
 

Abstract 
 

Research into knots, splices and other methods of forming an eye termination has 
been limited despite the fact that they are essential and strongly affect the 
performance of a rope. The aim of this study was to carry out a comprehensive 
initial assessment of the breaking strength of eye terminations commonly used in a 
sailing environment, thereby providing direction for further work in the field.  
 
Supports for use in a regular tensile testing machine were specially developed to 
allow individual testing of each sample. This allowed data with a realistic statistical 
spread to be obtained. Over 150 break tests were carried out on four knots (bowline, 
double bowline, figure of eight loop and perfection loop) and two splices (three-
strand eye splice and braid-on-braid splice). The factors affecting their strength 
were investigated. A statistical approach to the analysis of the results was adopted. 
conclusions?? 
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1. Introduction 
 
The choice between knots, splices and other types of eye termination can be made 
for a series of reasons: the ease with which it can be formed or released, its security 
and its breaking strength. The advice in the literature upon what works best is 
generally based upon personal experience, tradition or one-off tests. There is no 
definitive guide on how which knot to choose or how to form a splice in order to get 
the highest splice efficiency.  
 
Despite extensive research and technological advances in the field of ropes 
themselves, little research has been done on eye terminations. This seems illogical 
when the presence of an eye termination so directly affects a rope’s performance. A 
rope will always break at its weakest link [ref Pan] and so a knot or splice will have a 
direct bearing upon the dynamic break strength, fatigue performance and static 
breaking strength. This study has attempted to correct this by carrying out a 
comprehensive preliminary assessment of the static breaking strength of several 
common eye terminations. In the course of the study over 150 break tests were 
carried out on four different knots and two different splices in two types of rope. 
The affect of various factors upon the break strength of the splices was also 
investigated. Due the inherent variability in the breaking load of rope a statistical 
approach was then adopted to analyse the data obtained from these tests. This 
allowed objective conclusions to be drawn. SOUND TOO MUCH LIKE ABSTRACT? 
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2. Experimental Procedure 
 
2.1 SAMPLE PREPARATION 
 
The knots were made using two different commercially available types of rope. The 
first was a 16 plait braid-on-braid polyester rope. The other was a three-strand 
twisted pre-stretched polyester rope. Splices are specific to the type of rope 
construction. A three-strand eye splice was manufactured from the pre-stretched 
rope while a braid-on-braid splice was manufactured from the braid-on-braid rope.  
 
2.1.1 Knots 
The four knots investigated were the bowline, double bowline, figure of eight loop 
and perfection loop, shown in Fig.?. Each sample was prepared with a 100mm 
working end and a 150mm inside eye size. Care was taken to form each knot in 
exactly the same way. 
 
All knot and splice samples were finished by measuring 1.3m along the standing 
part of the rope from the crotch of the eye and then making a mark. The rope was 
whipped either side of the mark, cut and the end sealed by melting. 
 

 

                           
 
 
MAKE FIG! CAN I COUNT THE FOUR KNOTS AS ONE FIGURE?? 
 

FIGURE 1. Bowline                   Double Bowline  Figure of Eight Loop    Percfection Loope 
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2.1.2 Three-Strand Eye Splice 

 
The eye splices were manufactured as shown in Fig.?. The reader is referred to [1] 
for a step-by-step guide. The eye size was defined as the inside length of the eye, 
measured with a flexible tape. Once the splice was completed the working ends were 
cut to a length of about 5mm. The splice was rolled under foot three times to settle 
it.  
 
Factors that could be controlled during sample preparation were identified and 
investigation on their affect on the splice efficiency was carried out. The factors 
considered were as follows: 
 

• Number of tucks 
• Manufacturer 
• Eye size 
• Rope diameter 

 
The factors were varied one at a time (while one factor was being varied the others 
were kept constant) to allow direct comparison of the results. This method did not, 
however, allow interdependency of the factors to be studied. The standard eye splice 
had 4 tucks and a 15cm internal eye size. It was manufactured from a 8mm diameter 
rope by the author. 
 
Splices with 2, 3, 4 and 8 tucks were tested. Samples were prepared by three 
different manufacturers: two adults males and one adult female, all of whom had 
very little previous experience of making splices. The different eye sizes tested were 
8, 15 and 25cm. 8cm was the smallest eye that could pass over the shackle. Rope 
diameters of 6, 8 and 12mm were tested. 
 

FIGURE 2: Manufacture of an eye splice.
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2.1.3 Braid – on – Braid Eye Splice 
 

The braid-on-braid splices were manufactured as shown in Fig.? Again the reader is 
referred to [1] for detailed instructions.  
 
The factors considered for this splice were: 
 

• Splice Length 
• Eye size 
• Rope diameter 

 
The eye size and rope diameter were varied in the same way as for the three-strand 
eye splice. The splice length for a braid-on-braid splice is more difficult to define. 
Fig.? shows the internal construction. OA and DE dictate the final length of the 
splice. CD is critical in the construction of the splice, as it dictates the amount of 
sheath that is pushed back. If it is too short it becomes very difficult to milk the 
sheath over the splice from O to A. CD could, therefore have an effect upon breaking 
strength of the rope. If it is very short the sheath has to be strained excessively to 
make it pass over the splice. This process also involves a lot of abrasion.  

FIGURE 3. Manufacturing of a braid-on-braid splice.
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There are numerous possible combinations of splice lengths. Due to time 
restrictions only three were tested; tvariations were not and they were not 
particularly methodical or vigorous. Type I is the standard suggested by the 
literature. ‘Fid’ implies the length of one Swedish Fid, which is approximately 14cm. 
 
TABLE 1: Splice length variations for braid-on-braid splice 

Splice Length OA DE CD 
Type I 1 fid 2/3 fid 1 fid 
Type II ½ fid 1/3 fid ½ fid 
Type III 1 fid 1/3 fid 1fid 

 
 
 
 
 

FIGURE 4: Internal construction of the braid-on-braid eye splice
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2.2 TEST APPARATUS 
 
The current method for testing eye terminations in industry involves creating a line 
with an eye in each end (thanks to NE Ropes, Marlow Ropes and LIROS Ropes). The 
eyes are then looped over pins in a tensile testing machine and the line is loaded at 
a constant crosshead velocity until failure occurs. The line will always fail at its 
weakest point, which, if the rope has been manufactured correctly, should lie at one 
of the eye terminations. The major limitation of this test method is that the breaking 
load of the weaker eye termination is invariably measured. Statistically, then, a set of 
data obtained from this test will be inherently flawed. 
 

The method adopted for this paper, an 
adaptation of the support used to drop test 
dynamic mountaineering ropes [2], allowed 
each individual eye termination to be 
tested. The eye termination was looped 
over a shackle that was attached to the 
moving crosshead of a tensile testing 
machine. As illustrated in Fig.5, the 
standing part of the rope was wrapped 
around a stationary drum, passed through 
a clamp and then a stopper knot was tied 
in the end. The stopper knot prevented the 
rope from slipping through the clamp 
under tension. The upper and lower 
supports were carefully designed such that 
neither presented a greater weakness in 
the rope than the eye termination itself; 
there were no sharp edges and the rope 
did not follow any tight bends over the 
supports. Further, to prevent failure at the 

stopper knot, the rope was wrapped at least twice around the drum, thereby 
significantly reducing the tension in the rope at the clamp. A test was considered 
valid when the rope broke at the eye termination. 
 
The disadvantage of this method was that, as the rope could not be totally 
constrained at the drum, it did not allow accurate measurement of the elongation. 
The measured value of elongation included the strain for the entire length of rope, 
from the eye termination to the clamp, and any slack that had existed in the set-up. 
Bedding-in (loading of the sample prior to the main run to a value well below its 
breaking strength) was used to take up the slack and thereby limit the extent of this 
problem. 
 

 

FIGURE 5. Upper support 
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2.3 SAMPLE TESTING 
 
The samples were tested in the Tinius Olsen tensile testing machine. A mark was 
made on each sample 300mm from the crotch of the eye. The standing part of the 
sample was wrapped twice around the drum and the mark was aligned with 
horizontal longitudinal axis of the drum. The standing part was then passed through 
the clamp and a stopper knot was tied in the end. The upper support was clamped 
into position in the tensile testing machine.  The eye termination was threaded 
through a shackle attached to the moving crosshead.  
 
The samples were bedded-in by increasing the load to 10% of the rope’s rated 
breaking load three times. Each sample was then loaded until failure by applying a 
constant crosshead speed of 1mm/s. The experiment was repeated at least five 
times for each sample set. 
 
The breaking load was defined as the highest load reached in the line prior to 
complete failure. In a real-life situation the load would not be relaxed after the initial 
failure and, having reached the maximum supported loaded, catastrophic failure 
would follow. For the three-strand pre-stretched rope the maximum supported load 
was attained just before the first strand broke. The braid-on-braid knot samples 
failed catastrophically. The splices failed in the core first followed by the sheath at 
an even higher load. 
 

 
An analogue plotter, a dial gauge and a computer programme, which took 
measurements at three-second intervals, logged the breaking load and elongation. 
The data obtained from the computer, called the computer measurements, was 
processed and converted into an Excel spreadsheet. The measurement read from the 
dial gauge was verified against that from the plotter and denoted the analogue 
measurement.  The data calculated from both sets of measurements is included in 
the Tables. The computer measurements were more precise (computer readings 
were to the nearest 0.01 lb while analogue readings were to the nearest 5lb). 
However, due to the 3s time lapse, the maximum breaking load recorded was lower 
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FIGURE 6. Atypical failures of three-strand samples and braid-on-braid splices
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than the actual maximum breaking load. This latter was captured with the analogue 
loggers. 
 
HIGH SPEED CAMERA 
The FASTCAM high-speed camera was set to End Mode. The camera speed was set 
at 1000 frames per second (any faster and the picture resolution became so poor as 
to render them useless). The specimen was loaded to within approximately 200lb of 
the lowest previously measured breaking load. The camera was adjusted, focused 
and then triggered. Upon failure of the eye termination the camera was triggered 
again such that the last two seconds of film were captured.
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3. Results and Analysis 
 
3.1 STATISTICAL ANALYSIS 
 
Ropes are discontinuous structures manufactured by the twisting or braiding of 
yarns of fibre. The tensile strength of a given length of rope is dependent upon 
many factors, including the chemistry of the fibres, the manufacturing method, the 
degree of random slackness and of damaged fibres present from manufacture and 
the type of rope construction. Further variability is introduced when an eye 
termination is made in the rope due to human error. Naturally there will also be 
errors inherent in the testing technique.  
 
These factors are difficult to control. The consequence is that no two samples will be 
exactly the same and that there will be random variations in the measured breaking 
loads. One alternative is to search to control these factors. However, within the 
limits of this project, this is impracticable. Further, on the basis that such errors 
would exist in any eye termination created in the real world, it was decided that it 
was in fact essential to include these variations such that the real significance of any 
results could be demonstrated. This led to the adoption of a statistical approach. IN 
THE INTRO? 
 
The sample mean, sample standard deviation, estimated standard error and average 
knot or splice efficiency were calculated for each sample set. The knot efficiency is 
defined as: 

 strengthline rated
knot  with strengthlineefficiency Knot =  

The highest estimated standard error for any sample set was calculated as 5.44% of 
the average breaking load - most of the errors were around 3%. It was concluded 
that the sample mean was a sufficiently accurate point estimate of the population 
mean. The effect of varying a factor was then initially analysed by looking at a 
boxplot representation of the sample data alongside the calculated data. Even 
though trends appeared, it was very difficult to state objectively whether the many of 
the factor had an effect due to the degree of variance in the results. A one-way 
analysis of variance (ANOVA) was carried out in these cases to allow an objective 
decision to be made. 
 
The null hypothesis, Ho, posed was that the factor had no effect. That is, the 
variation in the results due to the treatment, τi was zero. 

0:
0:

1 ≠
=

i
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H
H

τ
τ

 

The rejection criterion for the null hypothesis was: 
)1(,1, −−> naao fF α  

This implies that if the test statistic Fo, as calculated in the analysis of variance, is 
greater than the percentage point of the standardised f-distribution curve for a 
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prescribed significance level α, then the null hypothesis is rejected and it can be 
concluded that the factor does indeed have an effect upon the breaking load of the 
samples. The significance level is defined as the probability of rejecting H0 when it is 
true. The reader is referred to [3] for a detailed explanation of ANOVA and 
hypothesis testing. ANOVA assumes that the population distribution is normal, that 
the observations are independent and that, except for variance caused by the factor, 
variance is the same at each treatment level. These assumptions were verified by 
examining plots of the residuals. SHOULD I EXPLAIN RESIDUALS? 

 
 

3.2 KNOTS 
MENTION HEATING AND MELDING OF FIBRES?? OR JUST IN THESIS AS LESS REL 
The original purpose of experimentation with the high-speed camera was to 
examine the modes of failure of the eye terminations. However, even at 1000 frames 
per second, any precursor to the actual failure of any of the eye terminations was 
imperceptible. The failures were instantaneous, catastrophic and impossible to 
predict. The actual mode of failure was left to conjecture. The high-speed camera 
did, however, help to identify with more certainty the position of failure. Both the 
figure of eight loop and the perfection loop failed just where the standing part it 
enters the body of the knot, as shown in Fig.?. The position of failure of the bowline 
and double bowline was not totally clarified by the camera footage. It appeared to 
fail at the first bend as the standing part enters the knot. However, failure 
occasionally occurred in other positions.  

 
 
 
Tables 1and 2 show the results for the knots in both the three-strand and braid-on-
braid rope. The general trend for both rope types was the same; the figure of eight 
loop was the strongest, the perfection loop the weakest and there was little 

FIGURE 7. Red ellipses indicate observed positions of failure of the four knots. These are, from left to right: 
bowline, double bowline, figure of eight loop, perfection loop. 
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difference between the bowline and double bowline.  WOULD IT BE BETTER TO 
PRESENT THIS IN A BOXPLOT – wouldn’t show info about relative splice efficiencies? 
  

Analyses of variance were carried out to see if changing the knot had any significant 
effect upon the breaking load. The difference between the bowline and the double 
bowline was found to be imperceptible. Ho would be rejected at a significance level 
of 0.35 for both rope types. From this it is hard to say definitively whether there is 
any difference. However, any difference that does exist is so small that the knots are 
practically interchangeable.  
 
The mechanisms inside the knot are extremely complex. Load is transferred by 
friction caused by contact between two parts of the knot.  Abrasion occurs as the 
knot tightens, both of fibres sliding over one another and moving across one at an 
angle, in a cutting action. Bending stresses are developed in the knot. It was 
generally concluded that knots without any tight bends or numerous crossovers, 
such as the figure-of-eight loop were considerably more efficient. 
 
 

3.3 THREE-STRAND EYE SPLICE 
 
3.3.1 Factor = Number of Tucks   
The splices with 3,4 or 8 tucks failed by breaking. The splices with only 2 tucks 
failed by slipping. This observation was reflected in the calculated splice efficiencies, 
listed in Table 3. The longer splices all had 
extremely high efficiencies with very little variance 
between them whereas a two-tuck splice could only 
support 66% of the rated breaking strength. This is 
comparable to the strength of the stronger knots.   
 
Failure by slipping probably occurs due to dilation 
during loading. Most continuous materials exhibit a 
Poisson’s ratio effect when loaded. In ropes the 
fibres not only contract radially but they move 
together, changing the shape of the strands, to use 
up the least possible space. If this effect is not 
complimented by an increase in the resisting 
frictional forces then the splice can simply unravel. 
The fact that this occurs below a certain number of 
tucks implies the existence of a critical splice 
length.  
 
It was hypothesised that above this critical splice 
length an increase in the number of tucks had no 
effect upon the breaking load. An analysis of 

FIGURE 8: Experiment to assess 
the effect of varying 
disturbances in rope geometry 
upon the breaking load.
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variance was carried out on the splice data for 3,4 and 8 tucks and the hypothesis 
was accepted up to a significance of 0.693. This seems logical. The splices that fail 
by breaking do so at the top of the splice. At this point the rope strands are carrying 
the full line tension; very little load transference to the splice strands has occurred. 
Furthermore, the presence of the splice strands distorts the rope geometry so that 
the tension in the strands at this point is greater than in the undisturbed line above 
the splice [4]. The loads developed at the point of failure would therefore depend 
upon the geometry rather than the splice length.  
 
This theory was simply tested by loading a length of rope with a cylinder passed 
through the strands, as shown in Figure 8, to failure. Cylinders of varying sizes were 
inserted. Larger diameter cylinders decreased the breaking load of the rope. The test 
itself was not very objective, as the cylinders tend to interfere with the twist in the 
rope as well as causing a disturbance. It would be of interest to investigate the affect 
of varying pitch (turns/metre) in rope of a set diameter.   A more objective test 
would be to make splices from ropes of the same diameter but different pitches 
(turns/metre). pitch here ?? yes but with same diameter pitch changes with diameter 
but so does helix angle 
Suggest work on finding critical splice length for other diameters of rope and pitches 
of rope. 
 
3.3.2 Factor = manufacturer 
The results for variation of the manufacturer are presented in Table 4. An analysis of 
variance was carried out which showed that the breaking loads are independent of 
the splice manufacturer. It is noted that all the manufacturers had little experience 
of splices and therefore suggested that further testing manufacturers be carried out, 
involving more experienced or professional splice manufacturers. It is thought 
unlikely, so long as skill was adequate to form the correct splice geometry, that this 
would have any effect.  
 
3.3.3 Factor = eye size 
The results for variation of the eye size are presented in Table 5. A trend was 
apparent; an increase in eye size appeared to cause a slight decrease in splice 
efficiency. ANOVA of the data did not confirm this trend.  The p-value was 0.277 - it 
would be concluded at a significance of 0.277 that eye size has an effect.  There is 
then a possibility breaking load varies with eye size but not substantially. More 
extensive testing at more treatment levels would need to be carried before a strong 
conclusion could be made. It is not obvious why the eye size would affect the splice 
efficiency as the angle of entry of the first tuck does not affect the geometry of the 
developed splice.  
 
3.3.4 Factor = rope diameter 
Variation of the rope diameter gave unanticipated results. The 8mm 4 tuck splice 
had an efficiency of 99% (as shown in Table 6) but splices made from the 6mm and 
12mm ropes were both considerably weaker with splice efficiencies of 73% and 88% 
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respectively. It was expected that rope diameter might have an effect upon the 
breaking load however there is no trend in these results. It is possible that 
interdependency exists between rope diameter and other factors and that a better 
combination for the 6 and 12mm ropes would results in efficiencies comparable to 
that found for the 8mm rope. These results also highlight the possibility that the 
manufacturer’s rated breaking loads are inaccurate. Testing of the rope for 
comparison with the manufacturer’s quoted value was attempted but it failed due to 
a lack of suitable equipment. Development of a rope testing technique alongside 
that for splices would be is advised if more than one rope diameter or type is being 
used in the future.  
 

 
3.4 BRAID-ON-BRAID SPLICE 
 
3.4.1 Factor = splice length 
For the limited number of splice lengths tested the results, presented in Table 7, 
were inconclusive. The ANOVA produced a P-value of 0.214; there is a possibility 
that splice length has an effect on the breaking load. A more vigorous testing 
regime would need to be carried out to draw any strong conclusions. The braid-on-
braid splice also fails at the top, at the point where the load in the rope is highest 
and amplified by the disturbance in the rope geometry. It seems unlikely that the 
splice length should have any effect. However if, as discussed in sample preparation, 
CD is too short, the tensioning and abrasion involved in milking the sheath over the 
splice may affect the efficiency. 
 
It was noted that some of the short Type 2 splices appeared to have failed by 
slipping, but at comparable loads to the breaking load. More investigation into the 
possibility of a critical splice length could be carried out. 
 
3.4.2 Factor = eye size 
The ANOVA carried out on the data for variation of the eye size gave strong evidence 
to support the hypothesis that it has no effect upon breaking load. This splice 
geometry is radically different than that for the three-strand rope. The eye size in 
this case almost certainly has no effect upon the load state at the point of failure.  
 
3.4.3 Factor = rope diameter 
The results for varying the rope diameter are almost identical to those for the three-
strand splice. The 8mm Type I splice gave an efficiency of 84%. Splices in the 6mm 
and 8mm rope gave efficiencies of 63% and 75% respectively. These results raise the 
same issues noted previously. The fact that both the trend for both rope types was 
the same was curious, the two splice geometries being so dissimilar making it even 
more so.
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4. Conclusion 
 
The project was limited throughout by the extent of testing required to come to any 
strong conclusion. However, it is pointed out that, in a sailing environment, there 
would have to be a considerable gain in the breaking strength of one eye 
termination over another for it to be made differently. An increase of a few percent 
will cause little interest. It is therefore inadvisable to spend excessive amounts of 
time on determining whether the eye size definitely has an effect on the average 
breaking load of a three-strand eye splice. The observed variance was so minimal 
that, after all, similar variance is to be expected just in the actual rope strength. 
 
From this point of view the most interesting results of the investigation have been 
 
demonstration that the bowline is the same as the double bowline, so why bother 
demonstration that the figure of eight knot is so much stronger and that the 
perfection loop is so much weaker (and should only be chosen for advantages of 
security) 
demonstration of a critical splice length 
demonstration that the manufacturer has no effect on the splice strength 
demonstration that the ropes of different diameter have totally different splice 
efficiencies for the same construction (although this has not been absolutely proven) 
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Tables 
 
TABLE 1. Knots formed in three-strand pre-stretched rope. 

Computer Measurements Analogue Measurement 

Treatment – Knot type 

x  (N) s (N) 

Xσ̂  
%age  

average)
Knot 

Efficiency x (N) s (N) 
Xσ̂ (% of 

average)
Knot 

Efficiency

Bowline 8250.94 868.36 3.72 0.59 8365.51 887.72 3.75 0.60 
Double Bowline 7901.64 408.27 1.95 0.56 8079.46 400.36 1.87 0.58 
Perfection Loop 7574.69 500.45 2.70 0.54 7779.63 436.36 2.29 0.56 
Double Figure of Eight 9599.00 325.90 1.13 0.69 9700.43 329.25 1.13 0.69 
 
TABLE 2. Knots formed in braid-on-braid rope. 

Computer Measurements Analogue Measurement 
 Treatment – Knot Type 

x  (N) s(N)  
Xσ̂  (% of 

average)
Knot 

Efficiency x (N) s (N)  
Xσ̂  (% of 

average)
 Knot 

Efficiency
Bowline 8944.57 522.40 2.61 0.53 9086.37 499.88 2.46 0.53 
Double Bowline 9172.51 96.62 0.47 0.54 9255.46 154.14 0.74 0.54 
Perfection Loop 7952.74 431.74 2.43 0.47 8018.43 333.58 1.86 0.47 
Double Figure of Eight 12132.13 938.88 3.46 0.71 12405.88 1028.94 3.71 0.73 

 
TABLE 3. Three-strand eye splices, varying the number of tucks. 

Computer Measurements Analogue Measurement 
Treatment - No. of 
tucks 

x (N) s (N) 
Xσ̂  (% of

average)
Splice 

Efficiency x (N) s (N) 
Xσ̂ (% of 

average)
Splice 

Efficiency
2 9195.03 1119.46 5.44 0.66 9273.26 859.16 4.14 0.66 
3 13484.06 744.12 2.47 0.96 13642.90 792.16 2.60 0.97 
4 13566.60 575.18 1.50 0.97 13805.32 554.88 1.42 0.99 
8 13868.16 1063.15 3.13 0.99 14001.85 980.83 2.86 1.00 

 
TABLE 4. Three-strand eye splices, varying the manufacturer. 

Computer Measurements Analogue Measurement 

Treatment - 
Manufacturer x  (N) s (N) 

Xσ̂ (% of 
average)

Splice 
Efficiency x  (N) s (N) 

Xσ̂ (% of 
average)

Splice 
Efficiency

KM 13566.60 575.18 1.50 0.97 13805.32 554.88 1.42 0.99 
AS 13345.89 566.35 1.90 0.95 13598.41 545.52 1.79 0.97 
AM 13315.81 344.91 1.16 0.95 13424.87 333.21 1.11 0.96 

 
TABLE 5. Three-strand eye splices, varying the eye size. 

Computer Measurements Analogue Measurement 

Treatment - Eye Size 
(cm) x (N) s (N) 

Xσ̂ (% of 
average)

Splice 
Efficiency x (N) s (N) 

Xσ̂ (% of 
average)

Splice 
Efficiency

8 13953.35 670.54 2.15 1.00 14181.32 708.40 2.23 1.01 
15 13566.60 575.18 1.50 0.97 13805.32 554.88 1.42 0.99 
25 13206.48 906.71 3.07 0.94 13420.42 866.61 2.89 0.96 
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TABLE 6. Three-strand eye splices, varying the rope diameter. 
Computer Measurements Analogue Measurement 

Treatment - Rope 
Diameter (mm) x  (N) s (N) 

Xσ̂ (% of 
average)

Splice 
Efficiency x  (N) s (N) 

Xσ̂ (% of 
average)

Splice 
Efficiency

6 5840.76 262.74 2.01 0.71 5998.25 302.45 2.25 0.73 
8 13065.83 543.11 1.47 0.93 13805.32 554.88 1.42 0.99 
12 24295.27 1063.00 1.96 0.87 24571.47 1173.67 2.14 0.88 

 
TABLE 7.  Braid-on-braid splice, varying the splice length. 

Computer Measurements Analogue Measurement 

Treatment - Splice 
Length x (N) s (N) 

Xσ̂ (% of 
average)

Splice 
Efficiency x (N) s (N) 

Xσ̂ (% of 
average)

Splice 
Efficiency

Type 1 14066.00 888.63 2.83 0.83 14203.57 942.57 2.97 0.84 
Type 2 14432.49 439.37 1.36 0.85 14650.77 219.12 0.67 0.86 
Type 3 14844.28 590.84 1.78 0.87 15004.52 597.33 1.78 0.88 

 
 
TABLE 8. Braid-on-braid splice, varying the eye size. 

Computer Measurements Analogue Measurement 

Treatment - Eye Size 
(cm) x (N) s (N) 

Xσ̂ (% of 
average)

Splice 
Efficiency x (N) s (N) 

Xσ̂ (% of 
average)

Splice 
Efficiency

6 14193.40 715.51 2.25 0.83 14408.26 686.04 2.13 0.85 
8 14066.00 888.63 2.83 0.83 14203.57 942.57 2.97 0.84 
12 14398.06 711.04 2.21 0.85 14595.15 655.49 2.01 0.86 

 
TABLE 9. Braid-on-braid splice, varying the rope diameter. 

Computer Measurements Analogue Measurement 

Treatment -Rope 
Diameter (mm) x (N) s (N) 

Xσ̂ (% of 
average)

Splice 
Efficiency x (N) s (N) 

Xσ̂ (% of 
average)

Splice 
Efficiency

6 5521.27 277.54 2.25 0.61 5691.22 247.95 1.95 0.63 
8 14066.00 888.63 2.83 0.83 14203.57 942.57 2.97 0.84 
12 21939.00 745.56 1.52 0.73 22364.40 450.06 0.90 0.75 
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