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1.	 Introduction

Lashing straps made of synthetic fibres are very often 
used for cargo securing in road transport because of their 
advantages, such as low weight, sufficient length, simple 
and fast handling and relatively low price of standard types. 
Among them, the 50 mm wide polyester lashing straps with 
2  500 daN lashing capacity are the most often used to 
secure heavier cargo, e. g. palletized cargo [1]. Requirements 
for performance and testing of textile lashing straps and 
tensioning devices are defined in the standard EN 12 195-2. 
It prescribes type tests for new types of straps as well as 
production tests which have to be carried out continuously 
during the production. It prescribes the following type tests to 
be performed on standard combination of lashing straps with 
the ratchet: 
•	 tensile test of textile webbings (without tensioning device and 

end fittings),
•	 testing of the complete web lashing,
•	 test of pre-tension ability of tensioning device (ratchet),
•	 test of the ability to release under tension,
•	 cyclic loading test of tensioning device,

•	 strength test of the ratchet handle,
•	 test of recoil.

The first two tests listed above have to be performed also 
continuously during production of lashing straps as so called 
production tests. The standard EN 12 195-2 prescribes a way 
of sampling and a sampling rate for the production tests. 

In practice, inferior lashing straps and their tensioning 
devices (ratchets) are also sold on the market, whereas it is 
not possible to recognize their low quality visually without 
professional testing. But high forces can act on the straps 
in practice, mainly for short-term during emergency braking 
or evasive manouvering [2 and 3]. This may cause a  break 
or loosening of such inferior (or damaged) lashing straps 
and inertial forces may cause a  movement of loose cargo. 
As a  consequence, it means not only material damages and 
losses, but also a threat for a driver, other road traffic users and 
nearby persons. The driver can not avoid emergency braking 
or manouvering in most cases, because this need is often 
caused by other road traffic users. Moreover, traffic accidents 
of heavy vehicles affect and endanger other road traffic users 
severely [4]. Results of the tests performed by the University 
of Zilina point at the fact that not all lashing straps available 
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lashing around the rotating axis of a ratchet. The sample used 
for the cyclic loading test may be used for the determination 
of the breaking force [6]. 

Repetitive cyclic load of the straps used for cargo securing 
in containers on vessels or in semi-trailers transported on 
ferries may occur e.g. in sea transport due to waves. The most 
critical is the sea area C and transverse direction where we 
have to consider inertial forces up to 0.8 G. In longitudinal 
direction (forwards and backwards) the  securing effect of 
friction is significantly lowered. Bigger waves cause bigger 
inclinations of vessels and higher forces in lashing straps, and 
this effect repeats again and again [7 and 8]. 

4.	 Straps used for the tests

We used tensioning devices made by two different 
producers and loose ends by three producers of webbing 
loose ends to carry out the tests. Although the standard EN 
12 195-2 requires these tests to be performed with 2 ¼ turns 
of web lashing around the rotating axis of ratchet, we also 
compared results of the tests performed correctly according 
to the standard with 2 ¼ turns of winding in a ratchet with 
those performed with similar straps with insufficient 1 ¼ turns 
of winding in a ratchet.2 Our tests were performed on testing 
machine Testometric M500-100CT in the laboratory of the 
Department of road and urban transport of the University of 
Zilina. The tests were carried out with 1 m long samples (only 
the sample of old, worn strap OFS1/OL1 was lengthened to 
2 m to examine, on which of the worn and damaged places the 
strap breaks). 

We marked the tensioning devices used for the tests with 
a marking consisting of three letters and one digit. The first 
letter means a marking of producer (letters “A“ or “B“), the 
second one is the letter “F“ meaning that the sample is a fixed 
end containing tensioning device, the third letter distinguished 
the tensioning devices with short ratchets (letter “S“) and 
those with long ratchets (letter “L“). A digit at the end was 
a serial number of the same sample type. Loose ends without 
tensioning devices were marked similarly with a  difference 
that the marking consisted only of two letters (the first letter 
“A“, “B“ or “C“ meaning different producers and the second 
letter “L“ meaning that the sample is a loose end) and a serial 
number. For example, marking AFS1 means the first sample 
of a  fixed end with short ratchet made by producer A. For 
comparison, a strength test of an old and worn strap was also 
carried out. All the straps used for the testing had a lashing 
capacity of 2 500 daN and producer’s declared elongation up 
to 7 % in a force equivalent to LC. 

2	 Hovewer, 1 ¼ turn is required for the measurement of Standard 
tension force according to 6.5.1 of EN 12195-2.

on market comply with the quality and safety requirements 
[5]. Tests described in this article consist of the tests of the 
complete web lashing according to 6.4. of the standard EN 
12  195-2 and the cyclic loading tests according to 6.5.3. of 
the standard. These tests were performed on samples of straps 
made by three various producers. The influence of the quantity 
of winding in tensioning ratchets on test results was studied. 
The tests confirmed strong influence of the  quantity of 
winding of webbing in ratchets on the tests results.  

2.	 Test of the complete web lashing

The  lashing capacity (LC) stated on lashing strap labels 
means the maximum force for use in straight pull that 
a web lashing is designed to sustain in use [6]. The standard 
EN 12  195-2 prescribes that a  new complete lashing strap 
consisting of a  textile webbing, tensioning ratchet and end 
fittings has to withstand a  load equivalent to 1.25 LC acting 
during one minute without any permanent deformation or any 
other defect which affects its function. Subsequently, the strap 
should be inspected. No deformations on any of its parts, seam 
failure or slippage of the textile webbing through the tensioning 
device should occur. Tensioning devices or components with 
moving parts should fully retain their function and a  space 
between a strap and a webbing slot of tensioning device should 
not be less than 2 percent of width of the strap. When the 
complete web lashing complied with this part of the test, it 
has subsequently to withstand a  load equivalent to at least 2 
LC without failure (safety factor 2). Testing of the complete 
web lashing should be performed with 2 ¼ turns of web lashing 
around the rotating axis of the ratchet. As a part of this test it 
has to be checked, whether no sharp edges are in contact with 
the webbings or with the operator´s hands, because it would 
reduce the lashing capacity of the strap or injure the operator 
respectively [6]. 

 
3.	 Cyclic loading test of tensioning device 

Cyclic loading test of tensioning device is an important 
test, because it shows whether the strap exposed to cyclic, 
alternating load does not elongate excessively or release in a 
winding around the rotating axis. A  complete lashing strap 
is exposed to 100 cycles between 0.2 LC and 1 LC where 
each cycle should last at least 2.5 seconds1. The standard EN 
12 195-2 prescribes maximum allowed elongation within 100 
cycles for lashing straps with particular lashing capacities. 
The straps with LC = 2 500 daN must not elongate more than 
20 mm. The test has to be carried out with 2 ¼ turns of web 

1	 Before that, it is loaded in straight pull by a force equivalent to LC and 
then the load is reduced to 0.2 LC
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sample AFS2/AL2, which exceeded it 7.6 times. On the other 
hand, both samples of the same type tested with 2 ¼ turns 
of winding in a  ratchet met the prescribed requirements, 
because their elongation reached 63.44 and 68.29 % of 
maximum allowed elongation of 20 mm. All the samples (same 
or comparable to those tested with 1 ¼ turns of winding) 
tested with 2 ¼ turns of winding met the requirements of the 
standard for cyclic loading tests except of the sample AFL3/
AL6, where a severe qualitative fault occured, because a break 
of the ratchet split pin occured just in the first cycle of cyclic 
loading tests at force 1 473 daN. It affected the final result of 
the cyclic loading test, because this damage caused a decrease 
of force and the strap was released by 10 mm immediately 
(Fig. 1).  

If good-quality ratchets with correct quantity of winding 
are used, run of elongation within particular cycles of 
the cyclic loading tests has a  logarithmic character where 
after higher elongation between several first cycles, further 
elongation in next cycles is relatively stable and low. But 
if insufficient, poor-quality ratchets or ratchets with a  low 
quantity of winding (as in our tests with 1 ¼ turns of winding 
in ratchets) are used, the elongation between each cycle is 

5.	 Comparison of the results of the testing of the 
complete web lashing and cyclic loading tests  
of lashing straps carried out with 1 ¼ and 2 ¼  
turns of winding in a ratchet

Results of the tests of lashing straps confirmed that 
a  quantity of winding in ratchet strongly affects strength, 
elongation and damages of the straps during such tests. Our 
tests were carried out with the same samples firstly tested 
by the cyclic loading tests and subsequently by the tests of 
the complete web lashing. Results of these tests are given 
in Table 1 in absolute values (values in milimeters rounded 
off to one decimal) and in Table 2 in percents of required 
values. Particular colours used in the tables mark comparable 
samples.    

The results given above in Tables 1 and 2 clearly show 
that the quantity of a winding in a ratchet affects strongly an 
elongation of the straps after cyclic loading tests. All samples 
tested with 1 ¼ turns of winding reached significantly higher 
elongation after 100 cycles than that is a  maximum allowed 
value. In some cases, this elongation exceeded the allowed 
value several times. The worst result was measured on the 

Results of the cyclic loading tests (elongation) and the tests of complete web lashing  
(elongation at force equivalent to LC and force at break)		  Table 1

Combination of 
samples

Elongation after cyclic loading tests 
[mm]

Elongation at force equivalent to LC 
[mm]

Force at break [daN]

1 ¼ turns of 
winding

2 ¼ turns of 
winding

1 ¼ turns of 
winding

2 ¼ turns of 
winding

1 ¼ turns of 
winding

2 ¼ turns of 
winding

AFS1/AL1 94.1 12.7 5.5 - 3 549 -

AFS2/AL2 152.5 - 4.8 - 5 108 -

AFS3/AL5 - 13.7 - 6.1 - 5 163

AFS1/CL1 66.7 - - 4.9 - 5 540

AFL1/AL3 70.7 - 3.9 - 3 813 -

AFL1/AL6 - 7.9 - 6.4 - 5 352

AFL2/AL4 57.1 - 3.6 - 4 228 -

AFL3/AL6 - 21.63 - - - -

AFL1/CL2 33.6 11.0 - 5.1 - 5 532

BFL2/AL3 103.1 - - - - -

BFL1/BL1 62.1 14.4 - 7.1 - 4 793

BFL2/BL2 45.1 8.9 - - - -

BFL1/CL3 31.7 10.9 - 4.6 - 4 724

BFL2/CL4 34.6 10.6 - 4.7 - 5 680

OFS1/OL1 - - - 5.7 - 3 302

Mean value4 68.3 11.3 4.5 5.6 4 175 5 255

Source: Authors
3	In this case, a break of the ratchet split pin occured just in the first cycle of the cyclic loading tests. This caused that the sample was elongated by 10 
mm immediately. If this damage did not occure, the requirement of 20 mm elongation as a maximum would be probably met, but occurence of such a 
damage is a severe qualitative fault of the ratchet. 
4 Except of the sample OFS1/OL1
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Results of the cyclic loading tests (elongation) and the tests of complete web lashing (elongation at force equivalent to LC and force at break) 
in relative expression (results which do not meet requirements of the standard EN 12 195-2 are red coloured)	 Table 2

Combination of 
samples

Elongation after cyclic loading tests 
[% of maximum allowed value]

Elongation at force equivalent to LC 
[% of maximum allowed value]

Safety coefficient – ratio of real force at 
break and lashing capacity of a strap5

1 ¼ turns of 
winding

2 ¼ turns of 
winding

1 ¼ turns of 
winding

2 ¼ turns of 
winding

1 ¼ turns of 
winding

2 ¼ turns of winding

AFS1/AL1 470.4 63.4 78.7 - 1.42 -

AFS2/AL2 762.6 - 68.1 - 2.04 -

AFS3/AL5 - 68.3 - 87.8 - 2.07

AFS1/CL1 333.3 - - 69.7 - 2.22

AFL1/AL3 353.6 - 56.2 - 1.52 -

AFL1/AL6 - 39.7 - 91.1 - 2.14

AFL2/AL4 285.7 - 52.0 - 1.69 -

AFL3/AL6 - 108.23 - - - -

AFL1/CL2 167.8 54.9 - 72.9 - 2.21

BFL2/AL3 515.7 - - - - -

BFL1/BL1 310.7 72.0 - 101.7 - 1.92

BFL2/BL2 225.3 44.5 - - - -

BFL1/CL3 158.6 54.5 - 65.3 - 1.89

BFL2/CL4 173.0 52.8 - 67.2 - 2.27

OFS1/OL1 - - - 82.1 - 1.32

Mean value4 341.5 62.0 63.8 79.4 1.67 2.10

Source: Authors

  

Source: Authors
Fig. 1 The split pin of the ratchet AFL3 which broke just after the first cycle of cyclic loading tests (up on the left), influence of this damage on the run 
of force during the cyclic test (up on the right) and run of elongation within particular cycles of the cyclic loading test in comparison with the second 
sample of the same type complete lashing strap without this damage AFL1/AL6 and with another sample with the same type ratchet and other type 
strap AFL1/CL2 (down) 
5	 The standard prescribes a minimum safety coefficient 2 for new straps, because this coefficient is considered to cover worsening of their 
characteristics due to use and standard wear.
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loading tests are finished. Other research showed that some 
types of poor-quality ratchets, which are frequently sold on the 
market and used in practice, reach with 2 ¼ turns of winding 
in the ratchet the similar results of elongation and pulling 
out from the ratchets as our straps tested with 1 ¼ turns of 
winding [9]. 

When the cyclic loading tests with 1 ¼ turns of winding 
in a ratchet were performed and the lashing straps were pulled 
out from the ratchets, edges of the straps were damaged 
due to contact of textile web lashing with sharp edge of the 
tensioning ratchet (Fig. 3), which came to be placed slightly 
askew due to releasing of the web lashing strap. In some cases 
(with straps made by producer A) the edges of the straps were 
severely damaged and these damages affected results of the 

almost linear throughout the test and the strap loose evenly 
during whole test performance. Figure 2 compares elongation 
of two samples of the same type of lashing strap with 1 ¼ and 
2 ¼ turns of winding in a ratchet. If 1 ¼ turns of winding in 
a  ratchet is used, a  strap is sequencionally pulled out from 
the ratchet winch in each cycle, which causes high final 
elongation. It means that such straps are not capable to hold 
lashing forces and the webbing is subsequently released from 
the ratchet in the case of repeatedly occuring load caused by 
dynamical strain during transport. This may cause movement 
of cargo, danger and in the worst cases also a traffic accident 
due to loss of cargo securing (mainly in the case of transport 
of heavy pieces of cargo). In extreme cases, a  lashing strap 
may be completely pulled out from a ratchet before the cyclic 

Source: Authors
Fig. 2 Run of elongation of the same type of lashing strap and ratchet sample AFS1/CL1 tested with 1¼ and with 2¼ turns of winding 
in the ratchet – logarithmic run for 2¼ turns of winding in the ratchet, linear run for 1¼ turns of winding in the ratchet   

         
Source: [10]

Fig. 3 Tested lashing straps after cyclic loading tests performed with 1 ¼ turns of winding in a ratchet. From the left are samples: BFL2/
AL3, AFS2/AL2 (this sample met the requirements of strength test reaching force at break 5 108 daN), AFS1/AL1 (this sample did not 
meet the requirements of strength test reaching force at break 3 549 daN) and AFS1/CL1
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Source: [11]
Fig. 4 Slightly deformed (dished) split pin of short ratchet IFS1 after 

the test with force 1.25 LC held for 1 minute (first part of testing of the 
complete web lashing) 

The last part of the testing of the complete web lashing, 
tests of strength, showed that a force at break was different for 
the samples tested with 1¼ and 2¼ turns of winding in ratchet. 
This difference was caused mainly due to damages on webbing 
of the samples tested with 1¼ turns of winding, which had 
occured during previous cyclic loading tests (Fig. 3) while the 
samples tested with 2¼ turns of winding were tested almost 
undamaged. But a quantity of winding in a ratchet also affects 
the strength of straps (force at break) because a  place near 
a  rotating axis of ratchet, where a winding ends, is a  typical 
place of break of sufficient-quality and undamaged straps. 
When a low quantity of winding is wrapped around rotating 
axis, the split pin can act as a sharp edge when a high force 
acts on a  strap. Also if an end fitting of a lashing strap has 
sharp edges like some of flat hooks, these edges may become 
the  weakest part of the complete lashing strap, because the 
webbing may break just on these edges. Therefore, using of 
such end hooks is wrong in general [1]. 

In our case, all the straps and ratchets made by producer 
A  complied with the requirements of the standard EN 
12  195-2, if they were tested with 2 ¼ turns of winding in 
ratchet and have not been damaged before the strength tests. 
But only one out of four samples of the same producer passed 
the test requirements with 1 ¼ turns of winding. The other 
three samples had lowered strength to 1.42 - 1.69 LC (71 - 
84.5 % of the level prescribed by the standard) due to damaged 
edges of webbing. The straps and ratchets of other producers 
were tested only with 2 ¼ turns of winding in ratchet. 

An interesting situation occured with the straps made by 
producer B. These straps did not become damaged (neither 
on edges) during the cyclic loading tests performed with 1¼ 
turns of winding despite of excessive elongation (pulling out 
from ratchet). But a dangerous problem occured on one of the 
fixed ends. The fixed end BFL1 was used for two tests, firstly 
with the loose end BL1 of the same producer (the webbing of 
this loose end broke at the force 4 793 daN). Subsequently the 
fixed end was tested with the loose end CL3 by other producer 

strength tests performed subsequently after the cyclic loading 
tests. Such damaged lashing straps did not withstand a force 
equivalent to double lashing capacity as is required by the 
standard EN 12195-2 (see results of the samples AFS1/AL1, 
AFL1/AL3 and  AFL2/AL4, where the strength tests were 
carried out after cyclic loading tests). When the cyclic loading 
tests were carried out with 2 ¼ turns of winding in ratchet, no 
such damages occured. 

Also the straps made by producer B tested with 1 ¼ 
turns of winding in ratchet reached excessive elongation, 
but damaging of their edges was smaller than on the straps 
of producer A. In the tests of the complete web lashing the 
following parameters were observed: elongation at force 
equivalent to LC and 1.25 LC, deformations and movement of 
the parts of the complete lashing strap after the load equivalent 
to 1.25 LC acting during one minute as well as force at break, 
which should reach at least double LC. No movement of the 
textile webbing in ratchet or permanent deformations of any 
parts of the complete web lashing which may negatelively 
affect its function may occur after a load equivalent to 1.25 LC 
acting during one minute. No deformations on any of tested 
long ratchets were observed, but some small deformations 
(dishing) of split pins on the short ratchets AFS1 – AFS3 were 
observed (Fig. 4). Damages on the edges of webbing, which 
had occured during cyclic loading tests on some samples, 
became yet worsened, but no sample broke during this part of 
the testing. Elongation during one minute of holding the force 
at 3 125 daN (1.25 LC)6 reached 0.2 – 0.4 % in most of the 
cases (regardless of the quantity of winding) and 0.5 – 0.6 % 
on the samples AFL1/AL6, AFS3/AL5 and on the sample of 
old and worn strap OFS1/OL1 (each of them with 2 ¼ turns 
of winding in ratchet). These three samples also reached the 
worst results of elongation at the tests of the complete web 
lashing at all.  

Tested short ratchets reached worse results of elongation 
at 1.25 LC (elongation 6.204 % - 7.34 % at the beginning of 
acting such force and 6.42 % – 7.91 % at the end) than tested 
new long ratchets (elongation 4.07 % - 5.92 % at the beginning 
of acting the force and 4.31 - 6.43 % at the end). The highest 
elongation at this test was measured on the old and worn 
strap, where the results were 7.79 % at the beginning and 
8.30 % at the end of holding the force equivalent to 1.25 LC.  

Results of the tests in Tables 1 and 2 show that higher 
elongation (at the force equivalent to LC) was observed in 
the case when 2 ¼ turns of winding in ratchet were used in 
comparison with tests when 1 ¼ turns of winding were used. 
It was caused by compressing of bigger quantity of webbing 
wound around the rotating axis of a ratchet.  

6	Difference between the elongation when a force equivalent to 1.25 LC 
was reached and the elongation after a minute of holding this force. 
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a consequence of this, this tensioning ratchet was no longer 
usable due to dysfunctional releasing device. In addition to 
this, a  screw holding the fixed end of the strap webbing was 
markedly bowed after the test. These damages are shown in 
Fig. 5.  

The diagram in Fig. 6 shows a run of force and elongation 
of the selected samples of complete lashing straps during the 
strength tests (the final part of testing of the complete web 
lashing). The strap of the above stated sample BFL1/BL1 with 
the force at break 4 793 daN have been gradually breaking yet 
by the force 3 000 daN. 

6.	 Conclusion

These tests comfirm the importance of quantity of winding 
in a ratchet when lashing straps are used. Results of the tests 
clearly prove that if the quantity of winding in ratchet is too 
low, the lashing straps fail in the cyclic loading tests, where 
they elongate abnormally (our samples exceeded the maximum 
allowed elongation according to the standard EN 12 195-2 by 
53 - 663 %), derail from the tensioning ratchet and edges of 
their webbing are being damaged in contact with ratceht edges. 
Therefore, too low quantity of winding contributes not only to 
lowering durability of lashing straps, but also to safety risks 
resulting from the possibility of loss the securing capability of 
the straps in case such repetitive load occurs during transport. 
It may result in damages of transported cargo and in worst 
cases also to traffic safety.  

The tests also showed that if the short ratchets are used, the 
elongation of the complete lashing straps under load is higher 
in comparison with cases when long ratchets are used. We also 
must say that two out of the eight tested ratchets had severe 
quality problems, where the split pin of the ratchet AFL3 

and the end hook of the fixed end BFL1 was completely 
broken into 4 parts at this test at the force 4  724 daN, yet 
under required level of 2 LC. Another fixed end BFL2 met 
the test requirements, but it became also the weakest part 
of the tested combination with the strap of other producer 
CL4. The ratchet broke and one of the rivets fell away, and as 

Source: Authors
Fig. 6 Run of the force and elongation of selected straps during the strength tests (samples with “1.25“ in legend were tested with 1¼ turns of winding 

in a ratchet and those with “2.25“ were tested with 2¼ turns of winding in a ratchet) 

Source: Authors
Fig. 5 Broken end hook of the fixed end BFL1 before the force 

equivalent to double LC was reached (up on the left) and damages  
on the fixed end BFL2 – outage of rivet (up on the right) and bowed 

screw (down) 
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broke already during the first cycle of cyclic loading tests at 
force 1 473 daN (significanlty below the lashing capacity) and 
the end hook of the ratchet BFL1 was broken into 4 parts at 
force 4 724 daN. Next ratchet BFL2 was also the weakest part 
of tested combination, although it met the test requirements, 
because the partial break occured upon the level of 2 LC. 
However, the usual type of break of the complete lashing strap 
is a  break of webbing loose end, near the ratchets rotating 
axis, where a winding ends. Results of the tests point at the 
fact that for good securing of cargo in practice it is needed to 
pay attention to a quality of used tensioning devices and end 
fittings, as well as to correct quantity of winding of a strap in 
tensioning ratchets, because these factors significantly affect 
the characteristics of lashing straps. 
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