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FOREWCRD

A study of the factors influencing the deterioration of nyloun
climbing rope has long been overdue. The protection afforded by a

rope depends upon its ability to stop a fall adequately. While, in
many instances, proper belaying of the rope will reduce tne impact
that must be sustained, there is still a substantial part of the
energy from a falling man that mus: be absorbed by the rope. Since
the rope's energy-absorbing ability is a function of its strength
and elongation; any use factor that would influence these properties
would also irfluence its protective potential.

The preliminary investigations reported here make it evident
that appreciable deterioration takes place in nylon climbing rope
through the mechanism of surface abrasion. Energy loss may be in
excess of 50 percent yet there may be only superficial evidence of
damage. Accordingly, it is imnortant to keep nylon climbing ropes
under constant close scrutiny and to remove from service any ropes
that show evidence of damage. As with other life-saving items used
by the military, such as parachutes and body armor, continuing
surveillance and control is essential to ensure maximum serviceability
and protection at all times.

We wish to acknowledge the support received for this work from
the Army Limited Wzr Laboratory and particularly from Mr. Rotert L.
Woodbury of that agency for his insight into this problem and for
his interest and help with this project.

Most of the test results reported were obtained through the
cooperation and under the direction of the late Mr, Leo J. Sheehan
of the Materials Laboratory of the Boston Naval Shipyard, We wish
to acknowledge his excellent cooperation, without which this study
could not have been conducted, and to extend our thanks to his staf?f,

S. J. KENNEDY

Director

Clothing & Organic Materials Division
APPROVED:

DALE I, SIEL:. , &h.D.
Scientific Directox:

W. W. VAUGHAN
Brigadier General, U.S.A.
Commanding
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Abstract

An analysis was made of 20 nylon mountain climbing ropes which
had been in use for periods up to 18 years, to discover the extent
and cause of deterioration in strength and energy-absorbing ability
and changes in hardness and stiffness, It was found that loss in
strength and energy-absorbing ability arise primarily from fiber
abrasion which occurs at the surface of the rope, The nature of the
rope construction is such that surface abrasion affects each of the
three strands of the rope and all of the yarns in each strand except
the few which constitute the so called "inner-core," There is
no evidence that sunlight damage occurred to any significant extent
in these ropes. The amount of abrasion and loss of strength were
directly related to the amount of use (not age) for those ropes
that had more quantitative use histories. A Use Index (computed
fran the number of days of use) may be used to estimate rope deteriora-
tion, The extent of hardening and stiffening of the ropes was found
to vary over a wide spectrum, but the causal factors were not determined.




EXTENT AND CAUSE OF DETERICRATION OF NYLON MOUNTAIN
CLIMBING ROPE

I, Conclusions And Recommendations

The overall purpose of this study was to examine a series of
nylen climbing ropes that had been used in the field and to deter-
mine the character, extent, and cause of their deterioration.
While not all of the answers to the deterioration problem were
found, considerable information was obtained, conclusions were
drawn, and recommendations were made for further studies and for
specific remedial action. It was concluded, in general, thats

1) A significant amount of deterioration occurs during
the use of nylon mountain climbing ropes. This deterioration is
directly related to the amount and type of use; it is not related
to the age of the rope.

2) The deterioration due to use arises primarily from
fiber abrasion at the surface of the rope, This surface abrasion,
by virtue cf the rope construction, affects each of the three
strands and all of the yarns in each strand except the few which
constitute the so-called "inner core,

3) Deterioration of climbing ropes is evidenced primarily
by losses in strength and energy-absorbing ability., The elongation
of the ropes ddes not change to any great extent during use; thus
the loss in energy-altsorbing ability is a direct result only of
the loss in strength,

L4) There is no evidence that ultravioclet radiation causes
significant deterioration of ropes following their exposure to
sunlight.

5) A Use Index, based primarily on the number of days of
actuzl climbing use, correlates with the strength loss sustained
during use and consequentlv may be used as a rough predictor of its
residual service life, Obviously;, the more reliable the use history
the more reliable will be the Use Index,

4) An important change that occurs in many nylon mountain
climbing ropes during use is a hardening and stiffening which,
while not necessarily a form of deterioration, nevertheless has a
profound influence on their knot-holding ability and, consequently,
on their serviceability. This study was not able to shed any light
on the probable cause of hardening., It may be related to a
processing parameter such as heat setting but this has not been
proved unequivocally,

T T e ;&j - T e A T — > s S 0 mjﬂ"‘

B




il A

>

Detailed analysis of the data showed that:z

1) Distribution of the yarns in the "inner core" of each
strand compared to the total yarns in the strand ranged from 10 to
20 percent,

2) Strength loss of the ropes ranged from 9 to 62 percent,
with an average of 39,2 percent., The major cause of strength loss
was fiber breakage.

3) The hardness of the »opes ranged from 17 to 14O poungs,
with an average of 52,2 pounds, Stiffness ranged from 3.7 tc 8.6
"bending length" inches. with an average of 5.9 inches, The
correlations between hardness and stiffness and between hardness
and knotting ability were only moderate,

L) The Use Indexes. as computed by one rater, ranged from
20 to 220, with an average of 1L1,6. The correlation coefficients
of strength. energy; and abrasion measurements with Use Index
ranged. for this rater. from 0,53 to 0,66 in an 18-r»pe series and
from 0,67 to 0,77 in an ll-rope series that had more quantitatively
exzct use histories,

S) The "Bates" ropes (two ropes that were subjected to
detailed rheological and X-ray study) showed r. evidence of ultra=-
violet or sunlight deterioration, Their nylon fluidity increcsed
0,1 and 0.2 rhes respectively, but this is not considered indic~
ative of photochemical deterioration. These ropes did show
evidence of surface abrasion of fibers. which would explain their
losses in strangth and in energy-absorbing ability,

It is recommended thats

1, A system be devised for kesping a record of the days
that each military nyion mountain climbing rope is used, Pending
further analysis and study, any rcpe with a total number of climbing
days in excess of 100 (from this study roughly equivalent to a 20%
strength loss) should be withdrawn fram service as a potentiali
climbing hazard,

2) BSelected samples from supplies of nylon climbing ropes
in the field be sampled and anaiyzed with a view to determining
their level of deterioratior.

3) A non-destructive test be develcped for assaying the
extent of fiber breakage due to surface abrasion,

L) Subjestive evaluations of hardness and stiffness be
made pericdically., Any ropes that vary markeaiy from the average
should be withdrawn from service,
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53 TFariher research be ondu.red to det2rmine the cause
of *he hardening of some ropes with us2 and Lo deveiop manufacturing
and I:nishing procedures *that wils minamize thix change,

6, A ropz structurs be develened ir which the ratio of
¥inmer cors™ yaris t: the tota yarn: would te raised s¢ as to
reduce the number of yarns %that woaxd b2 suriested tc surface
abrasion, Any such clanges must be made without influencing the
¢ritical strength and 2nergy-absorbing properiies of the rope,

II. Basxgrow.d

Repe was one of the firs induscelal produsts %o be made of
nylor, Nylon is 1dsal for tnis appiization because of its high
tenacity, Zow density. and nigh flexibility, The experience of
sportsmen and of miiitary per:zonnel provides amplie evidence of the
soundnesz of the dezisior *r use nylor for meartain climbing ropes,
However, 2s with many high performance materizls, thera has been a
tendency to expert an infinit> service life from nyion and to neglect
to check for subtie ~harges in its physical and zhemical properties
that (culd influenc> iis servi:eability and ever the safety of its
use,

I% has w»exently beer. brought tc ith~ alientior of Army R&D
personne’. thait some rny.on climbiag ropes become s55iff and are core
respondingly urable t¢ neld a knot, thus forriig a seriocus hazard
to the climber (l). Also. the reianively pocr resistance of nylon™
to ultraviolet (suniight; radiation has besn conzidered a well
established fazt and ihu: a limiticg failor in mary applications of
nyion (2). For these rsasons the U, S. Army Netick Laboratories
considered it desirable tc conduct a stuly to dotermine ths nature
and amount of dsterioration which cicurs in nylon ropes as a result
of their continied use, For such a study it was essential ic cbtain
ropes with a knowr use history,

11T, Materia.z

Eighteen nylen mountain climtlag repes which had been in usa
for as long 23 eighteen years were made availabie to whe Natick
Laboratories through the coopsration cf Coi, A, H, Jackman (3},
formerZy of the Office of The Quartemmaster General, and Mr, A. B,
Petersun L) of Washingto. D2, These wcpes had been used by
sixteen members of a mountain climbirg <lub wder various climbing
conditicae, in various parts of bhe ccunitry; and for waricus periods
of time, The climbers gaves  the ages of the ropes: a synopsis of
the conditions under which esazh rope had been used since purchase;
a descriptior ¢f the storage conditions in terms of temperature,
humidity., and presence of light; and alss su:h gererai comments as
they wished (Appendiz A). As might be expe.t2d. some of the
information about the ropes was qu:-z comprenensive arnd detailed

* Nyicr b6 - Type S0C 3
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NUMBER OF ROPEX HAVING INDICATED

while some was rather sketchy and incomplete, HNevertheless, these
ropes provided a pedigreed group and it was felt worthwhile to
analyze them comprehensively in the laboratory and to assess their
degree of deterioration as a basis for possible future specification
action,

In addition to the eight.en, two ropes (Special A & B) that
had been in use since 1946 were submitted by Mr. Robert H. Bates.
These two ropes were subjected to special analyses involving nylon
fluidity determinations and X-ray diffraction and phctomicrographic

study.

These twenty samples represented many types of rope that varied
widely in circumference and linear density. The yarn construction
ranged from 1 to 7 ply, the yarns per strand from 7 to 19 (with
both "S" and "Z" twists in the strand yarns), and the colors from
a light beige to a rather dark olive green. Although the great
variety of the ropes prevented their performance characteristics
from being related to specific structural features,it did permit
average levels and ranges of performance to be determined and these
were useful in characterizing the rope population (see Fig. 1,
representing cumulative distributions of four selected properties
of 18 of the 20 ropes studied).
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IV, Test Povo=

Ta:z zocra
vhese usaed ¢ 2v
used 20 svalaat

fiker 3brasi =

A, P:g/ul\,

?o:y ¢23 ¢35 Lan b2 divided into three categories:

0

aluat2 pnysizal pr;purtlpu and ¢enstruction, those

and chemicel or mizroscopi: clranges.

a4l Priperties
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2 mpch-nz; . properties. ard thos2 used %o evaluate

Tests wo denzurine rope circumference, linear density, the
per sirand. the ply of the strand yarns. the twist
axd ne ais‘oibutimm of whe yarns in vhe strand were

~umbe: ¢f ya.:-" 113
of th2 yu.ns. a
;arried ¢ar in

ac.crdare W’tb *h2 3.andard procedures contsined in

Specifizaticns MIL-R-.688 a: 3 CCC-~T-191h,

icai Pro tige

NI ek CetmNE 4 eI TeAanl sas

Bo Mé’-‘.,l’.al':
e S

neasuremanyus wes
constani-.ate~

3 inchas per minuv2,

range: of from
the weigh h=ad.

sngin and Elongazon, Strength and elongation

Lo Ducimie ener meom Pemm e

‘s mad2 on & screw operated tensile machine of

the

foextesnsicn type., The -~it2 < extensicn used was

Bver theugn “he +=sting machine was of the constant-rate-
. o~

exteusio~. Ly
displacemant <f
the entire :-opsz
rate from the “n
be cbser2d wnd
becaise of the
dure us2d wa: a
gauge iengin mea
rope u% 20 pare
sampic. (It wa

1=rgu, - t}; :p;lued darea stretched st a diffe

~p11ced areas Furthemmore, while s2iongation ¢
er .cw zcads 3T na.d e be A3l
hazazd of b=1ng resr "Nz -op‘“éﬁ oreak. Ths pr
5 Toulowe: Firss eionga<ion of a 30=inch
suremen*. was cb
en% -f +th2 break
L3

£=7 ¥ IR ».

=3
lcad as devemined on a pretes
8 assumed that the s

A load-cell weighirg system was used having
10 1o 2C thousand pounds. Thsre was nc metioo

in

o*

SELG 2 Osgat so Soul or be date*mlned f*om the

rand
could

una ved at high loads

one--

he
ersed ou sne tnspliced area of the

ted

cf eivngation of the spliced

and unspli:=2d areas of zope would be:ome appreximately equal ab 20

pe*ﬂeﬂu of obreak

the externzicn was measured =

King load and woa&d rermain equal up %¢ break. )

sion. 2lengatior. 13 p”apor‘zfna; e time, that which would cce

beuwean 0 and 100 per:ant of load cov

tion cosermd ab

Then
5 the lcad was increased from 20 to 50
pe:uebu of ire tragking loado Sin.=, with a  mstant rate of exten-

ur

214 be zwcmputed from the elonga-

t between 20 and 5C verrent of _oad ¢n the basis of

the relativa dl--ereﬁ'— 15 =he “ime .nter7als required fou eac

Elongatio: at or

between 50 and

h,

ezk was arrived al by addirg the tw: - the eilongs-
tion at vp Lo S0 per.eav of 2oad and *hs .umpuved eiongaiion at
LCC percent cf leoad, Whnile there are some inhe

v

ent

error® ir. this prc:a2dure. she :z2laiive 2longation values obtained
are meaningful and usaful in -amparative siludies of this type.
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In oraer to adjust the strenglh values for the dilfcrent sizes
and weithts of the ropes, "breakin, len~th was also complted to
expres~ the brealking stren~th in tyrns of the length of ropc, the
weirn* of which would equal its br. a%.ng strength (i.e., breaking
stren tl. - £t/1b).

% addition, the percenta e of strensin loss was com uicd basec:

1} upon a standerd break:in .en:th of {0,000 feet, which
the usual orcaxincg lo. . th for nylon €6, type 300

2) upon the breaking len: ti ol the unused conirol rope

(T-916)

2. Enerzy-Abscrbing AL 1lity. From the elcnzation and
breakin: strenczth data, e follow g cncrgy perumeters were computed:

1) encreor in foot-:sunds roq red to stretch cne foot of
rope to rupturc

2) cnersv in fooi-~pcunds required to streteh ome nound of
rope to rpture

3) p rccerntaze ener v loss vased upor the stincard foote
nounds (43,313) required to stretch onc poing of nylon,
t. e 39 to runiure

L) jer-entage encr: locs brsed upon the fost—pounds
Giired to streich onc round of the unuscd control to
rpiure,

3. rdness. T-e test for hardniss (5) s tased upon toe
force necessar, to orern tie rorc, by means of z mariinespilie, suffic-
iently wide o 2llow one svrand to ve passced throu -, The sike
uas 1 izeles 1o, rand ko a 5/3-inch taper per oot and a spatulzte
end for siertiu the ocenit <o The spike was inscrted rinually
between the ro . strancs rrtil tic rounded erc  rolruded. The rope
with tae irserted spike uwes then mounted in a h*crqnxvc comoression
nackine ozeratin ot a rate of ¢ ‘nches :er minute, ™hc load
necess-ry to spread tnc rosc strands to a diameter oi 1/¢-inch was
acasurecd., e re orteu vaives rc .resent the averocs of three
measure .ents taken 5 fect wrart on each rosc. The = orat s is
shomn in #l.-ure 2.

a

4. Stifness (tesrdin~ length).An inc.x of tie .orce
r.. vireca Lo berG & sope in ¢ direction nom~l to its own «xis, as
» tasis for coumarison w th the hardness tesi, vas arrived at by
wans of tle Peiree Cantiie . v Test (6)e The rs ¢ sawlc vas
~2loued to slide prrallel “o *fs ax's alon: a rFeriroonial platform,

O
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When the tip of the rope extending beyond the platform was "depressed
under its own weight to the point where the line joining the tip to
the edge of the platform made an angle of 41-1/2° with the harizontal®
(6), the length of the overhang was measured. One=half of this length
was taken as the "bending length" of the specimen,

Figure 2, Apparatus used in the nylon rope hardness test

5. Knotting Ability. Various types of knots are used in
climbing but the essential characteristic of e.ch is that it must

hold when stress is applied. The imotting behavior of a rope depends
upon its stiffness and its coefficient of friction at the surface.
Because stiffer ropes deform less during kmotting, they have less
bearing surface and a lower coefficient of friction. Since the same
elements are involved in tying and untying a knot, in the interest of
testing simplicity only that force and energy required to tie a knot
were evaluated; it was assumed that the lower the force required to

tie’' a lmot the greater would be the ease with which the kmot would
hold.
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In the knotting test, a 2L-inch length of rope was tied loosely
into rn overhand knot. The two ends were inserted into the upper
and lower jaws, respectively, of an Instron tensile tester, using a
gauge length of 10 inches and a cross head and chart speed of § in/min,
The force required to reduce the greatest dimension of a loose knot
to 2-1/L inclies was recorded, using a cardboard template for measuring
the distance. Corresponding mesasurements of energy were made by means
of an integrator coupled to tie Instron output.

6. Compressibility, Since it was apparent that the knot
behavior test, using a conrtant dimension, is influenced by rope
diameter, a compression test was devised which is related to both
the stiffness of the rope and, s a corollary, to the force required
to knot it. In this test, rope diameter was measured by compressing
a flat segment in the Instron with a force of 5 pounds and recording
the resultant thickness. Then the rope was looped in a vertical plane
and the end of the loop inserted between the flat jaws of an Instron
Compression tester, having a diameter of 3 inches, so that the edge
of the loop reached just to the center of the jaws, At the cross-
head and chart speed of 1 in/min. the force and energy required te
compress the loop to a value of 2-1/2 times the rope thickness was
measured, In order to maintzin the loop in a vertical plane and to
prevent the upper part from sliding to the side of the lower part,
the rope was supported by hand., In this test, the stiffer the rope
the greater is the force and energy required to compress it to the
final dimension, The energy-absorption values reported are subject
to a small correction because the weight of the loop of rope affected
the sensing jaw and also because of the slight force that had to be
applied to it in order for some of the stiffer ropes to fit within
the specified 3-inch gauge leagth.

C. Deteriorative Change

1, Fiber Abrasion. A S-inch length of rope (equivalent to

3 turns) was selected from that section visually judged to be the
worst from the standpoint of abrasion. This length was carefully
weighed and unlayed and the individual fibers combed gut. The broken
fibers were separated from the unbroken fibers and weighed. The
weight of the broken fikers compared to the weight of the original
S5-inch length of rope, expressed to the nearest five percent value,
constituted the measure of fiber abrasion. In conducting this test
it was assumed that those fibers not remaining intact through three
full turns would contribute to a weak spot in the rope and consequently
to a loss in strength. This test will measure only the minimum
amount of rope damage, since many of the fibers are weakened but still
intact after at- :.a2 and are thus not included. On the other hand,

t is possible that testing would include some fibers that might have
been ruptured from causes other than abrasion, such as by local ten-
sile failure; fatigue failure, or cutting.

8
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¢, Changes Detected by Chemica. Mi:roscopic, and X-Ray
Study. The chemical and mizrcs:opic damage 1in eXposed nylon ropes
is dafficult to assess be.ause of the raprd .hanges that ozcur and
the different rates of change bewween the fibers on the cutside and
trose in the ccre of tne rope., The cu’zr Lavers change the mns:®
rapidly; the fibers in %he core may remain rzlatively scund even
after long periods of @xposure.

Among the many tests used for d°term1ning the extent of deteriora-
tion of nylen following exposurs to sun:ight a»2 those that measure
the increase in the fluidity oI dispersions of nylon in formic acid
or meta cresol, In thnis study a simpler procedurs was alsc used
involving the measurement of the exten: cf the solubility of the
nylon in a ferri: chloride solution, Tweniy gram sections cf various
areas of rope were placed for 30 minutes 1n a 3 percent ferri:
chloride solution at 2 temperature just under ~he boiling point,
The nylor was washed with 1/2 percent hycdrichloric acid and then
neutraiized vithammonia rinsed. and dried,

As a separate phase of this study photuriire;riyts were made
on the two Bates ropes at 10X and 200X to show gross arcas of wear
on t..2 surface and changes i1n the morphology 3f +the singie nylon
filaments.

Also, Xweray diffraction paiterns of fiber tundles removad from
the damaged and undamaged areas of +hes2 ropes weare pnotographed to
determine whether the orientation of the : rystals or the crystal
structure its2if was aitered by their use history,

In addition. fluidiry determinations +7; in 100 mi, of 9C
percent formic acid were made on dispersicr.s of 11 gm of nylon fibers
vaken from damaged and undamaged .2ctiors of vhe Bates ropes.

D, Corzeslaticn Analysis

In order to relate the change in ob erved properties with the
history of the ropes in terms of days of =32 and severity of use; &
Use Index was developed and applied Yo each rope, based on information
submitted by the climbers, If the rumber of days of use was fumished
on a monthly or a yearly basis. these ds:a were summed and corrected

 qualivative statzments of sevariy, If the number of days was
no* given. th2 length of use was est;mazed bazed on the jualitative
statemen*s alone, The Use Index was camputed by threse individuals
to whom the results of the obje.tive tests had not been made available.
Correlation studies wer:s nade based on the Use Index. the age in
years. and she produci of the Use Index and the age in years.
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The average results and the standard deviation (Tables I-VII),
as well as the linear correlation coefficients between the variables
(Tables VIII-X). using a WIZ Program (Appendix D) devised for a
GE 225 computer, were computed for each set of objective measurements,

V. Test Results

A. Physical Property Changes

The specification for the constructional characteristics of
climbing rope is quite flexible, the major requirement being that
the rope contain three strands. The circumference; density, number
of yarns per strand, the ply of the strand yarns. and the twist of
the yarns may vary widely provided the mechanical performance
requirements of the specification are met, The experimental ropes
provided an unusual cross section of the possible variations in
construction.

1, Circumference,(Table I) The ropes studied (exclusive
of the Bates) varied in circumference from 20 to 25 sixteenths of
an inch, with the average just under 23/16 (1,4) inches, The most
commonly used military nylon climbing rope is 1-1/4 (20/16) inches
in circumference, with an allowable tolerance of £ 1/8 (2/16) inch
(see military specification for nylon climbing rope. App. B). Thus,
on the basis of the upper limit. the maximum allowable circumference
would be 22/16 inches, or just 1/16 inch less than the average value
found,

The greater average circumference of the experimental ropes
(and also of the control rope T-916), assuming they were within the
specification limi*s to begin with, could be due to either shrinkage
or to mechanical factors occurring during use and producing fiber or
yarn displacement, Shrinkage would result in an increase in linear
density (weight per unit length) or, correspondingly, a decrease in
the foot/pound evaluation,

-, Linear Density.(Table I) Examination of the T¢./pound
data showed that 11l of the eightcen experimental ropes measured
over the 17 fce!/pound minimum specification requirement for 1-1/4
inch rope ond mucu obove the requirement when adjusted by the minus
tolerance of 10 percent for dyed rops. which would bring the figure
to 15.3 feet/pound, Accordingly. the shrinkage explanation of the
increase in circumference mentioned above is not tenable. A4s a
matter of fact, the length increase in the ropes probably cccurred
because of the use to which they had been subjected, If we assume
that the ropes originally had been close to the modal value of the
specification; tk~n the must likely explanation of the increase in
circumference lies in fiber or yarn displacement due to surface

abrasion .
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TABLE I

Three-Strand Rope Constructional Factors

Sample Number Circumicrencc Lincar Density
Tin 10th of in.) (T%/T0)
(1-916) Control 23 17.6
Special "A" (Bates) 2L 18.4L
Special "B" (Bates) 23 18.1
Experimental
2 23 19.1
3 23 18.0
n 20 26,3
5 20 25.3
6 2L 18.6
7 22 18.9
8 22 18.1
9 23 18,1
10 25 18,1
11 2 18.1
12 22 19.1
13 22 17.7
14 23 18.1
15 2L 19.1
16 22 19.5
17 22 18.1
18 23 19.1
19 23 18.1
Avg, of Experimental 23 19.3
Std Dev. of Experimental 1.3 2.4
Specification Requirement 20 ¢+ 2 17.0 (=1.7)

for 1-1/l inch rope

The eighteen used ropes varied in linear density from 17.7 to
26,3 feet/pound, The average value was 19,3 and the standard
deviation 2,4, The greater length per unit weight than the specifica-
tion minimum coupled with the greater average circumference than the
nominal specification requirement (which would tend to -indicate a
lower length per unit weight than was actually noted), leads to the
conclusion that significant unrecovered elongation or permanent set
may have occurred during the use life of the majorii; of the ropes, v
Permanent set is not necessarily a shortcoming, since it is accompanied
by an increase in strength as a result of mechanical conditioning,
However, a reduction in elongation. if reflected in a loss in energy-
absorbing capacity, might be a serious disadvantage.
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3. Yarns Per Strand (Table II) The number of yarns per
strand varied from 7 to 19, The average was 12.8 and the standard
deviation 5,2, The modal value, however, was 19 yarns per strand,
while the next most frequent value was 10,

TABLE II
Yarn Distribution in Strands
Ply and Twist of Yarns

Inner Core Outer Core

Yarns in Strand {unabraded) (abraded)
Sample ~ Inner Outer Ply & Iwist OSingles Ply & Iwist Singles

No, Tot. Core Layer Strand Yarns Twist Strand Yarmms Twist

(T-916)
Control 10 2 8 1 2 1 YA
Special
n ‘n
(Bates) 19 3 16 3S Z 32 S
Srecial
l!Btl
(Bates) 19 3 3s z 32 ]
Experimental
2 19 3 16 38 Z 32 S
3 10 0 10 -~ - 1 A
kL 7 0 7 - - 1 A
5 7 O 7 - - 62 S
6 19 3 16 38 Z 32 8
7 100 1 9 1 2 1 2
8 8 1 7 7S Z 72 s
9 10 0O 10 ~ - 1 2
10 19 3 16 3S Z 37 s
11 19 3 16 3S yA 32 S
12 10 0 10 - - 1 z
13 10 1 9 1 2 1 2
14 8 1 7 7S 2 12 S
15 19 3 16 3Z S 32 s
16 19 3 16 3Z s 32 )
17 10 1 9 1 4 1 7
18 8 1l 7 18 Z 72 S
19 19 3 16 35 2 3z S
Ropes 2-19 .
Average 12,8 249
Mode 19,0 3.0
Std ® mv. 5 [ 3 2 2 [} 1
12




L. Yarn Ply. (Table II) Yarn ply ranged from 1 tc 7. The
average was 3 (numerically 2,9) and the standard deviation was 2
(numerically 2.1), The modal value of the yarn ply was 3 and the
next most frequent value was 1.

5. Yarn Twist, (Table II) The twist direction of the yarns
followed a typical pattern. In a ply construction, the conventional
twist direction of the singles yarns was "S" and of the ply yarns
uz®, When the yuns were unplied; the twist of the singles yarn
was "2", Thus, with a "2" twist in the unplied yarns, we had an
n8" twist in the strands and, finally, a #2" twist in the rope.

This was general in all of the eighteen experimental samples and the
control, However, as is discussed in more detail in the following
section, significant differences in yarn twist were evident in
about Lalf of the ropes, depending upor the specific location of
the yarn in the strand.

6. Yarn Distribution in Strand. When each strand of the
ropes was unlayed, it was observed that the yarns in thirteen of the
eighteen ropes (No. 2 through No. 19) distributed themselves between
what could be called the inner core and the outer layer. Later in
the report, in the discussion of fiber abrasion, photographs show
the outer and innrer portions of a single strand of Rope No, 2
(see Figure 3)., All of the yarns in the ocuter layer were fourd on
the surface of the strand and thus showed some evidence of surface
abrasion. These outer-layer yarns probably moved very little during
use, since their imnner surface showed lititle or no evidence of
atrasion., The yarns in the inner core did not come to the surface
of the individual strands at all and consequently did not come to
the surface of the rope, The inner-ccre yarns showed no evidence
of abrasicn,

As shown in Table II, of the thirteen ropes that showed the
core effect, seven were of a l9-yarns-per-strand construction, with
3 yarns in the inner core and 16 yarns in the cuter layer; three
were of a 10-yarns-per-strand construction., with 1 yarn in the
immer core and 9 yarns in the outer layer; and three were of an

yarns--per-strand construction, with 1 yarn in the imner core
and 7 yarns in the outer layer, Of the balance of 5 ropes which
did not show a core construction, three were cf a lC-yams-per-strand
construction and 2 were of a 7-yarns-per-strand construction, The
control rope was of a 10-yarns-per-strand construction, with 2 yarns
in the inner core and 8 in the outer iaysr. Ropes A and B (the
Bates ropes) were of a 19-yarns-perwstrand construction, with 3
yarns in the core and 16 in the outer layer, a distribution
characteristic of the other 19-yarns-per-strand ropes,
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It is of interest to note that in all of the ropes (except
Nos. 15 and 16) that showed an inner corc/outer layer type of

construction in which plied yarns were used, the direction of
twist observed in the inner core yarns was tne reverse of that
noted in the outer layer yarns., Thus. in the outer layer if the
singles yarns were "S" and the ply yarns were "2Z" then in the
inner core the singles would be "Z" and the ply yarms "S", 1In
Nos. 15 and 16 the twist was the same in bcth inner and outer
yarns,

The distribution of yarns between the inner core and the
outer layer has considerable significance in terms of reducing
the effect of surface abrasion on the strength of the rope,
As will be shown later in this report (see Table X), there was
a strong correlation between fiber abrasion and strength loss,
Since fiber abrasion occurs at the surface of the rope,
construction: in which the maximum number of yarns are situated
in the imner core wculd sustain the least amount of fiber abrasion.
In the case of the ropes in which 3 of the 19 yarns were in the
inner core, 15,7 percent of the total yarn substance was protected
from abrasion; this compares to 12,5 percent for the 8-yarn strands
and 10 percent for the 10-yarn strands; in both of which 1 yamrn
was in the center, From this standpoint, the control rope (T-916)
is superior to the others. having 20 percent of its total yarn
substance in the center (2 yarms out of 10).

The rope manufacturer can exercise same control in the
distribution of yarnsg in the sirand. The finer the yarns he uses
in the construction, the more yarns will form the inner core., In
addition, during the strand-making operation, the locaticn of the
individual yarns in the register will determine which of the
yarns will zo ic the center and which will constitute the outer
layer.

The relative importance of the inner-core yarns in supporting
stress and absoroing energy will depend upon the quality of the
yarns used as well as upon the position of the yarns in the strand,
particularly with respect tc the angle which the yarn makes with
the long directicn of the rope. The inner-core yarns that are
relatively straight as compared to the outer-layer yarns are the
first to participate in the stress-support mechanism; they
contribute a higher level of stress-becaring capacity to the rope
structure, However. if a considerable differential exists between
the elongation of the imner-core yarns and that of the outer layer
{(if the inner elongation is less), then it is probable that, upon
application of stress, the inner-core yarns will rupture first,
since they reach their ultimate elongation before the outer layer
varns do, In this situation. the level of stress support that
cun be furnished by the imner yarns will be equivalent to the load

at which the elongation or the outer layer yarns reaches the rupture-
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elongation point c¢f the inner-zore yarns.

It is possitle that surface - crasion in « rope can he decreased
by the oroper placement of yarns in the inner core and by the use of
yarns that will tend to misrate tonard the center as well as provide
optimum surface abrasion and enersy absorption, Such a development
will require careful investigation s.nce the mechanical interactious
are quite complex.

B, Mechanical Propertiy Cliangcs

1. Strengtih arc Elontatlor. The oreaking strength of
the experimental ropes ranczed from 1060 tc L4100 pounds (Table III),
The average was 2550 and the starcdard deviaticn €30. The minimum
allowable breaking strength in specification MIL-R-168CB (Rope,
Climbing, Nylon) is 3400 pounds for 1-1/4 inch circumference rope
and 2400 pounds for >.-1/8 inch circumference rope. The control rope
{T-916) had a breakwy strercth of 3980 pounds, Comparison of the
2xperimental ropes, all of wnich egualled or exceeded a 1-1/L inch
circunference, wit" the specification requirements :or a 1-1/L inch
rope shows that orl, one woulu st il mect lie reouiremints. Ilawever,
n'ne would meet the strenith reguirement for a 1-1/6 inea 1ope.
Only two of the ropes (Nos. 4 and 5) appearcd to have been in the
1-1/8 inch category when new, and uoth of thesc w.re below the 2L00-
pound requirement. Thus, it may be assumed at least in terms of
specification requirements, that there had tecn a si;nificant
~hineg in stree cth @6 2 rervit of e,

In srder ito anelyze the ropus, which varice wicdly i ori inul
mor hwolory and siracture. on a more comparaslic .asis, vreak:n~

len th measurencnts urre used as irvexes ¢ actozl sirearth,

(Drca” ‘ne len-th is relatively iade,cndent o' Lie weirht or density
of Lac materinls . wrovided that tiey are sosewhat hwmo-eneous with
respect to textile classificatioa,) Tre breaking length (that len:th
which would break under its own weight) of new type 30C nylon rope
was tale. 55 00,00 feet. In tcrms of the minimum specification
requirements, tne l-l7h4, 1-1/8, and 3/L-inch ropes would have
breakinz lensth requirements of 58,720, 55.000, and 49,000 feet
respectively, The 80,970 figure is well abovc these requirements and
corresponds to a siructure hv ving a tenacity of 2,5 :rams/denier.
Assuming an initial tenacity of 6.0 :rams/denier for type 300 nylon
fioer, a tenacity of 2.5 grams/dencer world represent a translational
efficiency of 41l.7 percect in .oing Irom fiber to rope. Since
Himmelfarb (&) reports a 45.0 percent translation efficiency for
nylon going Jrom fiter to rope, the 60.C00-foct breaking length value
aprears to be a reasonabie basis for comparison. Tac breaking lensths
of the test ropes ranred from approximatelir 30,000 to 72,000 feet,
the average bein~ spproximately L0700 a .d the standard deviation
10,020, The control was (0,000 feet or a proximately 12 percent less
than t'e 80.00 standard.
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TABLE III

Strength and EBlongation of Ropes

Strength loss
Sample Breaking Breaking based on Breaking
No, Strength Length Standard# Control## Elongation
(1b) (Tt) (%) (%)
(T=-916) control 3,980 70,050 12 0 50.0
Spe:ial "A" (Bates) 2,850 52,450 35 25.2 50,6
Special "B" (Bates) 3,370 61,000 2l 13.0 50.0
Experimental
2 2,125 40,600 51 k2.0 b5.5
3 3,116 56,200 30 19.8 L7.7
N 1,725 45,400 L3 35,2 L5.6
5 2,050 51,900 35 25.9 50,6
6 3,265 60,700 ! 13.3 51.0
7 2,375 44,900 Ly 35.9 sk.6
8 3,280 59,400 26 15.2 L9.0
9 2,460 liks ;500 i 36.5 L3.3
10 1,660 30,050 62 57.1 Lo.8
11 2,300 41,650 L8 Lo.5S L3.3
12 2,200 42,000 L8 Lo,0 L0.0
13 l,100 72,600 9 -3.6 49.1
15 3.000 57,300 28 18,2 45.8
16 2,700 52,650 3k 2,8 u2.6
17 3,000 5L 4300 32 22,5 k2.5
18 2,000 38,200 52 L5.5 L9.5
19 2,500 L5,250 L3 35.4 48.8
Avg of Experimental 2,550 48 ,6L0 39.2 30,6 6.7
Std Dev of Experi-
mental 630 10,300 12,9 .7 L.0
Type 300 Nylon rope
(std.) min spec req:
1% in,circum. 3,L00 35.0
1-1/8 in.circum. 2,400 35,0

% Estimated as 80,000-f{ breaking length for type 300 nylon
#% 70,050-ft breaking length of T=916 control
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Computation of strength loss, based on the 80,000-foot breaking
length standard, ranged from 9 to 62 percent, the average loss
being 39.2 percent and the standard deviation 12,9 percent, Four
of the ropes showsd strength losses greater than 50 percent, ten
lost more than LO percent, and 15 more than 30 percent, Based on
the T=-916 control the average strength loss was 30,6 percent and
the standard deviation was 1l.7 percent, Obviously, these ropes
had been subjected to a type of use that resulted in highly
significant loss in strength, It appeared that a major portion
¢f the strength loss could be explained by fiber breakage occurring
as a result of sbrasion. (See Results, Deteriorative Changes,
Fiber Abrasion,)

The elongation of the ropes at the breaking point, or "breaking
elongatio'n“ (iasie III), as estimated from measurements made at 20
and 50 percent of the ultimate strength, varied very little from
rope to rope, The range was from 40,0 to SL.6 percent, the average
46,7 percent and the standard deviation L.0 percent. The control
rope was 50 percent, or just 3,3 percent higher than the average
for the used ropes. The reduc.ion in elongation could be assoc-
iated with the mechanical conditioning that the ropes had been
subjected to in use, As pointed out above (discussion on circume
ference), repeated loadings over long intervals result in a
progressive decrease in the amount of residual permanent set in
viscoelastic materials, This decrease is usually accompanied by
an irreversible increase in the length of the structure and a
corresponding decrease in the rupture elongation. In experiments
with type 300 filament nylon yarn, Susich (9) found that elong-
ation at break decreased from 21.4 to 15.8 percent after mechanical
conditioning for 50 cycles at 80 percent of breaking elongation,
The immediate increase in length was 6.3 percent but this dropped
to 5.0 percent after 1 hour of relaxation, In terms of general
order of magnitude, the decreases in elongation noted for the
experimental ropes was consistent with that noted by Susich for
nylon yarn., However, the length per unit weight of the ropes, in
comparison with the control and specification requirements., appeared
to be higher than could be accounted for by mechanical conditioning
alone, particularly since the conditioning certainly must have been
at much less than the 80 percent level used for the nylon yarns.

2. Energy-Absorbing Ability. In mountain climbing rope,
an important performance parameter is energy-absorbing ability,
which is fundamental to the arresting of a fall (10). In a static
type of belay, the rope must completely absorb the kinetic energy
of the fall, In a dynamic belay, friction of the rope sliding over
a support absorbs some of the energy, reducing that which must be
absorbed by the rope in stretching, In either circumstance, the
contribution of the rope to energy absorption is a function of both

17

Y

~




ik,

PR

»

its strength and its elongation, If the stress-strain curve were
perfectly linear, the energy would be one~half the product of the
breaking strength and breaking elongation. Since the stress.
strain curve in ropes is not linear, the energy equals the area
under the stress-strain curve.

For the ropes in this test, the breaking elongations were
quite uniform. The average value was h%.? percent with a small
standard deviatior of 4.0 vercent. Breaking strengths varied
widely. The average was 2 550 pounds and the standard deviation
630 pounds (Table ITI), Consequently, the variation in energy-
absorbing ability was related more to the variations in strength
than to the variations in elongation.

Because more energ is required to stretch 2 feet of rope
than to stretch 1 foot of rope. the energy results (Table IV)
are given in terms of foot-pounds per foot or, as an alternative;
of foot-pounds per pound of rope. The average enerzy expressed
as foot~pounds per foot was Lhl, with a standard deviation of 138;
the average energy expressed in foot-pounds per pound was 8486,
with a standard deviation of 2434, The coefficient of variation
for foot~pounds per foot was 31,1 percent and for foot-pounds per
pound 28.7 percent., Equivalent coefficients for breaking strength
and elongation were 2,8 and 8,6 percent. The relatively closer
agreement between the coefficients for energy-absorbing ability
and breaking strength than between the coefficients for energy
absorption and elongaticn would tend to confirm the observation
that the changes in strength during us2 influenced the energy-
absorbing ability of the ropes to a greater extent than did changes
in elongation.

Energy losses, computed on the basis of the 23,800 foot-pounds
per pound energy-absorbing ability of nylon 300 at a breaking length
of 80000 feet ranged from LL.0 to 7L.6 percent, with an average of
6L.L percent and a standard deviation of 10,2 percent. Energy
losses, computed on the tasis of the T-916 control rope, ranged
from none at all to 68,3 percent, with an average of 33.0 percent
and a standard deviation of 20,1 percent. In fact. one of the used
ropes {No. 13) had an energy-to-rupture, in terms of foot-pounds
per pound, that was 6.1 percent greater than that of the control
rope., In terms of this fundamental concept of rope performance;
many of the ropes had reached the point where their serviceability
was seriously impaired and where they should have been withdrawn
from service.
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TABLE IV

Energy-Absorbing Ability of Ropes

Energy Loss
(based on {based on fte
23,800 1b/1b of T=916
ft-1b/1b control)
standard
Sample for type |
No. Energy to Rupture 300 Nylon
- { ft—ib?fti (Tt-1b/1b) 4 ; 1Z)
(T-916) Control T 12,566 L7.2 0
Special "A" (Bates) 513 9,439 60,3 24.9
Special "B" (Bates) 622 11,258 52.7 10.4
Experimental
2 316 6,036 7h.6 61.7
3 547 958L6 58.6 21.6
N 306 8,048 67.2 36.0
5 389 9,842 58.6 2L.7
6 6l1 11,923 50.0 5.1
9 326 5,901 4.6 53.0
10 220 3,982 83.3 68.3
11 ¥%0 . 6,516 72.6 L8.1
12 319 6,093 Th.b 51.5
13 753 13,328 Lk .0 6.1
1 367 6,643 72.1 L47.1
15 598 11,422 52,0 9.1
16 511 9,965 58.1 20.7
17 478 8,652 63.6 31.1
18 36l 6,952 70.8 Ll 7
19 480 6,658 63.5 30.9
Avg of Experimental Llk 8486 6l.l 33.0
Std Dev of
Experimental 138 2,434 10,2 20,1
19




3. Hardness, Hardening of rope i: not necessarily an
indication of deterioration; it appears to be related to changes
in physical properties arising from the interaction of complex
force systems, It is believed that, under same conditions,
hardness may increase during normai storage as a resuit of a
previous history of heat-setting, The extent of heat-setting,
in terms of time and temperature. may influence the amount of
hardening which occurs, but no studies have been conducted to
relate different degrees of heat-setting with subsequent hardening,
The hardness of the experimental ropes ranged from 17 to 140
pounds {Table V), The average was 52.2 pounds and the standard
deviatior 27.2 pounds. If the high value of 14O pounds is
eliminated, the range of hardness was from 17 to 69 pounds.
Undoubtedly, the 1L0-pound value indicates that this rope was
simificantly different from the others.

Although hardness does not appear to be gignificantly related
to deterioration, it is certainly important in the functioning of
the rope. The subject of hardness and its significance and
relationship to rope processing parameters dsserves attention and
should be investigated in detail, (For a related study, see
Appendix C.)

o Stiffness., The stiffness (bending length) of the
experimental ropes ranged {rom 3.66 to 8,58 inches (Table V), The
average was 5,90 and the standard deviation 1,43 inches,

The relationship between hardness and stiffness is rather
complex, While hardness, as measured in this study, involves a
centripetal~type forze which is directed toward the central axis of
the rope and must be overcame by the marlinespike as it is forced
between the strands, stiffness represents the ability of the rope
to bend under its own weight, In this series of ropes. where the
linear density range was narrow. the major factors determining
stiffness were inherent in the fibers and in the rope structure
itself, hence both these factors contributed to hardness as well,

The association between hardness and stiffrness is demonstrated

by a coefficient of correlation of .57, of which 32 percent of the

variance is explained by the relationship between the two variables.
This modest cor-elation indicates that common features must have
influenced these parameters,

That other variables also exerted an influence becomes very
evident when one compares the hardness and stiffness of ~:go No, 17.
The hardness of this rope (1L0 1b) was much beyond that which would
have been predicted from its stiffness,
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All of the ropes were stiffer and all tut one harder than
the control, which emphasized that stiffness and hardness are
functions of use and storage conditions. It is not obvious
from any of the data what the intrinsic clanges in the ropes
were which led to the marked increase in hardness and stiffness,
but two of the factors that might have becn responsible were
changes in the fiber from exposure to the elements or from
storage, and compacting of the fibrous structure in the yarn
from weathering. shrinkage, or mechanical conditioning., A
detailed study should be made of the mechanism of stiffening
following processing, use, and storage in crder to determine
those design parameters which could slow down the rate at
which stiffening occurs,

5. Knotting Ability. The maximum force required to tie
an overhand kno% in the ropes ranged from 7.2 to 81.5 pounds
(Table V). The average force was 33.7 and the standard deviation
was 19.1 pounds,

On the basis of a 2~-inch length of rope tied into a 2-1/}4
inch knot, it would be expected that the effective distance, which
is the controlling factor in energy consumption, would be relatively
constant, For the greater part of the knot-iying process, this
was the case and 1 maximum force build.up did not occur until
the end of the test, However, the value of the dimensional changes
occurring near the end of the test varied appreciably from rope
to rope and led to energy consumpiion that was not exactly propor=
tional to the maximum recorded force. The energy consumed ranged
from 16,05 to 182,40 inch-pounds. The average energy was 72,30
and the standard deviation was 42.30 inck-.pounds. The control rope
registered lower in maximum force (7 1b) and energy consumption
(10 in-1b) than any of the experimental ropes; so, again, use was
found to increase the test wvalues.

6. Compressibility. The compression data obtained from
the ropes appears to closely related to the knotting data, The

compression force ranged from 9.5 tc 39,5 pounds. The average was
19.6 and the steondard deviation 8.6 (Table V). As was noted in
the knot tests, the control rope had the lowest value, Thus it
appears that all of the factors relating tc the inherent mobility
of t'e rope structure are influenced by use in much the same way
as are the strength characteristics. Acccrdingly, from the
standpoint of rope efficiency, 1t would be expedient to pay more
attention to achieving a structure in rope desizn that, with
continual use, will sustain the least amount of strength loss and
the least increase in stiffness,
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C. Deteriorative Changes

1, Fiber Abrasion. As pointed out under the description
of test methods, fiber abrasion may be caused by many factors,
but the ultimate effect is the same: the breaking strength of the
rope is reduced and there is a corresponding reduction in its
energy-absorbing ability. Among the experimental ropes, the range
of percentage weight loss was from zers for rope No, 13 (the r
that had a higher energy-abgsorbing ability than the new control
to L5 percent. The average was 26.1 percent and the standard
deviation 12,9 percent (Table VI)., The correlation coefficient

TASLD VI

Age, Use Index, and Fiber Abrasion of Eightecn Ropes

Product of Use
Sample No, Age Use Index Index and Fiber Abrasion
(In years) “(Rater W) (Rater W; {7 waight loss)«
Std (T=916)
Control 0
Special "AM
(Bates) 20
Special AL
(Bate-® 10
Experimental
< 19 182 3458 Lo
3 16 109 174k 15
N 1l 166 2324 30
5 11 150 1650 25
6 18 152 2736 15
7 12 200 2400 25
8 13 135 1755 10
9 16 95 1520 35
10 18 220 3960 4o
11 18 60 1080 30
12 18 180 3240 Lo
13 1 20 280 0
Uy 1 200 2200 45
15 10 60 600 20
16 13 100 1300 15
17 p 140 1960 20
18 6 200 1200 L5
19 18 180 3240 20
Avg of
Experimental  1l.i 1.6 2040 %.1
3td Dev of
Experimental 3.6 56,8 1010 12,9
igounaea out to nearest 5%
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A detailed analysis was made of rope No, 2, which had a strengtn
loss of L2 percent, to account for its high loss in view of the
absence of simnificant ultraviolet deterioration and only visual

evidence of surface abrasion. From the -ross appearance o. this rope,

it could be concluded that only a small portion of the surface fibers
had been seriously abraded and that a substantial core of unabraded
fibers should axist, But, when the rope was unlayed and each strand
was untwisted to show its inner structure, only three of the nine-
teen yarms comprising the strand were found to be free from abrasiun
(Figure 3b). The balance of sixteen yarns all appeared at the sur-
face of a short pertion of th» rove, due to migration of the yarns
in the strand and to the path of the strand in the rope structure
itself, Thus, fiber brezkage at any point on the surface could
seriousl; influence the strength of each of the sixteen varns and
consequently of the whole strand anc rope.

2, Nylon Fluidity and Ferric Chloride Soluwility, The
nylon fluidities ovbtained from different areas of the Bates ropes
(A and B) and from the control rope are given in Table VIL Rope A
showed an av.rage increase in fluidity of 0,1 rhes and rore B of
0.2 rhes., Neither of these increases is indicative of chemical
deterioration. Because a comparicon (11) of tensile loss vs. fluid-
ity for nylon tapes that had been exposed to sunlight (ultra-violet
radiation) revealed that fluidity at this level is not reflected in
any strength loss, the strength loss and hardness changes observed
in these two ropes must have arisen from causes other than exrosure
to sunli-ht,

TABLE VII
Nylon Fluidity of "Bates" Ropes
4¥¥hes)
Rope A Rope B Control
Tnside Outsice Inside Outside 1Inside  Outside
TS STTRE
area
[P g) 1.5 1.,5 1.6 1.? 1@24 loh
reeoo
arns 1.5 135 1,7 1,5 - -
2L
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¥
a, Outer portion
b. Inner portiomm
Figure 3, Outer and inner portions of a single strand -
of rope No, 2, showing inner core construction -
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AlL of thkc rones 1n this ser.cs Zost less the
their ori:inal weL'ht in the ferric chloride sc lxuxl ty test; this
indicates no siznificant weathering domosz. Tt 15 provable +h“.,
if the lerric gloride test had been linited to tug outcy f'ievs of
the rope, hicher solubtiiiiles would have bLecn measuredc Howe'rer,
since gross deterioraticr of the rope siristure was the majo -

riterion of inverest, 1t 1s assumed that "eatqurln' ¢id no¢ have
an important influcnce on fun:tional properties,

n 5 percent of

3. Fil'ment Structure Damage, Figure & shows a 10x
magnificatics of +he contro. rope (Ficure La) and twe similar
mamifications of rove As  one (Ficurs Lb) teken from an unabraded
area rcer the end of the rope, anc one (Fi-ure he) t-ker from an
abraded arey, In tiw abradzd area ¢f the rope. ¢in 1o tilonments
appear separated from the yarn body, The rumber ¢ thesr [iloments
is a fuanction of the degree of ddﬂ1,~° Near the end cf the rope,
where it was not subjected te any significant abulesive action, very
few sinle filanients appeared, Merecs rov the abraded area many
broen filaments ucre detested,

Fiqure © s'ous a &M mamificalior o sinjle filanents removed
from the control and rope A. The control rope (Figure 5a) shous
perfectly urilerm Dilarents and no disturtance of the suvrisce struc-
ture. Rope A (Fijurs 5%) shows evidence of a thickenin nz at the
broker filiment end., {ibrillatios of the fiber surface, and, in some
instances n»t showr. on the photograph. there was a stlcking together
of broken fiber ends,

i, Changes in X-ray Diffraction Patterns, Ficure 6 shows
X-ray diffrection paiterrs of fiber bundles remcved from the control
rope and Irom Camaged areas of rcpes A and B, The pattern for the
control rope 1; tyrical ¢f an oriented fiber pattern of hich tena-
city nylon. While the pabtterns for the other two ropes (A % 3)
appear :@ncwhat diireren’, frem that cf the control, it ‘s believed
that these differences may have arisen nore from the difficulty in
handling tne damaged areas than from any effect on the crystal

5

latticec of t»c nrlon whizh =ay have been induced by the damage,

For examole. the interfcrenne sroo with ‘g moxinmg are s:mptomatic
~f S5 fMeultics wn tae nrorory i oetnt' oL icnt and E“OPcn {'iber
ends; tne presence of the diifuvse nterlerense pattern of the rope
153 21so belicvca Lo be a testin ~rivisct,

Te resulis of th: spesific analysus mace on the Lates ropes
con‘irmed tne cvidence of the zbsence ol solar radiation damase in
the other ci1-hteen ropes. The photo raphs alse confirmed that there
was fiber breakaye due to abrasion and they showed the manner in
which such breakaze cccvrs. Thi. breakage could account for the
observeﬁ loss 1.. the stren th of the ropes. The X-ray datz =re not

indicative of any particular trend and nc irndications were found of
the possible cavse of the ctiffen’n- »f - rones,
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Control Rope B Rope A

Figure 6, X-ray diffraction patterns of fiber bundles

D. Correlation Between Objective Data and Use Histories

It was assumed, initially, that the extent of deterioration in the
ropes as measured by strength loss, energy loss, and fiber abrasion would
be a reflection of either the amount of use to which the rope had been
snbjected or the age of the rope. It was found that age was not a
significant factor in governing deterioration but use history was (Table
Vi). The degree of correlation between use and objective measurements
of deterioration could have been influenced by a number of factorss
the validity of the use history; the validity of the interpretation of
the use history by the rater; and, of course, the significance of the
relationship between the use history and the objective measures,

Eleven of the eighteen ropes had use histories that were found to
be quantitative; seven had histories that were more qualitative than
quantitative (Appendix A). Accordingly, correlations were made (Appendix D)
using all eighteen samples (Table VIII) and only the eleven that had the
more complete histories (Table IX). Three raters (W, P, and J) were
used to compute” the Use Indexes of the ropes. They agreed that the
Indexes would be arrived at by counting the total days of use using a
Jjudgment factor if days were not explicitly stated, For example, rope
No. 2, with documented use during a) three l-month climbs (90 days)

b) two climbs per month for 3 years (72 days) and c) occasional use
around the house over a 19-year period (20 days) would be considered
as having a use index of 182, Despite this understanding, agreement
between the raters for the rest of the eighteen ropes was not good;
thzscorrelation coefficients of their Use Indaxes were 0.24, O.4k, and
0,65,

However, for the ll-sample group, which was based on more quantitative

use histories, the correlation coefficients between the raters were 0.61,
0,66, and 0,87, Using Fisher's Z-transformation (Appendix E) to test

the significance of the differences among these correlation coefficients,
it was found that in the 18-sample study the three coefficients were not
significantly different fram each other, the greatest difference being

1.6 standard deviation. However, in the ll-sample study, the differences
were even less, the greatest being 0,74 standard deviations.

29

i




While; on a strictly statistical basis, the correlation
coefficients for the Use Indexes were not significantly different
among the three raters, the corrolation coefficients between the
objective test measurements and the Use Indexes were quite different
among the three raters.

TABIL, VIIT

Corrcleiion Coetficicnts (avove 0,570)
Letween Use Index and Ubjeclive heasures
of Bichteen-Rope Series

Rater (W) Rater (P) Rater (J)

Use Index
Bater (W) 0065 -
Rater (P) 0,65 -
Rater (J) - -
Breaking Strength (1b) -0,65 -0.55 -
Breaking Length (ft) -0,65 -0,52 -
Strength Loss (%)
'-F%bse on 80,000-f+ 0.66 0.51 -

Based on breaking
length of T=916 cantrol 0,65

Energy to Rupture
(fé.-'fb/ £t) =0.57 - -
(£t-1b/1b) -0.53 - -

Energy Loss (%)
Based on 23,800

ft-1b/1b 0.54 - -
Based on ft-1b/1b
of T-916 control 0.5L

Fiber Abrasion {(4) 0.60 0.55 -

Note:; (- indicates a correlation coefficient below 0.50.

The correlations were based on those characteristics that appeared
to be related to deterioration, i.e., changes in strength and energy
and in the amount of fiber abrasion. (In a preliminary trial, haraness
showed such poor correlation with the Use Index for all three raters
that correlations were not made for it or for the related factors of
stiffness. knotting characteristics, and compression.)
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TABLE IX

Correlation Coefficients Between
Use Index and Objective Measures of
Eleven-Rope oeries®

Rater (W) Rater (P) Rater (J

Use Index
Rater (W) 0.87 0.66
Rater (P) 0.87 0.61
Rater (J) 0.66 0.61 )
Breaking Strength (1b) -0,72 ~0,73 -0,53
Breaking Length (ft) -0.72 ~0,T1 =0,62

Strength Loss (%)

Based on 80,000 ft

break ing length 0.72 0. 71 0.62
Energy to Rupture
t-1b/f%) -0.72 -0.,70 -0.60
(£t-1b/1b) -0.67 =0.64 ~0,65
Energy Loss (%)
Based on 23,800
ft-1t/1b 0.68 0.64 0,66
Fiber Abrasion 00 77 0076 oo 50
T The elr¢n-rope scrics represented those ropes
havin s mere enentitelive use histories

In the eighteen-sample correlation study, the correlation coeffic~

ients with the objective measures ranged from 0,53 to 0.66 for Rater

W, from 0.35 to 0,55 for Rater P, and from 0,05 to 0,15 for Rater J.
Thus, although the Z-transformations showed good agreement among the
three raters in the correlation coefficients of the Use Index, the
actual data in the ei~hteen-sample correlation study indicated a
difference in the rating tendencies of the raters. In the eleven-
sample correlatiom series, the results were quite different, The
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correlation coefficients ranged from 0,67 to 0,77 for Rater W, from
0,64 to 0,76 for Rater P, and fram 0,50 to 0.65 for Hater J.
Obviously, the correlation coefficients improved when the Use Index
data were more quantitative,

When the good correlation of the eleven-sample series is taken
into consideration, and the relatively fair correlation of the
eighteen~-sample series, it becomes apparent that deterioration was
related to the use of the rope. Thus, it can be assumed that the
longer a rope is used, the greater will be its deterioration.

Using the data obtained in the eleven-sample series, it is
possible to find Use Indexes which correspond to different degrees
of deterioration. These relationships could be used as a basis for
establishing cut-off points in the use-life of a rope, beyond which
additional use could become hazardous. For example, if a 30-percent
deterioration, in terms of strenzth loss, is considered to be the
maximum tolerable amount from the standpoint of safe perfommance, it
can be determined by reference to Figure 7 that this corresponds to

458

240+

2001 &

160 -

f

USE INDEX
(OBSERVERS W, P AND J)

f CIRCLED VALUES REPRESENT
AVERAGE USE INDEXES,
LINES THE RANGES.

L 1 d 1 I
hJ L) LN 1

10 20 30 40 80 €0
STRENGTH LOSS %

i
0 1 T

Fizure 7, Correlation of Usc Index With strength loss
(11-rope scries)
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a Use Index of 150 days. 24 c

associated with climbing ropes and. after a fixed number of days of
climbing use. the rope ~ould automatically be retired from service.
However, the data in this report are not sufficiently extensive to
permit an unqualified statement as %o thc validity of the Use Index,
Nevertheless, as an initial control measure, it might be well to
consider disqualifyin-; ropes from further use after 100 days of
field climbinz use,

As mentioned, correlation of the various cbjective measurements
with the chronologrcal age of the rope in years was not meaningful,
The correlation coefficients found for strcn~th, abrasion, and
energy ranged from a low of 0,01 to a high of 0.24. The age of
the ropes ranged from 6 to 19 years (Table VI), with the average
age being 1lh.L4 years snd the standard deviation 3.6 years, Five of
the ropes were 18 years old. causing a clustering of values at this
age that might have added to the difficulty of finding a correlation
with age, Nevertheless. there was a sufficiently brecad range of
ages to demonstrate that age alore cannot oce considered the chief
cause of degradation, When the Use Tndex and age were multiplied
together. a factor was obtained which showed a better correlation
with deterioration than did age alone. This would be expected
because c¢f the high ccorrelation between use and deterioration.

There is no basis for assuming that any real interaction exists
between a~e »nd use hisiory,

B, Correlation Between Objeztive Measures

Some of the correlation cecefficients obtaired between the
objective meacurements made in this study (Table X) are discussed
in general terms belows

1., The knot tying force (in pounds) is significantly
(r value of 0.93) relafed to the knct iyinz energy (in inche=pounds)
required, and somewha’ (r value of 0,69) related to the campression
force,

2, The ot ;v cnergy is fairly clesely (r value of 0,78)
related to the cro. | :c¢q:ired to compress a locp of rope compression
energy. Apparently knotting invelves a complex interaction of tensile,
compressive, and bending forces, which make the prediction of knot-
holding ability rather difficult.

3« The force (in pounds) required to compress a rope to
2-1/2 times its thickness (compression force) is significantly
(r value of 0.93) related to the compression energy (in inchepounds)
required. The high variability of the ropes in strength and the
low variability in elongation, making energy differences more closely
related to strength differences. appears to carry over to the knotting
and compressicn data alsc,




4. Hardness is fairly closely assoc:ated with both tie
compression energy (0.04) and compression force (0.066), hut is
slightly lcss closely related To bending lenzth (stiffness) (0.57).
The fact that so many of tihe correlation coefficients related to
Lhavrdness, bending length, and knotting characteristics are either
highly or fairly signifiicant suggests that these parameters could
prove to be a fruitful area for further study. It is probable that
more intensive analysis vould provice clues to the serious problem
of 1vpe stiffening anu the reauction in knot-holding ability.

5. The signivicant correlation between strength loss and

cnercy loss (0.(7) provides further evidence that deterioration of
he ropes was a result of changes in strength and not in elengation.
In addition, the equi.alent correlation (r value of 0.f7) between
strencth loss anu fiver abrasion enables us ¢ conclude that the
strensth loss sustainec oy the rope 1as a uirecht consequence oi thc
surface abrasion of individual {ivers, anc that their cutiinz,
fracture, and rupture was trarsiated inte a correspendin:, reduclion
in stren—-th.

6. The inverse relationship (-0.69) between caircumference
and linear density may have scre significance., The fact that it is
not even nigher indicates that some external factor, such as the
observed surface abrasion, must have been operating to increase
the circumference of the rope withcut a corresponding change in its
lincar densitr,

TABLE X

Correlation Coefficients Between Various Objective lleasures
of Lighteen-iope Series

Knot Knot Compres-
Tying Tying sion Hard-  Strength Circum-
Force Ener-y IForce ness Loss ference

Knot tying encrgy 0:93

Compression enc: - S TR IR TS IR

Co.mrensica lovee  1.o9 C.36

Sbivinese J2.57

Energy loss 0.67

Fiber abrasion 0.87

Linear density 069
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Identification: No. 2 (SBH).

7/16 in. Nylon. 120 ft.

Age: 1945

i. Used in three one-month summer climbing occasions (3 years)
in Western Canada. These involved rocks, snow and ice.

2, Then used on local rockclimbing .reas (Washington, D, C,) for
about 3 years; estimated 2 days per month throughout year,

3. Subsequently retired to occasional utility use around house:
painting jobs, used to secure ladders, tree surgery work, On tree work,
served to lower cut limbs of several hundred pounds weight.

Storage: Kept in a basement locker in D. C. area, cluse to cement floor;
summers very humid, This sometimes resulted in fungous growth on rope.
Never exposed to solvents,

Identificat.on: No. 3 (AEP)
7/16 in, Nylon. 120 ft.

Age:  1947-1948 (estimated; not exac:ly known).

Use: 1. Used on one intensive mountaineering trip of l-month duration
when new; this involved rccks and snowfields,

2., Tren used 1 to 2 years for rock climbing in Washington, D. C.
area, 2 to 3 days per montn throughout year, I{ may have been uscd in a
few cave trips.

3. Next used as safety rope when cleaning gutters and repairing
roof from about 350 to 1957; est‘wmated 4 dayz per year, Not used since
then,

Storage: Kept coiled, usually ha'ging from a 20 d, spike in dry attic
in Washington, D, C.; reached high summer temperatwres (at least 100-

12097 at times) and normal D, C, hrwmidity; cold and dry in winter, Never
stered in a small closed cpace and not exposed to solvents,
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Identification: No. & (JLS)
3/8 in, Nylon, 120 ft.

: Purchased 16 June 1950

1

<
a
®

1. Used as climbing rope 1950-1956 at local rock climbing areas
near Washington, D. C,, approximately 2 days per month,

2. Used on 3 week expedition to Canadian Rockies (Lyells) in 1954,
Much of this use was on snowfields,

3. Last used in 1957 as hoist to pull 14 ft, rowboat up steep bank,
L4, Rope has never been used in caves,
Storage:

Summer: Usually kept in clothescloset of a ground floor apartment
in Washington, D, C. area; occasionally left in car trunk during week,

Winter: Kept in car tiunk.

Identification: No. 5 (MIX)
7/16 in. Nylon. 120 ft.

Age: 1953

Use: Used quite regularly foar rock climbing on week-ends for 3 years,
in Washington, D, C, area., Climbers have been caught by it many times
but never in a severe free fall,

Starage: Generally stored in a dry and dark closet on second floor of
apartment in D, C, area, Occasionally, it has been left from one week-
end to next in rear of station wagon.
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Identification: No. 6 (HFS)
- ~ 7/16 in, Nylon. 120 ft.

Age: Early in 1946

1. Used extensively for weekend rock climbing in Washington, D. C.

2, Colarado Rockies in 1949 and 1950, about 1 morth each year.

3, In 1950, it was lost in Colarado Mountains at 12,000 feet for
10 days.

4, Also used for tree surgery and has been left iu trees for
several days at a time on several occasions.

Storage :

Jenerally kept in an cpen place (on shelf) in dry basement, --
normal D.C. humidity. Not stored in a closet and not exprsed to solvents,

NOTE: This is an Army rope bought a few months after World War II.

Identification: No., 7 (H. & J. K.)
?7/16 in. Nylon, 70 ft.

aye: Purchased May, 1952 {odd length from an Army coil).

Use:

"Rope was put in service in June, 1952. It was used extensively
in lead rock climbing for a period of five years. It held no bad falls
during this time. However, the rock on which it was used is an extremely
coarse granite with high abrasive qualities,

"During this time, it was used for very little ice and snow climbing,
and consequently, has bhad comparatively little wetting and fr_esing.

nSince retirement from use in climbing, the ro~e has been used for
belay practice. The belay practice rigging had a 6 in. sheave instead of
a carabiner for the rope to run over {(a wooden sheave)., The dummy in use

weighed approximately 165 pourds, Twenty to twenty-five falls varying in
height from 10 to 20 feet of free fall, were held. The rope shows

scorching and fusing where 1t ran over the pulley in stopping these falls,
Storags:

*During the 6-1/2 years we have had the rope, it has been stored in
our truck, There it hu» Been protected from rain and snow, but has under-

gone extreme temperature changes, Temperatures in the truck have varied
frok well over 100% to minus 30°F,"
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Identification: No. 8 (T™MS)
T 7/16 in, Nylon. 120 ft,

Age: October, 1951

Manufacture# by Plymouth Cordage Co,
Bought Oct, 1951 from Abercrombie & Fitch,

1. Mountaineering trips in Western U.S. 1953 & 1955.

2. Also used on weekend trips around Washington, D, C, U
climbing and rappelling, ' ned for

3. Eas been used in Potomac River, while swimming, several times,

4, Ir 1955, it was stretched excessiv in making an aeri
traverse; since th;t time, it has seemed nnus::’ily stiff, -

Storageg

Since 1951, rope has been in trunk of car about of time
usually draped over spare tire. o '

Identification: No. 9 (EM)
- 7/16 in. Nylon. 105 ft.

Age: Bought in 1948 from a largs lot scld by Plymouth Cordage (1) to
Chris Scoredos of Washington, D.C.

Use:

1948-1952, Local weekend rock climbing; took several static falls,
(Seven foot dynamic fall in 1950),

1951. Taken on trip to Western mountains but not extensively used.

1952. Rope retired from service, but used 2 or 3 times since then,
diorage:

When used, normally carried on outside of pack exposed to sunlight.,

Generally stored in dark bedroom closet in Washington or New Haven,
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Identification: No. 10 (AW - Rope A)
7/16 in, Nylon, 120 ft,

Procured approximately 1946,

]

o]
7]
[ J

Not used 1946 -~ 1948,
Used extensively from 1948 to 1958,

It has been used almost every year on one-month mountaineering
expeditions involving snow, rock and bush. From 1953 on, it was also used
extensively for local (D.C.) rockelimbing, principally on mica schist and
quartzite rock., It was used once on a trip into Schoolhouse Cave where it
was employed as a fixed rope (down a mud slope). It has been used in rap-
pelling and belaying and has been exposed both to sunshine and rain,

In 1958, after cave trip, it was washed in a stream to remove cave
mud and air dried. It was observed after this trip that rope showed signs
of disintegration near one end. This had not been observed Lefore entering
cave but was observed immediately on exiting from cave; this could not be
correlated with any known use or strain., Rope was retired after this cave
trip.

Storage: Up to 1953 or 1954, stored indoors.
Since then, rope has been stored on a screened back porch, open to

atmospheric conditions but sheltered from rain and, to a large extent,
from direct sunshine,

Identification: No. 11 (AW - Rope B)
7/16 in. Nylon, 120 ft.

Age: Procured approximately 1946.
(Same time as No. 10)

Use:

Used only 2 few times on local rock climbs from 1946 to 1953.

Since 1953, it has been u3ed primarily on axpedicions, with
occasional use on local rock climbs, Most of use has been in last two
vears, Totsl use comparatively limited compared with Rope No. 10.
Storage: (Same as Rope 10)

Up to 1952 or 1954, stored indoors.

Since then rope has been stored on a screened back porch, open to

atmospheric conditions but sheltered from rain and to a large extent, from
direct sunlight,

~
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Identification: No, 12 (JM)
?/16 in, Nylon. 120 ft. (Columbian mfr.)

Acquired in summer of 1946,

1

c
1.
e

1. This rope has had a more varied career than perhaps any of this
first group.

2. Use has included:

a) Three 2-3 week mountain climbing trips,

b) Seven years of local (D.C.) rock climbing; this has been
occasional weekend use,

¢) It has been used as a safety rope in river swimming and on
rubber boat trips. Owner has done considerable white water boating.

d) It was used once in heavy surf after a hurricane(salt water
immersion). It was used to tie a group of men together; there were no
severe strains but considerable sand abrasion.

e) Rope has been subjected to wet freezing.

f) Most extensive use has been in cave climbing, It has been
used several times each year on such trips.

g) Cave use loads rope with clayey mud. This has been removed
by washing in a washing machine, ~- using "Tide" detergent. Deying was done,
promptly after washing, in a well ventilated basement.

h) Rope may have been used once to tow a car.

Storage: Storage has been in dry basements between trips.

Identification: No. 13 (AEP)
— 7/16 in, Nylon. 120 ft,

Age: Probably purchased in 1350 or 1951, (A survey of cancelled checks
could pinpoint this if necessary).

(o=}

Jse:
1. This rope nas seen very little use.

2. It was used perhaps half a dozen times on local rock climbs
up to February 1959.

3. It had a very stiff and inflexible "feel",

4, Used in one cave trip in February 1959; it was used in lining
packs aoross a gorge and also as a safety rope. It came out completely
soaked with mud. After trip, it was washed and dried.

S. This rope is submitted ac being an almost unused specimen,

Storage: Stored colled in a dry atti: in Washington, D.C., nearly
always hung from a spike; no paints or -olvents were involved,
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Identificatiorn: No. 14 (JFC)
7/16 in, Nylon, 120 ft. (Red center mark made with
Higgins red india ink; one end is blue,)

Age: Purchased May 1953.

Use:

1. Estimated 30 days rock climbing in 1953
50 " " L] " 1954
Lo » " n " 1955
10 days mountaineering in 1955
50 days rock climbing in 1956
10 " L ] L 195?
3 n " n " 1958
Not used in 1959.
Total: 183 days rock climbing; 10 days mountaineering.

2. Typical rock climbing has been practice climbing in nearby D.C.
areas and on Seneca Rocks in West Virginia. It was used one day in School-
house Cave,

3. Mountaineering has been in Grand Tetonms.
4, It has been used on 2 climbs of Devil's Tower, Wyoming.

5. Rope caught one free fall of 15 feet for 150 pound man, Rops
ran through 2 caribiners, perfect dynamic belays; one channel piton was
bent. Man had single loop arourd waist; he was not bruised, so Judges
that stress could not have been too great,

6. Another free fall involved another 150 pound man. Fall was about
10 feet. Rope passed through one carabiner and around smooth rock. Belayer
(J.F.C.) hardly felt shock; most was taken up by friction oa rock.

7. Rope has been used on about a dozen 2 to 3 foot free practice
falls,

8. Rope has rarely been dragged over rocks when climbing.

Storage: Always stored in normal coiled condition. Usually hung on a peg
in room with indirect lighting (no direct sunlight) reaching rope. It was
stored for a few months in a small ventilated closet on top of camping
equipment. No Listory of exposure to solvents is known, Storage was in
usual ambient indoor tempermtures for D.C. area.
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Identification: No. 15 (Ba-1) -
= 7/16 in. Nylon. 120 ft.

Age: 10 years
Use:
1., Used for climbing each year in 19 year life,

2. Climbing has been mainly on rock in Tetons, but also some snow
and glacier work,

3. It has become water soaked many times but "seems to retain its
supple characteristics.”

Lk, Never subjected to any axcessive strain, such as in free falls.
5. Used extensively for rappelling, doubled, through carabiner.

Storage:

Practically always stored in dark and dry places between periods of
use,

Identification: No. 16 (BA-2)
— 7/16 in. Nylon. 120 ft,

Age: 13 years.

Use and Storage:
1. Rope was used in climbing for first 7 years.

2. "Since then, it has been used inside of a large hay barn, to
hold the heavy hay door up in place. For that reason, it has been under
tension over about 75 ft. of its length for the past § years, -- stretched
with no support from beneath., In this spot, it has received considerable
moisture from exhaled vapor from cattle below during winters -- has been
dry during summers".

NOTE: This could be 4an interesting specimen., In an earlier letter,
Mr. Adams estimates there was about 50C pounds tension on rops. (AEP)

L5
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Idgntification: No. 17 (ACL)
7/16 in. Nylon, 120 ft.

Age:
Purchased Dec. 1950 from Plymouth Cordage.

Use:

1, Weekend rock ciimbing use: "It was used about 3 times a month
in 1951 on Sunday or weekend practice climbs on schist or quartzite in
D.C. area., From 1952-54, it was used about once a month on weekend prac-
tice climbs, usually on Sierra granite or in Southern Califcrnia practice
areas, seasons)ly on Sierra snow., From 1955-58, it was used about once a
month on D.C. practice climbs".

2. Expedition type climbs:

1951 - Devil's Tower, Wyo., Sustained one 20 ft. free fall.

1952 - Canadian Rockies, Assiniboine Area, mostly on snow.

1953 - Waddington area (Coast Range, British Columbia), mostly on snow,

1954 -~ None.

1955 - Mt. Whitney, California, area, mostly on rock,

1956 - None.

1957 - None,

1958 - Colorado Front Range and Boulder, Colo., area, three weeks, mostly
on rock.

Schoolhouse Cave, West Virginia, used as a safety rope on three

tripe, Wet clay mud and dolomite rock,

Storage:

Storage has been dry, elther in attic or utility room. No known
exposure to fumes or solvents.,

o
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Identification: No, 18 (EH)
7/16 in. Nylon. 120 ft., ("Plymouth, heat-set nylon")

6 years,

5

e
7]
o®

.o

1. Where Used: Primarily in New England, New York and Washington,
D.C. for rock climbing. Also used on following mountaineering trips: 5
climbs in Tetons, 2 c¢l.imbs in Canadian Selkirks and on Alaska glaciers,
2. How Used: Rock and snow climbing.

3. Length of Use: Almost every weekend for 2 years in Washington,
D.C.; other 4 years, 12 to 20 climbing days per year.

Lk, Rope usually used for safety, rappels and belaying, a little
tension climbing, one leader fali.

Storage: Warm, dry room under cover,

L7




Identification: No. 19 (AJK)
7/16 in, OD Nylon., 120 ft.

Age: New in 1546,
Use:

1, In 1946 it was used on a mountain climbing trip; stretched across
a river that had to be ferried; it was subjected to very severe strains,
(Location of trip not given),

2, It was used on another mountain climbing trip in 1947. This was
in British Columbia and involved rock, snow and ice,

3. From 1947 to 1951 or 1952 it was used extensively on rock climbs
in the Washington, D.C., area,

4, "Rope was more or less retired in 1951 or 1952. Nevertheless, it
has had a great deal of use, and my guess i1s that one can say it has had
at least six months of wear as a climbing rope.” (Quoting from letter
from Kauffman),

Storage:

Apparently stored in an apartment with camping gear; not kept on
floor, not subjected to fumes or solvents, and not stored in direct sun-
lignt.

Locale:

Washington, D.C.




b T

Fm....u-. RO

szendix B

Miiitary Spe.ificsticn

Plione . Clirbing MNyloa.”

47




MIL-R-1688B

20 SEPTEMBER 1963

SUPERSEDING
MIL-R-001688A(CL)
11 OCTOBER 1963
MIL-R-1688

22 NOVEMBER 1949

MILITARY SPECIFICATION

ROPE, CLIMBING, NYLON

This specification has been approved by the Department of Defense and i man-
datory for use by the Departments of the Army, the Navy, and the Air Force.

1. SCOPE

1.1 Scope. This specification covers nylon
climbing rope.

1.2 Classification. The nylon climbing rope
shall be furnished in one type in the sizes speci-

fied (see 6.1).

2. APPLICABLE DOCUMENTS

2.1 The following dccuments of the issue in
effect on date of invitation for bids or request for
proposal, form a part of this specification to the
extent specified herein:

SPECIFICATIONS

FrpERAL
CCC-T-191

MILITARY
MIL-C-3131

— Textile Test Methods.

- Cordage; Preparaiion for
Delivery of.

STANDARDS

MiLTary

MIL-STD-105 — Sampling Procedures and
Tables for Inspection
by Attributes.

701044mef 3= 798)
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(Copies of epecifications and standards, required by
suppliers in connection with specific procurement func-
tions should be obtained from the procuring activity or
as directed by the contracting officer.)

3. REQUIREMENTS

3.1 Preproduction sample approval. When
specified, before production is commenced, the
supplier shall submit an 80 foot sample of the
rope which he proposes to furnish to the contract-
ing officer for approval.

3.2 The requirements specified in 3.7, 3.2 and
3.10 apply only to rope purchased directly by the
Government. All other requirements apply to
rope purchased as a component for an end item
by a supplier, and to rope purchased directly by
the Government.

3.3 Standard sample. The rope shall match
the standard for shade and shall be equal to or
better than the standard sample with respect to
all characteristics for which the standard is ref-
erenced (zee 6.2).

3.4 Materials. The rope shall be fabricated
from bright, virgin, continuous-filament nylon
fiber. The nylon shall be long chain polymer
made of hexamethylene diamine and adipic acid
or a long chain polymer of epsilon amino caproic
acid (see 4.2.5).

FSC 4020
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3.5 Physicsl requirements. The ropes shall
be of thiee strand construction and the natural
or dyed rope shall conform to the requirements

specified in table I when tested as specified in
425.

Tasie 1. Physical requirements

H
T x Length Bresking Load
Diamete ponJ streagth i P Tum 10
Circomiermsoe | Dlumor | pameteret | (i) | () | (aamios 504 | ‘mazimum) | (minimum)
Taches Inches . lInches Fest Pounds Percent Poun's Inchea Inches
==
{
3% +1 | 15 4740 1050 35.0 3 7.8 790
134 ey 3% 230 2400 35.0 7 124 1.1
1% £ % 170 3400 35.0 9.5 143 129

1 Not s specification requirement, included for informatioa only.
3 A misus toleranre of 10 percent is allowed for dyed ropo.

3.5.1 Elongativn. The «iongation of the ropes
shall be not less than 35 percent at the breaking
point when tested as specified in 4.2.5. Changes
due to splice slippage shall not be considered in
this determination.

3.5.2 Resistance to backturning. The rope
shail be so constructed as to have a firm lay with
a high degree of resistance to backturning (pub-
bing of kinking in the strand) upon removal of
afterturn from the rope.

3.6 Finish. No extraneous material shall be
added for the purpose of weighting the rope.
The extractable matter of the finished rope shall
not exceed 4.0 percent and the loss in breaking
strength shall not exceed 0.0 percent after heat
aging when tested as specified in 4.2.5.

3.7 Moisture content. The moisture content
of the rope as received shall not exceed 5.0 per-
cont when tested as specified in 4.2.5 (see 6.3).

3.8 Color. Unless otherwise specified the rope
shall be dyed Olive Drab No. 7.

3.8.1 Matrhing, The shade of the dyed and
finished rope shall match the standard sample
under natural (north sky) dayiight or artificial
daylight, having a color temperature of 7500°
Kelvin and shall be a good approximation to the
standard sample under incandescent lamplight at
2800° Kelvin (see 6.2).

3.8.2 Colorfastness. The dyed and finished
rope shall show fastness to weathering equal to
or better than the standard sample when tested
as specified in 42.5. When no standard sample

has been established, the dyed rope shall show
good fastness to weathering when tested as speei-
fied in 42.5.

3.9 Identification ticket. Each coil of rope
shall have a ticket attached with not finer than
5 ply cotton string doubled to not Jess than 8
inches in length. The tickets shall be made of
20-point paper stock. The color shall be manila,
and be light in intensity to permit easy reading
of printed, stamped, typed, or penciied markings.
The ticket shall have clipped corners at the end
where a reinforcing patch (with or without a
metal eyelet) is firmly affixed for attaching the
tying string or wire. The ticket shall be legibly
printed with the following information:

Stock nuniber
Nomenclature
Specification number
Length

Contract number and date
Supplier’s name.

3.10 Put-up. Unless otherwise specified, the
rope shall be put up in coils in lengths specified
in table II for the respective sizes:

Tame II. Put-. >
Rope circumfer Col fout
{min.) (maz.)
74 196 204
1% 196 204
1Y 117 123

51

e




R )

The rope, put up in coils as specified in table 11,
shall be in one continuous piece and so wound
that each turn and layer is free from entangle-
ment. The enas of all rope shall be cut off
squarely and securcly whipped or heat sealed to
prevent fraying or untwisting.

3.11 Workmanship. The finished rope shall
be clean, free from objectionable odor, and shall
conform to the quality and grade of product
established by this specification. The occurrence
of defects shall not exceed the applicable accept-
able quality levels established by this specifica-
tion.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless
otherwise specified in the contract or purehase
order the supplier is responsible for the perforn-
ance of all inspeetion requirements as specified
herein. Except as otherwise specified, the sup-
plier may utilize his own facilities or any com-
mercial laboratory acceptable to the Government.
The Government reserves the right to perform
any of the inspections se* forth in the specifica-
tion where such inspections are deemed necessary
to assure supplies and services conform to pre-
scribed recuirements.

4.1.1 Preproduction sample inspection. \When
required, the preprodwction sample submitted in

MIL-R-1688B

accordance with 3.1, shall be visually inspeeted
for appearance, color and finish. The sample
shall be tested for physical and chemical charac-
teristies in accordance with 4.2.5, to the extent
applicable.

4.2 Inspection. Sampling ard 1mspccetion shall
be performed in accordance with Standard MIL-
STD-1035, except where otherwise indicated.

4.2.1 Inspection of components, Quality :s-
surance provisions for components described sh>™
be in accordance with subridiary specification
and drawings r>ferenced to the extent applicabie
except that this specification shall govern in the
event of conflict.

4.2.2 Eramination of the end item for visual
defects. Defects found during this examination
shall be classified in accordance with the defects
listed below and regardless of their proximity to
each other, except where two or more defects rep-
resent a single local condition, in which case only
the more serious defect shali be counted. The
sample unit for this examination shall be one
coil. The lot size for this examination shall be
expressed in units of coils of the specified size
and length of rope. The acceptable quality level
shall be 1.5 major defects anrd 4.0 total defects
(major ~nd minor combined) per 100 units. The
inspection level shall be Level III of Standard
MIL-STD-105.

Visual ezamination—defects

Examine Defect i Clansification
Criticai® Major Minor
Appearance and P Cut,any .. . . Lol e o L X
workmanship. ‘
Chafedordamaged. ...... ..... ........ X
Kinks, darting yarns! broken or loose ends, bulgcd
:tranda ......................... X
Knots, splice, searing, melmg or fusing together of ends
to make a continuous length. . ... ... X
Color. .. . Other thanspeeified .. . ... .. .. .  .......0 ..., X
Not uniform.. .. Y D X
Cleanness .. Spot o: stain, ckmrl_y vmble* ................. X
Objectionableodor. .. ................ ... .. ... e o X
Identification ticket. .. | Omitted, inenrrect, illegible, maecurely attached ... ... .}..... ... 0. . ... ... X
Backturning........... Evidence of nubbing or kinking on removal of afterturn..|... ... .. X

1 Darting yarns are internal yarns which project through the cover yarna of the strand at intervals along the rope.

2 At normal inspretion distance {approximately 3 feet).

*Note. One hundred percent (1009¢) inspection shell be performed for critical defects on each lot found scceptable under the sampling and
inspection for majos and total defects. Any length of rope found to contain a eritical defect shall be rejected and returned to the suppiier.

- apmaesme
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4.2.3 Ezamination for length and winding.
The saumple unit for this examination shall be one
coil. The inspection level shall be level L-6 and
the acceptable quality level shall be 4.0 percent
defective. For lots consisting of 500 or fewer
units, the sample size shall be 10 and the accept-
able number 1. The lot ¢..e shall be the number
of units in the inspection !ot. Defects shall be as
listed in 4.2.3.1 and 4 2.3.2 below.

4.2.3.1 Defects w.th regard to length shall be
considered to exist if any of the following are
determined during inspection:
(a) Length of unit less than or more than
length specified.
(%) Length of unit less than marked on
ticket.

4.2.3.2 Defects with regard to winding shall
be consicered to exist if any of the following are
determined during inspection:

(a) Improperly or not firmly wound result-
ing in kinks, knots, entangling or slip-
page during unwinding cr otherwise
affecting free unhampered unwinding
of rope.

(b) Frayed ends not cut off squarely or
neatly.

{c) Ends not securely whipped or he.
treated to prevent fraying or untwist-
ing,

4.2.4 Ezxamination of preparation for delivery
requirements. An examination shall be made to
determine that packaging, packing and marking
requirements of section 5 of this specification are
complied with. Defects shall be scored in accord-

ance with list below. The sample unit shall be
one shipping container fully prepared for dclivery
with the exception that it need not be sealed.
Defects of closure listed below shall be examined
on shipping containers fully prepared for de-
livery. The 1ot size shall be the number of ahip-
ping containers in the end item inspection lot.
The inspection level shall be L-¢ and the AQL
ghall be 4.0 defects per hundred units.

Bzamine Defect
Marking Omitted, incorrect, illegible, of improper
(exterior size, location, sequence, or method of
and interior). application.
Materials ..... Any component mising.
Any component damaged.
Workmanship .Inadequate application of compunents,
such as: incomplete closure of csse
liners, container flaps, locee strapping,

inadequate stapling.
Bulging or distortion of containers.
Packagitug ....Not as specified.
Coils not secured as specified.
Packing ...... Not as specified.
Weight ....... Groes weight exceeds requirements.

4.2.5 Testing of the end item. The methods of
testing specified in Specification CCC-T-191,
wherever applicable and as listed in table [V
shall be followed. The physical and chemical

alues specified in section 3 apply to the result(s)
of the determination(s) made on a sample unit
for test purposes as specified in the applicable
test methods. The sample size and acceptance
and rejection number shall be in accordance with
table iII. The sample unit for testing shall be 80
feet of rope. The lot size shall be expressed in
units of coils.

Tastx III. Sampling for tests

Number of coils in lot Number of samples m’mm: Fejeeu‘;‘n :m?&
15 and under 2 0 1
16 to 40 3 0 1
41 t0 110 5 0 1
111 to 300 7 0 1
301 to 500 10 0 1
501 and over 15 0 1
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Tasre 1V. Test methods?
ificatio determinatiose
Charscteristie smv:a " Teat methad per indxuv.»dud Resulte reported as—
sample unit
Material.................. 34 3
Strand................... 3.5 Visuel 1 Pass or fail
Citcumfercnce. . ........... 35 4.2.5.1 3 Average of 3 determinations to nearest
14 inch.
Leogth per pound. . ........ 35 4.2.5.2 1 Reported to nearest 0.1 foo:
Breaking strength
Inita)................ ... 35 | 41063 3 Average of 2 determinations t0 nearest
10 Ibe.
Aferaging.............. 36 41066 and 2 Average of 2 determinstions to nearest
4253 10 1bs. calculated to nearest 0.1 per-
cent.
Length per turn x 10......... 35 4254 3 Average of 3 determinations to nearest
0.1 inch.
Elongation................ 3.1 41064 3 Average of 3 determinations to nearest
0.1 percent.
Finish (weighting).......... 2
Extractable matter. . ....... 35 4255 2 Average of 2 determinations to nearest
0.1 percent.
Moisture content........... 3.7 2600 2 Aversge of 2 determinations to nearest
0.1 percent.
Colorfastness to wveathering. . 382 46715 1 Pass or fail

Bes notes below table.

1 Tests to determine compliance with specification requirements including quantity of delivery may be made under prevailing atmospheric
conditions except in settiement of dispute i which ease the tests shall be made upon material which has reached equilibrium under Standard

Conditions as defined in Bpecification CCC-T-181.

2 Requirement sccepted on basws of supplier’s certification of compliance thereto,
§ Method 4106 shall be followed except that the load “‘P" shall be se specified in table I for the respective sise.

4 Elogation at the breaking point msy be defermined autographically.

8 Unless otherwiss specified, the apparatus shall be as specified in method 3804, except that:

(a) Delete from title *(National Weathering Unit)."
{b) The specimens shall be exposed for forty stands.d hours.
{¢c) The filtsrs shall not be removed when testing.

(d) Water-spray nozsles shall be mounted horisontally (the water-spray assembly vertically) in the test chumber inside the specimes rack
and s0 placed that the water shall atrike the specimens evenly over their entire length in the form of a fine spray in sufficient
volume to cover spacimens iirmediately on impact. The spparatus shall be 30 operated that the specimena sre exposed to sucomsive
cycles of 102 minutes of light without spray and 18 ininutes of light with spray.

{e) The rack shall rotate about the arc at a yniform speed of cne revolution per minute.

(1) The prescure of the water entering the spruy shall be 12-18 pa.i. inclusive.

{g) The black panel thermometer shall be moutited cn the test paned rack and readings taken at s point where maximum heat is devel-
oped and whkere water spray is not striking the panel. The black panel temperature st the exposure plane of the specimen rack
shall be 155° plus or minus 10° F., when the filters are in place and 175° plus or minus 10° F. when the filters are removed.

(h) Attention is called to marufacturers who own equipment which operates at one cycle in two bours. This equipment may coatinue
to be used. However, the one cycle per minute shall be the ataudard proceduce in the event of dispute.

4.2.5.1 Determiniticn of circumference. The
circumference shall be measured with the speci-
men under the load “P” specified in table I for
the respective size. With the specimen under this
load a fiber shall be passed snugly around the
rope and cui where it overlaps. The cut length
shall be straightened and measured to the nearest
#% inch. This determination shall be repeated at
least three times in different positions not less

ok

than two turns of rope apart. The average of
these determinations shall be the circumference
of the rope.

4.2.5.2 Determinat.on of length per pound.
A minimum of 12 feet of rope shall be subjected
to the load “P” specified in table I for the respec-
tive size. While under this tension a distance of
twelve feet shall be accurately measured, cut out
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of the specit.ien and accurately weighed to within
plus or minus 0.5 percent of its total weight. The
length per pournd shall then be calculated untiliz-
ing the 12 foou measurement obtained under load.

4.2.5.3 Breaking strength after heat aging.
Two breaking strength specimens prepared as
specified in Method 4:36 shall be heated for 5
days in a convection air oven at 175° = 2° F.
After aging, the specimens shall be allowed to
reach equilibrium under Standard Conditions
before being tested for strengt's. The percent
change in strength shall be calculated based on
the overage strengths iritially and after heat
aging. Breaking strength shall be caleulated in
accordance with Method 4106.

4.2.5.4 Determination of turn. Determina-
tion of turn shall be made by tuking a straight
length of the sample rope and measuring the
length parallel to the axis of the rope of ten
complete spirals of one strand. The turn is one-
tenth »f this measurement, but for convenience
the requirement of table I is for ten times the
turn, :

4.2.5.5 Determination of extractable matter.
A sample of rope weighing approximately 5 grams
shall be placed in a tared weighing bottle and
dried to constant weight at 105°-110° C. After
the bone dry weight has been determined, tne
specimen shall be transferred to a soxhlet extrac-
tion apparatus for a minimum of twenty extrac-
tions, using reagent grade petroleum ethe: (boil-
ing point range 30° to 65° C.) as the solvent.
The petroleum ether shall then be evaporated
from the extract in the tared flask at a tempera-
tere of 105° = 5° C. to constant weight, cooled
in a desiccator and weighed. This is the “weight
of extractable matter.” The percent extractable
matter present is cclculated from the following
formula:

Percent extractable matter —
Weight of extractable matter X 100

Weight of dry specimen

Military custodians:
Army--GL
Navy—MC
Air Foree-—MOA

o S e

5. PREPARATION FOR DELIVERY

5.1 Packaging. Packaging shall be level A or
C as specified (see 6.1).

5.2.1 Levels A and C. The rope put up as
specified, shall be packaged ia accordance with
the applicable requirements of Specification
MIL-C-3131.

5.2 Packing. Packing shall be Level A, B or
C as specified {see 6.1).

5.2.1 Levels A, B or C. The rope shall he
packed in accordance with the applicable re-
quirements of Specification MIL-C-3131.

5.3 Marking. In addition {o any special
marking required by the contract or order, ship-
ments shall be inarked in acocrdance with Speci-
fication MIL~-C-3131.

6. NOTES

6.1 Ordering data. Procurement documents
should specify the following:

(a) Title, numbker ard date of this specifi-
cation.

{b) Put-up, if other than specii 1 (see
3.10).

(c¢) Selection of applicable levels of packag-
ing and packing (see 5.1 and 5.2).

{d) Size required (see 1.2).

(e} When (ne preproduction sample ig re-
quired (see 3.1).

6.2 Standard sample. For access to the
standard sample, address the procuring office
issuing the invitation for bids.

6.3 Adjastment for high moisture content,
Material furnished containing an excess of mois-
ture will be accepted by an adjustment in weight
to the 5 percent moisture content.

Preparing activity:
Army—GL
Project No. 4020-0029

fr v, 5. COVERNMENT PRINTING OFFICK: 1989
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APPENDIX C
ROPE HARDNESS TESTING;
SUMMARY OF OBSERVATIONS
by
L, J. Sheehan, Textile Technologist
Beston Naval Shipyard
Test No. 131174
25 May 1959
Reviewed by Approved by
R, T, Sadler, Jr, M, B. Graham
Supvy. Materials Engineer Head, Laboratory Branch
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MEMORANDUM REPORT

Test No: 13117A
Subject: Rope hardness testing; summary of observations
Reference: (a) BUSHIPS Cordage Program, NS-031-003

1, During evalustion of the eariy types of nylon ropes in connection with
reference (a), it was found that certain rope constructions, although flex-
ible and spliceable when received, developed excessive hardness in storage.
It was observed that the aged ropes could not be satisfactorily knotted,

spliced, or bent on holding devices owing to stiffness, Service trials with
these ropes proved unsuccessful, primarily because of these difficulties,

2. Study of the rope constructions employed in the unsatisfactory ropes
showed that, In general, three basic high-twist yarn systems were used,
namely: (1) groups of one size of large singles yarn; (2) groups of large
size wmultiple plied yarns; (3) large multiple plied yarns of varying sizes
grouped with the smaller yarns encasing the large yarns. The strand and
rope turns employed varied according to the yarns sizes, but in general
the turn combinations were des.gned to yleld ropes having high resistance
to back-turn and fors-turn., To further assure attainmemt of these goals
the manufacturers had heat-set their products and thus imposed shrinkage
to .lock the nylon yarns in place., These ropes by virtue of their con-
struction were overly hard and difficult to employ aboard ship.

3. With the adoption of balanced plied cord system for mamufacture of
nylon ropes it became possible to design nylon ropes with any degree of
softness and flexibility, and with no tendency to harden in storage. In
order to assure procurement of suitable nylon rope having the necessary
handling qualities, a study was initiated to find a quantitative non-
destructible means of differentiating between ropes of good and poor
utility from the standpoint of hardness.

4, It was at first believed that flexibility tests might possibly serve
to screen out unsuitable rope structures., A search of the literature dis-
closed that numerocus methods have been employed for assessing flexibility
of textile materials. In general only two basic systems were employed,
namely, cantilever bend methods and angle of lay measurements. It was
apparent that the latter method would not be applicable to nylon ropes be-
cause of the wide range of angular ratios which can be employed in manu-
facture of ropes using continuous filament elastic fibers. A review of
the cantilever systems for assessing flexibility disclosed that for each
range of flexibility the test methods were different, as indicated below:
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Flexibility

Method of Materilal
Simple Cantilever Limp
Weighted Cantilever Moderate
Double Cantilever Stiff
Heart Loop Very Limp
Circular Loop Moderate
Pear Loop Soft curly
Dynamic Cantilever Pendulum Very stiff

For example, with 3 flexible material a single self-weight cantilever angle
of deflection or a heart loop method was used. With harder and less flexible
materials a weighted cantilever bending length or circular loop method was
used, With very hard, stiff materials a dymamic weighted swinging pendulum
method was employed. The literature further indicated that the different
methods could not be inter-related and that values from one method would

not predict the range of values from another method.

5. A comparison of cantilever flexibility values with the practical indices
of knotability and spliceability showed no correlation. Further it was found
that bending resistance (flexibility) measurements varied widely in uylon
ropes, depending on the method employed. It was concluded that the canti-
lever bending methods, although satisfactory for a relative ranking of the
flexibility of nylon ropes, could not serve as an index of utility. The
flexibility tests measured the resistance to bending over relatively long
lengths of ropes, In contrast, the bending quality indicative of knotting
and splicing properties could only be found in short bends,

6. Analysis of the bends in knots and splices indicated that the bending
resistance of the rope strands was the major factor contributing to hardness
and stiffness of nylon ropes. A study of the art of rope splicing pointed
to the primary difficulty in hard nylon ropes, namwely the great effort
necessary to force the strands apart with a marline spike to make room for
the marrying strand. It was also noted that with each additional tuck the
required force increased, In view of this, it was concluded that the re-
sistance to strand displacement could be used as an index of hardness amd
stiffness,

7. It was decided to simmlate the opening action of rope splicing by
measuring the resistance in a compression testing machine. Experiments
were conducted using a 14 inch tapered marline spike inserted between the
rope strands and forced irmward in a compression testing machine at 6" per
minute. Load measurements were taken at each 1/8 inch increment of pene~
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tration. The ropes included in the tests were of various constructions amd
sizes ranging from 1-1/8" to 5 1/2" circumferences. The strand constructions
were coded alphabetically and typed numerically, as follows, for easy
identification:

Type Description

1l Strands formed with balanced plied yarns and layed into ropes
as described in MIL-R-1734A, of 15 October 1957.

2 Strands formed with large multi-plied yarns encased by smaller
multi-plied yarns layed into ropes and heated to set the lay.

3 Strands formed with high twist large singles yarns layed into
ropes and heated to set the lay.

L Strands formed with large low twist core yarns encased by
smaller high twist multiple plied yarns, layed up tightly into
ropes.

8., The results of the tests are plotted in Figures 1 and 2, It may

be noted that with small nylon ropes there was a deflection in slcpe of the
resistance curves at strand openings of 1/2" to 5/8". A similar deflection
can be noted in the curves of large nylon ropes between 7/8" and 1" strand
openings. It was observed that flattening occurred in the rope strands at
these orsnings. Beyond these openings the rope became strandec as one
strand pulled tight against the other two strands in portions adjacent to
the site of opening. With hard ropes the strands became permanently dis-
torted at the indicated opening. With softer ropes no permanent distor-
tion occurred at any strand opening.

9. For inspection purposes it was decided that the test should measure the
resistance at an opening of 1/2" for small ropes, and 1" for large ropes.

A limiting value would apply in each case, Also, it was decided that the
wet hardness should be measured. Wetting of nylon rope hastens relaxation
shrinkags and thereby causes the fibers to compact in the rope structure.
Hardening and stiffneing observed in stored ropes resulted from the same
phenomenon, induced by changes in humidity during storage. In order to
preclude hardening in storage, it was :pparent that a limit should be placed
on the wet hardness of new nylon ropes, as well as or the dry hardness,

10. On the basis of the tests, the following method is recommended as an
inspection procedure for evaluating the hardness quality of nylon ropes:

"A length of nylon rope shall be secured at each end to prevent un-
laying. A 14 inch marline spike, conforming to type I of Specification
MIL-M-15926, shall be inserted between the strands until visible on the
opposite side. The spike shall be inserted at least 5 feet from the end
or 5 feet from an area which has been svbjected to a previous hardness
test, The rope with the spike inserter. shall be mounted in a compression
testing machine in such a manner that the force necessary to push the spike
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Figure 1, Strand Resistance Curves of
Small Nylon Ropes
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through the rope can be measured. The rate of loading shall be 6 inches
per minute. The load necessary to force the spike into the rope to the
1/2" diameter mark shall be measured on ropes up to 2-3/4" circumfererce,
The 1 inch diameter mark shall be used for larger nylon ropes., At least
three test results shall be averaged for reporting the hardness values,

The above tests shall be conducted on the dry nylon rope and after it
has been immersed in tap water at room temperature far 16 hours and drained
for 2 hours."

11, Based on experience cver the past four years, the folilowing hardness
limitations are recommended for nylon rope, using the test method de-
scribed above:

Size Dry Rope Wet Rope
Up to 2-3/4" cirec, 5 1bs, 25 1lbs,
3" to 10" circ. 20 lbs, 100 1bs,

12. In connection with the subject of hardness testing it may be of in-
terest to discuss the various factors which influence rope hardness.,
Many factors enter into this property, as follows:

a. Fiber size and shape. Fibers of largest cross-section have the
greatest bending and torsional rigidity to resist deformation., Conseruently
ropes made of large fibers will exhibit greater hardness and stiffness than
those made of smaller fibers. The shape of the fiber influences rope hard-
ness by frictional effects imposed when contact surfaces are increased.

For example, fibers of circular cross-section in contact with each other
offer less frictional resistance than fibers having a pentagonal cross-
section like manila. The irregular fibers will produce a harder rope than
the circular fibers urder the same manufacturing conditions,

b. Fiber finish., Nylon finishes which lubricate the fiber lawer the
frictionzl resistance and impart degrees of freedom for fiber movement,
thus lowering the hardness of the rope structure.

c. Recovery and relaxation shrinkage. The recovery and shrinkage
forces of nylon fibers are relatively high in total amount. Because each
force develops at a different time, the total effect was not noticed by
early investigators of nylon rope. The recovery from tension and torsion
takes place in two parts, the greater portion being instantaneous and the
remainder within 24 hours, The relaxation shrinkage, however, is influenced
by time, temperature, and moisture. Its reaction time can vary from a few
minutes to many months. The total effect of these two forces in nylon rope
is to compact the fibers as their length is reduced and their diameter in-
creased, In ropes having the twist amd lay combinations usually employed
for natural fiber ropes, these contracting forces compress fibers together
and change their shape from circular to polygonal. The fibers in this
state have little freedom of motion. The rope structure therefore exerts —
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considerable resistance to deformation, and consequently exhibits extreme
hardness,

d. Yarn construction and twist. High twist singles nylon rope yarns
are unstable when employed directly in strand forming and rope laying
operations., Unbalanced elastic forces cause them to spring apart. Ropes
made of singles yarns will kink, and form strand cockles on handling. Due
to the high recovery characteristics of nylon, the yarn construction should
be such that the fiber 'strains are at the minimum necessary for compacting
the fibers. These strains must be opposed by a balancing force to prevent
displacement of the fibers in yarn. The balancing forces can only be de-
veloped by plying the singles in such a manner that each singles yarn con-
tacts the other yarns in the plied structure. This requirement limits the
number of singles in a ply to two or three., This type yarn structure can
be attained by a variety of twist ratios, but in no instance should the
twists be so high as to place the fibers in a position of high strain.
This would cause them to retract and shrink in the rope structure, re-
sulting in progressive hardening.

e. BEffect of yarn diameter. The diameter of nylon yarns employed
in ropemaking should be as large as possible for better distribution and
lowering of stresses from twisting and plying. The yarn size, however,
is limited by the rope size desired and the minimum hardness required to
compact the structure., In small rope structures, the yarn size should not
be so large that the strand does not have a central core for positicning
the cover yarns.

f. Effect of yarn position in strands. The position of yarn in the
strand should remain constant throughout the strand length. Should the
yarn move from i¢s assigned position, it will crowd between other yarns in
periods along the length. This condition will locally upset the strand
density, resulting in hard spots which become distorted in service.

g. Effect of strand and rope turn. The strand and rope turn ratios
have the same effect on the rope that singles and ply twists have on plied
yarns. In the rope structure, the plied yarns react in the same manner as
irdividual fibers in the yarn structure. It is imperative that the turn
relationships be balanced, and of low magnitude, to offer a twist reservoir
capable of absorbing back and fore turms encountered in service. If high
turn combinations are employed in strand and rope manufacture, locked
stresses will be impressed in the yarns. Overly hard and unstable ropes
will result.

h. Effect of heating on nylon ropes. Nylon fibers possess a relatively
high inherent contracting force amounting to 0.4 grams per denier. This
force can be released by the action of water and/or heat, resulting in
shrinksge in length and swelling in girth. The shrinkage and swelling of
the fibers amount to approximately 12f. Two-thirds of the shrinkage occurs
in a relatively short time and the remainder occurs over a long period of
time depending on the amount of cowpressional forces imparted during rope
manufacture. The total relaxation of the contracting forces can take place
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in 2% hours in a soft rope structure, or in many months in a very hard rope
structure, In either case the rope will become more cumpact, The reason
for this behavior is that the outer nylon yarns react first and thereby
compress the inner fibers, The subsequent shrinking of the inner yarns and
fibers is retarded by the compression and concomitant increased frictional
effects. The available interstitial space has been reduced to a minimum,
and there \s insufficient cross-sectional area to accomedate increased
fiber girth. Consequently in these structures the immer fibers assume a
polygonal cross-section when they are compressed to occupy the voids.

/
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ICENTIFICATION OF SMALL NYLON ROPES

‘ope Code
and Circumference
Type (inches)
A-1 1-1/2"
B-1 1-1/2"
C-2 1-1/8%
D=3 1-1/8"
E-lL 1-1/8"
F-2 2-1/8"
G-3 2-1/8"
H-3 2-1/8"
I-.2 2-1/2"
J-1 2.1/
K-3 2-1/2"
L-4 1-3/4"
M-2 1-3/L"
TNENTIFICATION OF LARGE NYLON ROPES
Rope Code
and Circumference
Lype {inches)
N=1 3
0-3 3
P-2 3
Q-l 3
= R-2 3=3/4"
S-3 3=3 /hn
-3 h-1/2"
U-1 L-1/2"
V-3 5-1/2"
i - ‘q-l 5-1/ 20
| 66
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Age

(months)

2
2L
18

Age
(months)

18
18
18
18
18

18
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Arpendix D

Computer Program
' Lor
Coefficient of Correlation
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AMXRE-CMR 17 Avgust 1964
MEMORANOUM FOR RECCRD
SUBJECT: Coefficient of Correlation Computer Frogram - C-003

1. INTRODUCTION

The computer program summarized in this repcct was written to compute
standard deviations, variances, and the coefficient of correlation for two
sets of variables., The program is limited to 100 values for each of the
two variables,

2. PROGRAM LESCRIPTION

The program finds the variances (s2), standard deviaticn (S), and
correlation coefficient (r) through solution of the following equations:

Wwx =5% 7=%—Y—

(22) c = £L4* (&) L o oa E4y* (ey*
Sx W1 T NNy 5 Sy ""R/'ZT‘"‘W?,%—_%'
(Zb)Sk!-.___g —

N X ; Syt =& -«
) .Sx =[Sy * 3 Sj = | 55}'

Sx Sy
The value of N can be no greater than 100, Whenewer N is less than
40, the variances are computed by Bquatiors (2a); otherwise, Equations (2b)
are used., The program reads N and the data and computes the correlation;
then it automatically goes on to the next data card to read N and the

corresponding data. The process continues until an *END" card appears in
the data to halt the program,

3. OPERATING INSTRUCTIONS
3.1 Deck Make-Up
The program is written in WIZ, The object program followed Ly

the deck of data cards is placed behind WIZPAC, and a narmal WIZ load is
axecuted. The answers should follow,

3.2 Tape Drives
Not spplicable
68
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3.5 Input

The number of input cards is determined by the amount of data
available., The first data card comtains one value for N, the number of
values for each of the two variables. This card is followed by card(s)
containing the data in the following order: x;, mﬁ. Y21 X3 J3 ===
zghy. It is imperative that the number of irdi readings
following N is equal to 2N,

If it is desired to compute more than one correlation, the d
card containing ¥, is followed by another card containing the valus N Lo
the second correlation, which is followed by the data as described in the

previous paragraph.
The last card containing y, must be followed by an "END" card.

The values of N and the input data must follow tho rules for
WIZ data cards,

3.4 Data Display

The output consists of a series of tables, ususlly on one page,
In the first column are a list of values followed by § X(J); tiis is a
14st of the values for the variable X. The list of valuss for the variable
Y is similarly placed in the secord column. The third column’ contains
the value of J for each row, Following these tables on the 9 succeeding
lines are the values for#X,3y, X ,¥, 208 ,2(») , 5" Sy , amd £(w),
respectively. The last line contains ., Sy, andv. A typical output for
this program is attached.

4,  VARTABLE DICTIONARY
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1.9000000+01 $ X(J)
k,3000000401 $ X(J)
7.0000000400 $ X(J)
8.0000000+00 $ X(J)
3.0000000+01 $ X(J)
2,1500000+01 $ X(J)
6.2000000+01 $ X(J)
2.50000004+01 $ X(J)
4,9500000+01 $ X(J)
2,10000004+01 $ X(J)
8.1500000+01 $ X(J)
%,9000000+01 $ X(J)
2,9000000+01 $ X(J)
1.8000000+01 $ X(J)
3.8500000+01 $ X(J)
k4,6500000+01 $ Xx(J)
3.4000000+01 $ x(J)
2.45000004+01 $ X(J)
6.0700000+02 $ SUMX
3.3722222400 $ AVX

3.5350000+02 $ SUMY
1,9638889+01 $ AVY

7.3170746+01 § VARY

1,3960000+04 $ PRODXY

1.9074330+01 § SX

9.5000000+00 $ Y(J)
2,2500000+01 $ Y(J)
1,1000000+01 $ Y(J)
1,2000000+01 $ Y(J)
1,3500000+01 $ Y(J)
2,3000000+01 $ Y(J)
3,2000000+01 $ Y(J)
1,9500000+01 $ Y(J)
1,0500000+01 $ Y(J)
1.2500000+01 $ Y(J)
3.9500000+01 $ Y(J)
1.9500000401 $ Y(J)
2,4000000+01 $ Y(J)
1,2500000+01 $ Y(J)
1.5000000+01. $ Y(J)
3,0000000+01 $ Y(J)
2,8000000+01 $ Y(J)
1,9000000+01 § Y(J)

8.55399004+00 $ SY
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U. S. ARMY NATICK IABORATCRIES
REPCRT NO:

NATICK, MASSACHUSETTS 8270
INITIATED:
MATERTAL EXAMINATION REPORT November 1
REPCRTED:
December 1
TITLE: SUBMITTED TO:

&. S. Jo K
Utilization of the Fisher "z" transfarmation PREPARED BY:
technique for comparing the significance of "r" Mr, L, I, Weiner

values. COP, TO:
Mr, C. J. Pope
INTRODUCTION : It. J. Johnston

In connection with a st of the correlation of
laboratory abrasion testers (1) an analysis was made
using the Fisher z-transformation to determine the significancs of the
differences between correlation coefficients ("r") of 0,7 and 0.8; 0.7
and 0.9; and 0,8 and 0.9. The original study was made on 15 fabrics
aiffering in fiber composition, weave typs, and weight and vtilized the
common abrasion instruments employed in the Army Natick Labaratories.
Correlation coefficients were computed from a program established for the
CGE 225 computer. Subsequently regression equations wers computed and it
was desired to establish the relativs significance of the equations in
terms of the significance of the "r" values,

PROCEDURE :

Values of "z" and the standard deviation of "z" (§ z) were computed
as suggested by Mode (2) according to the following equations:

z=ilog°ll.?.
-

gndq’zg—.%__.
N-3

The "z2" values corresponding to each of the two "r" values being com-
pared can be computed from:

2 = 1.15129 log;, 1+ 71
l-n
or obtained from a table of values of "z" {2),
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Since the distribution of "z" is approximately norml, we let

2'= £ -2 =2 - 22 ( V R-3)
17‘7N-3

which gives the numt :xr of standard deviations separating the two r values,

Thus:
2(0.8 - 0.7) = 2.095-,865 . g
288
2(0.9 - 0.7) = 1.47 - .865 - 2.1
.288
2(0.9 - 0.8 = 187 =2.095 - 34
.m

The value of .8 sigma is consistent with the hypothesis that an "r®
of 0.8 is not significantly different from an "r" of 0.7.

On the basis "r" values of 0,7 and above were considered of sufficient
significance to warrant thc v~e of computed regression equations.

Detailed ccmputations are shown on the attached table,

REFEREICES

(1) ©“Correlation and Regression Analysis of Labcratory Abrasion Testers”,
MER No. 8267, October 1963.

(2) Mode, E, B,, "Elements of Statistics", Prentice - Hall, 1951.
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