


Best 
Available 

Copy 





UNCLASSIFIED 
Sri ntllt  ( l.i- -.ill« ,i)i<>n 

(«• -iii'   iii ". •■/ IIHI 

DOCUMENT CONTROL DATA    R&D 
./i      > >tl    'MI I nil i milt >III.     ii,tint I'I   ii uiuxt liv ulil'-mi nlnti llir nvttill rr^orf c. i f.is •.ific/) 

IN*       '!'•   A '    11VI I   i      I      tf'r.ili   .mltittr i 

Ntval Air rinüLnecrln^ Ccntor 
Engineering Department   (81) 
Philadelphia,  Pa.     19112 

Ml f ON f    'itil 

^U. Htt'OR I   St CO 111 I V   C I   A JQI)  IC* riON 

Unclassified 
.■•/>.   CHOt.IV 

Investigations and test of wire rope core materials for aircraft arresting 
engine purchase rable 

■»     I   1   SCMII* llvl    NC I I   S ;  Of"'   •'' ''V1'1"  '">•<"■•'■<   Mi- if.iic.s) 

«ii I MON iti i/-'irs' narnr, iimUlli    ituli.il,  Intn.mif) 

Coslmo D.   Dalello 
William Clark 

MI > ON 1   n*ii 

H.i     I   «IN ' l'AC l   OK   «.1. Au I   i.; 

i>. r no JI i r NO 

A3405373/200B/1F32461402 
«•. 

fm,    TOTAL   NO    Ol    I'ACIS 

72 
ih. NO   Of KI rs 

7 
'Hi.   OIIIClN A TON'S  ftt'   O" 1   NiJMI<l.W|S» 

NAEC-ENG-7461 

»h.  OTHCM NEPOHT NOl») f^ny other numbera Ihmt may he ansignrd 
Ihl» report) 

-     DIS 1 Nl HU TION   S r A TCMCN T 

Approved for public release; distribution unlimited 

ii    MiPPkl MCMTAMV MOTCI M     SPONSORING  MILIT ARV   ACTIVITY 

Naval Air Systems Command 
Washington, D. C.  20360 

I \   A H S T M A C T 

^An Investigation and test of cores used In purchase cable for aircraft arrestment 
gear Is made to determine If there Is a core material superior to that presently 
used.    Consultations with representatives of the wire rope Industry and acknowl- 
edged authorities In the field of fibre testing, research and development are 
conducted.    Wire rope core materials are selected and tested.    Recommendations are 
made, with requirements for further testing, of possible superior substitutes. 

x. 

DD FORM 
I   NO V  •• 1473 (I'Atil     ) ) UNCLASSIFIED 

m 



I 

T 

I 

»NIIAOIIPNIA.    »INNIflVANIA 

I 
I 
I 
i U. S.  NAVAL   AIR  ENGINEERING   CENTER 

I 
I 
I 
I 
I 

f 
NAVAL AIR  CNOINCCRINO CENTER 

(SNIf INSIAUATIONS) 

BNOINBBRINO    OKPAftTMBNT 
■AlC-BW-T^ 21 V.z.y 197D. 

CODE ICBHTIFICATIOH HO. 80020 

IHVBSTIOATIORS ARO TBST OP WIRE ROPE 
CORE MATERIALS FOR AIRCRAFT ARRBSTIlfO 

BHOIME PURCHASE CABLE 

T mtg^^T^^^C^^^ 

/-•?/• 7/ t/i- 

•f'tM (MV.I'M) 



4ND.NAEC.24SlfRCV.   7.«)) 

W ATI   NC).   ]\m 

HAEC-ENG   7k6l 
PAGE 

1 

I 

ABSTRACT 

An Investlget-lon «nd test of ccrec   .jsed in purchase cable fur 
aircraft arrestment gear Is made tc  determine if tnere is a core 
materlfll superior to that presently used.    Consultations with 
representatives of the wire rgpi industry and acknowledged author- 
ities in the field of fibre testing,  research and development are 
conductei.    Wire roje core rnaLerials are selected and tested. 
Recommendations are made, with requirements  fur further testing, of 
Possible superior substitutes. 
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1.   INTUODUCTION 

TniK .itudy io concerned vith U»e  fiber core of  the wire roi* that 
is   uatd In the jiirchwrc cablee of aircraft erreotment gear.    The 
natural fiber material,  currently specified and uaed, exhibita 
a  tendency to shred and '..MJS sign of deterioration neceeaitetea 
early rf upwal of the cable . 

A Bearoh for a tetter oore materiel Is pursued in contacts with 
Lhe wire rop« industry, which includes auppliera of cores end f ibero. 
Ooiwidtatlonf with ncknowledyed authorities in the field of fiber 
testing, research and development are conducted.    Sample core materials 
are selected, manufactured end tested on the basis of theoretical 
causes of the problem of deterioration. 

Test results end other available performance data are presented. 
Recommend«'ions are made regarding the most promising raaterlila to 
employ as nubatitutes for vegetable fiber core. 

II.    SUMARY OF PROCEDURES AMD RESULTS 

C.    Contacts with Research Activitiea.    The core prohlem is discusaed 
with the head of research in a leading technical institute and with 
the technical marketing representative of the major supplier of syn- 
thetic yarns  to the rope induatry.    Results are presented in the Text. 

£>■    Visit to the Navy Rope Valk - Boaton, MaasschuBette.    The head of 
this reaearch activity of the Navy aupplieb expert guidance and advice 
aa ahown in the Text. 

: 

i 

i 
A. Wire Roje Menufacturera .    The problem of finding an improved core 
material is pursued with several of the leading auppliera of wire 
rope for purchase cables.    Their favorable response to the purpose of 
this study and their contributions to a solution to the problem are 
brought out in the Text. 

B. Core Manui'acturers.    Similar contacts are made with the 
major auppliera of core stock.    It is axiomatic that the auccessful 
substitute core will be one developed by one of the menufacturera, 
with some  technical aid or guidance from sources outside the industry. 
Here again,  response is favorable and the results are detailed In the 
Text. 

i 

u. 
1 
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of Core Mp'uPrlols.    As a  recult   of die 
eutsiona with the core aanufsctuzvra, u meeting is Arranged with the 
Technical Coniniitt.er of the Cordage Institute     The Mteriale to be 
nanufaetured (and tested) ere selected nnd the nien;ifectui,er of each 
iß  deßlgneted.    Teei.ts nre dlßcuaaed end reconmendBtionp ere mede  to 
conduct specific teste as dleru^yed in the Text.    A commercinl teot 
egency with capabilities In the field of rope shapes Is  celected. 
The scoje of the  tests  1c dincussed with  bhe seleo',ed agency end 
suggeations ere offered for their adaptation to aeanlngful tests. 

F.    Jeeta end Rf'!' id' o ■    The materials which ere tested snd the  tests 
which are eonductSd ere as follows: 

Mater in Is 

.'»inni - bHHi» reference 
Menll^   - b«Ke  reference 
holyet tylene 
foJyvro^yiene 
Nylon 
Oecron 

Tents 

Cortij.reFsibtllty 
Si.retell and Recovery 
Dyijitnic Flexing 
^bltalOO realstence 
Coefficient of Friction 
Softening Point 

n 

Requi'-enenta  for the specific  testa are developed with the 
Unltca States Teatlng Comjany, Inc. and are described in detail in 
the text.    Cn the benis of these  tests  the core oaterlelr ere 
e/nl-ated.    Eec.j '■ftsr, was scaled with a  rating of 1 to 5«    A ratlntt 
of 5 was  the highest rating and a  racing of 1 was the lowest.    The 
coopresalblllty and dynamic flexing teats were multiplied by a 
factor of 2 since thes^ were felt to be wore inportarr   than the 
other teatr..    The SJTJ of these retinae would indicate  the mat^ri«! 
with the highest evaliwtion.    Below are  the resulte: 

Oncron 3^ 
Nylon 32 
Folypivpylene n 
Polyethylene 2k 
Sisal n 
Manila 21 

I 

III    CONCLUSIONS 

The results of the evaluation of the testa shew that dacron, 
nylon and polypropylene, in that ^rder, would be the materials best 
suited aa wire rope core for the purchaae cable. 

These testa did not evaluate many of the factors which might 
Influence the perfermance of the wire rope core.    Some of theae factors 
sre: 

i L 
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r 1 . Tlte i nt'l ue nt;e o :' tet~:>!on , lij· nemic t'lex~ng 6:ld hard end soft 
lAi d !'Ope C•n t.he t ra nsve r·se s t iff ness Of t de COre . 

2 . The i n t'l LJE:" nce o r tension, l1•brice r.1on e.nd herd and soft laid 
r o pe vn the f'lexi'oili t,y o t he core. 

3 . The influence of lubr j ~Ation end hard end soft leid rope on 
the ~esis te nce tu ebr~ftion en~ ~heer of the core. 

4 . The influer.~e cf lengt h of time for recovery after release of 
loed tu ebresion end sheer of the core. 

I n t he ligh t u i' t he above, i t is felt th~t no definite conclusions 
Cl'l ~ be IMde as tu the m\Jst suitable wire r ope core meterial without 
eddi t iunal tes t ing . 

IV RECOMMENDATIONS 

I t is reeorunended t hat purchase cable be mede up with dacron 
core, nylon core end polypropylene core tor full seale teats on an 
aircr~ft arresting engine. It ia elso recommended that additional 
testing be dune on wire rope core materials to eval1.18te o ther 
influencing factors , enumerated above, on core perfo1'118nce. 
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VIII REPOM' TEXT 

A. Beci(t:!jround. The desi~n or arrangement or wire ro}Je, consiRting of 
vires, strands end core, is celled the construction. The clessificetion 
of wire z·ore 1a the n~~r~ericel designation of construction; 1t defines 
the nl.lllber of strands placed erolUld the core es well ee the nt.IDber of 
vires in eeco individtel strand. The core of e wire rope supports 
the wi.re s trends end meintains tt.e position of strands during movement 
involving bending and load stresses. · 

There ere JMny designs of wire rope construction t o suit e large 
variety of epplicet1ons. An arrangement of few wires of large size 
provides greflter resistance to abrasion. One thet is made up of IDOre 

wires of smell diameter gives more t'lexibiU ty. The J118ke-up or t he 
core is such ~hat the necessary degree of flexibility end lcr~evity . 

of the wire ro,pe is satisfied. Thus the design is e comprordse of 
component factors. l'he most e uccessf·ul design for e specific epplice p 
tion is confirmed by experience with it in the field where the wire 
rope i~ subjected to extreme veer end destructive forces. 

The wire rope that is used in the purchase cables of aircraft 
errest~ut gear Oh board elrcreft carriers m~t withstand high stress 
end endure whet could be celled maltreatment. The severe conditions 
ere lll'l8ltereble, however, so that if better wire rope J.ert"ormence 1B 
to be attained it wt.ll be accomplished throush improvement 1n the 
Q\.8lity of componen4.;a. For study purposes we will concentrate on 
one she of purchase cable wire rope, namely: 

e. Diameter 1-3/8 inches 

b. Construction 6 x 19 (or 25 if th~ filler 
wires ere included} 

c . Core Manila end/or Sisal 

d. Specifica•,ion MIL·W-81178 (WEP), 9 tebruary 1953 

e. Breal·~ng Strength 175,000 lbs. minimum 

As stated above, this wire rn-pe is subjected to very high 
st.resses. After repeated loading 1-he natural fiber core tends to 
shred, .118nifested when bits of core materiel ere expell between 
t 'he wire strands. This occurs early in whet is considered to be 
the riormel lif'e of the wire rope, when the individual wires have 
not yet begun to feil. 
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A 1·~.e r decede s or s uccessf ul perf orntf'lllce, the na t urt:~l fibe r s heve, 
lle re , r P.a ched t.heir limi t or cer-'-lhili ty, in this one . ver.v s tren uau-:; 
erylicat. Jon . ~0\i t he questi on is or:e or finding 8 sst.isfectory 
s t;b ::: t. i t utf'. Is there a synthet ic fiber now used co~~~~~ercielly thet 
-will have gree ter res istance t o shredding and perform -well in ell other 
~ea ~~c ts ? Is there a fiber yet untried that can be adapted to the 
par J.)()Sc ? Whe t ere the qualities end chnrecteristics needed in e fiber 
the t -wil l be made into e <.'Or e shepe, i.e . , those considered essen tit..! 
to succe s s r' ul perfonm:mce? In comJ.erison of ver10I.l8 fibers after they 
ere rn&dt" into cores, -what. ere the reletivP. values of the qualities 
the t can be properly me8sured end usefully assessed? 

Re port, reference (e) , is t he only availeble modern doc\J!lentetion 
on t he s ubje~t cf -wire rope cores. The recom.-,end8 tions made i n t hat 
Report reg8rding cores, which ere pursued in this study, ere: 

1 . The core -will be designed for the uximliD trenaveree stiffness 
consisten~ with strength requirements. 

2 . The core meted.als -will be ch~n tor the leeat possible 
fric t ion. 

In general, information on cores of wire ropes has been developed 
and retained by private industry only. 'l'be wire rope manufacturers 
rely on the successful des!gna of corea, developed by the cordage 
menufecturers, when they order cores from them. This has also been 
t he a PJ-'roech, urrtil recently, by Defense Department activities -where, 
for exAmple, (see Specirice t ion, reference (b)) the core is described 
in ve~y general t erms, specifying the use or clean, uniform, herd 
fiber (manila end sisal) in coJIIDIIerciel use. The high quality of the 
cores hes met the needs end requirements of the -wire rope manufacturers 
in thP. ~st end the stmject has not been discussed in technical writings 
evfll!leble to anyone outside the indt.Wtry . 

Quite recently new specifications for polypropylene rope and 
core have been issued. See references ( c} lind (d). Therefore, as 
far as information on cores is concerned, ve start with a~st e 
blank page. The word "alllost" is used beceuee there is • wealth 
or information available on ropes. In the use or this information 
we must keep in ID!nd that although ell coree ere ropes, only specially 
de::.iened end constituted rope• can be classed as proper corea. 

A r: l.DIIber of sou.rcP.a of inforution end technical date on ropes 
ere listed in Section IX. Pertinent extract"' from tha will be 1.8ed 
and identiried throughout this report . 

~ire Roll! Mllnufecturere The unufecturers listed below have been 
approached to obtain intormetion on nev developments in tr~ industry. 
'l'hey have been informed that e study or core 1118teriala bee been 
blti~tted and mut\oal diecuesiona -were suggested. 'l'heae co.peniea, 
on the list of auppl!ere of pureheee ceble3, ere: 

_J 
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American Chain end C(•ble Comr.::~ny 
American Steel al!d Wire Compsr1y 
Bethlehem Steel Com}any 
Broder:ici'. and Bescom Company 
Donald Rot-es and Wire, Ltd. 
Jones anu Le ughlin Steel Cor}JOretion 
MecWh.>·te Wire Rope Company 

Visir.s to the MecWhyte, AIT'.crican Chein and Cable, and Be t.hlehem 
com~nies have provided A broad vie'W as to what new core materials 
ere in :.l3e end \/hat addi tion~l ones ere under consideration. 

Polyvinyl has been cr led as a core fi her hL•t without complete 
success. Its pronounced resistance to chemical attack is not essen­
t iel t.o p•1rchese cables. In rod form 1 ts loss of flexibility at low 
temperetures end its tendenc.r to Gtt·etch, \/hen being closed into the 
wire strands, ere factors that disquelify polyvinyl as e possible 
core. From another source in the chemical industry, 1 t is learned 
that the molecules of polyvin.vl do not properly orient themselves 
during the extrusion process so that the t ype of polyvinyl th~t 
otherwise could have use !'ul qrsli ties for core use fails to attain 
strength. Polyvinyl-covered sisal hes been tried with sQme success 
but has been displaced by polypropylene . One company has tried the 
poly·linyl-covered fiber core '<lith the fiber unlubricated end lubri­
cated. In the first ir3tence the fi~r fails beceueP. of dryness end 
in the second case the lube breaks through the polyvinyl jacket end 
mekes the core non-concen t:ric. Both designs are pTOnounced uns uc­
ces"3ful. 

folye t.hylene ,. ~re in the solid form does not elongate in t .he 
closing process ('<~here the wire strands ere formed around che core) 
but it heB too much initiAl hArdness end becomes harder with ege. 

One ett.empt hes been mede to impregnate fi~r core \11th poly­
vin:;l ples ti.c .• using no 1 u'ttricent. Th1 'l proves UllFl uccessful. 

Nyl:1n core is successful tut is considered to be too costly, 
especially efter the introduction ef cheaper polypropylene. No 
adverse relcrts on nylon performence heve been made however . 

Gl ees fiber hes ~en rejected by the wire rope menufecturers 
for the re:Json thet it is prone to brittleness after repeeted bendins. 
Further· considerAtion is given to it hereinafter. 

There ere no reports in the '<~ire rope ind~try that Teflon core 
has ~en produced or tried. 

Polypropylene is the s ynthetic fi~r c 1.a·rently in most universal 
use As e core. It is ~onsidered ~o be the most successful substitute 
for vege teble fiber. The reported advantages ere: 

_J 
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Filairents are  wniform In size 
Does  not ebsorh moisture 
Reelstß acids and oil 
Has good resistance to abrasion 
Has  light veight 
Can be extruded in  filaraent form by the 
rope manufacturer from chemicals supplied in 
bulk by any of a number of sources 
Only  j to 6* by weight of lubricant is needed 
compered to 10 to ikfi used in vegetable fiber cores. 
Has greater strength than natural fiber 

1 

The one disadvantage, reported and considered to be minor by the 
wire rope manufacturers, is that the polypropylene must be  used with 
caution where high heat is experienced.    An example of one manufac- 
turer's concern In this matter is his  rejection of its  use in large 
8l«e wire rope for general use.    The uncertainty of the nature of 
applications after the reel leaves the plant, especially as regards 
high heat, exjosure,  is  the reason for this action. 

The high heat factor will be given further treatment in this 
study not only in reletlon to polypropylene but also as regards all 
synthetic fibers . 

The several wire rope manufacturers whose plants have been 
visited apply most, If not all, of the following list of factors in 
their sjeclflcatlons for core manufacture: 

a. 
b 

d 
e 
f 
C 
h 
1 
J 

Virgin material only. 
Monofllament (relates to size) 
Fine - nominal 6 mil« (.O06n) 
Coarse • nominal 12 mils (.012") 
MuJtlfilament, - commercial 
Several 2 or 3 nils filaments are twisted to- 
gether to make 6 to 12 mil filaments. 
Use of stabilizers for heat and light. 
NoBlnai diameter of core with a stated tolerance. 
Required weight per foot 
Required density 
Amount of lubricant 
Lay length 
Specification, NEL-P 2U116 (Ships),  for certain 
Defense Department orders 

There  !■ no «deification used, generally,  for tensile strength 
or oodulus of elestlcity.    The tightness of twist is • matter of good 
rreeUee.    One aenufecturer stete« that no difference in wear resls- 
«oce ha« been found between fine «nd coarse filaments.    The sane 

•Ueaster of core 1«  uMd for both natural fiber and for polypropylene. 

j 
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One raenufacturer ußes multifilament polyprojylene In elevator 

cables.    Another will not  use polypropylene at ell in elevator cables 
because of a   Jmck of experience with the material in all applications. 
Thiu indicates some reser/ation in acceptance of tne material for the 
time being. 

The size of poly]»ropylent core has been established in the industry 
at one-half the diameter of the wire rope in which it is  used.    This has 
been  found to be a successfiJ  size to prevent the wire strands  from 
locking Into each other.    It is a size that,  coupled with the trans- 
verse compression strength of polypropylene, minimizes the tendency 
of the core to fonr; a  pronounced atev shape when closed into the wire 
rope^.  This  transverse strength derives not only from the fiber itself 
but also from the density and twist tightness of the core produced In 
its manufacture. 

Typical set of catalogue literature from a major wire rope manu- 
facturer Is Included in Section A of Design Deta Report Nunber 1316, 
reference (e). 

C.    Core Manufacturers 

The discussions with the core manufacturers focus attention on 
precisely what materials are available and what  untried materials auiy 
prove to be successful.    In Section B of Design Osts Report Hunber 1316, 
reference (e), the information and the advice from one of the major 
companies reveal that there ere a nunber of fibers that have already 
been  used with satisfactory results.    Because of its lower cost^poly- 
propylene is the leader in commercisl applications.    The consensus of 
all  rope manufacturers is that one or more of the synthetic fibers 
now' used in ropes snd in cores will prove to be satisfsctory substitu- 
tes for the sisal cores now used in purchsse cable wire ropes . 

The following tables list the average values of breaking strength 
(pounds) and weight per 100 feet as contained in manufacturers' cete- 
logues for a 5/8 inch diameter fiber rope.    They show the synthetics 
to have greater strength and more sstisfsctory weight values  than the 
vegetable fibers. 

Rope  - 3/8 inch diameter 
Breaking - Strength - Pounds 

1. Sisal 3,520 
2. Manila k,koo 
3- Polypropylene 6,000 
k. Polyester (Dscron) 9,500 
5. Nylon 9,700 
6. Polyetheylene 5,200 

L 
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Weigh r. - Poimds l'er 100 Feet 

1. Sisal 
C: . Mlmile 
3. Polypropylene 
h . Pol~ster (Dacron) 
) . .Nylon 
6. Polyethylene 

- 13-5 
- 13-5 
- 7-5 
- 13.0 
- 10.3 

8.1 

ThE- c'3 t elogue 11 tereture lists the following erees in which 
syntheUc fibers perfonr. well: 

1. Dura bill ty 
2. High shock ebsorber.cy 
}. Resietance to moisture, rot, mildew, decay and 

flD'lgus growth 
4 . Flexi bill ty 

* 5. Ability to stretch and recover 
6. Beststance to abrasion 
1· Can be readily stabilized against normal beet 

and light effects 

*Actually, manila i18s the best stretch and recovery characteristics 
in published literature·. 

In the charecteris~ics listed ~low; :.the rope literature shows 
sllght differences between the values assigned to the various syn­
t,hetic fibers. As e result it is planned to obtain comparative data 
on the following in tests of semple cores: 

1. Elongation and recovery, involving permanent 
stretch . 

2. Abrasion resistance. 
3. Coefficient of friction 
lL Performance et high ambient temperature with high 

"- heat generated by working . .• 
One important characteristic, 'resistance to transverse compression 

or sq-uee~ing , is not evaltmted in catfllogue literature. It bears a 
direct relat ionship to breaking strengt h but will never t heless undergo 
further .Jc.r:·ut.iny in this study . · This is a characteristic uniquely 
s1gn1 ficen t. to core •terial beca1.ae the core 1111.at 8 upport the wire 
strands. 

·Ca t alogue literature and a product chart supplied by one of the 
three mejor rope {and core) manufacturers is included in Section C of 
Design De t e Report NI.IDber 1316, reference (e). It mtat be borne in 
mind the \. the information pertains -~ ..., ropee, not cores specifically. 

The. <~ore 8 uppliers have recommended that the Technical Committee 
of t he Cordllge Institute be included in discussions of the problem 
herein . A meeting is arranged and the outcome is disctaaed in 
Section F below . .. 

-, 
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Infol"JMLior~ obt ained t h tiS fer indicates t hat succes s f'ul synthetic 
fibers Are B'leilable, Lh~ t. t.he y ct~n he made into rope shapes "nd t he t 
the:: possess quaJ.iUes 1~ha t, me~e them e.p~er sur.erior t o the ~~ tanderd 

natural fibers ! n many resr-ects. The quest.ion then remains, h~.'W "Well 
vill they funct~on AS cor·es for "Wire rope? irow do the~· compere? 

In ~.n effor t t o narro"W do·wn t,he f ield of evelll'3 t ion o f chara cter­
is tics, i L e]Jpears ad ·d s a 't: l e to consult kno"Wledgeeble s ources engffged 
in research on synt.he t.ic fT hers or ropes. 

1. Jnvel Applied Sciences Laboratory, Brooklyn , Ne'W York 

At the Applied Sciences Laboratory there is e continuing 
I:rogrem of fatig ,X! - t esting 3/4" diame te r "Wire ropes :.:sing various 
core llll!lteriels, working t hem over verio ul:l si".e s heaves. The amount 
or lubrication l..iSed in the t es t Hpec irnens i s varied . ! t.f ;rm.~n.ion is 
sought re193rding t he effect of coatings on corr osion resistance. All 
tests ere run at moderate speeds with e tensile loed of 6 ,000 pounds 
on the "Wires . 

Two pa1· ticuler items of' illfonnetion obtained a t this laboratory 
are of in teres t to t his s t udy: 

a . In tbeir assessmen t of "Wire rore longevi t :{ , they f'ind 
tha t the lubr icated wire ropee J.erform consistent ly better then the 
non-lubrica t ed oneo. 

b . In regerd to wire b reoks And ultil'll8te feilure, the 
sisAl-cored wh·e r opes hove 1.ndivid t.al wire breaks distrib uted t~long 
the leng t h c f t he semple. Ir! r,he polypropylene -cored wire r or-es, 
t.he hreekl.l ere concentrA ted !l t. one point t o the extent thet the 
vhole s trend feils. 

The unique fei l ure o f t he J-X>l ypro}'ylene-cored ro_tle raises 
several que8t.1ons . Does thi s type Of failure occur unusually .early 
in the li i'e or t.he rope, as compared to e sisal-cored ror-e fatigue 
limit, !'or ins tance? Is t his 1.ec ulier to polypropylene or to syn­
thetics es t~ whole? Whet chsracteristics of t he fiber "Would cause 
this mode or reilure? Cen t e s ts of' the core !118terials, by themselves, 
reveal a ~~ssible ceuse end can the tests provide comparative date 
to indicate which fibers will las t longer? 

2. Research Depertmen t, f hiladelphie Textile Institute 

At the Philadelphia Textile Institute the follo"Wing Mfoi.ice 
regArding cores in "Wire ror-e s is received: 

a. The core end wire :; t..rends should 'WOrk togeth~r 'Without 
relative motion, heving in mind J:errilanent s t retch. 

_j 
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b . It "'ould be eu~issble t.o remove t:.he greeter inherent 
permenen t stretch of the core before eloains it into the wire strands. 

c . Decron has a stress -strain curv.e more nearly like that of 
steel "'ires '..hen ell other synt.hetic f1bere uaed in ropea. The type ot 
Dacron th~i; is hot-st1-etched end restrained has a otreaa-strein curve 
li!Ore neerly like that. or steel then 1;Wdioery Dacron. 

d. It is ex1ected that Dacron will possess, in a core shape, 
greatet· resistance to squeezing than other fibers. 

3. Textile Fibers Department, DuPont Compen,y, Wilmington, Delaware. 

The visit to the Ol.Jlont Company c.ad subsequent discussions 
with their technical representative bas provided the following informa­
tion end ideas regarding performance of synthetic fibers in core form: 

a. Better J:erformance may be obtained if the core acts uni­
formly and elastically ~ith the wire strands. 

b. The stretch end recovery cherecter1st1c~:~ vould be improved 
by pre-st.retching the core before eloling into the atrends. 

c. One rope 1118nufecturer h!tl manufactured hot-stretch 
Decron t!ftzyS for high antennas to improve performance of the antennas 
vith a non-conduct:.or support. The hot-stretch Dacron appears to be 
the best met.eriel in re9rtl. to stretch; it is reported to have th..! 
leeet atret~h end best recovery or flll t:.he rope synthetics. This could 
be en excellent recoJIIDendetion tor its use aa a core in p.urchase cable. 

Bulletins of technical informetion on syntbetic·fibers for ropes 
prepared by the Dufont Company are included in Section D of Oelign 
Date Report Mo. 1316, reference (e}. 

4 . Textile Froduets Development Laboratory 1 Ovens -Corrting 
Cor}Oret-.ion, Ashton, Rhode Island. 

The Ovens-Corning Corporation has a development program for 
... e• of glees fibers. In reply to en inquiry regarding the possible 
... e or gloea r1 bera in a core, that company s \Uests the use· of glees 
fiber• embedded in rubber stock. In viev of the lubrication of wire 
ropes, any rubber compound, even B~-1 or neoprene, would tend to 
ewell. This rector mey be dieq'1.811fy1ng. Purther probing of the 
.... of glees fibers will continue. 

5. A test program w .. recently co~apleted at the Battelle 
Mt.orbl Inatitute on tbe "Anelyticll!l aDd lxper~ntel Investigation 
of Aircrftft Arresting-Gear furchaa~ Ceble;'reterence(a,)which pro­
vide• result• ot fatigue teating on 1-3/8 inch wire rope cycled 
over 24 inch sheaves et load• ranains trca 20,000 to llOJOOO pounds. 
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This investigation revealed tha t for the loads slightly over 90,000 
J..'Ounds the mode of table failure is due to fetigue failure of the 
outer wires at the point.s of interst.rend notching. At the lover 
loeds fatigue failure was initiated by the growth of multiple 
fetiglJe creeks in the wires on the crowns of the strands. At the 
higher loeds the fail~ of the core to keep the strands sepereted 
permitted the wires of the adJacent strands to rub against one another 
resulting in cross-wire notchin,~ end eventl.lfll failure. To prevent 
this the core should be of a meteriel wi'th e hi~'. t ransverse stiffness. 

E. Visit to the Navy Ropewalk ~ t Boston N~vel Shipyerd 

The Master Rope1118.ker end Technologist at this ins t allation is the 
author of tre only available modern textbook on ropes. Although, 
"The Technology of Cordage 1 Fibers end Rope", reference (f) 1 is con­
cerned ' chief~· ~1th neturel or vegetable fibers end not et ell with 
cores, it offers mueh informetion that is applicable to core perfor­
menc~. In this restricted sense the contents of the book assist in 
preli~~nary eomperisons and in selections of fibers end type of con­
struction for the menutacture end tests of sample 1118teriels . Excerpts 
from ~ferenee (r), ere included in Section E of Design De t.e Report 
Bo. 1316, reference (e). 

The core does not share the tensile load in e stressed wire rope. 
The infol'llll!ltion from reference (f) presented below, therefore, does 
not stress date on tensile st.rength of n.pes. The selected iteiiiS ere: 

1. A harder and tighter twist is superior toe slac~r twist 
for certain end uses. However 1 e tight twist serves to stiffer the 
repe and reduces its strength. A tight-t'Wist or herd-laid rope has 
a higher pereent~ge elongation then a soft l.sid rope for a given load. 
Thus, there must be a balance of factors to attain desired properties. 

2. Components must be twisted in opposing directions to Min­
tain compactness . 

3. There are three ba£ic mechanical stresues involved in the 
service of a rope: 

core). 
e . 'l'endle pull (this is not important in a wire rope 

b . Structural friction associated with bending and flexing. 

c. Surta'!e frietion contributing to abrasion. 

4. Secondary factors under ~1l811:1c conditione ••nd repeated 
loadings are aeceleretion a tresses and heat. 

_j 
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$,    When a ropt Is b»nt there is movement of strand against strand, 

one itraod railing <3ver another to produce compression in the inner 
part of the bend, and iAilIlng avay from each other to open out along 
the outer part of the bend. 

- 

6. A rope in a dynamic bending service will show considerable 
powdering and chMfing on the surfaces where the stiandc are in con- 
tact with one another and, if excessively loaded, similar evidence of 
chafing internaJJy. 

7. In normal usage, ropes will be rubbed against themselves, 
against sharp edges both in straight tension and bending movements, 
be worked upon by internally and externally embedded grit, and thereby 
wear away. In most end uses, ropes are subject to external surface 
abrasion to such a degree that this constitutes the major cause for 
replacement due to service failure, (in the case of a core, the wire 
strands that envelop the core constitute the sharp edges noted above.) 

10. Unlike strength as a property, the elongation does not 
seem to be affected by the rate of application of the load. Studies 
show that the same ultimate elongation is attained whether the ropes 
are broken by extremely gradual loading or by sudden impact loading. 

. ■ 

8. In an analysis of factors involved in abrasion one must 
regard the point of abrasion as an area of extremely localised bending. 
If the rope is abraded by a metal edge, the compressive forces des- 
cribed as prevalent in tension or bending, are existent. If the surface 
wears away because of grit, each minute particle represents a condition 
of dynamic bending involving surface fibers which compress against the ^' 
particle. Such deformations load the fibers in tension to the extent 
that they stretch and ultimately fall. 

' 

9. The ability to stretch is a property that is particularly 
associated with rope« Unlike rigid materials used in tension, ropes 
remain more or less permanently elongated after they are once 
stretched by an appreciable pull. Even after a long period of time 
has elapsed during which the ropes are no longer under load, they will 
remain partially stretched and show no complete recovery to their 
original lengths« 

D 
- - 

11. Ropes made of hard fibers do not stretch as much as some 
soft fiber ropes. A more extensible fiber will yield proportionately 
more elongation of the rope. 

12. Once a rope is put in service and loaded, its elongation 
characteristics change. Having been stretched somewhat permanently 
by service load, it can be expected that in the loading range covered 
by service conditions, i.e., load generally up to 20 percent of the 
breaking strength, the constructional phase of the elongation curve 
will no longer be apparent. An additional effect of repeated loading 
as experienced in service, that should also be considered, is that 

.. 
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for every instance of load application, ther~ will be some additional 
pernBnent stretch. The total t-tretch, per cycle, for a given degree 
ot loading will diminish with frequency of service . 

13. When the applied load resulting in stre+..ch is released1 the 
stretched rope will begin to contract 1n length. Unless the load is 
very slight - well below the norna:t working load range - the contraction, 
even over an extended period of t.lme, is never complete. In a matter 
ot minutes a:rter the load release, half ot th~ total recovery will be 
attained. (For the purposes of this st~, early r~overy is most 
important in view of the :rapidity with which succescive loods are 
applied.) 

· 14. A rope that 1n coml8rison with it& breaking strength is 
loaded 1n suall degree will recover faster than when loaded in greater 
degree. When loaded 1n the range of their nonr11l working load~, the 
smaller size rope will recover more readily. With respect to the 
effect of loads and rope sizes, nylon rope is not a;; much affected as 
the natural fiber ropes. 

15. A four-strand rope shows less recovery than a three-strand 
rope; a bard-laid rope less than a sott-laid rope. Ropes that have 
been loaded repee. tedly 1 thereby reaching a condition of naximum 
com~Bctness under tenBile load, will ultimately show complete l'e<:OVery 
from stretch provided the applied load does not exceed the load used 
in pre-stretching the rope. (Cores are not norually pre-stretched. 
However, the load on the core is chiefly bending and squeezing rather 
than pulling or tensile.) 

16. . All the forces prew.lent in the rope when it i s pulled a.re 
prevalent when the ro:pt~ is b(.mt; 1n addition, there exists tbe factor 
of outer surface compressior. which in relation to the internal com­
pressive tor es, will tend to promote shearing stresses which further 
cJ&aase the rope. 

17. Flexing (dynamic ber.ding) endurance tests are regarded a.s 
~ indicative of relative perfol'D8nce on one uaterial against 
another, or one structure against another when both are tested con­
current~ Wlder prevail.il)g conditions. In conducting such tests, 
the ropes uay be oscillated untU they tail, or they uay be oscil­
lated tor a prescribed number of cycles and evaluated on the basis 
ot rena1ning strength. The first is a more desirable operation 
inaBIIIUCb as the I'-te of deterio.ration ot rope due to internal 
abrasioo seems to tit into &. geanetrical :rsther than an !!.r1thmetical 
pa"em. 

18. It is noteworthy that in any corde.ge flexing endurance 
testa, nylon is outata •. iingly superior 1n pertol'D8nce. (Since 
reference (t) was published, other synthetic fibers sue~ as ~cron1 
po~propylene, etc., have been successtul.ly introduced:.) 

L _J 
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1') . Inur.nl tiCh AG I' lexinl!. e ndurance invol •1es surface friction, 
lrnprodn~. !.he lubr1ci t.y ot' t he rope w1111ml!rove its flexing end­
w·tmce. 

~.?0 . W! t".\; inc r-ense in t he degi-ee of twist, tt:.ere is e tendency 
to i.znr.·rove the flexing endurance. 

21. Inc reasing the number of sijrands to ley the rope vill 
geuernlly have no r ronounced effect upon t~ fl~xing endur~nce. 

22. In cr.>rdc end ror,es of relatively smell sise, the e f fects 
ot' flexi ng r:uad a brasion seem c losely related; the cord that performs 
her:; t. in n flexing t.e s t generally shows e similar advantage in an 
!'lbresion t.cs t . This rele tionahiJ..> will not 1Je apperent in larger 
rope s truc t urea, pr ·ticull':rl y when the ropes are wet. 

23. ~o metter how tight.ly three strands are twisted together, the 
rope wil.l not be ha1·d-leid unle .''1 there is enough twist in the strand 
to s U}l ~l\'tr t. end ll18intain the tight, ro:pe twist. The combination or rope 
end s tnmd twis t determines, il'l major degree, the overall hardness 
of ley. 

F. Selec•.ion of' Test Sampl·::s of Core Materiels 

The meeting or the 'l'echnicel Committee or the Cordage Institute 
has served very well for the exchange of informetion end idees. The 
membershi p includes representatives from companies that ere suppliers 
and some t.hf! t Ar~ not involved directly. This implies more o·bjective 
treatment or the core problem in hand. The minutes of the meeting 
are included in Sect.ion F of Design Date Report No. 1316, reference 
(e). A comprehensive chart, "HAN-MAIE-P'IBERS" ('l'l!xtile World), of 
interest t.c the conferees, is tncluded in Secticn G of Uesign Det..a 
Report No . 1316, reference (e). 

The deliberations of .,he Technical Committee ere concerned with 
the tollovi~~ facts: 

1. The core under study is standard si&el used in e wire rope 
1-3/8 inch in diameter, lang-ley, with a tensile strength of 175,000 
po11nds. There ere two JOOO-toot long purchase cables in the arrest­
ment geer, one on eech side or the ship. Tbe pureh.sse cables connect 
the ends or th~: deck pendants to the arrestment engine. 

?. An arrest~nt loads the cables tor ebout three seconds; they 
can occur as rapidly as one eech minute, several arrestment& in 
s·uccession. I :-J ePch purchese cable, about 255 feet of pay -out tekea 
place during ·en arrestment . 

3. In a new cable the pennanent stretch totals 1~ or about 
eigh t feet. Thereafter, the elastic stretch end recovery amounts 
etlao to about 1~. The wire rope is not pre-stretched. 

_J 
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4. The sheaves over which the cables work are twenty-four or 

twenty-eight inches in diau~ter. Eech cf!lble passes aroWld e complex 
of two sets of n:tne she!!ves cuch e t the arrestment engine. As a result, 
t.bere 18 elmcst constant bendJ.hg action ct the csble as run-out oecurs. 

5. A purchese cable is ~xpecwd to lest for 1500 erres tment.s. 
M&e~urer-nts hgve been mede of wire rope diameter chiJnges incident 
to fo!.lure. With a sterting C..ieorJter of 1.42 inches end efter ~ 
variable n1.111ber of erres tment s ~ the rQ_pe will fail when tht> dierne ter 
drawa dowr: to about. 1.29 inches . Other mees urements, not incident to 
failure, show the 1.42 inch~s diameter redudng safely to 1 .38 inches . 
This indicates e narrow range ~twe~n 3~ safe reduction in d1ameter 

· end e ~ reduction at feilure . 

L 

Decisions were ~de at the Conference to manufacture and 
teat the below listed ~ore 1118teriel.a, with two samples beine assigned 
to each of three leading con s uppHers: 

Sisal 
MenU.e 
Polypropylene 
Polyethyl.eM 
Dacron 
lfyl.on 

- bese ref~rence 
- bese :<eterence 

. The sisal, 1118n1la and polypropylene ere to be lubricated 
according to atand.erd practi'!e; the nylc>n 18 to be pre-shrunk either 
in ·ril.Ji•nt form or atter the c.on: ls 1118de. 

S~c1.f1cationa e~: 

11/16 inch diameter 
3 strand, single ;~rn 

. right lay. 
Z ~ Z construction 
ll't'r use in Nevy Ajreref t Arrestment Gear furchase CL'ble 
~l-3/8inch d1~ter, 6 x J.~ wire rope) 
Delivery to NRvy destir.ation 

Tl\1.! following 1ntornJ~Rtion is to be a upplied vi th eect. 

Di&JP. te r or core 
Lubr;;.catit'n - amoW'lt and code n1.111ber 
I•y - complete construction; rope, strand end yarn turns 
Yarn size in den!er. or f~et per pound 
lfliDber of yarns per stn:.nd 
Wdght per toot 
Reat aging uat 
'l'ypP. filament used, giving IUnufacturer of 
polyml!r or f!l&~~ent size, filament end m-.~n u­
recttorer'a code nl.lllber 
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. Com~rea~Lb1lity 

Elongat1011 ami recovery 
Coefficient of friction 
Abrasion resistAnce 
Tensile strength of core 
Fatigue or endurauce teat 
Softening point 

C . 'l'IST PREPARATIONS 

From the studies of cOilllllercially aecepted, synthetic fiber core 
mo t.eriele, it can be concluded that certain of their Qlelities ere 
well-known and doct.mented. Further, in the course ot non.l qlellty 
&as urance, e mras Ul·e of such cheraeterietice es teMile etrength, 
tiber she end •ke-up, light stabiliution end the like will be 
properly ~s tablished. Other ereea m~t be explored, however. 

It. is necessary to obtain comparative test de~ in those criti­
cal areas that hive not been pure ued. These teste are selected after 
consideration ·or theories, described below, that sugpet why the cores 
of J:urchase cflble wire ropes tail. 'rnie epproech is necessary beca~e 
the core cannot be observed in operation nor can any •e• ure•nts ot 
stress end strain be reed~ly obte1Ded. 

One theory on the cal.ae of core failure perteine to the strel8es, 
under lofld, s uttered as the wire tope traverses the twenty-tour inch 
diemter sheAves . Measurements and calc ulatione indicate that the 
wire ro-pe, during en errestment, 1.11dergoes e l~ stretch; et t:t.e top 
or the sheave travel, the outer surface of the: core by pa.etry 
stretches an additionfll ~- There are other· streeses Blso. At the 
top of the sheave travel, the out4!r stnmds of wire bear down on the 
core tending to squeeze it severely At the s.- time, the individl.al 
wires produce e shearing action thet will sever the tiber& end abrade 
thea. The letter action 11 tacili tate4 'by the. opening-out th8t takes 
place in the core strands along the outer dia•ter. 

To reds t. the foregoing the core m~t have: 

Transverse ati!tneae 
Flexibility 
Reeistance to abrasion 
Reailltance to sheer 
Lubrication to promote sliding action and thus reduce 
sbraeion. 
Stability at the big.~ temperatures experienced under 
tiitla ••bient cond1tiona with heat e,enereted by work. 
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The smount of' trsnsverse stiffness or the core or the ability or 
the cont to support the strands vi thout contpressing to the point vhicb 
will allow the s trends to rub, 11 one ot the 1108 t important q 1.1)11 tie a 
of the core. 

The ql.lllity or tbe core to .ove relative to the wire strands with 
little lriction· and the ability of tha oore to flex on the strands 
vi thout abre~na is an iaportent factor. When tbe core breaks down 
becauae or this abra11ion, tbe wire in adJacent strenda will rub and 
the rope vill tail. 

Taken by itself, stretching introduces e possible source or 
trouble . This results not trom the stretching alone but from the 
deane of recovery. rurther, the degree or amount of rec,verr relates 
to the recovery of ti\e wire strands that envelope the core. 

Reither the core nor the fiaished wire rope is pre-stretched in 
•nutacture. Therefore, the conatruct.ional end the permanent stretch 
is re.oved in the use ot the rope. 

's heo been noted above, the permanent and eonstructional stretch 
in a purcil8se cable baa been measured at 1~. Thereafter, the vire 
rope by •asure•nt atretches elastically 1~ ii'l each arrestment. 
However, the core •Y not conform to these pe rcenteps . 

The chief di fterence between the wire rope and the core is the 
higher per..nent stretch inherent in fibers. One rope •nutacturer 
11sta the tollovina a.,-.mta: 

Sisal ~.~ 
Manila ~.8~ 
Polypropylene 3.8~ 
Polyeth,yleoe 5 .8~ 
Dlcron 6.2~ 
l;ylon 8.~ 

A factor that will increase the normal elongetion or cores is 
tbei:- tight-twist construction. This yields more coils of strands 
per -.mit length than is tbe case with ordinary rope. .As vith e 
coil spring, the .,re coils, the more extenaion. 

A further egrevation of' the stretch problem in fibers is the 
slowness vi th which the elonption yields to recovery. 'l't'..e major 
manufacturer of o,ynthetic yarns provides the f'ollovinc data in this 
reprd: 

Typical btenaion and Recovery of "Broken-In" Ropes with 1Col"'D81 
Vorkinc to.da. (~naion in • ot Orilinal Lenath) 

.J 
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N.xlon Dec ron Man.1.la & dr.t 

1. Lo~ded t o 20£1, of break 14~ 5.5., 3~ 
2 . Inuned:le t ely after 

releAse from load. 3-5~ ~ 1~ 
3 Five min utes after 

release from load. 1.5~ lj 1~ 
4 . 'l'wo weeks efter 

release from load. ~ ~ ~ 

H. Tes ~s The tetJhnicftl dote tor the core meteriala tested are listed 
in Teble I . 

Following is e description ot the tests made to determine the 
reletive qualities of the core meterials selected: 

1. Compreseibili ty. This is a test to determire the a110unt ot 
compression that occurs in the core meterial w1der increasing loads, 
ond a t various tem~ratures. The core in the purchase cable is com­
pressed by the tenaion in the cable end toe action ot the ·strands on 
the core as the cable goes arolmd tbe sheave. · 

The apparatte for this teat is shown 1n Figure 1. The core vaa 
placed in a steel trough, the openina ot which vas equel to the 
diameter ot the core. An anvil, the siae ot the trough openina vas 
placed over the core. ·The assembly was placed in a S.ldvin Universal 
Testing Machine and pressure was ·ap~Jlied by the head of the •chine 
to the anvil. '!'he applied load was recorded and the .,tion ot the 
head wa s <!e tenllined t~i th \.8e ot an indication cliel. To obtain the 
compressibility data tor· the elevated temperatures, heat lamps were 
directed on the teat assembly until the desired temperat•~re vas 
obtained. 

To g~t comparative deta the zero deflection m\.8t be the same 
for all the core sramplea • A l.oad or 100 pounds was applied to the 
sample. The compression at this loed waa eatabliabed aa the zero 
deflection tor each aaaple. 

The teat procedure was aa follows: 

(a ) A 1000 pound load was applied to the •a•ple and held 
ror three seconds . The deflection was •as ured and tbe loed released . 

(b) At end ot one llin ute the load was increased to 2000 
pound8, held tor three seconds and the detl.ect1on •as ured ap1n. 

(c) 'l'he above was repeated in 1000 pound l.oad 1ncre•nta 
un~il the core was ~a.preaaed to three-fourths ot ita oriainal 
d1SMter, a deflection ot 0.112 inctws. 

-, 
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r (d)    Die above test va:. repeated at temperature of i20T* and 
i30oF.    The sampleb tested at the elevated taeperature& were rented 
to the terapcpiture of the test lor ten minuter before •tar,.ii>4 tbte 

Two teste were made at roon teaperature, one at 120*F# *nd «no at 
laoT. 

2,    Stretch arKi Hecovery.    Thlß is a te«t to deterali.e the aaouitt 
of etretch aud the anount of recovery that occur« wt^et. the core it 
loaded and releaued.    The core In the wire rope fchouXd «treteh and 
recover the same amount HB the wire strande when tie wire rope 1» 
loaded and released. 

The apparatus for this test is uhown In Figure 2.    ' ix foot teet 
samples of each material were made up with «ye «plicei  or. the euia« 
The sample was attached to head and base of the Ealdvin Uh'vereal 
testing Machine as shovn in Figure 2.    Three samples of eaca cure 
material vere testet as follovs: 

(a)   A tensile load of 100 pounds at •* head speed of % iaafcts jper 
minute was applied to the core.    With this load held, a gage *ertftt  jf p 
inches vas marked on the core. 

(b) An increasing tensile load vis applied to the cor« «411 Ike 
30 inch gage length vas stretched to 30-1/2 inches.    The lo^ me r«M 
and held for three seconds. 

(c) 2L* load was reduced to 100 lbs. and the orlglasi ]0 
increment vas remeaeured noting the reduction in length or reeevery» 

(d) At the end of one minute the tensile Ijad «as tueroseoi 
until the 30 inch length vas stretched to 31 inches.    The lo^ «as 
recorded and held for three seeoodt. 

(e) The load «as again reduced to 100 lbs.#  the |r> Inen 
«as roneasured and the recovery «ss recorded. 

(f) The above wac repeated at intervals of an* fllflute I» 
increnents of l/2 inch until a naitii of six inches of stretet 
recorded or until t^e core failed. 

(g) ft»? above teet «as aade for three samples ef m* • 

(h)    Two samples of each core amterlal vere pre •sue»»el to 
forty percent of their ultimate strength and steps  V toreugh f 
vere repeated. 

3.    Dynamic HeKing.    This is a tost to determine tfce effw% of 
flexing the cores over a sheave.    The sheavoe used for tads tost i«ai 
diagonal ribs «elded on the r^pe contact eurfaee to eboüeto too 
squoeting and «ear caused by the «ire strands on the eore as tso 
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The eprArot..n.s for this test is sh<Nn in Figure j. The chain 
from en ove rhe'ld hois t wee At.t.ached to an eye splice in one core 
specimen. '~'his core s~cimen and another were wrapped around a 
three inch and e t.welve inch sheeve as shown. W1 th this errengement 
two samples can be r.ested at one time. Attached to the twelve inch 
sheave were two cf.:lms which actUAted a switch reversing the hoist 
motor As the rop-:• cycled, the she9ves roteted ao that thP.re was no 
re la t,be mo t ion he tween the sheave end the rope . This test set up 
was capable of cycling the rope et 5 cycles per minute. 

(e) A ssmple of each core material was tested on the three 
inch she~ve end the twelve inch sheave. 

(b) The cores were oacilleted over the sheaves by the 
reversing of the hoist motor. 

(c) The te-~t. was continued until the core failed, et 
which time the number of oscillations vas recorded. 

(d) The above test was repeated for five samples of each 
core on the three inch sheave and one suple of each core on the 
twelve inch sheave. 

4. Abrasion Resistance. This is s test to COIIpllre the abrasive 
qualities of t.he core materials. 

The appereti.B for this test is shown in Figure 4. 

(a) The core specimen vas attached to the drum, layed 
over a fixed hexagonal bar, and a 5.2 pound weight vas attached to 
its end. 

(b) The dr1.111 oscillated, causing the core to abrade against 
the hexe~onal bar es shown in IPigure 4. The drllll oscillated at the 
rete of' 3C· . cycles per · ·-JD!n. P'our samples can be tested at one time 
vi th this teet set up. 

(c) When Qne strand of the core wore through, the test 
was atop~d l!lnd the nt~~ber of cycles wes recorded. 

(d) One sample of' each core vas immersed in water for 
forty-eight hours end the ·test was repeated for the veter-sCHtked 
cores . 

5. COefficient of' Priction. This is a test to determine the 
coefficient of' friction uf' the core materials. 

The test setup is es shown in IPigure 5 end the test procedure 
lies aa t'ollows: 

-, 
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(a) The core was placed on the flat stainless steel plate, 
and a 50 pound load was placed on th~ core, ~1Uided on both sides so 
that it would not tip. The rope was pulled by a ctLl.ibrated spring 
scale. 

-. 

(b) The force required to start the rope in motion was recorded. 

(c) Jhe force required to continue ·the rope in motion '"&s 
recorded. 

(d) 1be above te~t was repeated for one ~ample of each core. 

. .6. Sof"tenf1 Point. 'Ibis is a test to get comparative information 
on the etf'ect o heat in softening the core materials. 

'!be apparatus tor this test is as shown in Figure 6. This test 
is the standard method for testing for "Deformation of Plastics Under 
Load- AS~·rb2l. II 

(a) The core spec!.lllen W8.8 placed ir1 the test machine and a. 
load ot 200 pounds per linear inch was applied without shock. 

(b) The initial defo:n-.tion was recorded and established as 
the zero point. 

(c) The testing machine ~s placed 1r a test chamber which 
was heated to a temperature of 180 F. 

(d) The detonu.tion was recorded after 1/2 hour and 1 hour 
time increments. ... 

(e) The above test was repeated for one sample of each core. 

J. Results. The data collected in the performance of each ot'' the 
above teats is ta.bul.a.ted in Appendix A. 

The results of the above tests are shown in Figures 7 thru 17. 
The curves shown in these figures '4'ere made up of the average va.lues 
ot the data obtained. 

l Compressibility. li'igures 7, 8 and 9 show the- comparison of 
tbe co.pressibilitr or transverse stiffness ot the core materials. 
81-.J.~ and JUDila had the greatest transverse stiffness of the materials 
t(:Btecl at all three test temperatures. In all cases the compressibility 
l1creaaed with increasina teaperature. At 4oOO pounds load the increase 
in ca.preaaibUity tor ,. temperature increase of 7o0F to 1800F is as 
follova: · 

Sisal Manila Polypropylene Polyethylene Dacron Nylon 

14~ 14~ 5~ ll~ 

_J 
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Ar1 ettempt in mede from the dat<J received to ccmpute the bulk 
rnvdulas ot" eus t:lci ty of t.h~ core ~~eteriala. The procedure ~ed 
fO!' t his celc ula t ion is ahown in appendix A. Beca uae the teat 
Apecimen weR not complet~.J..y encluaed duril18 the compression test, 
(see J"igure 1), the de flection data could not be teken as compression 
of t he me t eriel end th!i!refore the results are not considered to be 
an exac t. indicetiorr of' the bulk modulus. Tbey do, of course, indicate 
comp~~retive veluts o·~ the bulk Jlll.ldul\.111 . The manU.e and aiaaf had 
the greetes t bulk IDI :d~tlus. The nylon, dacron, polyethylene and poly­
prupylene ell had ebout the SaJie value tor the bulk .oclulus. The 
c~_.;re samples used .rur t.his teat were as received frcm the manutacturer. 
Nu te11te were made ot th'! rcpe coree after they had been flexed or 
s t ::-etched . 

2. St retch and Recovery. P1gures 10 and ll show the relation­
ship of elongation vera~ load of the core materials. In general 
the effect or elvng~t~on in itself ie not an important factor in wire 
rope cu~ . These cut"V~B are a by-product ot the testing to determine 
the reeoverability or the core meteria:J.e. The curves shown for the 
elonget1un uf the manile and nylon compsre tavorab~ with curves 
shown in rete nonce (f.). The sisal end MnilB rope tor both the 
"as recei·.red" and prestressed rope eJonsete the least. The dacron 
and nyl<.m elongate the greatest amolmt. As would be eXpected the 
elungation is leas tn the pre-atreasttd rope than the ''•• received" 
1"\.lpe, since the rope atretc'hea at e greater rate in the t1rst 20 
percent of load application. This 1a couiatent with test results 
ahuvn in reference (f). 

Pigures 12 ane lJ show the c011periaon ot the recoverabili ty or 
the rupee. The purchase cable o't tbe ar1-eating engine stretches end 
recovers 1. uf _ .. a length dur1118 an arrestment. The ideal rope 
core wuul.d dUJllicete this. J"igure 12, ahov1nc the "as rec~ived" rope, 
ind1e&tes t hat ell the ropes except the sisal recover a·bout 0.5 ~r­
cent ror e l. elongeUon. 'l'be sisal recovers ebout 0.3 percent. 
The results could not be coape.red with 4ata trom reterence (r) aince 
t he deta shows an iiJIIIediate reco~ey. Rlference (r) pvea percent 
recovery after 15 minutes and lonaer. 

P1gure 13, showing the pre-atresaed rope 1_nd1catea that all the 
ropes recover 1 percent for s 1 percent elo~L1on. 

At the end or the stretch and recoveey testing all ropes vere 
tested to failure. Below are the reaul.ta: 

., 
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1. 

2. 

3· 

4. 

5· 

6. 

Ro~ - ll/16 Ir.ch D'iamete r 

Breek1ng Strength (Average) Pounds 

As !leeeived 

Sisal 3,"(66 

Manila 5,090 

f()lypre,;py1er.~ 7,907 

Polyethylene 4,240 

Nylvn 9,453 

Dacron 9,653 

Pre-Stressed 

3,915 

5,055 

7,790 

4,570 

9,580 

9,055 

3. Dynamic nexing. Figures 1; and 15 show the coznp8rison 
of the ropes subJected to flexing over a 3 inch and e -12 ineh sheave. 
The sheeves hed diagonal ribs welded to the rope cvntact surface to 
simul~te the effect o! the wire strand on the core. The 12 inch 
sheave more nearly duplicates the condition ot the wir e rope core 
in the purchase cabl3 traversing the 24 inch sheave . The 3 inch 
sheave vas used to accelerate t.he testing or the rope. In both 
eases, the nylon core faired the best. It wore two times ee long 
as the dseron. The deeron wee far s uper1or to the others, with 
polyprvpylene being the next best. 

These resUlts agree with dete supplied by the leading cordage 
manufacturers. Information given in reference (f) elso notes thet 
tor nex1ng endurance nylon cordagr. is superior in pertol1118nee . 

It vas noted upon inspection of the test samples ot the failure 
that there were some 1nd1eat1ons of rubbing bP.tween the sheave end 
the rcpe, so that abrasion poaaibly added to the dynamic flexing 
t.o pruduee the failure. 

4. AbrasioJ"' .. s1atanee. During an arrestment, as the purchase 
cable bends around the sheaves, the atrande of the core will rub 
ap1net one another and the wire strende. P1gures 16 end rr show 
the comparative abrasive resistant qualities of the core materiels. 
Here again the n,ylon and the daeron outlasted the other ro~ . The 
teat of the dry core materials shoved t.h& ~~ the nylon end decron 
lasted ror 350,000 cycles with only e •light tndicetion of weer; 
the polypropylene showed heavy wear at 350,000 cycles, the polyethylene 
failed at 62,000 cycles, the manila at 113,000 cyclea and ·the sisal at 
39,000 cycle1. 

._J 
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*>.    CoeTlclent of Friction.    Table II shows the comparative 
kMura o*" the sun tic and dynamic coefficient of friction for the 
core nrterlals.    The polyethylene proved to have the lowest co- 
efficient of ttatle and dyaaiulc friction, 0.15 and 0.1k respectively, 
whilr aar.llfi hid the greatest - 0.27 end 0.26 respectively.    The 
#«lura for incroi. nnd polypropylene were slap low. 

6.    r>oftenin^ it>lnt.    Table 'II shows the effect of temperature 
or aortonlng of Mie >!ore materials.    Tie nylon »as affected the 
leas', by Urn Inrreaeed temperature, deforming 6.58 percent after 
l/2 toOfT and 0,'f* jercent after 1 hour.    The polyethylene and poly- 
l«t»^ylenr det'orard  ih» great«at amount, deforming 1.9tand 1.75 
reai^r'.lvwly after \/2 hour and 3*05 and 2.0K percent after 1 hour. 

ISla «#••  la related to the Nret>istance to squeedng" test 
w»   'i'*i In pare^rapl. J-l above, except that in one caae the core 
la omrloaad and In the other It Is not.    Figure 9 does show agreement 
la tlail maniia and si aal does deflect the greatest amount and 
v.i>f. and dacron the leaat at the elevated temperatures. 

It   orfec 'o determine which of the cores performed the best for 
all  the i#au doacrlbed above, a rating of 1 thru 5 Is given to each 
for ooeh one of the •-eats.    An additional factor of 2 is multiplied 
hf UM» ra*lna for the t raneverse stiffness and flexibility tests 
• lore the»# are felt to be the most Important.    The core with the 
Mtfmeei <*'$; from this rating would have the beat performance.    The 
ftllMmt ere me reauiu: 

~i 

1 ^ •franaveree 
Stlffneea 

1 «Flexi- 
bility 

Abra- 
sion 

Fric- 
tion 

Recover- 
eblllty 

1 

Temp. Totell 

Heel 10 2 1 |   3 If 3 23     | 

| featto 10 2 2 1 ,    5 3 23     1 
1   l*.nrnirl0nm < 6 3 5 5 2 27     | 

| |*|j*ll*U«t <            1 k 2 5 5 2 2k     1 
\**m % 10 5 3 5 5 32      | 

1 iMP» 6 6 5     1 5       ' 5 5 3k     1 

, 

itlr*    lee»  . . 

J .. 
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K. Concl us iolis . As stAted th.::oughv ut the t;ext. of this report., the 
idenl w1.J'P. t"t r;;-core wc,uld be one t he t had t he- following: · 

1. •rrensve!"sP. stiftneas to sup:fOrt the wire strands under 
cundi ti•.;r.s of hi gh loa<Ung t~ l'OLUld she&ves to prevent rubbing ot the 
s trt"nds agttins t each ot her. 

2 . Flex1bil1t.y to ellO\/ the dynamic bending eround the sheave 
withuut fnilu.re uf the core fiber or strends. 

3. Resis tance t o eb1·asion end shear t o prevent f e ilure of' the 
core as i t rubs egtdns t the wire stnmds. 

4. ~ct-· ·Jerr~bili t y tcJ ell<:.Jw t he c0re t o stretch end re~over with 
t he wire s t !'Ai td fi a mi t hereby red uce t.o e minim1.111 rele t i ve mut ion 
betveen the wir P strend 3nd the cure. 

5. St a hili t y e t high temt.erat urea which wo ul d be experienced 
by the cure d ue tl; high ambient; condi tiun Bnd hea t generated by the 
wor.k. 

The rating table, shown in paragraph J of t his section, which 
considers the ehov~ factora, co.1cludes that t he decron core wo uld 
give the- bes t ~rf01"1118nce as a wire rope core. 

Tnese test~ did not evelll8te many of the parameters 11ffecting 
the above f~tctors which contribt.:te to the determinetion of the most 
suitable wire rope core. Some ct the parameters which should be 
considered are: 

e. Trensv~rse stiffnes& of the rope vith increasing tension 
loads. 

h. Transverse stiffness of t.he rope after it h8d been dynamic­
elly flexed at en increea1ng number of cycles. 

c. Transverse stiffness uf the core for her d and soft laid 
rope. 

d. Flexihili ty of the core vi th increasing tension loads. 
e. Flexibility of hard e nd soft laid rope. 

· f . Flexibility uf lubricated end non-luhricet.ed rope. 
g. Resistance t.o abrasion and sheer for lubricated end non· 

l ubricated rope. 
h. Resiatence to abre" · Jn end shear for herd and soft leid rope. 
i. Instantaneous rec. ,ert ot the rope after release of loed. 

In the light ~o~t the above, it 1• fe lt th8t no def'inite conclusion 
can be made ea tv the .,.t aut table vire rope core •teriel fQr a" 
arresting engine purchase cable without eddi tionel testing . 

L. 8ecu~~~~~endetions . It 11 reeo~~~~~enderl that purche•e cable be made 
up w1 th daeron core 1 nylon core and pol.n>ropylene core tor full 
acele tests on an aircraft arntatina encine. It is alao recoaunended 
that additional teetina be done on the wire rope core •teriel to 
determine the tollowins: 

_J 
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1. The effects or rope tension, d,ynalllic tl~ntins end hard and 
sof t lAid rope ~n t renoveree stittness. 

2 . 'l'hf!' effec t 3 or rope tene1on, hard and sort laid rope end 
l ub r·1ca t 1on on flexibili ty. 

3. 'l'he effects ot' hard end sort laid rope end lubr1e~tt1on on 
resistance to abrasion and sheer. 

4. The inst entanec us recoverebU i ty or the rope atter release 
of l ued. 
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a. NAEL-ENG-'TOll~ {14 February 1964) Study of Designs for en 
Optimum Wire .Rope tor .\ircreft Arresting Systems. 

h. SJecHicl'l t. ion MIL-\-1 -6ol5A (ASG) 9 Pebruery 195.3. 
w:1 t•e Ro:;,e, Steel, n x 19, High Strength (for Aircraft 
Lf; :mr-hiag and Arresting). 

c. Specifice t ion MIL-f'-24216 (SHII-S) 25 Merch 1966. 
r·oly r,ropy lene Cores for Wit-e Rope . 

d. s.~cificetion MIL-R-24049A (SHIFS) of 28 Merch 1966 . 
Rope, Polypropylene 

e. 11es1gn Dete Report No. 1316 

f. "'l':!t.= ~chnCJlogy of Cordage, Fibers end Rope" by Devid 
H:l.rnrnP lfL r b • 

g. "Anelyticel end Experimental Invest:S.gat1on of Aircraft 
Arresting-Gear Furcheae Ceble" ty P.T. Gibson, R.H . 
Frees, R.O. Winegardner, O.E. Retlit, O.W. Hoeppner, 
W.S. Hyler end H.A. Cress. 

L . ~ 



PLArE NO. ttMZ 

INDICATOR 

ANVIL 

CORE 
SPECIMEN 

L 

TEST APPARATUS 
COMPRESS.IBILITY 

RAtc;•EIG - 7 4 61 
PAGE 26 

HEAD 
(BALDWIN UNIVERSAL 

TESTING MACHINE) 

PLATE 

FIGURE NO.!_j 



4~:rJ.t~EC:..~455(RI:. 'J . 7·6 'H 

pt ArE . .0 t I 911 

r 
TE: .ST APPARATUS 

STRETCH 8 RECOVERY 

tiE AD 
(BALDWIN UNIVE~S~ 

TESTING MACHJNE) 

CORE SPECIMEN-·-~ 

1···---·----·-
30" ORIGINAL GAGE 
LENGTHe. 100• LOAD. 

STRETCH a RECOVERY 
ME A SUREMENTS 

j__--t 

BED PLA'TE 

~---7461 
PACE 27 

L FIGURE NO.2 

-, 



7461 
se 

1 LSI   APPARATUS 
DYNAMIC   FLEXING 

«CvCftSiNC 
Ä.TWH 

•9if«One x 

.•'  0   A 

NCIST 

COfIC 
SPCCiMCN 

S   O.A 
SMIAVI 

ri«uM üo. i 



I 
I 
: 

TEST APPARATUS 
ABRASION RESISTANCE 

f4% 

Co«t *^ic.«t% 

• • 

: 

- 

15* STUOM 

*.* !.•• 

t«f^#«  •# # 



r ,.. - G) c ~
 "' z 0 • U
l 

L
 

T
E

S
T

 
A

P
P

A
R

A
T

U
S

 
C

O
E

F
F

IC
IE

N
T

 
O

F 
F

R
IC

T
IO

N
 

-
A

P
P

L
IE

D
 

LO
A

D
 

ce
o 

L
B

S
) 

A
I 

C
O

R
E

 
S

P
E

C
IM

E
N

 

c-
=

=
 
~
 

• 
P

U
LL

IN
G

 
FO

R
C

E
 

A
~
 

S
T

A
IN

LE
S

S
 

S
T

E
E

L
 

P
L

A
T

E
 

C
O

R
E

 
S

P
E

C
IM

E
N

 
G

U
ID

E
 

P
L

A
T

E
 

S
E

C
T

IO
N

 A
-A

 

-
• 

·
-

•
I 

I 
-

1 
'

-
• 

•
• 

I 
"V

 
• 

,... 
I 

! 
... 

,.,
 

n 

-, 
~ 
: 

• 
• "' 

_
J 

=
 i 

I 
c 

N
 

• • . • ... • 
~
·
 

C
D

"
' 

"
''
;'

 
"' 

w
• 

0 
CD

 
I ~
 • en -



aiO·MliC·2411CMY. , • .,, IAEC·--7461 
~Aft JIO, IIIII IWE 31 

r 1 
'TEST APPARATUS 

EFFECT OF HEAT ON DEFORMATION 

L 

HYORAUUC JACK 
FOR RAISING WEIGHT 

DEFORMATION TESTING 
MACHINE 

DIAL 
GAGE' 

CORE SPECIMEN 

FIGURE NO.6 
..J 



NAEC- ENG -7461 
FAGE ·32 . 

RESIS.TANCE TO SQUEEZING 

ROPE SIZE: 3 STRAND,.!.!. DIA 
. : . 16 
TEMPERAtURE z to• F • 

• 22 

.2 
DACRON 8 NYLON 

.18 . : .. .. 

.16 POLYETHYLENE 
en 
"' % 
(.) 

z -
I .12 
z 
0 -.... 
u .10 
w _, 
~ .08 w 
0 

.0·6 

. .. 04 

.02 ,. 

0 
0 
100 I 

. . - . : . . . . . ~ - . . ; . . . . 
. ' . 

' .. 
• 1 •• • • • ! 1 .. I 

· ' ' . . . .. . 

. •• - 1 ••. : • • : . 

i •. 
:t I 

~ . . ~·. t ! . · : :. . • . ... :: . _ 

LOAD - ;L8S 
. . . • ! . 

' ' . ' · : ·: } 

' ' I j ,- 1 • • • 

. . . . ,. ... . FIGURE NO .. 7· : 
.. ............ .. : .. . ,; . . ; ..... "" .: .. L·~. ; ... l. . . ; . :: ; I I 

-. ' 

• ~ ' ' r 



' en 
w 

. % 
u 
z -I 
z 
0 -.... 
0 

"' . .J 

"· "" Q 

. 22 

NA£C- ENG- 7461 
FAGE 33 

RESISTANCE TO SQUEEZING 

POLYPROPYLENE 

ROPE SIZE; 3 STRANO,.!!. DIA 
16 

TEMPERATURE: 120• F . 

.20 POLYETHYLENE 

.18 

.16 

.14 

.12 

.tO 

.0 

.o 

.0 

.02 

0 
0 2,000 ~000 6,000 8,000 10,000 

100 

bOAD- LBS 

FIGURE NO.8 



NAEC   ENG-7461 
PAGE 3^ 

RESISTANCE   TO SQUEEZING 

ROPE   SIZE:    3 STRAND, -DIA 
16 

TEMPERATURE;  ISO* F. 

en 
Ui 
Z u 
Z 
I 
z 
o 
u 
UJ 
.J 

Ui 
a 

POLYPROPYLENE 

MANILA 

SISAL 

POLYETHYLENE 

LOAD-LBS 

^OOO lOpOO 

FIGURE   NO. 9 



... 
z 
&&i 40 
0 
a: 
Q. 

• Q 

!C( 20 
0 
~ 

NA EC · ENG- 7461 
PAGE 35 

ELON.GATION. VS LOAD 

. ' . . . . 

t I 
. . ROPE SIZE: 3 STRAN.O, IS DIA 

GAGE LENGTH~ 30 I 
ROPE: AS RECEIVED I 

SISAL 

\_POLYPROPYlENE 

· o~~~--~~-----------------------
0 4 8 12. 16 2:0 24 

ELpN.GATION- P.E.RCENt OF ·QRIGI.NAL LENGTH 

FIGURE NO. 10 / 



z -~ 
<t 
w 
« 60 
CD 

.... 

« 
w 
A. 
I 

0 

40 

~ 20 
0 
.J 

0 
0 

NAEC- ENG -7461 
PAGE 36 

ELONGATION VS LOAD 

MANILA-

4 • 

ROPE SIZE: 3 STRANO,.!.! OIA 
16 

GAGE LENGTH: 30• 

ROPE: PRE -STRE SSEO TO 
40 ~ .. o OF ULTIMATE 

POLYPROPYLENE 

12 16 20 . 2~ 

ELONGATION- rE.RCENT OF ORIGINAL LENGTH 
I i • 

' 

f I GU R E NO. I I ' 



% 
; 
z 
"' ..J _, 
• z -(!) -a: 
0 
I&. 
0 

~ 
"' u 
a: 
1&.1 
CL 
I 
z 

· 0 -
. ~ 

«!» z 
0 
..j 

I .IIJ 

NAEC -ENG-7461 
PAGE 37 

RECOVERY VS ELONGATION 

22 

2 . 

18 

16 

14 

1·2 

tO 

8 

6 

4 

2 

0 ·. 
0 

ROPE SIZE: 3 STRANo • .!! DIA 
16 

GAGE LENGTH: 30" 

ROPE: AS· RECEIVED 

POLYETHYLENE 

OLYPROPYLENE 

2 ., • 5 ' 1 8 t 10 It 

. . 
ftECOVERY:- PEitC:ENT OF tOTAl LENt;Tti 

FIG.U~E NO. f,2 : 

. . . . ., 
. . . , 

! 

. I 



% .,_ 
"' z 
"' _, 
... 
c:l: 
! 
"' ~ 
0 
~ 
0 
~ z 
"' u 
0: 
w 
fl. 
I 
z 
0 -.,_ 
c 
<:) 
z 
0 
_J 
w 

· - NAEC- ENG- 7461 
PAGE 38 

RECOVERY vs · ELONGATION 

221 

2~ 
18 

16 

14 

12 

10 

8 

6 

4 

2 

0 
0 2 3 

II 
ROPE SIZE; 3 STRAND, i6 DIA 

GAGE LENGTH: 30" 
ROPE: PRE-STRESSED TO 
40·% OF ULTIMATE. 

POLYETHYLENE 

! ' 

i 

4 t 6 1 8. .t I() 
I 

n 

· •· • . • • 1 

FIGURE t4J3 
' I' 

.. 
' 



-
~
 

-
-

----
--

... 
::-

-..
 

..
. 

·~
. 

. 
~
 

..
.

.. 
-

.....
 r-

:··
 

..
 

. 
. D

YN
A:

M
lC

·· 
FL

.E
X

fN
G

 

S
IS

A
L

 

· 
··

-·M
A

N
IL

-A
 

··-
-
~
 
·-

. 
-

--
. 

. -
·-

. ~
~
 

.-
. 

. 
.R

O
P

E
 

S
JZ

E
:

. 3
 

S
T

R
A

N
D

, 
ti D

JA
 

R
O

P
E

 
T

E
N

S
IO

N
: 

7·
0

Q
 

L
B

S
 

o 
·
•
•
 

o
p 

-
o

·
 
4
~
 

·
-

-
.
:
.
 

~I
 

PO
L

¥t
T

H
Y

l.:
E

N
£ 

O
:· 

. ·
-

. 
-·

-.
..

. 
--

-
-

w
 
~
 

c ·2
1

 
PO

L
V

PR
O

PY
L

E
H

£-
---

-
---

··· 
···

--·
--

w
 

C
L 0 cr:

1 
D

A
C

R
O

N
 

N
Y

LO
N

 

0 
2

. 
4 

6 
8 

. . 
. 

..
 

3 
P

U
LI

..
E

V
 ·

 

10
 

12
 

14
 

16
 

18
 

2
0

 
2

2
 

24
 

2
6

 

FL
E

X
IN

G
 

C
Y

C
L

E
S

 
(K

 
1

0
0

0
) 

z ~
 

fT
1 n f fT
I 

2
8

 
3

0
 
~
 

~
I
 

~
 ...

.. 
~
 

~
~
 

fi
G

U
R

E
 

N
O

. 
14

 



D
Y

N
A

M
IC

 
FL

E
X

IN
G

 

S
IS

A
L

 

M
A

,.I
LA

 

-~'
-·P
Ol
YE
TH
YL
EN
E 

J 
<

 
<

 
<

 
<

 
<

 
D

 

R
O

P
E

 
S

IZ
E

: 
3 
ST
RA
NO
,:
~ 

D
IA

 

R
O

P
E

 
T

E
N

S
iO

N
: 

7
0

0
 L

B
.S

 

It
' P

U
L

L
E

Y
 

~
 t:! ~.C
 I 

P.
CJ

LY
PR

O
PY

LE
NE

.I>
 7

 
>

 
>

 
>

 
>

 
>

 
>

 
>

 
>

 
>

 
>

 •
 

2 "' 
.

Q
. 

0 ad
 

D
A

C
R

O
N

 

..f
iiY

·L
O

N
· 

0 

RO
T 

ft
S

T
E

D
 

2 
4 

6 
8 

ID
 

12
 

14
 

16
 

18
 

2
0

 
2

2
 

2
4

 
2

6
 

2
8

 

fL
E

X
IN

G
 

C
Y

C
L

E
S

 (
•.

1
0

0
0

) 

F
l G

U
R

E
 

N
O

. 
15

 

3
3

,0
0

0
 

-
~
 

:0
0 

z 
--

)>
 

rr
1 0 ' 

3
0

 ~
 

C
) 

~·
 

~
~
 

~
(
]
)
 

c 
-



S
IS

A
L

 

··M
A

N
tL

A
· 

.A
B

R
A

S
IO

N
 _

 R
E

S
LS

.T
A

N
C

E
 

R
O

P
E

 
S

IZ
E

:_
 3_

 ST
R~

NO
 -

ii
-o

t_A
 .. 

R
O

P
E

 
·r
E

N
S

tO
N

: 
5

.2
 L

B
S

 
0 

•
•
 

R
O

P
E

 :
 

A
s

· 
R

E
C

£t
V

E
O

 

: .
. .

.I
 

<
( 

P
o

lY
E

T
H

Y
L

E
N

E
 

I 
<

 
c 

<
 

<
 

<
 

<
 

I 

. 
- '«
 

LL
I .... 

-
.c

t 
~
 

w
 

.o
..
~
 

-
0 ~
I
 

D
A

C
R

:O
N

 

N
Y

L
O

N
 

-
··

-

....
. 

..
. 

. 
..

 

"'I
' 

« 
c 

<
 

<
 

c 
<

 
'

. 
<

 
c 

<
 

c 
c 

<
 

<
 

<
 

<
 

c 
<

 
·c

 
<

 
<

 
.<

 
<

 
<

 
c 

<
 

;
c
 

c 
<

 
<

 
« 

• 

,:
zz

zz
z7

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
/1

 • 

f'
d <

 
<

 
<

 
<

 
£ 

<
 

<
 

<
 

<
 

<
 

<
 

c 
<

 
<

 
<

 
<

 
<

 
<

 
<

 
<

 
<

 
<

 
<

 
<

 
c 

<
 

<
 

<
 

<
 

c 
c 

<
 

c 
<

 
1 

-

0 
~
0
 

1
0

0
 

1
5

0
 

2
0

0
 

2
5

0
 

3
0

0
 

3
5

0
 

..
 

T
E

S
T

IN
G

 
D

IS
C

O
N

T
IN

U
E

D
 

N
U

M
B

E
R

. 
O

F
 .

C
.Y

C
LE

S
 .(

x
 .1

.0
0

0
) 

. 
_

_ 
. 

! .
...

 ~
~
T
f
:
R
 

· ~
,
0
,
0
0
0
 
~
Y
C
L
E
S
 

F
IG

U
R

E
 

N
O

. 
1

6
 

z l>
 

~
 

(
')

 

I "' z C
) 

~·
 

~
~
 

.J
:"

O
'l 

.... 
-



·~
 

·
C

 - . ct:"
· 

·S
IS

A
L

 

M
A

N
IL

A
 

:
w

 
: :~

I 
P

O
L

Y
E

T
H

Y
L

E
N

E
 

tc
 

, 
, 

, 
4 

-"
2

 

'
w

 

A
B

R
A

S
IO

N
 

R
E

S
IS

TA
N

C
E

 

R
O

P
E

 
S

.I
Z

E
: 

3 
S

TR
A

N
D

 
~
 O

IA
 

16
 

R
O

P
E

 
T

E
N

S
IO

N
: 

5
.2

 L
B

S
 

R
O

P
E

: 
IM

M
E

R
S

E
D

 
IN

 
W

A
T

E
R

 
t
~
 

H
O

U
R

S
 

·~
t 

"P
.O

LY
P

A
O

P
l'L

E
N

E
J 

£ 
£ 

, 
L 

L 
£ 

L 
c 

L 
L 

L 
L 

L 
L 

L 
, 

L 
<

 
<

 
<

 
<

 
L 

L 
<

 
<

 
<

 
<

 
I 

a::
 

·D
A

C
R

O
N

 
~
 

<
 

<
 

<
 

( 
<

 
£ 

£ 
£ 

<
 

<
 

£ 
<

 
<

 
L

 
<

 
<

 
L

 
<

 
<

 
<

 
<

 
<

 
£ 

<
 

F
 

<
<

I
*

 

··N
Y

LO
N

 
Y

 
£ 

<
 

<
 

£ 
£ 

L
 

<
 

L 
£ 

<
 

<
 

<
 

L
 

<
 

L
 

L
 

/ 
<

 
<

 
<

 
<

 
<

 
<

 
<

 
/ 

<
 

<
 
1-

0 
5

0
 

1
0

0
 

1
5

0
 

2
0

0
 

2
5

0
 

3
0

0
 

3
5

0
 

:. :
 .

 
• 

:T
E

S
T

IN
G

 
D

IS
C

O
N

T
tN

U
£0

 
. 

N
U

M
B

E
R

 
O

F 
C

Y
C

L
E

S
 

(x
 1

0
0

0
) 

: 
·. 

A
FT

ER
 

35
0 

CY
CL

ES
 

--
-

... 
. 

. 
-

. ...
....

 . 
. 

-
. 

' 
' 

. 
' 

F
IG

U
R

E
 

N
O

. 
17

 

z J>
 ,.., n I , z C

) 

~·
 

~
~
 

~
~
 

f
\
)
-



r 
T

A
B

L
E

 
I
-

P
H

Y
S

IC
A

L
 

P
R

O
P

E
R

T
IE

S
 

O
F 

T
E

S
T

 
R

O
P

E
 

C
O

R
E

 
M

A
T

E
R

IA
L

 
P

R
O

P
E

R
T

IE
S

 
S

l S
A

L
 

M
A

N
IL

A
 

P
-P

R
O

P
V

LE
N

E
 P

-E
T

H
Y

LE
N

E
 

D
A

C
R

O
N

 

R
O

P
E

 
O

IA
-I

N
C

H
E

S
 

'Y
. 16

 
4
~
 6
4

 
'Y

. 16
 

11
/. 16

 
.6

71
 

14
 E

N
D

S
• 

1
4

E
N

O
S

. 
2

1
6

0
0

 
2 

2
6

0
0

 
I 

P
L

Y
 

Y
A

R
N

 
S

IZ
E

 
2

3
T

 W
T

-1
 
2
0
~
T
 W

T 
D

E
N

IE
R

 
D

E
N

IE
R

 
1

8
7

0
0

 
E

N
D

•2
8

T
 

D
E

N
IE

R
 

R
O

P
E

 
L

A
Y

 

(T
U

R
N

S
 P

E
R

 F
O

O
Tl

 
6

.4
0

 
6.

15
 

5
~
6
0
 

5
.7

0
 

6
.8

0
 

L
U

B
E

 
C

O
N

TE
N

T 
cy

o 
1

3
.5

 
1

3
.0

 
3

.3
2

 
1.

3 

W
E

iG
H

T
 /t

O
O

 F
T

 
17

.2
 

17
.3

 
9

.6
7

 
1

0
.2

5
 

1
4

.5
 

Y
A

R
N

S
/S

T
R

A
N

D
 

14
 

-
15

 
16

 
16

 
2

2
 

-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
·-
-

-
-

L 

5 
;E 

l 
>

 
,..

 
;;

; 
('

I 

, 
! 

: 
• 

Il
l 

-Il
l 

N
Y

L
O

N
 --

.6
8

7
 

I 
P

L
Y

 
1

5
1

2
0

 
D

E
N

IE
R

 

7
.0

5
 

1.
6 

12
.1

 

2
4

 

_, 

=
 i 

I 
c 

... 
. .. • • ~ z 

., 
,.,. 

J
lo

>
m

 
c:

>
n

 
"
' 

I "' 
~
=
-

~
,
.
J
G
)
 _. ~
 

1
-'

 



r L
 

TA
B

LE
 
ll

-
C

O
E

FF
IC

IE
N

T
 

O
F 

FR
IC

TI
O

N
 

;J
 

2 
.. 

.. 
~ 

~ 
I
~

~ 'J
' 

-
... 

...
 

<
 

.. .. 
S

T
A

T
IC

 
F

R
IC

T
IO

N
 

D
Y

N
A

M
IC

 
F

R
IC

T
IO

N
 

- .,, 
M

A
T

E
R

IA
L

 
F

O
R

C
E

 
T

O
 S

T
A

R
T

 
C

O
E

F
F

IC
IE

N
T

 
F

O
R

C
E

 
T

O
 

M
O

T
IO

N
 

f;
f 

C
O

N
T

IN
U

E
 

M
O

TI
O

N
 

F
 

-
L

B
S

 
N

 
F

-L
B

S
 

S
IS

A
L

 
12

.0
 . 

0
.2

4
 

II
. 5

 
. 

M
A

N
IL

A
 

13
.5

 
0

.2
7

 
1

3
.0

 

P
O

LY
P

R
O

P
Y

LE
N

E
 

8
.5

 
0.

17
 

8
.0

 

P
O

L
Y

E
T

H
Y

L
E

N
E

 
7

.5
 

0.
15

 
7

.0
 

N
Y

L
O

N
 

11
.5

 
0

.2
3

 
t 1

.0
 

. 

D
A

C
R

O
N

 
7

.7
5

 
0

.1
5

5
 

7
.5

 
-
-
-
-
-
-
-

-
-

-

C
O

R
E

 
M

A
T

E
R

IA
L

 
T

O
 

S
T

A
IN

L
E

S
S

 
S

T
E

E
L

 
N

O
R

M
A

L
 

F
O

R
C

E
 

O
N

· R
O

P
E

 
N

 
=

 5
0

 L
B

S
 

C
O

E
F

F
IC

IE
N

T
 

E
~ f

 
N

 0
.2

3
 

I I 

0
.2

6
 

I I I I 

0
.1

6
 

I I I 
. 

0
.1

4 
I 

0
.2

2
 

I I 

0
.1

5
 

I 

-
-
-
-

_
_

_
_

 _
_

j _
J 

._,
 

~~
 

~- ~
 

~
 

.....
. 



--
-

...
...

...
.-

-
_ 

.
.
.
.
.
.
 
-
·
 

r 
T

A
B

L
E

 
m

-
E

FF
E

C
T

 
O

F 
H

E
A

T
 

O
N

 
D

E
F

O
R

M
A

T
IO

N
 

1
1

2
 H

O
U

R
 E

X
P

O
S

U
R

E
 

I 
H

O
U

R
 

E
X

P
O

S
U

R
E

 
~
 

M
A

T
E

R
IA

L
 

D
E

F
LE

C
T

IO
N

 
0 / 0

 
D

E
F

O
R

M
A

T
IO

N
 

D
E

F
LE

C
T

IO
N

 
0 / 0

 
D

E
F

O
R

M
A

T
IO

N
 

IN
C

H
E

S
 

~ 
X

 
10

0 
IN

C
H

E
S

 
A

 
X

 1
0

0
 

A
 

B
 

A
 

B
 

S
IS

A
L

 
0

.0
1

5
 

. 
t.

 \8
 

o.
 o

"l
.S

' 
3>

.~
~
 

M
A

N
IL

A
 

0
.0

1
0

 
1.

45
 

0
.0

1
8

 
2

.6
2

 

P
O

LY
P

R
O

P
Y

LE
N

E
 

0
.0

1
2

 
I.

 7
5

 
. 0

.0
1

4
 

2
.0

4
 

P
O

L
Y

E
T

H
Y

L
E

N
E

 
0

.0
1

3
 

I.
 9

0
 

0
.0

2
1

 
3

.0
5

 

N
Y

L
O

N
 

0
.0

0
4

 
0

.5
8

 
0

.0
0

5
 

0
.7

3
 

D
A

C
R

O
N

 
0

.0
0

5
 

0
.7

3
 

0
.0

0
5

 
0

.7
3

 

T
E

S
T

 
T

E
M

P
E

R
A

T
U

R
E

 
-

1
8

0
° 

F
 

C
O

R
E

 
D

IA
M

E
T

E
R

 
B

 
-

0
.6

8
8

 IN
C

H
E

S
 

L 

~ 0 
jl
 

• .. ~
 

~ 
~ 

I
~
~
 

Il
l 

I ' J ! _
j 

---Z
' 

I 
~ ... .... . "' .., ~~
 

~~
 

-.
1

 

~
 

.....
 



4Ni1 -NAI 1' .2455IHEV. 7.63) 

PlAT£ NO. ttNZ 

r 

L 

AI-fENDIX A 

TEST DATA AND CALCtLATIONS 
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(..Mi C. 14t«(MV.   ?.«|| 

f(AT|   MO.   IIHI 
NAEC-ENO YU61 

PAOE Al-2 

I - TEGT DATA 
« 

TEST - Resistance to Squeezing, MAT'L - Sisal as Received 

Load - Lbs . 

Deflection - Inches 

Room 
Temp. 
No. 1 

Room 
Tcrap. 
Ho. 2 

120 •? 
No. 1 

180'F 
No. 1 

1  l80oF 
[  No. 2 

100 0 0 0 0 
0     1 

1 1000 .025 .025 .025 .050 .039  1 

1 2000 .055 .051 .0'»9 .090 .060  j 

j 3000 .079 .072 .072 .120 -no  j 
| 14ÜO0 .096 .090 .098 .m •133    1 
I 5000 .110 .106 .US .163 j   .154   ' 

j to00 .128 .121 .131 

] 7000 .1U2 .13^ .lUo 

| 6ooo .152 .H*5 .160 • 

j 9000 .163 .156 

| 10000 .165 

Oefl. 
Inches 

Load              1 

Room 
Terap. 
No. 1 

Room 
Terap. 
No. 2 

120oF 

No. 1 

180#F 

No. 1 

l80oF  I 

HO. 2  J 

| ,172 10,000 10,500 8,800 5,li»0 5,960  | 

I 
I 
I 



f>.NMC.l4MIM¥.  ».til 

»1*11   NO.   IU6I 
NACC-tNG 7^61 

PACE Al-3 

TEST - Resistance to Squeezing, MAT'L - Manila ac Received 

n 

■i 

■ 

: 

I 
i 
i 
i 
i 
i 

Load • Lbs 

Deflect.lon - Inches 

FDOB 
Trrap. 
No. 1 

J'JOOIÜ 

Temp. 
No. 2 

1PG0F 
«c. 1 

l80*f 
.No. 1 

l80oF j 
No.  2     J 

100 o 0 •0 0 0        ! 

1000 .035 .0U1 .OUk .03^ •03*»     j 

2000 .066 .076 .079 .07^ .066 

3000 .091 .101 .105 .107 .091* 

UOOO .111 .ia .1C6 .132 j     .123      1 

5000 .128 .130 .1^3 .155 1^   1 
6000 Mk .152 .1!?9 • ,lCk     j 

1     7000 .156 .165 

I     8000 .167 

j     Defl. 
|    Inches 

Locd                                      J 

Itoom 
Tcnp. 
No. 1 

Room 
Temp. 
No. 2 

1200F 

Ko. 1 

l50oF 

Ilo.l 

1B00F 1 

No.2       j 

.172                  j 8,260 7,820 7,000 5,800 6,200     j 



O.MICimiMV.   ».•>! 

^lAfl   MO.   Il9t/ 
NAEC-CNO 7^1 

PAGE n-k 

TEST - Resistance to Squeeting, MAT'L - Polypropylene 06 Received 

Load - Lbs. 

Deflection • Inches 

Room 
Temp. 
No. 1 

Room 
Temp. 
No. 2 

120*9 
No. 1 

1 l80oP 
No. 1 

180*F 1 
No. 2 

100 0 0 0 0 0 

1000 .043 .c*6 .062 .050 .070  j 

1 2000 .092 .097 .104 .106 .107  j 

3000 .121 .128 .131 .141 
'lk2 

1 uooo .lUl .150 .151 .167 .166  | 

5000 .I5C .167 .167 

Dcfl. 
Inchoa 

Load            j 

Room 
Temp. 
No.l 

ROOM 
Temp. 
No. 2 

120#F 

No. 1 

180*F 

No.l 

180*F 1 

No. 2 j 

| .172 5900 5100 50k0 4020 4o8o 



I 

4ND.SAfC.l4tl<UV. 7.tS| 

f\.*U   NO.   11967 ^ 
HAEC-EHG  7k6l 

PAGE  Al-5 

BST - Rpsletance to Squoeiln^, MAT'L - rol.yethylene ee Received 

"I 

I 

I 

Load - Lbs. 

Doflectlcn - Inches 
1 

Room 
Tcnp. 
Ko. 1 

Roon 
Tcmr • 
nr..  2 

x20oF 
Ko. 1 

J800F 
Ko. 1 

180°? 
No. 2 

100 0 0 0 0 0 

1000 .059 .0'j6 .061 .065 .061 

POOO .096 .093 .107 .109 .111 

3000 .12k .12*4 ■13^ .130 4M 

kooo .1^ .1^5 .158 .155 .165 

5000 .1^2 .16? 
             . 

OefJ. 
Inches 

LOH4 

Itoom 
Temp. 
No. 1 

Room 
Temp. 
Ko. 2 

120 •F 

No. 1 

l8o0P 

No. 1 

lÖO'F 

No. 2 

.172 5,WO 5,560 5,000 M3o U,280 

I 



t>.NArc.l49tfMV.   7.131 

PLAII   NO.   11*62 
NAEC-ENQ   Jk6l 

PAGE A1.6 

r 
TEST - Resictence to Squeezing - MAT'L - Nylon as Received 

: 

Load - Lba. 

Deflection - Inches 

Room 
Tcnj'. 
No. 1 

Room 
Temp. 
No. 2 

120 0P 
No. 1 

180*P 
No. 1 

180#F 
No. 2 

I      100 0 o 0 
• 

0 0 

1000 0.0^9 0.068 0.075 0.063 0.080 

2000 0.103 0.108 0.120 0.111 0.128   1 

3000 0.132 0.133 0.150 0.1U2 0.157   1 

1    uooo o.m 0.151 - 0.1^3 - 

5000 0.1(.ü 0.167 - - - 

Lead To 

Defl. 
Inchea 

Load                                   | 

Room 
Temp. 
No. 1 

Room 
Temp 
No. 2 

120#P 
No. 1 

180#P 
No. 1 

180#F   | 
No. 2   1 

1    •172 55^0 5380 3980 U520 3720     1 

(End Point) 

■  • 

.. 

. 

.. 



I 

I 

I 

• 

4HD.NMC.24Sft(MV.   7.1»» 

FUTI NO.   It Ml 

HAEC-EHO 7^61 

PAGE Al-7 

TEST - Renlstance to Squf-'ezjng - MAT'L - Decron as Received 

Loud - Lbs. 

Deflection - Inches 

Room 
TCiTlp . 

ho.  1 

Rocr 
Temp 
Ko.  2 

120*F 
Ko.  1 

I80T 
No. 1 

1 ieo#F j 
HO« 2   j 

1     100 0 0 0 0 0 

1000 1   0.07> 0.076 0.072 0.0 ,'6 0.070 

2000 O.UO 0.111 0.110 0.115 O.UO 

1      3000 c.133 0.133 0.133 O.UO 0.136 1 

Uooo O.iso o,iyj 0.151 cu:8 0.155 

5000 O.lCk 0.163 0.165 - 0.171 

"1 

I 
I 

j 

Load To 

Ocfl. 
Inches 

0.172 

(End Point) 

Load 

Room 
Temp. 
No. i 

5720 

Room 
Temp. 
No. 2 

501*0 

120 •F 
Ho. 1 

5600 

ISO'F 
Ko. 1 

496O 

ieooF 
Ko. 2 

5060 



O.NAIcmKRCV.   7.«J| 

fLATC NO.   11 Mt 
NAEC-ENQ 7^1 

PAGE ALS 

TEST - Stretch end Recovery, MAT'L - Sisal as Received 
ORIG. LGTH.  - 30 Inches 

Stretch 
Inches 

Specimen No. 1 Specimen No   2 Specimen No. 3 

Load 
Lbs. 

Recovery 
Length 
Inches 

Load 
Lbs. 

Recovery 
Length 
Inches 

Lead 
Lbs. 

Recovery 
Length 
Inches 

30-1/2 hOO 3C-3/Ö 400 30-5/16 3^0 30-7/16 

31 750 30-11/16 780 30-11/16 610 30-3A 

31-1/2 1160 31-1/8 1200 30-15/16 1020 31 

32 16^0 31-1/2 1720 31-1A 1520 31-3/8 

32-1/2 2040 31-5/8 2350 31-7/16 2120 31-5/8 

33 2930 |   32-1/J6 3000 31-15/16 2780 32 

33-1/2 .— 3900 32-5/16 3680 32-5/16 

Failure - Specliren No. 1 - Loud ^630 lbs.. Stretch 33-lA 
Specimen No. 2 - Load 3920 lbs.. Stretch 33-1/2 
Specimen No. 3 - Losd 3750 lbs., Stretch 33-9/16 

TEST - Stretch and Recovery, KAT'L - Slcnl I-re-stressed to IkOO Lbs. 
ORIG. Lgth.   - 30 Inches 

• 

Stretch 
Inches 

Specimen No. h Specimen No. 5 

Losd 
Lbs. 

Recovery 
Length 
Inches 

Losd 
Lbs. 

Recovery 
Length 
Inches 

30-1/2 950 30-1/8 980 30-1/16 

31 1580 30-5/16 1670 30-5/16 

31-1/2 2200 30-5/8 2250 30-5/8 

32 2850 31 3000 31 

32-1/2 3800 31-7/16 UOOO 31-7/16 

Failure - Specimen Wo. U - Load 3820 lbs., Stretch 32-9/16 
Specimen No. 5 - Load koio Iba., Stretch 32-1/2 

"I 

." 

• • 

• • 



( 

I 

• 

I 

4N0.NACC.24t»(IICV.   7.M) 

I'lAH  NO.   MMZ 

KAEC-EHQ 7461 

PAGE   Al-< 

r riSD - Stretch «D'l Recovery, MAT'L - Manllh Ri  Ktceived 
OR1G. LGTH. - JO Inehtl 

Stretch 
Inchen 

Öperlrw n  No.   1 Specimen No. Z SjÄclmen No. 3 

Iioad 
Lb3 „ 

R* covery 
Length 
Inchop 

Load 
I.bß. 

Recovery 
Length 
Inches 

Load 
Lbs. 

Recovery 
LMgth 
Irichec 

30-l/i P^u 30-3/0 (90 30-.-)/i-'. 26c 30-3/8 

.U 

3i-lA 

3^ 

^30 

30-Y/& 

t>00 

960 30-13/K 

580 JO-5/8 

930 

1460 

96ü 30-T/8 

31-lA 1^60 31-1/8 1^40 il-3/16 

3W/fe 2if'i0 31-9/1^ 2j00 31-1/2 22&(J 31-9/1^ 

31-15/16 33 

33-1/^ 

?870 

3960 

31-T/8 31^0 31-15/1'> 3100 

32-lA 42B0 3-3/8 ^350 ^-3/8 

Failure - Specloen No. 1 - Lo*»d 505° lbs., Stretch 33-5/8 
Specimen Mo. 2 - Load 49Ö0 lbs., Stretch 33-5/8 
Specimen Mo.  3 - Load 5210 lbs., Stretch 33-ll/l^ 

TEST - Stretch and Recovery; MAT'L - Manile Ire-streaeed to I76O Lbs. 
GRIG. LGTH.   - JO Inches 

Stretch 
Inches 

Specimen No.  4 Specimen No.  5 

Load 
Lbs. 

Recovery 
Length 
Inches 

Lood 
Lbs . 

Recovery 
Length 
Inches 

30-1/2 890 30 920 30 

31 

31-1/2 

32 

1910 30-3/16 1880 30-1/8 

28.tt) 30-1/2 271C 30-9/1'^ 

M50 30*13A6 3890 30-15/10 

Mlure  - Specimen No.  4 - Load 4*^20 lbs., Stretch 32-l/l6 
Specimen No. 5 - Load 5190 lbs., Stretch 32-3/8 

1 



4N0.NAEC.249I(*IV.  7.63» 

ft A If NO.  n»«2 

NAEC-ENG lk6l 

PAGE   Al-10 

TEST - Stretch «nd Hrcovery, MAT'L - Polyethylene AS Received 
GRIG. LGTH.  - 30 Inches 

~I 

Stretch 
Inches 

Specliw ►n No.  1 Specimen No. 2 Specl» n No. 3 

Load 
libs. 

Recovery 
Length 
Inches 

Load 
Lbs. 

Recovery 
Length 
Inches 

Load 
Lbs. 

Recovery 
Length 
Inches 

30-1/2 230 30-5/16 280 30-lA 260 30-1/4 

31 U30 30-1/2 k6o 30-1/2 460 30-1/2 

31-1/2 650 30-3A 630 30-3A 720 30-3/4 

32 900 31 900 31 960 31 

32-1/2 1150 31-1/4 1130 31-1A 1180 31-1/16 

33 mo 31-1/2 1380 31-1/2 1410 31-1/2 

33-1/2 1580 31-3A 1620 31-3A 1680 31-3A 

3^» 1840 32 1660 32 1940 32 

3^-1/2 2120 32-lA 2140 32-5/16 2210 32-lA 

35 2350 32-1/2 2380 32-1/2 2450 32-7/16 

35-1/2 2630 32-7/8 2640 33 2700 32-13/16 

36 2860 33-lA 2880 33-lA 2930 33-lA 

36-1/2 3080 33-9/16 

Fsllure - Specimen No. 1 - Load 4310 lbs. 

Specimen No. 2 - Load 4250 lbs. 

Specimen No. 3 - Load 4l60 lbs. 

0 

!i 

-» 

: 

u 



I 
f 

4N0.NA(r.?4SS(NFV.   MS) 

PLATf NO.   IfMI PÄ0EA1-U 

r a   i 
TEST - Stretch and Recovery, MAT'L - iolyethylene Fre-streeBed to 2080 Lbg. 

ORIG. Lfeth.  - 30 Indies 

,. 

;: 

• 

- 

.: 

Stretch 
Indies 

Specimen No. 1 Sjecimen No. 2 
■ ■      ■ ' ■ 

Load 
Lbs. 

Reco/ery 
Gnuge 
Inches 

Load 
Lbs. 

Recovery 
Gau«e 
Inches 

30-1/2 TOO 30 660 30-1/8 

31 1050 30 1050 30-lA 

31-1/2 1750 30-1/8 1S60 30-5/16 

32 2200 30-3/16 1920 30-5/16 

32-1/2 25UO 30-3A 2l60 30-9/16 

33 2880 31 2750 30-5/8 

33-1/2 3180 31-1A 2960 31-1/16 

3^ 3590 31-9/16 3320 31-1/2 

3'-l/2 3900 32 3600 31-.iA 

31) 3930 j2.Il/l6 

t 

1 
1 
I 
I 
I 
I L 

PMlure  - Speclraen No. 1 - Load 46^0 lbs. 
Speclnen Ho. 2 - Load k^OO lbs. 



• MSftfMV.   7.61» 

•'•Alt   ttn.   MM? 

NAEC-ENG  jk6l 

nu Ai-i'? 

I   flBT - Stretch and Recovery, MAT'L - lolyjropylene as Received f 
ORIG. LGTH.  - 30 Inches 

Stretch 
Inches 

Specimen No. 1 Specimen Ho. 2 Speclaen Ho. 3 

Load 
Lbs. 

Recovery 
Length 
Inches 

Load 
Lbs. 

Recovery 
Length 
Inches 

Load 
Lb«. 

Recovery 
Length 
Inches 

30-1/8 220 30-5/16 210 30-lA 200 30-5/16 

31 390 30-5/8 370 30-1/2 370 30-5/8 

31-1/2 6ko 30-3A 660 30-3A 590 30-13/16 

32 920 30-T/8 920 30-7/8 890 30-15/16 

32-1/2 12if0 31-3/16 1240 31-1/8 1170 31-3/16 

33 1630 31-3/8 1560 31-5/16 1520 31-7/16 

33-1/2 I960 31-5/8 1950 31-3A 1900 31-11/16 

3h 2330 31-7/8 2350 31-15/16 2280 32 

3^-1/2 2780 32-1/8 2820 32-lA 2680 32-3/16 

35 3220 32-3/8 3230 32-7/16 2980 32-1/2 

35-1/2 3730 32-5/8 3650 32-13/16 3^50 32-13/16 

& 4200 32-15/16 k080 33-1/16 3900 33 

Failure - Specimen 

Specimen 

Specimen 

No. 1 - Load 6030 lbs. 

No. 2 - Load 7820 lbs. 

No. 3- Load 7870 lbs. 

I 
I 
I 
I 
I 
-• 

• 

•« 



I 
■ 

fLATF NO     ll«M PWE Al-13 

"1 
TE8T - Utretch and Heco.riy,  MAT'L - folyi ro^y^ene hre-st.reseed to 2k00 Lbs. 

Orlg. Lgth. - 30 Inches 

«• 

- • 

.. 

.. 

-• 

..UfTCh 
Inches 

Lo^d 
Ute. 

^20 

en No. 1 

rte.~0s'ery 

Inrhes 

Specimen Nc. 2 

Lo«d 
Lor.. 

  

'i60 

apcovery 
GP ^e 
Inches 

JO-l/2 

II 

30-1/16 30-1/16 

30-1/8 1120 30-1/^ 1050 

31-1/2 1640 30-lA 1630 30-5/16 

32 2130 30-5/1^ 2100 30-3/8 

32-1/2 2680 30-U/16 2660 30-5/8 

33 3200 30-3 3/16 31^0 
■ 

30-15/16 

33-1/2 3790 31-3/16 ^560 31-1A 

^ 38QO 31-3/8 

-» 

1 
I 
I 
I 
I 
I L 

Failure - Speclnen No. 1 - Lo«d 7770 Its. 
Specimrn No. 2 - Lo^d 7790 lbs. 

J 



4N0.KAEC.2455(R€V.  7.«!) 

PI ATE NO.   11 Mt 

NAEC-ENQ   7^61 

PAQE Al-14 

I    TEST - Stretch and Recovery, MAT'L - Nylon Original 
ORIG. LOTH.  - 30 Inches 

Stretch 
Inches 

Specimen No. 1 Specimen No. 2 Specimen No. 3 

Load 
Lbs. 

Recovery 
Length 
Inches 

Load 
Lbs. 

Recovery 
Length 
Inches 

Load 
Lbs. 

Recovery 
Length 
Inches 

30-1/2 180 30-5/16 190 30-1/4 180 30-5/16 

31 280 30-5/8 280 30-1/2 260 30-5/8 

31-1/2 400 30-13/16 410 30-11/16 370 30-3/4 

32 530 31-1/16 520 30-15/16 480 31-1/8 

32-1/2 630 31-5/16 610 31-3/8 590 31-1/4 

33 760 31-7/16 750 31-9/16 720 31-1/2 

33-1/2 880 31-3/4 880 31-9/16 830 31-11/16 

3^ 990 32-1/16 990 31-15/16 920 32 

34-1/2 1120 32-5/16 1140 32-3/16 1070 32-lA 

Failure - Specimen No. 1 - Load 9990 lbs. 

Specimen No. 2 - Load 9740 lbs. 

Specimen No. 3 - Load 8720 lbs. 

n 



4NOoNA£C: o245!t(RE\', 7•631 

PlAf£ NO . 11M2 

r 
MEC·BI;.7461 

PACE A1-15 

TEST - Stretch and Recovery , ~T'L - .Nylor. I-re-stressed co 3880 Lbs. 
ORIG. LGTH. - 30 Inches 

r---· 

Specimen Nu . 1 S}Jecimen No. 2 
- ------- ---

Stre t ch Load Re co ·.re ry Load Recovery 
Inches Lbs . I.en~th Lbs. length 

Inc!Ie:; I ncbct:J 
-- r--· ·-

30-l/2 ~ ·rn 
_, I -~ 30··1/1r) 360 30-1/1/j 

- - -
31 670 '!0-1/8 610 30-1/8 

-- -
31-1/2 850 30-1/4 820 30-J/16 

32 1170 30-)/l f;" 1130 30-5/16 

32-1/2 146o 30-3/8 1400 30-3/8 

33 1820 30-1/2 rno 30-1/C: 

33-1/2 "(280 j0-9/16 2200 30-9/16 
-

34 2R40 30-5/8 I 2690 J0-;/8 

34-1/2 3250 30-13/16 3020 30-3/4 . 

P't~ilure - 3~eimen No. 1 - Load 9920 lbs. 
SI.ecimen No. 2 - Load 9240 1bs . 

L 



tND•MAIC·I•IICIIY. Jolla 
PLATE NO. I 1111 

r TEST - Stretch And Recovery, MAT'L - Dacron Or1&1nel 
ORIG.. LO'!II. - 30 Inches 

IAEC·EIG 7461. 
PAlE A1-16 

S~c1•n No. 1 Spect-n Jo. 2 Specaen No • 3 

Stretch LQed Recovery toed Recovery 
Inches Lbe. Lencth Lbe. Lenatb 

Inches. Inches 

30-1/2 270 30-1/4 280 30-1/4 

31 46o 30·7/16 470 30-7/16 

31-1/2 690 30-3/4 730 30-U./16 

32 950 31 1020 31 

32-1/2 1290 31-5/16 1360 31-5/16 

33 156o 31-5/8 1730 31-5/8 

33-1/2 2100 31-15/16 218o 32 

34 2570 32-1/4 2650 32·5/16 

34-1/2 2970 32·9/16 3080 32-9/16 

Failure - .;}lec1•n Jo. 1 - toed 9110 lU. • 
8pee1:8n lo. 2 - Loecl ~ 1b8 • 
SpecS..n llo. 3 - toed 9190 lbe • 

Loed &eeovery 
!.be. Lenatb 

Inches 

200 30-3/8 

490 30-7/16 

74o 30-U/16 

lo4o 31 I 
-

1410 31-1/4 

18oo 31-5/8 

2300 32 

281.0 32-5/16 

3550 32-5/8 

._., - Stretch eDd Rlcovery, MAtiL - Dacron fre-atreeaed to 3800 # 
OliO. LOft. - 30 Inches 

S,.cS..n 11 S}lecS..n 10. 2 

Stretch Loecl Recovery Load Recovery 
. Inc:bee u.. Lenatb Lbe. Lenatb 

Inc he a Incbee 

30-1/2 58o 30-1/16 850 30 

31 1180 30-3/16 1500 30 

31-1/2 2010 30-5/16 2150 30-1/8 

32 2760 30·3/8 2930 30·5/16 

32-l/2 37h0 30-1/2 38oo 30-7/16 J 
h11ure - S,rec!Mn Ro . 1 - Loftd 9020 lw. 

Sped•n I1o. 2 - Loed 9090 lbe • 

L 

-, 



«MMMtV,  f.411 

m. um 

n   CALCILAT70B8 

NAEC-CNG 7U6I 
PAGE   Al-17 

1 

l^ibuUttori of 0»i« «nd OlculaU. .is Used 
fbr ffreitfimilon of Stretch end Recovery Curvet 

f/iown oti figures 10 thru 13 

U«v*to of Ä»K |0 Inches et 100 Found IXMJ 

r NretM utreuh 
OOIUMI®- 30 

X 100 

|e#«#el  ^rovenr 
Colijrn  Q)   -     ColuHUl   Q) 

Col--v. 0 

X 100 

I 
I 
I 

l 

1 

Nettrlel:    Sloel - As Received 
I                                1 ■ Loed et Peilurc, 1,7**> I-ounds                                   | 

1   ^ 
1 la*m 

1   ® 

U 

G) 
Avf. 

Rr co very 

® 
% 

Stretch 

® 

Recovery 

© 

Loed   j 
^F 

1 *** 360 30.3T5 I.67 .41 10.1 

n 713 X.709 3.31 .94 18.9   | 

n* 1126 31.0a 5.00 1.52 30.0 

1 ^ 16J0 31.375 6.66 1.95 43.3   1 

9.* aio 31562 8.3U 2.88 57.6  j 

1 M 
•V0J 5?.oo 10.CO 3.0U 7T.2 

J 



•NACC.t4SI(M:v.  7.4»} 

PLATE NO.   11 MS 
HAEC-EHG TU61 

PAGE Al-ia 

n 
Mptcrlel:    Manila • As Received 

P m Load at Failure, 5,090 Pounds 

® 

Stretch 
Inches 

© 
Avg. 
Load 

Lb 

CD 

Avg. 
Recovery 

® 

Stretch 

® 

i 
Recovery 

® 

Load 
**• 

30.5 273 30.35^ 1.67 .48 M 
31 563 30.604 3.31 1.28 u.o 

31.5 956 30.854 5.00 2.05 18.8 

32 1520 31.229 6.66 2.42 30.0 

32.5 22k6 31.541 8.34 2.96 44.4 

33 3030 31.916 10.00 3.30 59.6 

33.5 ^197 32.333 11.64 3.49 82.4 

Material:   Dacron - AB Received 
P ■ Load at Failure, 9,650 Pounds 

® 
Stretch 
lucher 

© 
/vg. 
Load 
Lb 

® 
Avg. 
Recovery 

® 
% 
Stretch 

® 

Recovery 

® 
Load 
it 

30.5 250 30.291 I.67 .69 2.6 

31 473 30.437 3.31 1.82 4.9 

31.5 720 30.708 5.00 2.52 7.5 

32 1003 31.000 6.66 3.20 10.4 

32.5 1353 31.291 8.34 3.71 14.0 

33 1700 31.625 10.00 4.17 17.7 

33.5 2193 31.979 11.64 4.^4 22.7 

34 2676 32.291 13.32 5.04 27.6 

L 
34.5 3200 32.583 15.00 5.56 33.2 



4N0.NAEC.24S9IRCV.   7.63» 

PI A rr  NO.   11962 

-• 

.. 

. • 

HABC-EHG   T^l 
PAGE A1.i9 

Materinl;    Nylon - As Received 
F « Load tt Failure,  9^50 Founde 

® 

Stretch 
Inches- 

/(D 
Avg. 
Load 

Lb 

® 

/vg. 
Recovery 

® 

* 
St/'eteh 

® 

i 
Recovery 

© 

Load 

30.5 183 30.300 1.67 .66 1.9 

31 273 30.600 3.31 1.34 2.9 

31.5 393 30.800 5.00 2.22 k,2 

32 510 31.000 6.66 3.20 5.4 

3?.5 610 31.300 8.3*» 3.70 6.5 

33 TJ*3 31.500 10.00 4.55 7.9 

33.5 863 31.700 11.64 5.38 9.1 

^ 966 32.000 13.32 5.88 10.2 

3M 1110 32.200 15.00 6.67 11.7 

~l 

L J 



.NAEC*24Sf(REV    7.«31 

PLATE NO.   11962 

NAEC-ENQ   7^61 

PAGE Al-20 

Material: Polyethylene - As Received 
P - Load at Failure, k,2kO  Pounds 

® 

Stretch 
Inches 

® 
Avg. 
Load 
Lb 

® 
• 

Avg. 
Recovery 

® 

% 
Stretch 

• 

® 

* 
Recovery 

© 

Load 
^P 

30.5 256 30.300 I.67 .66 6.1 

31 ^9 30.500 3.31 1.61 10.8 

31-5 666 30.750 5.00 2.38 15.7 

32 920 31.000 6.66 3.20 . 21.8 

32.5 1150 31.200 8.3U 4.00 27.1 

33 l^OO 31.500 10.00 4.55 33.0 

33-5 1626 31.750 11.6k $.22 38.3 

3k i8do 32.000 13.32 5.88 M».M 

3^.5 2180 32.300 15.00 6.38 51.k 

35 2393 32.600 16.65 6.86 56.5 

35.5 2680 32.950 18.31 7.20 63.2 

36 2890 33.250 20.00 7.65 68,3 

36.5 3080 33.562 21.65 8.06 72.7 

J 



PLATE  NO.   11 Mt 

.. 

.. 

: 

t • < 

I 
t 
i 

il 
\ 

ill 
I 

i 

i 

Mwierlal?    lt>ly}>ro>ylPi»« - At R»e«lvtd 
F ■ Load at Ffllure, Y»900 foundb                                   | 

® 

1    Stretch 
|    Inches 

® 
Avg. 
Lead 

Lb 

[CD 

Avg. 
Recovery 

i 
Stretch 

® 

j      Recovery 
Load 

30.5 

L3i 
i     210 30.300 1.67 1        .66 1 2.7 1 

377 1    30.600 3.31 1.28 4.8 

|    31.5 630 30.800 5.00 \      2.22 8.0 

32 910 30.900 6.66 ZM 11.5    j 

32.5 1220 31.100 8.3^ k.06 15.5 

1    33 
1570 31.^00 10.00 4.85 19.9    1 

24.4   1 1    33.5 1930 3I.7OO 11.64 5.38 

^ 
2320 31.900 13.32 6.18 29.4     | 

3^-5 2760 32.200 15.00 6.68 35.0     j 

1    35 
31^0 32A37 16.65 7.34 40.0     j 

35-5         j 3620 32.700 18.31 7.90 46.0    1 

1   36           j U030 33.000         j 20.00 8.33 51.0 

1 
1 
! 



«AEOEIIO 7U6I 

Nr» rrl»lt     lw) /» tvUto»  IfV^ifMMd  10 2060 found« 
1 • Lo»4 •% fHllurt, k$yro toiAdt                                 | 

® 
Sifttct. 
InehM 

A«« 
Lo»i 
U Rreovory 

® 

Birttcli 

(5) 

i 

® 
LMd 

1   10.5        ' ^00 JO.Ott 1.67 IM i«..e | 

1   ^ 1050 10.125 3.31 2.68 22.3   1 

|   31.5        ' 1655 30.187 5.00 k-ll 36.2 

1   * fttfO 30.250 6.66 tM 1»5.0   | 

|   32.5 2350 30.625 8.3^ 5.T7 51.3   | 

1   33 
2815 30.875 10.00 f>M 61.5   1 

|   33-5 3070 31.107 11.65 6.90 66.5 

3»» 3^5 31.562 13.32 7.17     ! 75.5 

3U.5 3750 31.875 15.00 7.62 82.0 

i              Material:    rdypropylene Pre-Stressed to 2kO0 Pounds 
1                               P ■ Load at Failure, 7*780 Pounds 

1 ® 
1   Stretch 

Inches 

® 
Avg. 

Load 
Lb 

(D 

Avg. 
Recovery 

® 

% 
Stretch 

> 
Recovery 

©    1 

Load   1 

30.5 590 30.062 I.67 iM 7.6 

31 10Ö5 30.125 3.31 2.82 1U.0   1 

31.5 1635 30.312 5.00 3.78 21.0     j 

I32 2115 30.375 6.66 5.05 27.2     | 

32.5 26T0 30.625 8.3^ 5.77 3^.3 

1   33 3170 30.875 10.00 6.1f5 ko.-j    \ 

33.5 3685 31.250 11.65 6.7^ U6.8 



4NII.NA. ( .?4'>b(HtV.   7.63) 

ft ATT NO.   M*«» PÄQE Al-23 

Material:    Sisal - Pi-e-etreseed to 1^00 Pounds                1 
I  ■ Load at Failure,  3>915 Pounds                           1 

0) 

j   Stretch 
I   Inches 

Avg. 
Load 
Lbs. 

Avg. 
Reco'/ery 

© 

Stretch 

j       ® 

% 
Recovery 

® 

Load  | 
*P    ! 

|  30.5 965 30.093 1.67 1.3^ 25.0 ! 

1  31 
1625 30.312 3.31 2.22 ^1.0 | 

|  31.5 2225 30.625 5.00 2.7Ö 57-0 j 

1   * 2925 31.000 6.66 3.20 75.0 j 

|   32.5 3900 31^37- 8.3U 3.27 99.0 1 

I 

j                   Material:    Manila - Pre-stressed to 1760 Pounds                 1 
P ■ Load at Failure, 5>055 Pounds 

1 @ 
St retell 
Inches 

® 
Avg. 
Load 
Lbs. 

Avg. 
Reco/ery 

® 

Stretch 

® 

Recovery 

® 

Load 
M 

|  30.5 905 30.000 I.67 1.61* 18.0 j 

1  31 
1905 30.156 3.31 2.72 38.0 i 

|  31.5 2770 30.531 5.00 3.07 55.0 | 

|  32 1*020 30.874 6.66 3.50 3.16 j 

L J 



IM).NAE(..245S(WV.   7-63) 

Pi Aff   NO.   11002 

r 
MEC-EN6  7*61 
P*6EAl-2"t 

1 

1 
I 

Mpterlal:    l>cron Frf-Suressed to 3800 Pounds 
P « Load at Failure, 9,050 Pounda 

® 

j    Stretch 
Irich^s 

0 

Avg. 
Load 
Lb 

(3) 

Avg. 
Recovery 

® 

Stretch 

1 
® 

* 
Recovery 

© 

Load 
^P 

1    30.5 

j    31.5 

715 30.031 1.67 1.54 7-9     1 

13^0 30.094 3.31 2.92 14.8 

2080 30.216 5.00 4.07 23.O 

|32 2845 30.343 6.66 5.18 31.4    | 

|    32.5         | 3780 30.468 8.34 6.25 41.6    | 

mm 

•>  i 

«• 

Mfiterlal:    Nylon Pre-Stressed to 3880 Pounds 
P ■ Load at Failure, 9i580 Pounds                                    j 

r® 
Si. retch 
Inches 

® 
Avg. 
Load 
Lb 

Avg. 
Recovery 

© 

Stretch 

1 

* 
Recovery 

Load   1 
*P 

|    30.5 365 30.062 1.67 1.44 3.8 

31 615 30.125 3.31 2.82 6.4    j 

|    31.5 835 30.219 5.00 4.07 8.7 

1    32 1150 30.312 6.66 5.28 12.0 

|    32.5 1430 30.375 8.34 6.54 14.9    j 

1     33 
1795 30.500 10.00 7.58 18.7    j 

|    33.5 2240 30.562 11.65 8.76 23.4    j 

1    *k 2760 30.625 13.32 9.95 28.8    | 

1     3U-5 3135 30.781 15.00 10.75 32.7    | 

.. 

.. 

• fc 

J 
• 



  

4Nii.M«IC.2«tl*     («I».    ».•4( 

r 
CÄLCULM\ON OF BULK 

MODULUS OF ELASTICITY. K 
MATEP^L .  POLYPPOPYLCKit 
OErLECTlOM ••   OMt 
TEMPCR^UPE •   70#P 
LOAD    L  • 550O LBS 

rDEn. 

5U >n«fi A • & • 

VifM A 

K.^.W. 

ABf» Of M'4NM*<*t •« 

VOUJMC or no»f »o« • I*«CM ktM4^M • 

FOB  SiMf^.CT«   4%%^M«   4U fOlrtTIIMiiCN ««IM*.. 
eouÄiiv iu TUI TO» *MO ec-o*» »•* w:   »   B 
POtMT*   Of MtCTiOkt. 
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r C~l.CUL..,.\ON OF •uL.~ (C.OWT'C) t 

L. 

~''~ '''~,... s ·~~a= .e.~ct • 1/t ~, !ct•4o·, A. 1 1ct•2o· 

~'I a 4 • 0.0014 x I s O.Ot'~ IN~ 

~,SUM~ \IS C\C:CUM~£Ae'-1'£ 01=' TO~ ~1'RANO \'!» \~ 
C.()N1'AC,. W\1\4 LO•O L.. 

l. 
T\.AEN P :il 

T 
L 
fi -~ 

K• 6.V -v 
K•ll1,000 Pt.\ 

FOR "- Olt=\.I.C.TtON 0' .oa'-

h •?: O.Ot\!t 1 C. •1. ~ 0.0\t') (.'~1&·0.0\t.~) : 0.\"M-

~N alt. 14. • ~.-:\"" • 0.4G.~ • 'It ~: t,.6•, A• S~. 't 0 

AReA. • \ 1'1 (.Ill)' (o.q~54 • 0.&'2.1 \)-: 0.0117• 0.1~4: 0.0024tN1. 

1:. 'I a 4 1l 0.0014 '~~ I & 0. OOctGt l...a S 

K L..-. 'LI~ 
a o.oo91 

0., •• 
K ~ L. • aa.o 
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PAGE Al-"'f 

r 1 
CA\.(.U.\. ~T\~\J Of ~~L ~ ( C.Olo.lT '0) 

L 

et\.Ow \~ A 1'~~\J\..""t\0~ Of= "\<'' 'IA.LVE!> ~0~ \~~ C.OR~ 
MATER\A.\.!» AT C.O~P~£~~\OH~ 0~ 0.\1~ AWO 0.08~: 

\~~UL.T\OW oF " K. "T 10•F ( \1< ~ \.0~0 ~ CON~TAWT, C.) 

MAlE RIAL OEfL. LOAD, l&~ CO~STA~1' .. C • K IP51 

M~W\L" o . ,,'t 8,040 2e . ~ t2,,000 

~~~~L !.:>,?.50 2~1.SOO 

PO\. "''f.T .. ~lE~E 5,500 \~1,000 

POl VPROp,-\..E.NE 5.~00 \~1.000 

NY\..C~ 5.4\0 t ,54,000 

O"C.RON o.nt ~.1&0 '2.6 .s Ho4.ooo 
M"N'lA. o.oac. ~.C.oo 8&.0 '2'2<\,000 

~·Cb~\.. !>,~!>0 ~,~ .ooo 

PO\..'fET~YL..ENe ,,qoo \~1.000 

PO\."( P~ OP"f '-&we 1,600 \~S.OCO 

~~\.Ot-J ••• oo \'2!,000 

DAC.RO..,.. 0.08C. t,400 6&.0 1'2.!~000 

...J 


