as free of dust ' )

and other particles as possible. This is easily done by
blowing out the hole often with elther a small enemia ’ ‘

syringe or a plece of small diameter tubing and the

mouth, If you use tublng be sure it is long enough that '

Flgure #3

the particles don't get in your eyes. ALWAYS wear /

P & ¥ ¥ ’ Excellent placement

safety glasses or goggles when using precussion drilling foe except for the hanger
)

equipment. Many serious accidents have been caused by



Bolts

flying fragments of rock or metal from this operation. Use a heavy hammer, (at least 16 oz.)}. Most
piton hammers are too light for efficitent drilling. Rotate the drill constantly for faster operation
This is important for all types of precussion drills, Do not put water on the drill. This causes
conglomerates to form of the pulverized particles which clog the drill flutes and the hole and are
difficult to remove. When installing either self-drilling or rawl drive-in stud anchors the hole
must be the right diameter and depth. With the self-drilling anchors the diameter 1s determined
by the anchor itself but care must be taken to drill to the correct depth. After the expanding
rlug has been installed and the anchor completely driven in and seated it should be flush with the
surrounding surface. (See Figure #t) This is particularly important when loaded perpendicular to
the anchor's axis to achieve optimum holding power and causes proper placement of this type anchor
to be difficult for many people., With the rawl drive-in studs the diameter of the hole is very
 important and the rawl corporation recommends a drill slightly under}” for the +" anchors and one
slightly over 3/8" for the 3/8" diameter anchors. Since these anchors do not seat against the
bottom of the hole, the hole can be too deep without harm. The thing to remember
is not to drive the anchor in too far but to leave sufficient shank exposed for
the hanger and to ment the nut completely on the thread.
Having selected the location, drilled the hole, and properly seat:d the anchor,
" the next thing to be done is attaching the proper hanger. Hangers of the type
shown in Flgure #3 should not be used because they cause excessive outward forces
to be unnecessarily applied to the anchor when loaded. Commercially available
or homemade hangers of good quality steel similar to those in Figure #4 are excel-
lent. When loaded parallel to thelr axis heavy duty lifting eyes and not standard
eye bolis or hangers should be used with self-drilling anchors. When the placing
Figure #4 of rigging bolts is justified both they and the hanger should be left intact. Do
SMC HangeXr  not remove hangers from good bolts. The use of a matertial such as locktite brand
- bearing mount can be helpful in preventing vandals from removing hangers and nuts
from inadvertently working loose,
When ever possible identify bolts as to, by whom and when they were placed. This can avold

much worry and unnecessary duplication of placements. If you make your own hangers you can stamp
your grotto's initials

for example and the

P T P o T I T Pt e ek, MONth Or year the anchor

Figure #5. Three foot number five steel reinforcing rod was placed. If you use
with welded eye makes a good mud piton.

. commercial hangers which
are hardened a small engraved aluminum tag with the information can be attached with a short piece
of small wire cable., Editor's Note: During the rerigging of Schoolhouse Cave, it became necessary
to manufacture some very special Mud Pitons. I'm sharing them here with you now so if the situation
ever pops up at least you have heard it works. We used 3 foot long #5 steel reinforcing rods and
bent and welded an eye in one end (See Figure #5), We needed a three pound sledge to get them in
place but rest assured the judgement seat can be safely reached with the hardware additions. We
removed the questionable hardware.

In conclusion the proper placing of anchors in caves requires considerable judgement and
great care but the results can save lives and open new areas of exploration without causing

excessive damage to the underground wilderness.
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ATTACH THREE FOR SAFETY

by Bruce Smith

At the 1975 Convention a major discussion on the cause of several recent accidents let the
Vertical Section to recommend the condemnation of two point climbing methods. A two point climbing
nethod implies only two points of contact that a climber is attached to the rope. The major method
of climbing discussed were the popular Mitchell system, the Toxas system and the Inchworm method.
In order to promote safer climbing techniques these are the findings and recommedations of the
vertical section.

The Texas system has always been s=o inherantly easy to rig that it's been used without
question for years. Among climbers, simplicity has always been an objective but 1t's time to take
a closer look, Several accidents, near accidents and deaths have occurred again and again using
the Texas system, The primary reasons why accidents occurred was that every different Texas system
had some place where there was a built in failure point. If you are a user of this type of system
you should be taking the following precautions. (1) Seat harness is secure, sewn well and has
a built in redundant system. (2) A strong locking carabiner. (3) A secure double 1ine to the
top climber. (4) A top ascender that is clean, works well and is not worn out. {5) & strong
doubtle line running from one or two feet that connects with the
lower ascender. (6) Chicken loops. (7) A bottom ascender that
is clean, works well and is not worn out. (8) A connection line
between the bottom ascender and the seat harness in case the top
ascender fails,

These eight safety points are already hopefully incorporated
into your Texas system. {See Figure #1) The Vertical Section
recommends a third ascender. This is the most difficult system
to modify since anywhere you put that third ascender it becomes
awkward and begins to complicate the simplicity of the system. It's
recommended to place a Glbbs ascender atop the top ascender and
have i1t float along. The attachment
of this safety Gibbs becomes the next
problem, The best method would be a

direct second line to the seat harness.

Figure #1
Texas syggem with all This becomes a matter of personal cho- Thizd /7’
elght safety points ice. It's been also recommended that Ascender
built in.

- . the top floating cam be attached to
a chest harness, (See Figure #3) Even though this latter suggestion

invites bulkiness of equipment and added hassles 1t increases your
chances of serlous accident or death from 99 to 1 as before to 999 to
1, Admit it we all play the odds in caving adventures. Let's keep
them in our favor.

The Mitchell System ~ Agaln, the Mitchell systems two climbing
proints of contact have caused serious accidents and one death that I
know of in Puerto Rico. Making it a safe system 1s easy, and affords
& much more practical climbing method. Attach a floating Gibb to a

secure seat harness and place it on the rope below the bottom Jumar,

When 1t becomes time to rest just sit down in your seat harness. It's Figure #2
Texas system with a

no longer nec a to attach third tJ to t
ge: essary ach your sea umar to the rope third contact point.
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because youv'e already got your safety Gibb on the rope. Possibly you will find it may work better
to shorten your foot Jumar about %4 inches and attach the Gibb to the rope between the box (See
Figures #4 and #%) and the lower Jumar. Of course, all 8 points of safety that were mentioned
under the Texas system, modifications are important here as well, with the following additlons.

(1) Be sure the chest harness 1s secure, tight and can hold your weight. (2) Be sure your box

15 in good working conditon and screwed down tight. (3) Dangerous times to beware are the moments
at overhangs where it's necessary to come out of the box to make the appropriate maneuvers.:
Another very positive solution to the Mitchell system and the incorporation of the third contact
peint would be the Pygmy Prussik System dicussed at length in Hylon Highway Mo. 2, Page 19,

The inchworm deserves mention because it too has only two points of contact. Even though
very few people actually use this system, I've seen it work well for people who were somewhat
over-weight and females who weren't as physically fit as some of the males on a partleular trip,
(See Figure #5) A floating Gibbs again is the answer attached to the seat harness and positioned
midway between the two Jumars.

It should also be mentioned that if youreusing one of the popular step climbing methods with
Gibbs that a shoulder cam or chest cam should be a very important third point of contact that should
absolutely be incorporated inte your system. I've seen and used an additional fourth hand held
Gibb with a small wrist loop used which aids in pulling oneself up the rope.

The Vertical Section feels that if climbers were to make these essential safety modifications
from two point to three point climbing technique that the number of accldents among climbers could

be greatly reduced.

Third
Contact

=N : ' Figure #5
Figure #3 Figure #4 Inchworm with a rd
Gibb floats helow

the lower Jumar

Gibb floats between
the box and lower
Jumar.

contact polnt-a
floating Gibb.
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380 Seminary Ave.
Rahway, N. J. 07065

James E. Smith (S)
226 Bemton
Boone, Iowa 50036

EXCHANGE PUBLICATIONS

Aglarond
California Caver
Cleveland Grotto
D. C. Speleograph
Der Fledermaus
Electric Caver
Hard Hat News
Interlakes Grotto
Karst Window
Nittany Grotto
N.3.5. News

Off Belay
Underground lLeader
Windy City Grotto

Paul Smith(R)
2842 NE 14th Drive
Gainesville, Fla,.32601

Vernon W. Smith{S)
2778 Broadmoor Avenue
Concord, CA. 94520

John Baz-Dresch(com)
289 Edwin Avenue
Glendale, Missouri 63122

Edward A, Strausser Jr.(S)
[ISA-EHA ECD

Aberdeen Proving ground, ND.
21010

Gary Storrick (8)
Church Hill Road
R.D. #1 Box 379-A
Venetia, PA. 15367

Southern Neveda Grotto
P.0O. Box 4125
Las Vegas, Nev, 89106

Peter Strickland (C)
13074 Kirkwood Rd.
Austin, Texas 78722

Robert Thrun (C)
8123 14th Ave.
Adelphi, MD. 20783

Darrel Tomer{2-4)
2020 Berwick Dr,
Cambria, ChA. 93428

Bi1l Torocde{s)
2819 Newby Rd.S.W. Lot 62
Huntsville, Ala. 35805

John Wagoner

C-2 Dexter Arms Apt.
Silver Bluff Rd.
Atken, S. C. 29801

UNPAID MEMBERS AND SUBSCRIBERS

Have they just forgotten or
are they no longer with us?

Wessex Cave Club(8)

Upper Pitis _
BEastwater Lane, Priddy Wells
Somerset, England

John D. Whitworth (S)
70 Elm Street
Watervliet, New York 12189

Robert Wells (S)
200 Grover Ave,
Princeton, N.J. 08540

Howard S, Wilkerson (3)
130 South 500 East

Apt. 607

Salt Lake City, Utah 84102

Wesley Wimmer (2-4)
P.0. Box 1413
Rolla, MO. 65401

Robert Wood(1-A)
3177 Stephen Dr. S.
Columbus, ohio 43204

Ron Zawislak(C)
1503 Rainbow, Apt. 3
Laramie, Wyo. 82070

Ralph Bret Zepp (3)
8839 E. McClellan
Tucson, Arizona 85710

Ron Zuber
5 South Allen St.
Madison, Wis. 53705

Wayne Williams (5)
3491 Carson Court
Placerville, CA. 95667

Ivy R. Atherton
Richard Anderson
Stanley Bittinger
Cralg Bittinger
Mylas Conway

Bill Cuddington
John Cole

Joey Fagan

Barry Ferguscn
Daniel Fowley

Jim Fox
MEMBERSHIP CODE William Gilman
(e) Charter (1-4) Associate Jim Gordon '
(Rg Regular First year James E, Hall
(s Subscriber (2-a) Associate Paul E. Johnson

2nd year

Steve Joseph

Beb Lake

Jeff Levin

Joseph Lieberz
Kenneth Macke

Bill Mayne

Viloya F. Schwelker
Jim Storey

Richard Tarangelo
Loring M. Topp
Richard L. Welsbrod
Ed Yarbrough

Buddy Bundy

Oliver Carter
Peter Chulick

Russell Harmen
Blake Harrison
Ed long

Tom Meader
David Mischke
Bill Steele
Peter Sprouse
Tonl Rowe
Richard W. Schrieber
Jon C, Resager
Ellen HRaber
William Peters
David Sponaugle
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