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SOME TECHNICAL ASPECTS OF ROCK CLIMBING,
by Paul Bradt
Part 1 - Friction

 Preparatory to making a few techrical notes on climbing, I looked around for
Some data on the relative merits of different shoe soles. Along with the meagre
handbook information one finds considerable caution given about variability of
fI‘iction, as on different parts of the same rock, No climber needs to be told
about such variations. He learns about them the hard way.

Two publications of the National Bureau of_Standards (each obtainable from
the Superintendent of Documents, Washington, D. C, for 10¢) have merit, The one
on "Relative Slipperness of Floor and Deck Surfaces,” (BMS-100) by Percy A.
Sigler lists the dats in my Table 2, The other, from the Journal of Research of
ﬁﬁg National Pureau of Standards,is by Frank L. Roth, Raymond Driscoll and Wm, L.
Holt on the "Frictional Properties of Rubber", (RP-1463), It is a thorough
treatment of the subject ‘on which much of my discussion is based, The references
l?ft something to be desired in the way of diversity of data, I accordingly
hlnged a couple of timbers together (Fig,l) to provide a tlltable surface. My
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procedure was to put on the. shoes to
. be tested and stand on the -surface
of the sample while it.was jacked
" up. When I began to slip the jack
was stopped and the slope measured,
These values are listed in Table 1.
In that table the diagonal lines
show the slope of the rock at the
Screw time of slipping, and the numbers -
. Jack “give the value of the slope. Fig-
Fig. 1 : ure 2 explains how this number
was obtained. In that figure, r
is what the textbooks call the'greatest angle of repose". (Imagine-- reposel).
The ratio of height, H, to the horizontal distc nce, D, I call the critical slope,
H/D. This ratio is technically the "coefficient of frlutlon" but I think my term
is psychologically more appropriate for rock climbing. .

Fig, 2 Profile view
showing CRITICAL SLOPE
H/D. If it were any
steeper, He'd slip.

NEWS

In the April 26 issue of Time, p. 47, an exploratory flight into the
inne Ifachin ilountains of Vest China was described, This flight wus made to
find a peik which yos higher than Everest which was rumored to have been seen
in this range, The fliers did not find a peak that compared in height to =~ .3
Everest. ' 3 ¢

On the same page one of the ladies ,accompenying an expedition into the
xntmrulc“ wes recogniued as a former rockcllmb@r. Some of the older climbers
mey fecognlvv Mre. Ronne as Virginis Maslin who climbed here in 1940-41,
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Eleanor and Don Jicobs hwve returned to W shlngton permdnently;'
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Helen B.ker writes us that she only has four more wecks of study then she
~will be home for the summer 2t 431% Knox Road, College Park, Md,
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8or.» experimenta were performed by 8igler to determine the effect‘

of dirt (¢ sprinkling of chins cley) #nd weter on floors. For these
experiments scturl shoes vere not used but insterd # sled runner-
shrped "heel"” of lerther or smooth rutber wes mounted on the bottom
end of £ pendulum. The pendulum wes swung from e support vith o hole
in 1ts flrt tottom end wra so plrced thet the heel, r3 1t awung prat
its lovexmt point, would extend slightly through the hole end rub on
rny floor surfrce the spprrrtus wres mounted on. The slipperiness wrs
determined by the cmount of. speed lost by the pendulum during contrct
of the ™heel® wvith the floors To reauce the effect. of. "he=1" weer on
thn.1esufts, the "heel" wes spring mounted so thet it could yleld
som@vhfbain the direction of pendulum lpngth. .

. This. cpp;prtds 1s prrtivulrrly suited. toﬁgetermining the ~ffects
of: mci’sturp #nd. dirt on r. floanaurfnce._ However, en obvious defect
1s met.in studying therholcing ‘power econtrituted by e roughness of
surfrce. Roughneass: consists of rcjrcent h¥gh #nd low apots. 1In use,
this epperetys-then rests on the highest spots #nd the meen pressure
on the "heel 1s reduced ty ‘thils; lifting.. As the ‘result .the- critlcﬂl
slopes. listed in “trble 2 thet vpplv to the rOughdst‘éurfroeq st Ou
B= regr rded #s. somevhet too lov. ; SR o

Doy olrt cen become 1mrpdoed 1n the lpether Pﬁd increpse lts
holding porer.

- Weter, even though dilty, Sl DI'Y Dry WT—Wet el"
crn eacrpe sufficiently through - L A Hﬁ blalt -
the pores of lerther td -incuerase clea élrtY°1e?ﬂd1Tt 91~n. i
1ts.holding .power,on #.smooth e mant | T
impervious surfrce erbove thrt ' 'wﬁg;\'é‘: ‘37 .3 26?/2, Le”ht‘her
of smooth rutber.  This propertylmepble o e | 2w
1s even ‘more conspicuous in " /. pollshed , wwu Smooth
rope soled shoesw. Rubb@r _ ’ ("hdnéd"')----.i' ' 3‘1"7 / 3-‘ thnw
verkness in,thls mrtter. i; > ui t n G el S I,
sometimés redaced ty :providingMinneao e 1, 3 '~7'J‘
1t with .surfrce grooves throug h%fi'te |72 HL’//A{X 18 Leather
which the vrter crm escépe from)honed , U i WO e IS
between the asurfrces. Nete, hen 62 |y |97 | ta lemacth
hownver,thet thin preblsm 7, Foughened /'7’/7/ 7770 |sm Ruggzg
eccurs en_only smooth: . éigggfgfgﬂﬂﬁ.. ,/// w”fﬂ
impervious reck. In rsugh B IR /70 LY WP
or perous rotk: the' ghoe npeg\ white _ilsz’)ZZZ’lzjl':ig;JLeetha*
provide no egrosqrfOf ‘he '4 Gr;n::e’d‘j"’- L Pt ' 4
vefer. C cug wed | - s J ’ ' .
Rubber 1s F:Pr*@r'f llv ,/ (4'0Ut) 77‘& 6?/% 55 ; g’:gg:?
superior to lerther:in Tehn , 17'6 l/j/ '
holding power rnd it ia essee .1 .bgir [ 7" 53 U7
never btetter-than when dr \sendstong | ' 34 Tl 2 11 Legtper
“nd clerre 2 ' - L %xl'ound : // // o
. t ' ‘ ’ s 'smocth
~ Rubbér; by its’ fane - £ : 54 r3moot
performenge desepves spacirl’). nvé A}//(‘ng??r
rttémtich: * I erceordingly. re port, .. — T ,9,1[;
somg. fertures noted:by Reth et. 91.‘, X TABLE 1T . -

1 The” virtue &f rubber.ls lergely. { ph1étion on' wet end dirt .
lcs ubon surfeces thet:ere dirty,. ,_rOCK'Gompﬁred*W1th dry. critloﬂl
ecovered with' lichene or send, for. . .4=9109?' fOP eliding friction.
in sueh ceses the rubber does not.. o : el e
get to touch the cliff astructure. - ' P

2 )Rubbes will not stert to slide on rough, clern grpnite*like
surfree £3 rerdily fs on ¢ smooth one. In frect, the criticel slope
forsh‘qﬁ?fgce 11ke rough grenite 1s ebout «® vhile thrt for ¢
qurfoce like smooth quertz mey be palow Ag "0 645« Yet 1f yoa ee~n
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pllow ¢ slow slippege vou cFn stend on steeper slcpes (es I did
to get the figure of teble I). The slow slippege of 2 1/2 irmhes
e minute on grenite grve Roth e alope of l.1 £nd con quertz » slope
of 21 Note thet for both friction increrses with slipprge, but
80 much more for the amcoth meteriel thet 1t becomes much the better
footing« .
3)The humidity of the dey does nct rffect the erltlcrl eslope
on c¢lern inaocluble surfrces, ek lefst until the humidlity 1s sbove
80% rnd propebly not until vlsible molsture la present on the surfecae.
4)If slipprge exceeds certein speeds, osclllrtiong ere set up,
rs when ¢ skildding tire squeels, For such r=pld mcvement the velue
of the criticel slope ( In thls cese the mlope £t which there would
be no ehenge in speed) drops to # velue eppproximeting thet et which
no slipprge occurred. The flgures in teble II were obtrined et
such apeedse. :

5)A very smocth rubker shoe sole hes definltely grerter holding
power on e dry smocth surfs ce then doeg £ rough cne. Reference.
13 not mrde so much here to the presence or sbsence of £ treesd
degign £s to.the amoothness seen through ¢ high pewer megnifying
~gleas or microscope. . Smocth. rubber hes heen known tc hcld 30 or
" 407 better thrn.r.slightly roughened rubber onf smcoth surfrce.

Ry the srime token smocth rubber will hold better for r given low
slipprge rete on £ smooth surfrce thrn on ¢ rcugh cne. Criticrl
slopes of 4 1/2 hrve been repertedly observed in the leboretory
with r slipprge of sbout 3/8 inch r second. |

6 )A rubber scle thrt dces not chence to exectly conform te the

roughnesses of the rock will norms 11y touch the surfrce of the rcck
pt cnly three points withcut teing deformed. The welght cof the
shoe w11l deform the rubb-r sufficiently te tring r conaidaersdble
pert of its rres Intc contrct with the rockes The vreprer's welght

%11l increrse the contrct srer. Hovever, if the rubter 1ia hervily
lorded rith = stiffening filler, less of 1t is brought intc contret
mith the rock for » glven pressures This reduced ccntrct sfccounts
for the scmewhrt poorer holding pewer. of stiff rubter scles when
compered vith solt ones. . . . o

If you don't like to remember such rules, Just try the crude
pnr logy of pleturing the rubber surfece s me¢e up of » lot of
anrke-1like molecules eech of whlch is 1tching tc clemp his jJews
onto r molecule of the rock wrlle When he gets ¢ hcld of 1t he
won't let go until th~ roék is pulled from him. Perhepd, in the
crse of slow-slipprge he doesn't move but the rubber is deformed
14ke r viscous fluid sround hime Such = plcture, vithout regerd
to eny lrek of sclentlflc rccurrcy, weuld explein some of rubberki
peculisrities. In crse of rough rukber or rough reck only » sm1l
freeticn of the rubber surfrce contrets the rock fnc only the
correspending frecticn of the surfe ce mclecules rdhere to the procke
With smocth surfrces, £ lerger eree contects £nd therofore s lerger
number of molecules rdhere. Alsc, in the crse of slow slipprge,
the increrae in criticsl slope with slippree rete would then seem -
to be juat esnother exrmple of the frmilirpr frot thrt 1t 1s ersler
to stir molrsmes (or rutter) vhen 1t .is dcne slevly. ‘

When the alcpe exceeds r certrin emount,- the rutber melecules
spe unrble to hold onj; the rubter being relstively free, springs -
rubre p-bs nd-like to srelrtively unstrsined shrpe #nd then grrbs-
held sgrin. The rrpld repetition of this performrnce conspitutes
the cscillFtion such £8 you herr rhen ruto~;fres‘squeel. Cla-rly,
the momentum which 1s grinec by the sliding ‘climter during the free
Pericd couldn't be stopped by the brief siszure unless the slope

be peducede gence the low criticel sl pe for sliding fricticne.



' This c0ncept of’ ‘contact area’ explalns why rubber is the pcorest footwear
on couglomerate. - The protrudlng pebbles: hbld ‘ most of the Tubber away .from
the ‘rock., ' Thig' concept also leads one to suspect that a cllmbek ‘could probably
get more performance ‘than even the fantastic slope of 43 on smooth clean”rock if hef
wore portable ' pancake-like rubbeér footholds and handholds 6n 'his feet and hands o
The v1rtue of suctlon cups may have little to do w1th suctlon.j )

: Whlle dlscu551ng rubber 1t may be weil to mentlon sorte ‘results reported by
“ Gonant, Dum & Cox to the rubber div, of ?he 'American Chem, Soc. (on May 8, 1947)
comparing synthetic and natural rubbers,' They found that on wet roads’ synthetlc
tires had 16% greater holding ~power but on ide covered ones natural rubber was
superlor Aﬁpurently the man with the synthetlc eoles shou}d lead wet ‘pitches,

These dlscussions have all dealt with rock of a deflnlte slope. If

parts of the rock elope less than. others, thege parts.are used as foctholds.
Suppose that the more gently sloping area is quite small,--say % inch wide.
Obviously nailed boots are well aUlted to such small footlng {if even its slope
doesn't eéxceed the critical value, ). However, rubber soles on such footlng lose
that part of their virtue which" depends upon.3 large area of contact, It is the
relatively poor performince of rubber on such foot;ng and on smqoth wet surfaces af
on conglomerwte—llke surfaces thnt keeps nails from becomlng obsolete,
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‘hPSANDnowﬁsi
March 28, 1948

Donald Hubbard : P "=>f’~{4,.AA e Dolores Aliey .

& ¢ Ry @ Y

e ANick De Sallis

Pim Karcher A Lo e . .-Chris Scoredos
Kim Karchér T , - Ted Schad. ..

John Meenehan

The group drove to Camp Lewis and started cllmblng on thc backslde of the
Dome. From the -Domé*they moved ‘dowhstram where John Meenchan made a complete
traverse of ohe of the pinnacles, The climbers then concentrated or @ very
delicate pitch at the base of the plnnacle that’ Yook some fancy maneuvering althoud
nearly everyone -climbed it, The next: attack was on the "Little Horror" which was
successfully ‘climbed, After attrmptlng the East Face the romalndcr -of the day was
spent on en aerlal traverse, ] _ .
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April 4, 1948°
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Pim Karcher ‘Dolores Alley ~ *° 77 yap Conh

Ken Karcher t, - Bifl¥y Alley -7 Earl Mosburg
Jane Showacre - © " Betty Alley R John Reed
.Andy Kauffman . - - - i - “ArholdiWéxler Joan Price
_Betty Kauffman - - ° Herb'Conn'i ¢ - Donald Hubbard
Valerie Bradt B : “Hale Bradtt -« "’ Chris Scoredos
One Guest from the Univer51ty of Virginla Lo s

Earl, Arnold Jane Hale and Jan t11Mbea tﬁé corner below the' Fire lower which
had only been climbed previously by “Chris, THe rest of the group mude piton
leads and other climbs nearby, . Dolore§ und: Chris worked on'a fice near the Fire

-

- .o 1 .

After lunch Joan was. 1nstructed in. belaylng by oo tching 1 falllng body,

Tower,: --Donald, : Herb, Jan, Joan and- Vhlerle worked on a fice still further away. 4@
&

Vov1ng to the Butterfinger Climb, an inside corner’ with'a hond traverse in addition |

to an overhang and flnger gnd frlctlon ‘holds prus 60 feet of outstlndlng rock, many
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of the group battled and successfully conquered this climb, An enclosed chimney

was then climbed, Other outstanding events of the day was Ken's piton lead (¥he °
lower pitons having been placed in by Andy) out of a chimney onto the face near

the Butterfinger Climb and then to the summit., Donald'c piton lead of the face L
below this chimney. He was followed by John Reed and Jane Showacre, The day's
activity was a source of interest and conjecture of the other less hardy sightsecrs, -

April 11

-Donald Hubbard 8= Pim Karcher Dolores Alley
Betty Alley Jane Showacre Arnold Wexler
Chris Scoredos : Andy Kauffman Herb Conn
Leonard Boltsz Betty Kauffman Jan Conn

Ken Karcher John Meenehin Earl Mosburg
Valeric Bradt Jack Wilson Hile Bradt

Carderock was visited by the Rockclimbers this Sunday, Andy, Pim, Ken and
Jane Showacre traversed on the Chris-Don-Wexler Traverse, Other morning climbs
were tension climbing of the two cracks near the Key Climb, "In the afternoon Herb
made a first ascent on a fice near Leonard's Lunacy, demonstirating the smooth,
flawless technique for which he is justly well-know, In the meantime, other
members of the group werc climbing, traversing, and r:ppelling, Dolores Alley madc
two successful agcents of the Spider Walk, Earl and Hale werce introduced to
Leonard's Leap and the Barnacle Face, In the meantime Don was instructing the
young ladies in the proper technique of rappelling,

April 18

Joan Price Ken Karcher Donald Hubbard
Doug Price Andy Kauffman Valerie Bradt

John Reed Betty Kauffman Jane Showacre

Farl Mosburg Dolores Alley Rita HcAuliffl

Arnold Wexler Retty Alley Chris Scoredos

Herb and Jan Conn
Pim Karcher

Donald again cast himself in the role of teacher by instructing those climbers
who were interested into the mysteries of rockclimbing, Arnold, Andy, Betty and
Earl Mosburg began an assault on the face near our usual lunch spot, Chris, Jan,
Jane and Herb concentrated on Sterling'!'s Corner which wus snuccessfull climbed, even
as a friction climb, TFollowing super-instruction by Don Doug (a lad about 11)
was able to climb the Overhang (an A climb), proving my theory that it was time
that the adolescent climbers should replace the old men of twenty and the great-
greit grund-d.ddies of forty, IHerb made the only :ttemplt and the only successful
climb of Charliets Crack, Other highlights of the d.y w:is a view of & = a
fox while being pursed by hounds and the killing of : copperherd snake, Chris,

Ken and Jane set up wn neriil traverse on Gambs Pexk four times but due to the 1.ck
of courngeous leadership the traverse w:s never made, Vhile playing on the perk we
went to work and climbed the face.

April 25

Betty Alley Billy Alley John Meenehan
Hel@n Scoredos Herb Conn John Reed

Fric Scoredos Jan Conn - Betty Kauffman
Dolores Alley Rita McAuliff Andy Kauffman
“Pim Karcher Donald Hubbard Douglas Price
Marion Jac -son Ken Karcher Farl Hoshurg
Jo, Paul, 41lan and Peter Br .dt  Chris Scoredos Mro, Harble

Description in next issue,



