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COMING EVENTS

Vay 29-31 - Memorial DaJ - Three day trip to Seneca Rocks - LeaderQ "Ted Schad.
Champ, Nelson and/or Schoolhouse are also possibilities. Camp at
Armentrouts' or at Mouth of Seneca Picnic Grounds. Commlssary by cars.

June 6 - Cross country hike from great Falls, Va., to Ch#in Brldge. Leave Hot
/@ Shoppe promptly at 8:30, leave cars at Grest Falls Amusemgnt: Park about
> 9:00 A.i. This trip should put ycu in condition - for your, summer moun-
taineering -- what sort of condition we won't vénture to say. Map
reference: U.S.G.3. Falls Church quad, 1/31680.

<o,

June 19 -  3ugarloaf Mountain, Md.
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The following actions were taken at the business meeting, Mey. 14s
1. Janc 3how=acre was re-cleected vice chairman.

2. It was decided not to clect-i‘becrotary.‘

3¢ Ted, as chairman, was authorized to look into the possibility of securing
a small gas engine to hoist Decar and to Buy 2 cuitable one if available.

4o It was decided that there was no lcnger any need for the Mountaineering
Committee to have a separate trezsury and collect scparate dues since we
also receive an annual budget allotment from the PATC treasury. Current
expensces will be met from the Mountaincering Oommittee treasury untll it
is exhausted, and no further dues will be collected.
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VACATION OPPORTUNITY for a girl with an itchy foot. Helon Baker and two friends are
looking for a fourth to join them on 2 month's trip (July 24 to August 24, or thore-
@{ 8bouts) this summer. Their proposcd trip i 2o fcllowst through New York, Ontario,
A Michigan, Wisconsin, Minnescta, Noxth Daskrta, to Glacier Park, where they will rent
| & burro or two and do some packing; Yocllowstonc, the Black Hills with a visit tec the
| Conns, and back to Washington. Estimated costs F120. Contact Helen if interested.

N
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A FEW TECHNICAL NOTES ON ROCK CLIMBING~[

by Paul 3radt

Climbers of rocks are to such an extent technically minded that it is thought
that a few arm-chair deductions on climbing might be of interest to thems For this
purpose use will be made of vectors which are arrow shaped lines used by engincers
to represent forces. For the uninitiated let me give a simple example. Figure 1
represcnts a climber standing in the mud (to the editor he looks a little more
like a caver). Arrows w and w',which we shall call vcctors, ropresent the forces
to be considered. The dircction of the voctor w indicates the dircction of the
downward fercc duc to his weighi. 1Its longth, at the scalc of onc inch = 100 1lbs.,
indicatcs the magnitudc of this force thrusting him downward into the mud is 160 1b#
The upward directed voetor w' rcprosents the upward supporting force of earth under
.his fect. The smile ropresents satisfaction with the realization that w'! = w and
is oppositely directcd, and he has ceased to sink. (Just as I thought, a caver---
he can sink no lower---ed.)

by

Forccs have a way of occuying in pairs. In fact, whenover a climber presses

against a rock in a given dircction, the rock prosses against the climber just as
hard in exactly the opposite d;roctlon. This is notcrealized by the ignorant

B
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FIGURE : FIGURE 2

climber of figurc 2. While standing gﬁ’h'slab at slightly loss than the critical ,
anglo he bccame worricd, and to steady himsclf, he leaned against the wall with a ﬁ(
force f. The resulting thrust f' of the rock upon his hand nccessarily caused him {

SN

x_l/‘Reprinted from Up Rope, Vole 6, No. 9, Nov. 23, 1949.:
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‘t6 slidc down the' slab.ﬂ Ho was pushed from his footing jﬁst'ds tfu:ly as if somc-

onc. clsc had donc it.

Toward réducing. our roscmblance to this chap lot's consider the forcecs operat-

‘ufing whon' o man stands on a sloping rocks Ho exorts only onc forcc, his weight,

represented by the vector w, but for purposcs of analysis it can be resolved into

~: two vectors, p and s, as shown in flguro 3. The vector p indicatcs tho amount of
v prosBuro (in this case 100 lbs) prossing his shocs against the rock. The vector
8 is the forco (90 1bs) tcnding to causc his shocs to slip down the rock face.

Vhothor this slippage occurs.or not deponds upon the rock téxturc and the climber's

 shoe ocoles. 1/ It is scen that’ a/b H/D, thc slope of the rock. . So long as the
. rock isn't too steep tho prcssuro p is sufficicnt to prevent sllppago duc to s. At

tho critical slopc, ¢, thoso twq_forces arc_just balancod. Stcepcr than that, this
pressurc isn't cnough to hold..:“

iy

FIGURE j . : o FIGURE 4

The condition just rofcrrod to is. shown in flguro 4 whoreln thc angle of

the rock, q, is greatcr +than the crltlcxl mnglo g - Ao flnd the forge noeded to

prevent a climber from slipping undcr thode ‘conditions ,'r0801VQ the w01ght vcctor
w, as in figurc 3 into a perpendicular, p, and a slippage forco vector, PP, Also
draw the critical angle, ¢, from p to interscet the slippage vector at R. The

voctor PR is the slippage force that cannbe held by the pressure p. The rest of

l_/._ This was cmphasized in my carlier Up Rope paper "Some technical aspects of
" rock climbing" April 30, 1948 (roprintod in Up Rope vol.
Tho notation and volucs of critical anglcs arc from this carlier paper.
This paper was repriénted in The Iowa Climber, vol 2, no.2, pg.82 ff.
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tho slippage force, RF (about 30 lbs as drawn) is tho amount that must bec hold,as
by the pull F'R' of the ropc (shame!,shamel.) or by a handhold, to precvent him
sliding down thc slopec., T . 4 .

But a word of caution concerning hondholds is in order. In critical oonditlons
the p1a01ng of a hand on thc rock may be just the wrong thing to do. . The climber .

had been standing on a smooth quartz slab
©at .Fp, fig. 95, when he noticed a leveler
."band at shoulder height. Leaning gently in
that direction and carefully pressing straight
dovn with'his gloved hand, he was able to
tale much of hig weight off of his feet.
At the instant he slipped, the forces were as
shown in Fig. 5. In that figure, the weight
w2 taken on:chis hand, and wg:that on his
feet, added together equal his weight.
Based on these two vectors, I have made a
congtruction similar to fig. 4 for both hand
anc¢ feet. The critical ang 1e P3CyRy for
rubber on such rock is greater than the angle
q1 (equals anzle Plchlﬁ of ‘hig footing.
Accordingly his feect resiasted slippage with
a force RqFy and he ccrtainly wouldn't have
slippcd if he hadn't touched his hand to the
rock. However, hc had dry cotton gloves on
his hands and their critical angle P5CoRy
was considaorahly lcss ‘than the angle q»
(cguals chnFo) of the hendhold. The excess
slivpage force RpFy on his Mand oxcceded the
holding Jrlctlon R1F3 .0off his feet and cauged
his descenti The princlplcs of this incident
ghould behkhven at lesst 'fleeting considera-
: tion beforsitouching the .wall with any part
FI‘URE 5 N of the bodyihaving loss holding power than
enzs shoss. " oncs shocs. !
A cllmbon ordinarily doesn't reach up and get a‘hold on 2 rope as shown in fig. 4
The same pull '‘F'R! could have been obtained from =2 handhold on the rock if one is
available. In tho ceonter of figure 6, 2 climber is holding himself by applying that
pull to 2 handhold. Thec haandhola has to yicld or pull upward on him with the requi-
gite force F'R'. Ths thrust of the legs, CR', addcd vectorially to the pull of his
honde, R'F', equals the weight vector w, indicating that his position is stable.
However, it ig rather difficult to excrt the forece F'R! parallel with the rock
face. Thc climber above him is pulling on his handhold in the dirsction of his arm
1t FR''. This is the easicst dircction to pull. Morcover, he deesn't have to pull
s hard. Becouse he pulla up somewhat morc on thd rock with his hands, he necesasarily
bcars down on it more with his foct as indicatsd w1th the longerrarwow CR''. The re-
sulting greztor prossurc p givies his shosg thie grintér holding foreo P"R" Again
the log thrust OR" plus the arm pull. R"F equale tho weight wW.
Thu upper climbers’ of fig. 6 have placcd thoir lcge at the critical angle ¢
from the perpendicular p to tho rock face. The lowsst figure is that of a novice
occupying 2 pogitich in whieh novices are.often phmbngrﬁphed. Rather than place the
feet low, where he fOArB they may utart 11pnln thoy qrv placed higher toward the
hands. This . brings the leg. thrust in the dvrnctlﬁn CR"'., " Thc much greater thrust
chown by this vector is nncossary in order that the vector triangle with w can be
closed by 2 pull R™'F'' {n the dircection of thc arms. Ordinarily the lrgs don't so
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much feel thls extra thrust but the tremendous pull R"'F'! of the hands is
unnccessarily ‘tiring on the fingers and likely to pull off the handhold.
How, the novicc may ask, -dces onc lecarn how t~ place the logs at
the critical ﬁnglo from:perpendicular p? By experiment, nf couree.
Each gtep cn changing rock is am oxporlmcnt to dotermine the
local critical angle.  On.the climb just ‘discussed, the climber
gucsses 1t the angle and places his foot accordingly with - »
hic weight on~hiz hcel and the tce up slope toward the
handhold. - If he has ‘over-estimatcd the psrmissable
angle ¢j his fost will begin o slip. An almost instan- -
ytancouﬂ shift off the pressurc towsrd the tnes can %?;
ckoge the- offectlvc 1nglo by 28 much as 10 tc 12
Wogrecs (seo angle a, fig. 7). If hic judgméat, has
not ‘erred aore thwn -this, the shift will ‘stcp the
sllpp&ge.' With this latitude available for cxe .
lpﬁrlment, one can experinent freely ‘and srrive
at a pretty fair judgment of critical aagl
for oncs footwear. One gains no friction = . T
by pl#cing the tog up slope; only a safety . ., . ., °
margin if the handhold is that way. EBwvén . ¢ ..
that ien't gained if:fhe rock ig dlshcd ' o
sonewhat. ., . g 15 i P
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: With thioc introduction to the ¥

4@ - gimplc vector analyeis of climb-

1 ing fcrece, one can bettor L

understand @many problemse. e
. short

For example, there is a . sh 3
instrueticn climb on Cld 'Rag Moun-
tain (the "Finesse Climb),

forced to use a
held at F, fig, 8,
bulge =2t H as a
climber has rubber
foot will not slip
“if its pressure makes
i 45 deorees with the per-
io the foothold surface.
The direc— tion'CR-is accordingly
the begt »» - direcction to thrust; with

Y i ' :
‘ /7f%,/rt=:”_=::" A T theifoot.. ' The hand pull on

whorein the climber is
nearly verticzal foot-
and a gmall, wartlike' -
handhold. If tlc,'"'
gcled: ghoosy hig’ |
on the "runlte
an angle of .
pendicular, p,

Hinust prOV1d¢ a vectoyr-from some
: point on CR to the end F of the
wul“ht vector. w.,SIt mlvht Appear that
theiclizhor could ehocse to close his
vecter trinngle by pressure at H repre-
sentzd by vectors HX, hY, HZ; or some other
W such feree. However, those who have tried
Pinis clizb realize that it ism't that simple.

{ “ = R
\ /// A We ehall leave cur cllwber struggling
’ while we consgider e bnx of nand, flg. 9A, resting
- on the edges of two parallel angle-iron bars. To
FIGURE 6 figure how wuch weight rests on ceither bar, we con-
sider the bars' positiocns relative tc tho central spd G
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FIGURE 7

called the center of gravity of the box. Of coursu 4nco Z;g*
ccurse the two upward ferces Fy and Fy of these ké&f
bars must add together to equel the weicht of the : k$3
box. But there ig another condition tc be met, for 12. /ﬁ%l
which we drop a2 vertical line frcs the center of §§l
gravity G. The forces Fy; and Fs rust have longiuhso IS ;
such as will rakc area Ay equal arca Ao, whore the Als é l
are the arcas of the parallelograms contained between the

F!'s and the vertical lins. This conditi:n iz quite gsneral. a4 l
In fig. 98 we sce it applied to 2 bex balanced on sloping L D
props having oblique puches Py and Pp. In fig. 9C the box

is supportecd by prop Pp and pull chain Py. Again Ay cquals
&n
. The forces applisc tc the box of fi~. 9C arec analncoous
to those applied to the clinber of fig. &. The ferces he applies
are their oppcsinr counterparts. dccordingly we locate the FIGURE 8
conter cf gravity of the cliber in the »ncsition shown; draw the
vertical line UD throurh G; and drop perpondiculars from the peints of application
of the forces onto the line UD. Now by measuring the perpendicular distences of H

T
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FIGURE 9



