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Comparison of knots for dynamic
strength test
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Abstract
The article deals with the comparison of the results of the dynamic performar}(cb&t
according to EN 12841 using the figure eight loop and the bowline. ggéf
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1. Introduction XS

QY

Everyone probably knows the eter{g@f}conﬂict betwdlkee adherents of the
figure eight loop and the bowline. It is i@eregtithat this conflict indirectly appears
also in technical standards. While,@r example BN3 Personal fall protection
equipment - St harnesses (Subclaygé 5.4.2, Figure 3), EN 3Bdsonal fall protection
equipment - Lanyards (Subcla®§g5.8.1.2, Figures 3 and 4) or in EN R&Sonal fall
protection equipment - Ancb%’r devices (Subclause 5.2.1.4, figures 9 and 10) require
bowline to be tied agéoth ends of the test lanyardEN 892
Mountaineering @%ment - Dynamic mountaineering ropes -
Safety requir ts and test methods (Subclause 5.6.3, Figures
9, 10 and %jnj

O erestingly, EN 12841 Personal fall protection
e@pment - Rope access systems - Rope adjustment device in
Subclause 5.6.1.2 for the dynamic strength testifspe the

ly the figure eight loop is used.

1000 *"§ mm

length of the test lanyard, the need for end lo@yes) at both

ends, the maximum permissible loop length (inclgdinot) but
Fig. 1: Examples of test

does not specify knot to be used. On Figure 5, ¢ lanyards for dynamic
strength test
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conspicuously resembling figure eight loop are dratvboth ends. But this information
is not given anywhere. Even in the Key, the piciraply states "knot". It is actually
up to the examination body (notified body) to decichich knot to use for the tests.
Yeah, but... Although the bowline is tied fasteisieasier to
handle (eg when setting the exact length of thieldaeyard) and can
be easily untied after loading. On the other hand
figure eight loop has a higher ability to absorlpaot
forces. And this can be a major problem. Subclause
4.2.5 sets a maximum braking forcg.fof 6 kN for
the dynamic performance test of type A dew'?:"e
(guided type fall arresters) and Subclau%‘%.&
Fig. 2: Bowline requires a measurement accuracy of Oqéb“c\fJ
It may therefore happen that some particular %I% nod pass
the test just because of the used knot, while \t\@other that PPE

i Fig. 3: Figure eight
would pass. \é loop

&

] o
2. Equipment used Q‘
O@
And it was the verification. of whether such a thiwmuld really happen was the

purpose of the tests. These:}aok place at the bgjrof August on the test drop tower
of the Rock Empire company.

N~
ol
2.1 Rope

7/

Fo tﬁfgtests was used a new, never-used, dynamiataineering single rope,
certif'@according to the EN 892 standard, martufad by the Czech company Lanex,
n@ie Tendon Trust. The manufacturer states théowolg information in the

instruction manual:

- diameter 11.4 mm
- weight 84 g/m

- number of UIAA falls 20

- max impact force 9.2 kN

- sheath slippage 0.3%

- static elongation 6.4 %
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- dynamic elongation 32%
- knotability 1
Note.: Subclause 5.6.1.2 CSN EN 12841 requires to use the sample of a dynamic
mountaineering single rope with a nominal diameter of 11 mm. The sample we
used had a diameter of 11.4 mm, because we simply did not have another at the
moment ;-)
. o
2.2 Test specimens >

)

The length of the tested lanyard was 100 cm. Ah lsoids, two‘@é’?tical loops
were tied, neither of which was longer than 20 dmo{ + loop). The test mass
weighted 100 kg. Three tests were performed witthex the {

{

knots, each with a new piece of rope. So three tegh fig 0

eight loops and three with bowlines took place. D -
The knots tested at both ends of thz{a‘%yard "

a bowline and a figure eight loop. It is necesgaryention that

in the case of the figure eight loop it wag wiys so-called

"lower version", where the standinQ'%art of the edeads

through the knot closer to its cergt_& and furtremf the loop,

see the orange marking on F(ig}t.
S

Fig. 4: ,Lower vision“ of

,@@ the figure eight loop used
the tests
3. Methods
C@

Figure eight loop tests were
performed first, followed by bowlines.
Each of the test specimens was
preloaded with the test mass for one
minute before the test itself and after
measuring the length so that the length
of the lanyard complied with the
requirements of Subclause 5.6.1.2 and

after the knot was properly adjusted and

dressed, the test itself was performed.

Fig. 5: Measurement of test specimens. The green
arrows in the image show the laser alignment
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The test mass was raised to the level of the anchor
point (the level was verified by a laser) and thdFop.
With a test lanyard length of 100 cm, the fall digte was
100 cm and the fall factor was 1.

When evaluating the test results, the arithmetic

mean was calculatedf(@%Z?zlxi), then the sample

‘ standard deviation o(= \/ﬁ L — %)3?), a@\e
>

mean squared error (of the arithmetic me@ﬁ{gb % ). To

Fig. 6: Falling test mass during
the figure eightloop test  get the resultX = % + tp,.0y) the Stug@ht's distribution

with a given value of reliability (for three measnrents perjo&@ed with a choice of

68.3% probability) was 1.32 Q{fz"
>
&
4. Results o
>
\L«

During none of the six tests withé& kg test

mass was the rope ripped, but on e@ﬁﬁ of the tesit
ropes, permanent deformation§ ée]%ained at the ppir
where the knots were tied. Baée\d on three tesksawi
figure eight, it can be st%@d, that the impactédo
with figure eight Ioop{?&% + 0.041 kNand with

thebowline 6.7 4’%.@3 kN

Ve

Fig. 7: Display of the waveform and
YV result of one of the performed tests

&

Tab. 1: Testresults with figure eight loo

@ Figure eight loop

measured sample standard mean squared

test mean S
force deviation error
¢.1 6.129 kN
¢. 2 6.023 kN 6.083333 kN 0.041535 kN 0.031466 kN
¢.3 6.098 kN
2t=t(P, n)
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Fig. 8: Ongoing one of the tests with the bowline
KoY
N

Tab. 2: Test results with bowlir

quﬁ}ne
measured sample standard mean squared
test force mggﬁ deviation error
¢.1| 6511kN o>
¢.2 6.650 kN %@.666667 kN 0.125468 kN 0.095051 kN
¢.3 6.839 kN,
o
7
5. Conclusion

e fall arrest tests with 100 kg test mass usifiguse eight loop and a bowline
S@Ned a difference of 0.62 kN. This means thatnwinging a figure eight loop, the
impact force is 9.3% lower than when using a bosavlwhich is required, for example,
by EN 354, EN 813 or EN 795). Therefore it is nseeg for EN 12841 to clearly

define the knot to be used, in order to avoid dififie test results from different test
laboratories.
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Fig. 9: Zbynek prepares one of
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