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1.Introduction:

The following article is not quite the final report of the Rope Deterioration 
Study undertaken in 1974 by the American Alpine Club. Part of the statistical 
data is still missing. This was done in cooperation with the Union Internationale 
des Associations d Alpinisme at the instigation of our honorary member, Fritz 
H. E . Wiessner. Many of the regional mountaineering clubs of North America 
participated in the financial support necessary to carry this project through. 
The AAC hereby gratefully acknowledges the ongoing assistance given by the 
Alpine Club of Canada, the Appalachian Mountain Club, the Arizona M oun­
tain Club, the Mazamas, the Mountaineers, the Potomac Appalachian Trail 
Club and the Sierra Club.

C L IM B IN G  ropes are  chosen fo r a 
varie ty  o f reasons, such as the repu ta tion  of a m anu fac tu re r or retailer, 
the advice of an expert clim ber, the type of construction , and, last but 
no t least, the price. Because accidents caused by rope failure are rare, 
m ost clim bers have no occasion to be seriously dissatisfied w ith their 
choice. Y et there are differences w hich affect the operation , the forces 
developed in a fall situation, and the lifespan o f a rope to a significant 
degree.

T he m ost im portan t link in the belay chain is the clim bing rope. T he 
theoretical aspects o f this chain  are com plex. T he follow ing is an attem pt 
to describe the energy and force effects o f a fall. F rom  these consider­
ations follow  im portan t consequences fo r choosing and using clim bing 
ropes. T he requirem ents of the U IA A  (U n ion  In ternationale  des A sso­
ciations d ’A lpinism e) will be given together w ith o ther rope data. C om ­
m ents on the life expectancy of ropes and a sum m ary  of the p roperties 
o f som e o f the presently  available ropes conclude this report.

2.The Energy and Force Balance

2.1 The Energy E quations: D uring  his ascent, a clim ber acquires 
po ten tial energy (energy of position ) — the ability to do w ork. Such form s 
of po ten tial energy are know n from  everyday life : a lifted mass can, w hile 
it descends, lift another. T he value of the potential energy is given by

P.E . =  m gh

w here m =  mass o f the clim ber in pounds, 1b (kilogram s, kg)



g =  acceleration  due to gravity; about 32 feet per sec­
ond squared, f t / s ec2 (9 .8  m eters per second 
squared , m /se c 2)

h =  distance the mass is raised i.e. the c lim ber ascends 
in feet, ft (m eters, m ) .*

T hus w hen a 180 1b (81 .6  kg) clim ber ascends fo r 50 ft (15 .2  m ) the 
to ta l acquired  energy is 288000 f t2.lb / s ec2 or f t .poundals (9000  f t •lbf , 
12155 kg .m2/s e c 2 or new ton m eters, N •m ).

A no ther fo rm  of energy is the kinetic energy (energy of m o tio n ) . 
E very  m oving body possesses k inetic energy. T he kinetic energy is ex­
pressed by the equation

K .E. =  ( ½ ) m v2

w here m is again the mass of the clim ber and v its velocity in feet per 
second (m eters per second) .

A  relationship  is now requ ired  w hich ties the above expressions to ­
gether. T his is found  in the princip le of the conservation of energy:

In a closed system the to tal energy, i.e. the sum  o f po ten tia l and 
kinetic energy, rem ains constant.

O ne can now  consider a falling clim ber under these aspects. B efore the 
fall he possesses the potential energy m gh and his kinetic energy is obvi­
ously zero. D uring  the fall, a fter he has fallen a d istance h, his potential 
energy has been reduced by the am oun t m gh. T he principle of the con­
servation  of energy states, how ever, th a t the sum  of kinetic and potential 
energy is a constant. T hus it follows th a t the kinetic energy m ust have 
grow n by the sam e am ount. A t the po in t w hen the rope starts to arrest 
the fall, the  to tal original potential energy has been converted  into kinetic 
energy. F ro m  these considerations one can w rite the equation

( ½ )  m v2 =  m gh

w here v is the velocity at the po in t w here the rope starts to act and h 
is the height of the fall. F ro m  this relationship  one can derive an equa­
tion fo r the m axim um  velocity in term s o f the height of fa ll :

* The British system and (in brackets) the SI system of units will be used. 
Mass and acceleration are defined as shown and the force is in poundals 
i.e. ft-lb /sec2 (newtons, N, i.e. m •kg/sec2). Because many readers may have 
a better feeling for force if it is expressed in pounds (pound-force, lbf) this 
conversion is also given where considered useful. It will precede the SI units 
in brackets. To convert from poundals to pound-force divide by g, the accel­
eration due to gravity.



2.2 T he A c tio n  o f  the Rope: It has been show n th a t during a fall 
the po ten tia l energy is converted  into energy o f m otion. It is this energy 
w hich is first absorbed by the elongation of the rope and subsequently 
dissipated. In  o rd e r to dem onstrate  the action  of a m odern  clim bing rope, 
one often m akes a com parison betw een ropes m ade of w ire and rubber. 
Because o f its lim ited ability to stretch, a w ire rope has very little ca­
pacity  to store energy. T he instant the rope is loaded, nearly  the to tal 
energy w ould be passed on to the belayer and the leader and o ther m em ­
bers o f the belay chain (pitons, slings, c a rab in e rs) . T he results w ould be 
devastating.

A  properly  dim ensioned rubber rope, on the o ther hand , w ould store 
nearly  all of the fall energy and then force upon the clim ber a harm onic 
up  and dow n m otion. D espite air and in ternal fric tion  (in  the m aterial) 
this process w ould last a long tim e. F u rth erm o re , because o f the ex­
trem ely  high stretch  o f the rubber rope, the danger o f h itting  a ledge or 
the g round w ould be increased.

N ylon (P e rlo n ) ropes offer a com prom ise. P a rt o f the kinetic energy 
is a lready converted  into heat w hile the rope elongates. This is a result 
o f fric tion  betw een the individual nylon fibres in the core of the rope. 
A dditional energy is lost th rough  friction  heat w hen the rope runs through 
carabiners. T he rem aining energy results in up and dow n m otion of the 
fallen clim ber and  is again changed into heat.

2.3 Im p a c t Force and Im pulse: So fa r  only energy balances have 
been considered. N ow  follows a look at the forces w hich act on the 
belay chain. A no ther quan tity  needs in troduction— the im pulse of the 
falling clim ber. This quan tity  is the p roduct o f mass and velocity (m v ). 
O ne can then  in te rp re t the arresting  of a fall the follow ing w ay: the 
im pulse of the falling clim ber, or in this case his velocity, m ust be re ­



duced  to  zero. F o r changes in im pulse, how ever, forces are responsible. 
N ow  changes in im pulse o r in velocity do no t occur instantaneously , 
ra th e r they take place over a  certain  tim e interval (T ) .  D uring  the 
to tal tim e interval, T, the belayer m ust exert a force w hich reaches its 
m axim um  at the point o f the m axim um  extension of the rope. A g raph ­
ical rep resen tation  of this is show n in F igure 1.

T he m axim um  force reached is called the im pact force. T he area 
under the curve is equal to the to tal im pulse of the falling clim ber. O ne 
can  derive an equation  fo r this m axim um  force, the im pact force. F o r 
a  static belay  it depends only upon the mass o f the clim ber, a m aterial 
constan t (the m odulus of the rope w hich depends upon the cross-sec­
tional area  of the rope, the fibre content, and so o n ) and the fall fac to r 
w hich  is defined as the d istance fallen divided by the am oun t of rope 
paid  out. T his m axim um  force is given by [1]*:

 

w here I =  im pact force in poundals (new tons, N )

M =  rope m odulus in poundals (new tons, N )

f =  fall fac to r =  (d istance fa llen ) / ( am oun t of rope paid 
ou t)

and the o ther term s are as defined earlier.

T he am azing fac t em erges th a t the m axim um  im pact force is independent 
o f the absolute height o f fall. T hus a fall of 5 ft (1 .5 m ) will induce 
the  sam e force as a fall of 50 ft (1 5.2 m ).

A no ther interesting aspect is discovered w hen one puts f =  0 in the 
expression, the case w here a clim ber is vertically  below his belay  w ithout 
slack in the rope and falls off. T he equation  reduces to I =  2 mg. Thus 
a free fall into the rope w ithou t slack fo r a 180 1b (81 .6  kg) c lim ber 
produces a m axim um  force equal to 11520 poundals (3 6 0  1bf, 1.6 k N * * ) . 

F o r  fu r th e r clarification, tw o exam ples will be considered:

1 )  L ast p ro tection  placed is 5 ft (1 .5 m ) above belayer. L eader falls 
from  a po in t 5 ft (1 .5  m ) above this last p ro tec tion : heigh t o f fall 
10 f t (3 .0  m ) , to tal rope paid  ou t 10 ft (3 .0  m ) , fall fac to r is 1.

2 ) L ast p ro tection  placed is 20 ft ( 6 .1 m ) above belayer. L eader falls 
from  a po in t 20 ft (6.1 m ) above this p ro tec tion : height of fall 
40 ft (12 .2  m ) , to ta l rope paid  ou t 40  ft (12 .2  m ) , fall fac to r is 1.

In  both  cases the im pact force is the sam e although  the height of fall in 
the second exam ple is fo u r tim es larger than  in the first exam ple. This

*  See list of references at end.
** kN =: kilonewton =  1000 newton.



fac t m ay be explained intuitively, nam ely  the energy of the falling clim ber 
and the energy absorption  capacity  of the rope are d irectly  p roportional 
to the am oun t of rope paid  out.

H ow ever, there is a significant difference in the tw o exam ples. In 
the second case, the im pulse is tw ice the value o f the first and the tim e 
over w hich the falling clim ber m ust be held has increased considerably. 
T hus the im pact force alone is no t a true m easure of the severity of a 
fall. T he tim e period  over w hich the forces act is an in trinsic p a rt of 
it. As it is well know n th a t ra ther large forces but of short du ration  
can be w ithstood by equipm ent and the hum an  body alike, it is of p a ra ­
m ount im portance to avoid such severe falls as given in the second 
exam ple.

Table 1 Relationship o f F all Factor (f) and Impact Force for 180 lb 
(81.6kg) Climber.

f lb f kN f lbf kN
0.0 360 1.60 1.0 1676 7.46
0.1 683 3.04 1.2 1817 8.08
0.2 868 3.86 1.4 1947 8.66
0.4 1137 5.06 1.6 2067 9.20
0.6 1345 5.98 1.8 2181 9.70
0.8 1521 6.76 2.0 2288 10.18

T able 1 shows the relationship  betw een fall fac to r and im pact force 
fo r a m odern  kernm an te l (core-and-sheath  construction ) rope and a 
c lim ber w hose mass is 180 lb (81 .6  k g ). As can be seen, the forces 
involved are  considerable. Im p ac t forces above 56300 poundals (1750 
lbf, 7.8 k N ) m ay lead to serious injuries. O nly via chest and seat h a r­
nesses can these forces be d istribu ted  in a favourab le  w ay on the clim ber.

Table 2 Relationship of Climber’s Mass and Impact Force for Fall 
Factor 2.

M ass of 
C lim ber

M ass of
Im pact Force C lim ber Im pact Force

lb kg lbf kN lb kg lbf kN
130 59 1920 8.54 180 82 2288 10.18
140 64 1998 8.89 190 86 2357 10.48
150 68 2073 9.22 200 91 2423 10.78
160 73 2147 9.55 210 95 2489 11.07
170 77 2219 9.87 220 100 2553 11.35

T able 2 shows the im pact force fo r various m asses w hen the fall fac to r 
is tw o. T he im pact force w ith a fall fac to r of tw o is a guide post fo r 
strength  considerations o f o ther elem ents in the belay chain. I t  should 
be noted, how ever, th a t p ro tection  elem ents above the belayer such as 
carab iner, piton, nuts, and slings m ust a t all tim es be capable of sup­
porting  tw ice the im pact force w hich occurs under the given circum ­
stances (F ig . 2 ).



2.4 C onclusions: T he im pact force is the force acting on the belay 
chain, the belayer, and the falling clim ber at the instan t of the m axim um  
elongation. T his force is independent of the absolute height of fall but 
depends upon the fall factor.

T he im pact force alone is not a m easure of the severity of a fall. O f 
im portance is also the tim e period over w hich this force acts. The larger 
the im pulse, the longer the tim e required  to arrest the fall.

T he follow ing deduction  can be m ade:

i) A  fall, even w ith  an unquestionable belay stance, is at all times 
dangerous and should not be risked consciously, especially in the 
m ountains o r w here assistance is not readily  available.

ii) T he belayer m ust a t all tim es be in a position to hold a force of 
about 74000 poundals (2300  lbf, 10.2 k N ) and tha t independent 
of the expected height o f fall. T ha t is about the w eight of a loaded 
V olksw agen.

iii) P ro tection  should be placed as soon as possible after leaving the 
belay stance in o rder to keep fall factors low.

iv) In term ed ia te  p ro tection  should be placed to  keep fall factors and 
im pulse low. I t  is m ore im portan t, and should be placed m ore 
frequently , in the first ha lf of the p itch  th an  in the second.



v) If possible, belay stances should be established after crux moves 
ra th e r th an  before to keep the fall fac to r low in a potentially  d an ­
gerous situation  (this assum es the crux  can be p ro tec ted ) .

v i) T ieing in around  the w aist is strongly discouraged. Only w ith a 
chest-seat harness can the m axim um  im pact force be to lerated  safely.

vii) Shoulder and hip belays are to tally  inadequate  in a m axim um  fall 
situation . Severe falls w ith high fall factors can only be held w ith 
a m odern  dynam ic belay.

viii) In term ed ia te  p ro tection  m ust be capable of w ithstanding approx­
im ately  tw ice the im pact force. F o r a high fall fac to r this m ay be 
abou t 128700 poundals (4000  lbf, 17.8 k N ) . T ie-in points at a 
belay stance are loaded by the im pact force only bu t this force m ay 
act in various direction. T his m eans, fo r instance, tha t the strongest 
carab iners are no t necessarily requ ired  at the belay stance.

I t should  be po in ted  out again th a t a static belay was assum ed in 
the derivation  o f the im pact force. I t has been know n for a long tim e 
[ 1, 15] tha t these forces can and should be reduced in o rder to avoid 
belay and  equipm ent failure and possible injury to leader and belayer 
alike.

V arious devices are on the m arket, such as the M unter plate, w hich 
have been designed fo r dynam ic belays. N o t all of them  do w hat they 
are  supposed to. The U IA A  has tested, approved and recom m ended the 
M un ter h itch  show n in F igure 3. In  all instances each m ethod acts

This is copied out of Mountain No. 32 February 1974 where it is called 
the Italian hitch because M unter demonstrated the method in Italy (at 
UIAA meeting) for the first time.



statically  up  to a certa in  force (the m axim um  force developed) after 
w hich the rope will start to slide, i.e., the rope will run  through  the device. 
G enerally  this run -th rough  cannot be stopped sim ply by holding the rope 
h arder but will stop once the energy o f the fall has been dissipated. T hus 
in a severe fall, skin burn  m ay result on the belayer's hands if no p ro ­
tective gloves are  w orn. I t is obvious th a t a certa in  am oun t of rope 
m ust be reserved at the end of each lead fo r this run-th rough . T he forces 
generated  during dynam ic belays vary  from  device to device but are 
m uch  less than  the ones occurring  during  static belays. Fortunate ly , ex ­
trem ely  severe falls and perfectly  static belays are  a ra rity  in p ractice. 
V ery  few  people are willing to m ake long leads w ithout p ro tection  and 
m any a bu rned  hand and body have supplied an unw illing, although 
eff ective, dynam ic belay. O therw ise m any clim bing accidents w ould have 
m ore serious consequences.

3. U IAA Guidelines

T he U IA A  (U n ion  In ternationale  des A ssociations d ’A lpinism e) has 
established certa in  guidelines for the testing o f clim bing ropes [2], R opes 
falling w ithin these guidelines are given the U IA A  label w hich is a t­
tached  to each new clim bing rope.

Fig. 4 shows schem atically  the drop-test set-up prescribed by the  
U IA A . T his d rop-test (o r D odero  T est after its inven to r) uses a mass of 
176.4 l b (80  kg) fo r full w eight ropes or ropes w hich m ay be used singly 
and  88.2 lb (40  kg) fo r half w eight ropes or double ropes because they 
are designed to be used doubly. F o r double ropes it is also perm itted  to  
use tw o strands and test them  w ith 176.4 lb (80  k g ). T he fall fac to r is 
1.79 and the U IA A  standard  prescribes a m axim um  allow able im pact 
fo rce of 85112 poundals (2646  lbf, 11.77 k N ) fo r single ropes or two 
double ropes and 42556 poundals (1323 lbf, 5.88 k N ) fo r one strand  
o f a  double rope. T he standard  requires the rope to hold at least three 
d rops w ithou t breaking. It should be noted  th a t the im pact force given 
on a U IA A  rope label refers to the im pact fo rce at the fall fac to r of 
1.79 and not to the higher value at fall fac to r two. F u rtherm ore , the 
im pact force lim itation  is applied to the first d rop  only. T he m agnitude 
o f the im pact fo rce  increases w ith  each  subsequent drop. This is a 
resu lt o f the perm anen t deform ations w hich take place during  each 
loading w hich the rope experiences.

A  fu r th e r test m easures the elongation in use. T his is a static tension 
test in w hich a force of 5674 poundals (176 .4  lbf, 784 N ) is applied. 
T he elongation  o f the  rope under this force m ay not exceed 7%  and 
10% fo r single and double ropes, respectively. In  p ractice, this co r­
responds to a clim ber on tension, a situation  w here little elongation is 
desired.





T he elongation  at im pact force is the elongation w hich occurs under 
the U IA A  im pact force in the d rop  test. This value can be calculated  
from  the data  ob tained  in the d rop  test bu t is no t subject to any U IA A  
standard . A s the to tal heigh t o f fall includes the rope elongation, it is 
o f benefit if this value is as low as possible. T he danger o f h itting  a 
ledge o r the ground  because o f rope extension is m inim ized.

A  relatively recen t (1 973) addition  to the rope standard  m easures the 
knotab ility  of the rope i.e. how  well a rope m aintains a knot. This does 
no t m easure the strength  o f the kno t b u t its durability . T his is an  im ­
po rtan t aspect as it has happened  on several occasions th a t a tie-in kno t 
has com e undone only by the m ovem ents o f the clim ber.

In  o rder fo r a m an u fac tu re r to retain  the U IA A  label, he m ust have 
sam ples o f his ropes tested  by an independent testing labora to ry  every 
tw o years.

4. Strength of Knots

T he rope streng th  is no t only reduced by an edge such as a carab iner, 
bu t also by knots. T he lite ra tu re  [3, 4, 5, 6, 14] gives a considerable 
range of values, depending w hen the tests w ere m ade, the  rope type used, 
the rope d iam eter, the speed o f load application  and the type o f test 
set-up. I t appears th a t all knots slip considerably  during  testing and in 
m any cases to fa ilu re  i.e. the kno t slips open w ithout the rope actually  
breaking. N ote should be taken  on how  to tie the figure o f eight loop 
knot. T he difference of strength  achieved in doing it the right o r w rong 
w ay is about 8 % fo r a kernm an te l rope [4, 14] as show n in F igure 5.



Table 3 Relative Strength of Knots for Single Kernmantel Rope.

% %

W ithou t kno t 100 D ouble fisherm an’s 65–70
Bowline 70 –75 W ater k no t (ring  bend) 60–70
Figure of eight 75–80 Clove h itch 60–65
F isherm an’s 60–65 O verhand 60–65

Table 3 shows the approxim ate relative strengths of som e of the m ore 
com m only used knots.

5. L ife Expectancy

D uring  its use, a clim bing rope ages due to clim atic and m echanical 
influences. In general, the service life of a rope depends on the frequency  
of its use, its handling, the kind of te rra in , the w eather conditions, d am ­
age beyond norm al use (rock  fall, cram pons, e tc .) , and the ac tua l age 
of the fibres and the rope itself. In addition  to these m ajor factors m any 
o ther influences en ter the p icture. I t is, therefore , not surprising  tha t 
few  hard  facts are available to the rope user.

A lthough  synthetic fibre ropes (ny lon  and P erlon) have been around  
fo r abou t 30 years, very few investigations have been carried  ou t ragard ing  
the aging of these ropes. In itially  this m ay have been based on the fact 
th a t nylon ropes do no t ro t like hem p ropes. A lthough various conjec­
tures about the service life of ropes w ere m ade now  and then, it is only 
in the last few  years tha t serious inquiries have been carried  out.

T he first studies w ere carried  o u t in the U.S., how ever, they dealt 
solely w ith haw ser-laid ropes. Extensive studies on kernm an te l ropes 
were only carried  ou t by the A ustrian  A lpine C lub (Ö A V , D r. K osm ath ) 
[7] and the British M ountaineering  C ouncil (B M C ) [8]. Specific p ro b ­
lems w ere investigated by the F éd era tion  F rançaise  de la M ontagne 
(F F M ) as well as by the m anufactu rers of M am m ut ropes, A R O V A —  
L enzburg  A G  [9] . A com m on finding in all these studies was the con­
siderable spread of the results. This is partly  due to the sm all sam ple 
size and the inadequa te  data  (uncerta in ty  of properties of new ropes 
and inexact records o f use) but it also indicates the com plexity  o f the 
problem . T he recom m endations fo r the life tim e o f a rope ranged from  
40 to 240 hours.

T he w ork  by the Ö AV  and the B M C  as well as the recent A R O V A —  
L enzburg  publication  [10] express the aging in term s of the w orking 
capacity  over an edge (W C O E ) * . O nce the W C O E  reaches a value of* 

Obtained by statically testing a rope to failure while it runs over an 
edge with a 5mm radius. The WCOE is the total area under the resulting 
load-elongation curve. It is generally expressed per unit length of the rope.



abou t 11260 f t•poundals/ f t to 12870 f t •poundals/ f t (350  ft lb f / f t  to 
400 ft lb f/ f t, 1560 N •m / m to 1780 N •m/m ) ,  the energy o f a severe fall, 
the rope should be retired . If  the new rope has a W C O E  of, say, 27350 
f t .poundals/ f t (850  f t .lb f/ f t, 3780 N •m/ m ) it w ould only be a m atter of 
finding the loss in the W C O E  p er h ou r o f use in o rder to p red ic t the 
service life of a rope.

In  1971 the BM C estim ated  an average loss of 14.2 f t •p o u n d a Is /f t 
(0 .44  fM bf/ f t, 2 N •m/ m ) per day of use while the Ö AV  cam e up w ith 
a value o f 567 f t •p o undals/ f t (17 .6  fM bf/ f t, 78 N •m /m )  per day. These 
differences w ere partly  due to the use of different statistical approaches 
and evaluation procedures. F u rtherm ore , the initial values o f the new 
ropes w ere not know n exactly. M ore recently  (1 973) the Ö AV  (D r. 
K osm ath ) estim ates the loss o f the W C O E  per h ou r as [5]:

70.9 f t •p o u n d a ls/ f t (2 .2  f t •lb f/ f t, 9.8 N •m /m )  fo r easy climbs

141.9 f t•poundals/ f t (4 .4  f t •lb f / f t ,  19.6 N •m / m ) fo r difficult climbs
283.7 f t•poundals/ f t (8 .8  f t •lb f/ f t, 39.2 N •m /m )  fo r artificial routes

T he recen t Swiss study [10] found  a loss of 156.0 f t •poundals/ f t  (4 .9  
f tl*b f / f t ,  21.6 N •m /m ) p e r day fo r the ir ropes; certain ly  a m uch closer 
result. It should be m entioned  th a t in this study the initial p roperties of 
the ropes w ere know n precisely. F u rtherm ore , the rope h istory  (hours 
o f use, w eather, rock type, e tc .) was properly  docum ented.

Q uestionable in the Ö A V  results is the h igher value fo r artificial 
routes. O ne o f the reasons m ay be found  in the clim bing techniques 
used in E urope, nam ely, m uch tension clim bing, a very sparing use of 
slings to reduce fric tion  d rag  and the abundance of lim estone clim bs 
(D o lo m ites), w here continuous crack  systems are rare. I t  is certain ly  
possible th a t p roper technique on aid routes m ay p u t less w ear on  a 
rope th an  m any a free clim b of m oderate  difficulty.

T he problem  now  is th a t (U IA A  approved  rope or n o t) there is no t 
a single rope m an u fac tu re r w ho lists the W C O E  w ith the data  supplied 
on  the various labels w hich com e w ith a rope. O nly A R O V A — L enzburg, 
the m anufactu rers o f M am m ut ropes, give this in fo rm ation  in their 
catalog  on m ountaineering  equipm ent. T hey even add a note saying tha t 
this value— the larger the better— is an ind ica to r of the ro p e’s life ex­
pectancy. T he reason o ther m anu fac tu re rs do no t supply these values is 
n o t only because theirs m ay be low er than  th a t of a com petito r o r be­
cause the U IA A  does no t requ ire  it. T here  is som e disagreem ent as to 
its valid ity  because it is m easured  statically  w hile in reality  the loading 
occurs dynam ically . T here  is even som e justification in this re luctance 
because ropes have held one fall in the d rop test while W C O E  data  
p red ic ted  failure . F u rtherm ore , one w ould expect tha t the rope w ith the 
highest W C O E  w ould hold the m ost falls, an expectation w hich has not 
been confirm ed.



N evertheless, at the p resen t tim e the only w ay ou t of this dilem m a 
is to assum e th a t generally  the W C O E  increases w ith the num ber o f falls 
held (and  this m ay be true  fo r a dynam ically  m easured W C O E ) and 
use this num ber to estim ate the service life of a rope. N early  every 
U IA A  approved rope shows on an attached  label the num ber of falls 
held in accordance w ith the U IA A  standard . D r. K osm ath  [5] o f the 
ÖAV found  th a t this assum ption  is reasonable and recom m ends the 
follow ing values fo r single ropes:

N o. o f U IA A  
Falls held

A pprox . A verage  
Service L ife  (hours)

2 50

4 200

6 400

6. H ow  Strong Are Wet and Iced-over Ropes?

T he testing fo r the U IA A  label is done w ith dry  ropes at room  
tem peratu re . T he m inim um  requ irem en t asks th a t th ree falls be held 
w ithout a rope break.

Tests a t − 4 5°C  w ere carried  ou t by D r. O driozola [11] w ho found 
a reduction  in static b reaking strength  of 30%  fo r iced ropes.

T he suspicion th a t the w orking capacity  is reduced  no t only fo r iced- 
over ropes bu t also fo r w et ropes was verified by tests done by the 
m anufactu rers of Edelw eiss ropes [ 12]. A ccording to the m anufactu rers, 
the ir new  ropes w hich held 3 to 4 U IA A  falls in the s tandard  test, held 
only one o r none a fte r they were exposed to a sprink ler arrangem ent 
and absorbed about 37%  of the ir own w eight in w ater.

T he G erm an  A lpine C lub [5] carried  ou t a series of tests on a variety  
of ropes. T hey tested w et ropes and w et-cold ropes (sa tu ra ted  ropes 
w ere stored  for 10 to 14 hours in a re frig e ra to r) . T hey cam e to the 
follow ing conclusions:

1) R opes in w et and w et-cold conditions will generally  hold  few er 
falls than  d ry  ropes.

2) T he effect on w et or w et-cold ropes was approxim ately  the same.
3) T he reduction  of falls held on som e products was as m uch as 3 

falls fo r full w eight ropes.
4 ) Som e ropes held the sam e num ber of falls as indicated  by the 

m anufactu rers fo r the d ry  condition. T his was not taken  to m ean 
tha t som e ropes are  capable of holding the  sam e num ber of 
U IA A  falls w hether d ry  o r w et bu t ra ther tha t som e ropes held 
m ore falls in the dry  condition  than  indicated  on the label (w here 
obviously the low est value has to be g iven) .



5) A  rope m arketed  as being resistant to w ater absorp tion  held 2 
falls less than  in the m anu fac tu re rs’ own “wet tes t” condition 
(less saturation  than in the G erm an  te s t) .

7. Single or Double Rope

A  single or full w eight rope is by definition  (U IA A ) a rope w hich is 
adequately  safe by itself. A  half rope o r double rope, on the o ther hand, 
is safe only if two ropes together are used. T o clarify  this fu rth e r: the 
U IA A  drop  test uses a 176.4 lb (80 kg) m ass fo r the test o f single ropes, 
bu t only 88.2 lb (40  kg) fo r the test of one strand  of a double rope. 
N o d iam eter is specified but single ropes vary  from  10.5m m  to 12mm 
w hile double ropes vary from  about 9m m  to 10.5m m .

V arious advantages arise from  the use of two ropes on routes of a 
high technical standard , on rappels, fo r hauling, and on difficult m aneu­
vers as a safety rope [13]. A dditional benefits arise w hen one rope gets 
dam aged by cram pons or rock  fall during  a clim b or w hen a 10.5m m  
d iam eter double rope is m istakenly used as a single (fu ll w eight) rope 
[5, p . 90 ].*

In  the use of double ropes care has to be exercised tha t both  ropes 
are clipped into a particu lar runner (use two carab iners) w hen clim bing 
free passages w ith little in term ediate  protection . T here is still the 
question w hether on  som e clim bs it w ould not be p ruden t actually  to clim b 
w ith tw o single (fu ll w eight) ropes. This should be considered on big 
com bined clim bs w here ropes m ay get w et and frozen o r dam aged by 
rockfall o r cram pons. T he added safety  and the advantage o f clipping 
in a lternately  (reduced  d rag ) m ay well be w orth  the extra weight. It is 
p referab le  in the la tter case not to clip bo th  ropes into the sam e runner 
even w hen p ro tection  is fa r apart as the sum  of the im pact forces of both 
ropes is larger than  the im pact force of a single rope in the sam e fall 
situation.

8. Properties of Available Ropes

P roperties of som e of the m ost com m only available ropes are listed 
in T able 4. T hree  ropes p roduced  in the U.S. are included in this table. 
It m ay su rp rise tha t the static break ing  strength  has not been listed. It 
has been om itted  in tentionally  as the streng th  per se gives no indication 
of the quality  o f a rope. T oo m any clim bers do base their selection on 
this relatively un im portan t quality.

O nly one double rope listed was tested as a  single strand w ith 88.2 lb. 
This results in a very high num ber o f U IA A  falls held and a low im pact 
force. It is highly unlikely tha t the testing of tw o strands w ould produce

*  A double rope, assumed to be a single rope, broke when the leader fell.



Table 4 Properties of Various Climbing Ropes.

Elongation

Rope Manufacturer or 
Distributor

Rope 
Type

Diam­
eter
mm

In Use
%

At
Impact
Force

%

Impact

lbf

Force

kN

WCOE

ft•lbf/ ft kN •m/m  
Approx. Approx.

N o. of 
U IA A  

Falls 
Held

Mass in 
U IA A  
Drop 
Test 
lb

Weight per 
Meter 

Grams Ounces

C H O U IN A R D D O U B L E 9.1 3.0 N .A . 2425 10.79 617 2.75 12+ 176.4 52.0 1.83
S IN G L E 10.3 4.9 N .A . 2072 9.22 661 2.94 3 176.4 66.3 2.34

E D E L R ID D O U B L E 9.0 N .A . 20 1155 5.15 N .A . N .A . 17 88.2 51.0 1.80

C L A SSIC -E V E R D R Y S IN G L E 11 .0 N .A . 21 2205 9.81 N .A . N .A . 4 176.4 70.0 2.47

B A V A R IA S IN G L E 11.5 N .A . 20 2185 9.71 N .A . N .A . 6 176.4 75.0 2.65

E D E L W E IS S S T A N D A R D D O U B L E 9.0 4.9 26 2315 10.30 325 1.4 10+ 176.4 51.0 1.80

S T A N D A R D S IN G L E 10.5 3.2 29 2095 9.81 470 2.1 4 176.4 65.0 2.29

S T A N D A R D S IN G L E 11 .0 2.4 26 2535 11.28 595 2.6 8 176.4 70 .0 2.47

E V E R D R Y D O U B L E 9.0 2.5 26 2315 10.30 325 1.4 10+ 176.4 51.0 1.80

E V E R D R Y S IN G L E 11 .0 2.4 26 2535 11.28 595 2.6 8 176.4 70.0 2.47

G O L D L IN E S IN G L E 11.8 7.2 38 2170 9.64 475 2.11 12 176.4 86.4 3.05

M A M M U T D Y N A M IC D O U B L E 9.1 3.0 24 2425 10.79 615 2.75 12+ 176.4 52.0 1.83

D Y N A M IC S IN G L E 10.3 4.9 24 2070 9.22 660 2.94 3 176.4 66.3 2.34

D Y N A F L E X D O U B L E 9.0 4.0 24 2425 10.79 615 2.75 12+ 176.4 49 .0 1.73

D Y N A F L E X S IN G L E 11.1 3.1 24 2335 10.40 815 3.63 8 176.4 72 .0 2.54

M SR S IN G L E 10.1 8.0 35 2365 10.53 295 1.32 2 176.4 62.6 2.21

N E B T E X S IN G L E 11.7 6.4 40 1890 8.40 N .A . N .A . 4 176.4 74.0 2.61

R O C C A T O P D O U B L E 9.2 5.4 N .A . 2270 10.10 N .A . N .A . 10 176.4 47 .0 1.66
T O P D O U B L E 10.1 4.6 N .A . 2205 9.81 N .A . N .A . 10+ 176.4 60.0 2.12
T O P S IN G L E 11.1 3.5 N .A . 2160 9.61 N .A . N .A . 5 176.4 71.0 2.50

E N E R G E T IC S IN G L E 11.1 3.5 N .A . 1810 8.04 N .A . N .A . 5 176.4 74.5 2.63

N.A. =  N ot available.



Notes on Table 4

C H OUINARD — D ata from 1976 production.
EDELRID — D ata from 1975 production but 1976 production appears to 

have same properties.
—  Not willing to provide WCOE values.
— Note th at double rope is tested as single strand w ith 88.2 lb 

mass. D ouble the im pact force to  obtain  representative value.
ED ELW EISS — D ata  from  1975 production.

—  W C O E of double ropes is for a single strand only. D ouble 
the figure to obtain  representative value.

G OL D L IN E  — D ata from  1975 production.
— Only the first sam ple was tested to  failure while the second 

and th ird  test specim en were rem oved undam aged after 
fou r drops. The num ber of U IA A  falls held is, therefore, 
around 10 to  14.

—  This rope is not U IA A  approved.
M A M M U T  — D ata  from  1976 production.
M SR — D ata  from  1976 production.

—  This rope is not U IA A  approved.
N E B T EX  — D ata  from  1976 production.
R OC C A  — D ata  from  1975 production.

—  N ot willing to provide W CO E values.

exactly  the sam e num ber o f falls held o r result in m erely tw ice the 
im pact force show n. It should also be rem em bered th a t one strand  of a 
double rope will m ost likely no t hold a single U IA A  fall w ith 176.4 lb. 
F u rtherm ore , tha t the test condition  assures un ifo rm  loading o f both 
strands, a condition  w hich rarely  exists in real life.

T he num ber o f falls listed is alw ays the least num ber from  three 
tests. T he d ifference betw een the m inim um  num ber given and the 
m axim um  num ber of falls held can easily be two.

O n rope labels the im pact force is often given in k ilopond (k p ) and 
som etim es in kg. T he values are  identical as a k ilog ram— force is called 
a kilopond in som e E uropean  countries.

T h ree  U .S. m ade ropes are listed: G O L D L IN E , p roduced  by C o­
lum bian R ope Co. in A uburn , N .Y .; M SR, produced  by M ounta in  Safety 
R esearch, Inc. in Seattle, W ashington; and N E B T E X , p roduced  by N ew  
B edford Textile Co. in N ew  B edford, M ass. O nly the  N E B T E X  rope 
has been subm itted  to the U IA A  and satisfied all its requ irem en ts and 
has been granted  the  U IA A  label.

9. Conclusions

C lim bing ropes, like m ost p roducts, diff er from  m an u fac tu re r to 
m anufactu rer. In  o rder to m ake a good choice one has to  becom e fa ­
m iliar w ith the m any varieties available. T he U IA A  norm  was partly  
created  to help clim bers and m ountaineers select a safe rope. H ow ever,



it provides a m inim um  standard  and thus the U IA A  label on  a rope  does 
not necessarily guarantee highest quality.

F o r  a certain  price the choice of a rope should be based upon  the 
highest num ber of U IA A  falls held  (th ink  o f the life expectancy h e re ) , 
the sm allest im pact force elongation  and the  low est w eight p e r un it 
length. T he W C O E  should be as h igh as possible w hile the im pact force 
should be as low as possible. F o r these last two points one should keep 
in m ind th a t presently  the W C O E  is obtained statically  and thus no t a 
true ind icator of the w orking capacity  in a real fall situation  and th a t 
the m agnitude of the im pact force has to a large extent lost its im por­
tance because of the possibilities o f providing reliable dynam ic belays. 
This fac t is reflected in the ra th e r high im pact force values of recen tly  
m anufactu red  ropes w hich, of course, hold m ore U IA A  falls than  before 
while m aintain ing the  sam e un it w eight. T his last developm ent is a 
direct result of the w ork carried  ou t by the U IA A  and its recom m enda­
tion of the M un ter h itch  fo r dynam ic belays.
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