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PURPOSE

The document in Annex contains a draft Union submission to the 101% session of the
Committee on Maritime Safety (MSC 101) of the IMO, taking place in London from 5 — 14
June 2019, concerning information in support of a review into the in-water performance of
SOLAS lifejackets. It is hereby submitted to the appropriate technical body of the Council
with a view to achieving agreement on transmission of the document to the IMO prior to the
required deadline of 5 March 20191.

Lifejackets are included in Commission Implementing Regulation (EU) 2018/773 of 15 May
2018 on design, construction and performance requirements and testing standards for marine
equipment and repealing Implementing Regulation (EU) 2017/306%. Reference is made in that
Implementing Regulation to the LSA Code and to resolution MSC.81(70) in relation to item
MED/1.4 as regards lifejackets. This equipment therefore falls in the scope of Directive
2014/90/EU of the European Parliament and of the Council of 23 July 2014 on marine
equipment and repealing Council Directive 96/98/EC>.

1 The submission of proposals or information papers to the IMO, on issues falling under external exclusive EU
competence, are acts of external representation. Such submissions are to be made by an EU actor who can
represent the Union externally under the Treaty, which for non-CFSP (Common Foreign and Security Policy)
issues is the Commission or the EU Delegation in accordance with Article 17(1) TEU and Article 221 TFEU.
IMO internal rules make such an arrangement absolutely possible as regards existing agenda and work
programme items. This way of proceeding is in line with the General Arrangements for EU statements in
multilateral organisations endorsed by COREPER on 24 October 2011.

20JL 133,30.5.2018, p. 1.

3 0J L 257,28.8.2014, p. 146.
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Information in support of a review into the in-water performance of SOLAS lifejackets

Submitted by the European Commission on behalf of the European Union

SUMMARY

Executive Summary: This submission provides information to the Committee in
support of a review into the in-water performance of SOLAS
lifejackets.

Strategic Direction: Other Work

if applicable

Output: Not yet assigned

Action to be taken: Paragraph 4

Related documents: Resolution A.1111(30), MSC-MEPC.1/Circ.5, MSC-
MEPC.7/Circ1, and MSC 101/21/x

1. This paper is submitted in accordance with paragraph 6.12.3 of MSC-MEPC.1/Circ.5
“Guidelines on the Organization and Method of Work of the Maritime Safety Committee and
the Marine Environment Protection Committee and their Subsidiary Bodies”. The submitters
of this document offer information on the in-water performance of SOLAS lifejackets.

Introduction

2. This submission is set out to describe the chronological timeline of actions which began
when three seafarers from the United Kingdom were found face-down in the water even
though they were wearing SOLAS lifejackets. The information in this paper is written in time-
order so that the reader may understand the direction taken by the investigation team and
the conclusions which have been derived.

Discussion

3.  The information contained in the Annex to this paper has been gathered through
investigations which were initiated by the United Kingdom’s Maritime and Coastguard
Agency. As the investigations developed, the membership of the investigating group
expanded to include additional stakeholders who either held technical expertise on lifejacket
designs and human behaviours when immersed in water, or who had a direct interest in the
performance of SOLAS lifejackets. By the end of this timeline, the investigating group
included a number of maritime administrations, life-saving appliance manufacturers,
approved test houses, and ship owner representatives for certain SOLAS vessels.

Action requested of the Committee
4. The Committee is requested to note the information contained in the Annex to this

paper when considering the proposal for a new unplanned output contained within MSC
101/21/x.



ANNEX

REVIEW OF THE IN-WATER PERFORMANCE OF SOLAS LIFEJACKETS -
CHRONOLOGICAL TIMELINE OF EVENTS

Introduction

This document is set out to describe the chronological timeline of investigations which began
when three UK seafarers were found face-down in the water even though they were wearing
SOLAS lifejackets. The information in this paper is written in time order so that the reader
may understand the direction taken by the investigation team and the conclusions which
have been derived.
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Fatal incident — FV Louisa

The UK Marine Accident Investigation Branch (MAIB) reported on the deaths of three fishing
vessel crew who were found floating face down in the water even though they were wearing
SOLAS inherently buoyant foam lifejackets. The three individuals were wearing minimal
clothing and the wind and sea were calm. The coroner reported that the deaths were caused
by drowning. All three persons had conducted sea survival training and were experienced at
sea. It is not deemed acceptable that a lifejacket would not maintain the victims’ airways
clear of the water and hence the UK implemented further investigations to identify whether
an evidence base existed.

The United Kingdom Maritime and Coastguard Agency (MCA) explored the details of this
accident and were aware that there were a number of failings which led to these seafarers
entering the water. These failings have been explored further by the MCA but are not
included within this submission, which focuses on the lifejackets. As stated within the MAIB
investigation report, the victims were wearing minimal clothing and the conditions could be
compared to those simulated within the SOLAS lifejacket testing requirements in IMO
Resolution MSC.81(70); it would be expected that under these conditions the lifejackets
should have performed to the expected standard.

The full incident report can be accessed via: https://www.gov.uk/maib-reports/sinking-of-
vivier-creel-boat-louisa-with-loss-of-3-lives

MAIB in-water testing

As part of the MAIB investigation they conducted their own version of in-water testing whilst
wearing a duplicate of the incident lifejacket, to replicate the conditions in which the rescue
services found the three fatalities. They found that this lifejacket was unable to turn the two
test subjects into the face-up position or to clear their airways of the water surface.

The MAIB further tested a second lifejacket from a different manufacturer and found identical
results. This second make/model of lifejacket was approved to a later version of the LSA
Code.

It should be noted that this testing was not carried out strictly in-accordance with the
specified LSA Code protocol and was not conducted at an accredited test house.

MCA review of equipment approval

The specific make/model of lifejacket involved in the incident was type approved under the
Marine Equipment Directive (MED) and it held current certification. The MCA conducted a
detailed analysis of the equipment approval, including a review of the original testing results
and equipment specifications. All lifejackets were accurately measured with no deficiencies
found. The approval documentation was also valid.

The MCA sent the two lifejackets (i.e. the incident lifejacket and the second lifejacket from a
different manufacturer used by the MAIB) to an MED/SOLAS accredited testing laboratory to
conduct the exact in-water testing procedures that each lifejacket was approved against. The
incident lifejacket was assessed using six test subjects; this lifejacket failed the righting test
for one out of the six test subjects. The second lifejacket was assessed using 15 test
subjects; this lifejacket failed the righting test for 3 test subjects. After receiving these results,



the MCA sent the incident lifejacket to repeat the same testing at a different MED/SOLAS
accredited testing laboratory; again, the lifejacket failed the righting test for one test subject.

The MCA assessed that both lifejackets would have passed the required in-water
performance tests if a different selection of test subjects had been used. For this reason, the
MCA concluded that no further action would be taken with this product or the manufacturers.

Both of the lifejackets, when tested against the relevant versions of the IMO testing
standards, showed potential issues with consistency and repeatability of results. The MCA
questioned whether the in-water performance of a SOLAS lifejacket could be relied-upon
following an approval against the SOLAS construction and testing requirements.

Document review of SOLAS lifejackets with lifejacket stakeholders

The MCA held meetings with the International Life-Saving Appliance Manufacturers’
Association (ILAMA) and other key UK stakeholders to discuss the evidence which had been
obtained. This Group identified several previous submissions to the International Maritime
Organization regarding the testing of lifejackets in IMO Resolution MSC.81(70) — in
particular, the ILAMA and ISO submissions to the sub-committee meetings of DE 56 and DE
57, which raised concerns about the revised testing standard that came into force in July
2010.

The MCA recognised that the amendments to the Reference Test Device (RTD), which were
introduced in the amended test protocol in July 2010, promoted the performance of SOLAS
lifejackets, especially with respect to the static in-water measurements for mouth freeboard,
face-plane angle, and body angle. However, it was also identified that these amendments did
not address the difference between the IMO Resolution MSC.81(70) testing conditions (e.g.
the wearing of swimsuits in fresh, calm water, etc) and the real-life scenarios when lifejackets
would be employed.

The MCA sought to better understand any differences between the requirements of IMO
Resolution MSC.81(70) and the required in-water performance of a lifejacket during a real-
life emergency scenario. The main recognisable difference between IMO Resolution
MSC.81(70) and real-life was the wearing of clothing, and it is well known that prior to
abandonment, the IMO and all maritime administrations recommend that additional warm
clothing is donned.

Further evidence was gathered by the Group on the performance attributes of spray hoods
and retention devices. For example, the Royal National Lifeboat Institution (RNLI) had
conducted a series of in-water tests using different lifejackets fitted with and without retention
devices, and had concluded that in dynamic conditions such as waves, retention devices can
provide additional assurance that a lifejacket maintains a suitable in-water performance.
During the Louisa incident, the skipper was lost when the rescue services attempted to
recover his body and he slipped out of his lifejacket. The Group also reviewed existing
information regarding the designs of retention devices; in particular, the Group noted that is
at least one country who regulates against such devices if they cause a potential snagging
hazard.



In-water performance testing of lifejackets at the RNLI incorporating three types of
clothing

In Autumn 2017, the MCA, ILAMA and UK stakeholders initiated a team to review the in-
water performance of SOLAS lifejackets, hereinafter named “the Group”. The Group derived
a test method to record the effects of clothing on the righting performance of a SOLAS
lifejacket. This testing was conducted within the testing pool at the RNLI. The righting tests
followed the requirements of IMO Resolution MSC.81(70), conducted in swimsuits as per the
prescribed requirement, with three additional separate tests conducted using different levels
of clothing. Some freeboard measurements were also recorded but these were not the main
priority of the exercise.

All testing was conducted using the Reference Test Device lifejacket (RTD) because the
testing standard within IMO Resolution MSC.81(70) makes direct comparisons between the
RTD and a manufacturer’s candidate lifejacket. All MED lifejackets placed on board SOLAS
vessels since July 2010 have been tested against the RTD. It is understood that the
introduction of the RTD allows comparison testing to a known entity (the RTD) and hence
many variables associated with the testing conditions can be disregarded. Conducting the in-
water performance tests against the RTD was considered the most suitable method for
assessing the performance of SOLAS lifejackets currently placed on the market as the Group
felt that testing one or more manufacturers’ candidate lifejackets, rather than the RTD, would
not adequately assess whether the testing standard was itself suitable.

The four levels of clothing used during the testing were: swimsuits, light passenger clothing,
deck working coveralls and heavy-weather clothing. Further details of the clothing are given
in the bullet points (i to iv). The heavy weather clothing was standardised across all the test
subjects and was provided by the RNLI. The trousers, shirt and shoes were provided by the
test subjects. The tests in swimsuits (as per MSC.81(70)) were to provide a baseline for
comparison of results.

i. Swimsuits only - as per IMO Resolution MSC.81(70)
i. Light passenger clothing - trousers, shirt and shoes
iii. Deck working clothing - trousers, shirt, shoes and coveralls
iv. Heavy weather clothing - waterproofs, fleece underlayer, boots
Test subjects and testing conditions
IMO Resolution MSC.81(70) requires 12 test subjects to be assessed in the candidate

lifejacket; the test subjects must meet the provided height and weight criteria such that an
adequate range of persons are tested. The Group obtained more than double the number of
test subjects normally used - 25 in total. The test subjects covered a good spread of height
and weights, however neither the very short and lightweight end of the table, nor the very tall
and heavy end of the table were proportionately populated, and hence it is believed that the
results obtained should be considered conservative in nature. The test subjects were
independent of the Group.

The testing was conducted in fresh water under still conditions as per MSC.81(70). The
temperature of the water was colder than normal at only 15 degrees Celsius, and therefore
the in-water status of the test subjects was closely monitored. Table 1 shows test subjects
(numbered 1 to 25) positioned on the height-weight requirements of MSC.81(70). Notation
“F” indicates female and notation “M” indicates male.



Table 1: Height and weight of the test subjects (Table 2.1 within MSC.81(70))

Mass (kg)
40-43 43-60 60-70 70-80 80-100 100-110 110-120 >120

<1.5
E 1.5-1.6 16F
= 1.6-1.7 5F, 15F,24F 25F 11F 2F 4F,18F
z 1.7-1.8 12M 1M,3M 9M,13M,21M

1.8-1.9 6M7M 20M,22M,23M 10M
>1.9 8M,19M 14M 17M

Test procedures
The righting tests were conducted as per IMO Resolution MSC.81(70) with the subject

relaxed face-down in the water, simulating a state of utter exhaustion before the feet are
released (see Figure 1). Each of the test subjects completed six righting tests for each of the
four sets of clothing. During the righting tests, turning times were recorded for the airways to
clear the water. Additional timings were taken for the test subject to achieve the full face-up
position because the Group had emphasised that the safest position for a test subject is
when they are face-up.

For a brief assessment of freeboard, measurements were taken for some test subjects
immediately following a jump test and after a set of six righting tests.

Static balance measurements were observed during the testing and were recorded using
photos and video for qualitative post analysis if needed.

Figure 1: Typical MSC.81(70) righting test once the ankles of the test subject have been
released

Pass criteria for righting tests — ‘no-turns’ and righting times exceeding 5 seconds
The requirements within MSC.81(70) are for the lifejacket to “turn the body of unconscious,

face-down persons in the water to a position where the mouth is clear of the water in an
average time not exceeding that of the RTD plus 1 s, with the number of persons not turned
by the lifejacket no greater than that of the RTD.” However, as this testing was conducted
with test subjects only wearing the RTD, a different set of criteria was required. MSC.81(70)
replaced the testing standard within IMO Resolution A.689(17) which required that “In the
righting test, the mouth should be clear of the water in not more than 5 s.”




For this testing, if the turning time during an individual test exceeded 5 seconds and the test
subject exhibited no signs of turning, then this was considered to be a failure. For overall
pass/fail criteria, if the average turning time (after discarding the highest and lowest times)
exceeded 5 seconds then this was considered a failure. During the testing the test subjects
were not aware of a time period. If the test subject exhibited no tendency to turn long after
the 5 seconds, the test was aborted and a “no-turn” was recorded.

The Group believed that the 5 second criteria within MSC.81(70) was a parameter derived
from an average of 12 breaths per minute for an adult male. This criteria has been used
within various standards however the Group noted that an unconscious person does not
have a natural reflex to prevent the inhalation of water and hence a timed threshold for a
person’s airways immersed in water should to be considered as a performance indicator
rather than a statement of safety. The Group’s proposal for 5 seconds provides a baseline for
assessing performance.

Righting test results
Table 2 provides the righting times for the test subjects when wearing swimsuits. The test

subjects are sorted to provide the quickest righting times at the top of the table. This test was
identical to the requirements of MSC.81(70). It can be seen that one of the test subjects
failed to meet the 5 second righting time during their first and sixth righting tests, however the
average of these results is considered by MSC.81(70) to be acceptable. The five fastest
righting times were recorded by four test subjects from the lightest weight category and the
five slowest times were recorded by two of the five heaviest test subjects.

Table 2: Righting times for test subjects wearing swimwear

Test | Mass of | Height of Righting time (seconds) Average righting

subject test test time (high & low

subject | subject values removed)

(kg) (m) Test1 | Test2 | Test3 | Test4 | Test5 | Test6 (seconds)

1 80-100 | 1.7-1.8 27 25 1.7 2.3 2.9 2.7 2.6
2 70-80 | 1.6-1.7 1.5 0.9 0.9 0.8 0.8 0.7 0.9
3 80-100 | 1.7-1.8 4.4 4.2 3.2 3.8 3.8 3.5 3.8
4 70-80 | 1.6-1.7 21 1.7 2.8 2.6 1.7 1.9 2.1
5 43-60 | 1.6-1.7 0.9 0.8 0.6 0.7 1.1 0.7 0.8
6 70-80 | 1.81.9 27 25 2.6 1.7 34 2.0 25
7 70-80 | 1.81.9 3.3 34 2.8 45 24 2.7 341
8 80-100 >1.9 24 21 1.7 14 1.5 1.9 1.8
9 100-110 | 1.7-1.8 1.5 2.0 1.7 2.3 24 23 2.1
10 110-120 | 1.8-1.9 4.4 2.6 2.7 2.7 25 2.7 2.7
11 60-70 | 1.6-1.7 4.1 34 2.0 2.6 1.8 2.8 2.7
12 70-80 | 1.7-1.8 3.6 1.7 3.5 2.7 2.7 34 341
13 100-110 | 1.7-1.8 0.9 1.3 1.3 1.5 14 1.6 14
14 100-110| >1.9 4.0 3.5 5.0 29 25 22 3.2
15 43-60 | 1.6-1.7 2.6 2.0 21 14 14 1.5 1.7
16 43-60 | 1.516 1.5 1.9 0.7 0.9 1.2 1.2 1.2
17 110-120 | >1.9 3.9 3.7 4.0 34 2.6 4.3 3.8
18 70-80 | 1.6-1.7 2.3 24 2.0 1.7 1.5 1.2 1.9
19 [ 80100 | >1.9 [NEE 46 4.9 44 47 1O 4.8
20 80-100 | 1.8-1.9 4.6 25 21 2.3 3.1 2.0 25
21 100-110 | 1.7-1.8 2.6 3.0 1.6 21 2.0 23 22
22 80-100 | 1.8-1.9 24 21 1.9 25 3.2 2.9 25
23 80-100 | 1.8-1.9 2.2 1.9 21 25 2.3 23 22
24 43-60 | 1.6-1.7 1.0 1.1 1.0 1.0 1.1 1.1 1.0
25 43-60 | 1.6-1.7 0.8 1.0 1.2 1.2 1.3 25 1.2




Light clothing
Table 3 shows the righting times for test subjects wearing the light passenger clothing. Two

test subjects (8%) failed to meet the average 5 second righting time, although a total of 5 test
subjects (20%) incurred at least one righting time in excess of 5 seconds. Again, the five
fastest righting times were recorded by 4 of the lightest test subjects, with two of the five
heaviest test subjects in the slowest five times. Test subject 20 had an erroneous result for
the first righting test which may be due to trapped air within the clothing.

Trapped air within clothing is already recognised within the international standard for
personal flotation devices (ISO 12402) as an influencing factor which will likely alter the
performance of a lifejacket, and “waterproof clothing can trap air and further impede the self-
righting action of a lifejacket’. This international standard suggests that users, owners and
employers need to ensure that this is taken into account when selecting a personal flotation
device.

Table 3: Righting times for test subjects wearing light clothing

Test | Mass of | Height of Righting time (seconds) Average righting
subject test test time (high & low
subject | subject values removed)
(kg) (m) (seconds)
80-100 | 1.7-1.8
70-80 | 1.6-1.7
80-100 | 1.7-1.8
70-80 | 1.6-1.7
43-60 | 1.6-1.7
70-80 | 1.8-1.9
70-80 | 1.8-1.9
80-100 >1.9

100-110| 1.7-1.8
110-120 | 1.8-1.9

60-70 | 1.6-1.7
70-80 | 1.7-1.8
100-110 | 1.7-1.8
100-110| >1.9
43-60 | 1.6-1.7
43-60 | 1.5-1.6
110-120 | >1.9
70-80 | 1.6-1.7
80-100 >1.9

80-100 | 1.8-1.9
100-110| 1.7-1.8
80-100 | 1.8-1.9
80-100 | 1.8-1.9
43-60 | 1.6-1.7
43-60 | 1.6-1.7

NINDININDINDIN[Rmrmara =
L IEN NN B S R I R D R N I T BN E S S R S U Rl I D

Deck working clothing
Table 4 contains the righting times for test subjects wearing deck working clothing. A total of

5 test subjects failed to pass this righting test which equates to 21% of the total. It is
particularly difficult to identify any trends between the slowest and fastest righting times
within this data set.




Table 4: Righting times for test subjects wearing deck working clothing

Test | Mass of | Height of Righting time (seconds) Average righting
subject test test time (high & low
subject | subject values removed)
(kg) (m) Test1 | Test2 | Test3 | Test4 | Test5 | Test6 (seconds)
1 80-100 | 1.7-1.8 4.9 3.7 4.4 4.3 3.7 3.6 4.0
2 70-80 | 1.6-1.7 1.8 1.7 1.9 1.9 1.9 1.8
3 80-100 | 1.7-1.8 4.4
4 70-80 | 1.6-1.7
5 43-60 | 1.6-1.7
6 70-80 | 1.8-1.9
7 70-80 | 1.8-1.9 3.3 3.6 3.8 3.3 3.3 3.0 34
8 80-100 >1.9
9 100-110 | 1.7-1.8
10 110-120 | 1.8-1.9
11 60-70 | 1.6-1.7
12 70-80 | 1.7-1.8
13 100-110 | 1.7-1.8
14 100-110| >1.9
15 43-60 | 1.6-1.7
16 43-60 | 1.5-1.6
17 110-120 | >1.9
18 70-80 | 1.6-1.7
19 80-100 >1.9
20 80-100 | 1.8-1.9
21 100-110| 1.7-1.8
22 80-100 | 1.8-1.9
23 80-100 | 1.8-1.9
24 43-60 | 1.6-1.7

Heavy weather clothing
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Table 5 shows how heavy weather clothing influences the righting performance of this
lifejacket. A total of 14 test subjects (58%) failed to pass the righting test, and a further 3 test
subjects showed individual righting failures during the testing. Five of the fastest righting
times were recorded by four test subjects from the lightest weight category, however the
fastest two subjects also both recorded failures on their first righting tests. Figure 2 shows a
test subject who failed to turn during the righting test whilst wearing heavy weather clothing.
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Table 5: Righting times for test subjects wearing heavy weather clothing

Test | Mass of | Height of Righting time (seconds) Average righting
subject test test time (high & low
subject | subject values removed)
(kg) (m) (seconds)
1 80-100 | 1.7-1.8
2 70-80 | 1.6-1.7
3 80-100 | 1.7-1.8
4 70-80 | 1.6-1.7
5 43-60 | 1.6-1.7
6 70-80 | 1.8-1.9
7 70-80 | 1.8-1.9
8 80-100 >1.9
9 100-110 | 1.7-1.8
10 110-120 | 1.8-1.9
11 60-70 | 1.6-1.7
12 70-80 | 1.7-1.8
13 100-110 | 1.7-1.8
14 100-110| >1.9
15 43-60 | 1.6-1.7
16 43-60 | 1.5-1.6
17 110-120 | >1.9
18 70-80 | 1.6-1.7
19 80-100 >1.9
20 80-100 | 1.8-1.9
21 100-110| 1.7-1.8
22 80-100 | 1.8-1.9 . . . .
23 80-100 | 1.8-1.9 3.7 4.5 3.8 4.0 4.2 4.0 4.0
24 43-60 | 1.6-1.7 23 28 21 34 3.9 24 27

Figure 2: Test subject wearing heavy weather clothing during failure of the righting tests

Number of failures during the righting tests

Table 6 provides a summary of all of the righting results for the four different sets of clothing.
Within the table, green shading indicates no failures were present during the righting test,
yellow indicates less than 20% failures, orange indicates less than 40% failures, red is 40%

or more failures.

It can be clearly seen that the addition of more clothing has a detrimental impact on the
righting performance of the lifejacket. All clothing, including the swimsuits, experienced

failures.

Comparing the six consecutive righting tests performed by each test subject, the first test
often showed the worst results for righting failures. It was observed that the number of
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righting failures tended to reduce by the sixth righting test. This reduction in righting time was
most prevalent in the heavy weather clothing which reduced from 15 failed test subjects
down to 8 failures (29% improvement). This improvement was attributed to the trapped air
within the clothing, which released from the clothing during the six righting tests.

A separate average is shown at the right hand side of Table 6 which is the average number
of failures seen in only the first 3 righting tests. The Group noted that if a person were to
enter the water, it is the first test result that may be the most important. To aid analysis of the
data, the first 3 righting tests were chosen to remove any erroneous results from the first
righting test. It can be seen that these averages show a greater proportion of failures.

Only 7 out of the 25 test subjects (28%) passed every righting test in all types of clothing.

Table 6: Number of failures observed during the righting tests

Type of clothing |No. of test| Total no. Total number of test subjects not righting Failures for all | |Failures (average
subjects |of righting within 5 seconds righting tests of first 3 righting
tests Test1 | Test2 | Test3 | Test4 | Test5 | Test6 (%) te(f/t)s)
0,
Swimsuit 25 150 1 1 1
Light passenger 25 150 4 2 2 3 2 4
Deck working 24 144 5 5 4 3 4 3
Heavy weather| 24 144 [NSSERA N - 8

Further testing regarding air trapped inside the heavy weather clothing
6 test subjects were asked to perform a 1 metre jump test in heavy weather clothing which

was left unpurged of air before starting a separate set of righting tests. Unsurprisingly these
6 subjects showed a 67% no-turn failure rate when compared to the <5s requirement.

Time for airways to clear and time to fully right to a face up position
In addition to the standard self-righting measurement for the time taken for the airway to

become clear of the water, a time was also measured for a full self-right, i.e. the time taken
from leg release for the subject to arrive at the static balance position required for all other
performance measurements, this being the full face-up position with the subject at rest on
their back. More analysis is required, however it is expected that graphical plots will show
this time to be proportional to the time for the airways to become clear of the water. Although
it was not observed during this testing, there are concerns that some lifejackets may bring a
test subject’s airways clear of the water but fail to bring the test subject to a full face-up
position.

Freeboard measurements
Freeboard measurements were only taken for eight test subjects wearing swimsuits prior to

and after a 1m jump. For one of the test subjects the freeboard measurement reduced from
160mm to 83mm after the 1m jump.

Static balance measurements
One test subject was wearing footwear intended for use during water sports. This footwear

was observed to provide some buoyancy to the test subject’s feet and was believed to
influence the in-water movements of this test subject. No other test subjects showed irregular
static balance positions during the testing. Further assessments are needed for the effects of
footwear.
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Other observations
There are two principle movements which can lead to a face-up position; a rolling motion

about an axis through the head and ankles (a roll turn), and a pitching motion about a
horizontal axis between the hips (a pendulum turn). On occasion there is a combined
movement involving both roll and pitch. The pitching motion appears to incur a longer time to
right into the face-up position but further evidence is required. It was not possible to predict
which test subject would perform a rolling or pitching movement.

Analysis of the in-water testing
2 of the 150 righting tests whilst wearing the RTD failed to achieve the 5 second righting time

in swimsuits. The MCA has been informed that during other approval tests some test
subjects have failed all 6 righting tests whilst wearing the RTD even though these test
subjects also met the height and weight criteria of IMO Resolution MSC.81(70). As explained
in paragraph 0, some test subjects behave differently in the water by either rolling or pitching
into a face-up position, and although we have a general understanding of human morphology
and the variables associated with in-water testing (see paragraph 0), it is very difficult to
predict the results of in-water testing.

As soon as clothing was worn by the test subjects, the turning times were seen to increase
with a growing number of failures to turn a test subject within the 5 seconds. The quantity of
clothing was directly related to the righting performance, with the heavy weather clothing
having the most substantial impact on the righting performance with 49% of all righting tests
failing.

It could be considered that the first righting test is the most important because in a real
scenario when a person enters the water they would not be expected to purge any trapped
air. On the other hand, a total of six righting tests are currently required to obtain consistent
results (see Figure 3). This is supported in Table 6 where we can see that the percentage of
failures, taken using the average of the first three righting tests is more severe.

5
4.5

4

35 4
g T
i) - - -
2 o, JF N g T -
y I e e
£ .
S T e s ™ W
w25 TSea
E L Q= - ---- L — G- g
=
B 2
U
a0
E
2 a5
z

1

0.5
0
Test 1 Test2 Test 3 Test4 Test5 Test6
= & = Swimsuits Light clothing  ==#== Deck clothing Heavy clothing

Figure 3: Average turning time for each set of six righting tests

14



It was not possible to accurately predict results, or to predict which test subjects would fail
the tests. In general, the heavier and taller test subjects incurred slower turning times with a
subsequent higher probability of not turning however there are always anomalous test
subjects. More testing needs to be done with footwear which due to inherent buoyancy may
effect the position of a test subject in the water and may potentially affect whether a test
subject rolls or pitches during turning.

The RTD provides approximately 150N of buoyancy force which is a larger proportion of the
total displacement for a test subject of lighter mass. For swimsuits there was a clear
correlation between the fastest/slowest turning times and the mass of the test subjects.
There was not such a clear correlation between mass and turning time for the other types of
clothing.

During the testing a few experiments were conducted to assess the in-water stability of a test
subject when in the face-up position. Although MSC.81(70) has a test procedure for this,
there may be benéefit in determining a more suitable stability test to assess the tendency of a
lifejacket to keep a person in the face-up position.

The results show that only 7 out of the 25 test subjects (28%) passed every righting test in all
types of clothing.

Preliminary conclusions from the RNLI testing
IMO Resolution MSC.81(70) assesses the performance of a lifejacket when the test subjects

are wearing swimsuits. Testing in swimsuits is the least onerous requirement for a lifejacket.
The assessment of righting performance within IMO Resolution MSC.81(70) permits the
number of persons not turned by a lifejacket to be no greater than that of the RTD. This
means that a SOLAS lifejacket is allowed to fail to right an undefined number of the 12 test
subjects whilst wearing swimsuits if the RTD also fails to right them. Therefore IMO
Resolution MSC.81(70) allows a clear possibility that a lifejacket can fail to right a seafarer
whilst wearing swimsuits or any other form of clothing.

The types of clothing worn during these tests were a close representation of the clothing
worn by seafarers on vessels trading internationally. The results from testing in swimsuits as
per IMO Resolution MSC.81(70) do not provide a clear indication of the performance of a
lifejacket under more realistic conditions (wearing clothing) when a person might be found in
the water during an emergency. The results imply that a successful result under IMO
Resolution MSC.81(70) may not result in a performance which maritime stakeholders would
expect of a lifejacket in an emergency scenario.

Further testing may be beneficial to assess the tendency of a test subject to roll or pitch
during the righting movement. It was observed that the pitching movement (which is alike to
a pendulum) can appear visibly slower and may result in less stability in the water.

There has been a considerable debate about whether it is possible to test in-water
performance whilst a test subject is wearing clothing, and this has always been avoided due
to the perceived problems with repeatability and consistency of test results. Testing in
swimsuits has always been the prescribed and accepted test method in all European and
international standards for this reason, and it provides a level benchmark without adding
another variable into the testing standard. However, the results from this limited set of tests
whilst wearing clothing clearly show that the testing requirements for SOLAS lifejackets will
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not result in all persons being turned into a face-up position within 5 seconds, and the effect
of a person’s clothing will increase the righting time and result in some persons not righting at
all.

Three types of clothing were assessed in order to gain a better understanding of the effects
of clothing on in-water performance of SOLAS lifejackets. These clothing types were aimed
at passengers in warmer climates, crews working on open decks, and crews working in
heavy weather. There are many other permutations of clothing (and worn equipment such as
tool belts) which may benefit from further assessment.

Limitations, assumptions and variables not fully-considered within the lifejacket testing
standard
During the investigations, the following items were identified as factors which could influence

or effect the in-water performance of a lifejacket; not all of these items are well-recognised
within the existing testing procedures or standards and this is not an exhaustive list:

i. The effects of human morphology (height, weight, body-mass index, dimensions of
limbs, etc)

i. The physical and psychological state of the test subjects when they begin testing,
such that they simulate a state of utter exhaustion

iii. Lifejacket donning procedures in the testing environment and in real-life emergency
scenarios

iv.  The effects of wind and sea conditions

v.  Dynamic stability when a user is in the face-up position such as rolling and dunking

vi.  The effects of cold water temperatures on a user’s body position in the water (e.g.
foetal position)

vii.  Dynamic assessment of the lifejacket securing arrangements (other than the single
jump test)
viii.  Protection of the user’s airways in rough water

ix.  The wearing of watertight, multilayer clothing or buoyant clothing that may trap air
x.  The wearing of equipment with additional weight (such as tool belts)
xi.  Compatibility with other life-saving equipment (e.g. personal location devices, safety
harnesses, etc)
xii.  Manoeuvrability and user comfort for continuous wear operations
xiii.  Extremes of temperature which may affect the lifejacket
xiv.  Lifejacket performance for persons who do not meet the height and weight criteria
within IMO Resolution MSC.81(70)

Questions Arising from RNLI Testing
Below are the main questions which were raised by the Group following the testing

conducted at the RNLI. The Group sort answers for these questions and proposed the
actions in the following paragraphs.

i.  What do maritime stakeholders expect from the performance of a lifejacket?

i.  Should it be allowed for a lifejacket to not turn a test subject within testing conditions
even if the RTD has also failed to turn the subject?

ii. Is it acceptable for a lifejacket to turn a person with a turning time greater than 5
seconds?

iv.  Should the focus be on turning times when a person first enters the water (trapped
air), or after a sustained period of time in the water (air purged)?

v. Is there an acceptable percentage for the number of failures to right a person?

vi.  Are maritime stakeholders aware of the performance limitations of a lifejacket such as
those incurred when a person wears clothing?
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Actions To Be Taken Following Lifejacket Testing at the RNLI
The Group agreed to the following actions after the in-water testing conducted at the RNLI.

i.  Question maritime stakeholders about their expectation of lifejacket performance.

ii. Identify key International stakeholders and consult on the investigations to date.

iii. Conduct further in-water tests to identify areas of improvement for the testing
standard and to identify areas of the testing standard which are susceptible to
repeatability issues. Develop these into firm proposals.

iv.  Collate existing data from RTD testing (i.e. turning times, mouth freeboard, torso
angle, face-plane angle and list angle) to support further analysis.

v. Report to next European Union MED Experts Group meeting with a long-term view
for a possible IMO submission.

Consultation with Member States

In October 2017 the European Commission circulated a letter from the UK to the Marine
Equipment Directive (MED) Experts Group Members and Observer Organizations. This letter
referred to the testing of SOLAS lifejackets and alluded to the in-water performance
observed during testing at the RNLI. Three responses were received from Member States
and one response from an Observer Organization.

One Member State identified repeatability issues which had been witnessed between test
subjects of the same height and weight, and also repeatability issues between different test
laboratories. One Member State noted that the RTD is used differently for lifejackets
complying with the EU PPE Directive (as per ISO 12402) in comparison to the test methods
within the IMO’s LSA Code and Resolution MSC.81(70). The Observer Organization
highlighted that lifejackets cannot guarantee a real-life performance due to the many variable
and influencing factors affecting in-water performance.

In late October 2017 the UK presented the available information to the European Union’s
MED Experts Group. The objective of this consultation was to better understand the
expectations of other maritime administrations with regards to the in-water performance of
SOLAS lifejackets. The MED Experts Group were asked of their view on the functional
requirements of a lifejacket, and were subsequently presented with a short summary of the
in-water performance tests conducted at the RNLI. The MED Experts Group believed that
these indicative results were not as expected and they were interested in receiving further
information from the additional planned testing.

A similar presentation was given to the EU Administrative Cooperation (ADCO) Group in
November 2017, with identical responses from the different attendees of this meeting.

In-water performance testing at a nationally accredited test house incorporating one
set of standardised clothing

In December 2017, the MCA together with ILAMA and UK stakeholders carried out further
tests at a Nationally Accredited Laboratory (Fleetwood Testing Laboratory). The primary
objectives of this testing were to:

l. Provide evidence to support the introduction of an in-water performance test with
test subjects wearing standardised clothing

Il. Reinforce the results from the RNLI testing which concluded that clothing had a
significant impact on the in-water righting performance of a SOLAS lifejacket.
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Il. Determine if in-water righting tests whilst wearing clothing are repeatable and
thereby provide results that are suitably consistent to be utilised within IMO
Resolution MSC.81(70).

Test subjects and testing conditions
Alike to the testing conducted at the RNLI, this in-water performance testing was conducted

using the RTD, for the same reasons as agreed by the Group previously. The only other
deviation from Resolution MSC.81(70), as amended by Resolution MSC.200(80) was that
one series of tests were conducted with test subjects wearing standardised clothes.

A number of proposals were made regarding the standardised clothes, including using the
definition already in existence for heavy weather clothing. Unfortunately, the Group found
that the parka, which is defined in the heavy weather clothing, may not suitable for entering
the water on repeat occasions.

It was determined that the standardised clothing would consist of the following: underwear
(short sleeved and short legged); long sleeved shirt; woollen jumper; cotton trousers (not
woollen), woollen socks, a waterproof jacket and trainers. Both the swimsuit and
standardised clothes are shown in Figure 4.

Figure 4: Test subject wearing a swimsuit (left) and the standardised clothing (right)

For this testing, all of the in-water tests were repeated during a second set of independent
tests to provide evidence as to whether testing in clothing would provide consistent results.

Although IMO Resolution MSC.81(70) only requires 12 test subjects to be assessed, during
these tests a total of 24 test subjects were used as highlighted in
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Table 7. In order to better understand how the morphology of a test subject affects the in-
water performance observed for a lifejacket, a wide range of additional test subject
measurements were taken as highlighted in Table 8. Notation “F” or colour red indicates
female and notation “M” or colour blue indicates male.
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Table 7: Height and weight of test subjects (Table 2.1 extracted from MSC.81(70))

Weight range - kg

Height range (m) | 40-43 | 43-60 60-70 70-80 80-100 | 100-110 | 110-120 | >120
<1.5 1 B X X X
1.5-1.6 X 1 1 X %
1.6-1.7 X XX 1 X X
1.7-1.8 X X Bl X 1 X X X
1.8-1.9 X X X as B 1 X
>1.9 % X X 1

Ref: Table taken from Resolution MSC.200(80)
Table 8: Additional anthropometric measurements for the 24 test subjects

Additions to the Required Test Procedure

The required six righting tests were conducted as per IMO Resolution MSC.81(70) with each
test subject relaxed face-down in the water, simulating a state of utter exhaustion before the
feet are released (see Figure 5). During the righting tests, turning times were recorded for the
airways to clear the water. Additional timings were taken for the test subject to achieve the
full face-up position. The 5 second threshold criteria for righting times was again used as a
performance indicator although test subjects were not informed of the existence of a time
period.

Figure 5: MSC.81(70) righting test once the ankles of the test subject have been released

Additionally, static balance mouth freeboard measurements were taken three times even
though Resolution MSC.81(70) only requires one measurement to be taken. The three
measurements were:

i. As per IMO Resolution MSC.81 (70) in a normal relaxed state
ii. With lungs at lowest volume, i.e. exhaled
il With lungs at maximum volume i.e. inhaled

Also, the in-water weight for each test subject was measured in both swimwear and
standardised clothing using the procedures detailed in EN ISO 12402-9. Five measurements
were taken; one inhaled, one exhaled and three with the subject in a relaxed state i.e., static
balance. An average was taken of the three static balance measurements. Please see Table
9.

20



Table 9: In-water Weight Measurements for the Test Subjects

Static Static Static Average |
Subject Clothing ln(l;;l)ed E::hk;l)ed balance 1 balance 2 balance 3 | static balance !
(kg) (kg) (kg) (kg) '
1 Swimwear 1.40 37 2.55 2.00 2.65 2.40
Test clothing 0.50 245 2.60 2.20 2.10 2.30 _
5 Swimwear 1.50 4.00 2.15 2.05 2.00 2.07 '
Test clothing 0.20 2.00 0.80 0.70 0.75 0.75
3 Swimwear 0.75 3.50 2.95 3.15 2.95 3.02
Test clothing 0.50 3.95 0.60 0.65 0.70 0.65
4 Swimwear 1.90 2.50 2.20 235 2.45 2.33
Test clothing 0.60 1.50 0.90 0.95 0.90 0.92
5 Swimwear 2.00 3.00 2.35 2.30 2.35 2.33
Test clothing 0.30 1.70 1.00 1.10 1.10 1.07 |
6 Swimwear 1.75 3.75 3.00 3.15 3.00 3.05
Test clothing 1.00 2.10 1.00 1.10 1.40 1.17
7 Swimwear 0.10 2.60 1.10 1.15 1.50 1.2 |
Test clothing 1.20 2.55 1.70 1.60 1.80 1.70 |
3 Swimwear 0.40 375 2.60 2.65 2.75 2.67 |
Test clothing 0.45 3.45 2.20 2.25 2.20 2.22 |
9 Swimwear 0.35 2.80 1.40 155 1.60 1.52 ]
Test clothing 0.60 2.90 1.85 2.50 1.70 2.02
10 Swimwear 0.50 3.05 1.75 1.65 1.80 1.73
Test clothing 0.95 2.85 2.80 2.70 2.80 2.77
1 Swimwear 1.15 3.20 2.00 1.85 1.90 1.92
Test clothing 3.50 5.20 3.30 3.30 3.40 3.33
12 Swimwear 1.55 3.40 2.40 2.45 2.30 2.38
Test clothing 2.20 4.15 2.75 2.85 2.70 2.77
13 Swimwear 1.60 4.30 2.95 3.15 3.25 3.12
Test clothing 0.35 3.15 2.65 2.70 2.70 2.68
14 Swimwear 2.40 3.40 3.50 3.50 3.55 3.52 |
Test clothing 0.30 4.50 3.40 3.65 3.30 3.45
15 Swimwear 1.60 5.50 4.50 4.40 4.75 4.55
Test clothing 0.80 3.10 2.45 2.90 2.65 2.67
16 Swimwear 1.10 3.00 2.90 2.60 2.75 2.75
Test clothing 0.60 3.10 1.20 1.25 1.20 1.22
17 Swimwear 1.05 2.20 1.35 1.55 1.45 1.45
Test clothing 0.45 1.85 1.40 2.00 1.90 1.77
18 Swimwear 1.60 3.95 3.90 3.15 3.60 3.55
Test clothing 1.61 3.54 2.80 2.95 2.75 2.83
19 Swimwear 1.50 3.10 2.50 2.65 2.70 2.62
Test clothing 2.55 3.21 2.75 2.80 3.10 2.88
20 Swimwear 0.25 121 1.00 0.25 0.70 0.65
Test clothing 0.65 1.32 0.95 1.25 1.05 1.08
51 Swimwear 0.35 3.30 2.50 1.90 2.10 2.17 |
Test clothing 0.30 2.50 2.20 2.50 2.60 2.43 |
22 Swimwear 1.70 4.40 2.70 3.30 3.40 3.13 |
Test clothing 0.70 3.40 1.80 2.20 1.90 1.97
23 Swimwear 1.30 4.40 3.80 3.20 3.60 3.53
Test clothing 1.10 4.40 2.70 2.50 2.90 2.70
24 Swimwear 1.60 3.20 1.80 2.10 2.50 2.13
Test clothing 3.60 4.30 3.20 3.45 3.50 3.38

In-water Test Results

Table 10 shows the average self righting times recorded for achieving the airways clear and
the face-up position in both swimwear and standardised clothing for the first set of tests. As
per the requirements within IMO resolution MSC.81(70), the averages were obtained by
discarding the fastest and slowest righting times for each test subject before summating an
average time for the airways to be clear of the water. There was a general trait that the first
righting test for each test subject was the slowest. The second set of repeated tests show
very similar results.
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Table 10: Average self righting test results in swimwear and with standardised clothing

Average Self Righting Times after removing Max and Min Values
as per MSC.81(70) (seconds)
Test Subject Swimwear - Swimear - Standardised Standardised
Airways Clear Face Up Clothing - Clothing - Face
Airways Clear Up
1 0.7 1.4 11 2.7
2 2.0 34 3.1 4.9
3 1.0 1.8 1.2 24
4 1.7 4.2
5 24 3.9
6 1.7 2.7
7 1.7
8 1.5
9 1.9
10 2.0
11 3.1
12 1.3
13 2.8
14 34
15 2.1 3.0 1.6 2.9
16 2.1 34 2.5 3.8
17 1.1
18 0.8
19 1.3
20 1.1
21 1.6
22 2.8
23 1.7
24 2.1

There was a strong trend between the height and weight of a test subject and the self
righting time, with taller and heavier test subjects observing longer self righting times or
greater number of no-turn results. This trend was witnessed across both the results for
swimwear and standardised clothing however it should be noted that there are a few
anomalous test subjects within these results. There was not such a clear trend between
subject height or weight and mouth freeboard measurements.

The freeboard measurements showed a difference between the inhaled, exhaled and resting
positions — enough to influence the outcome of an approval test. There was no obvious trend
between freeboard measurements and the morphologies of the test subjects.

During the self righting tests with test subjects wearing swimwear, zero "no-turns" were
recorded. However, during the first set of self righting tests in standardised clothing, a total of
15 no-turn results were recorded with 5 test subjects recording self righting times greater
than 5 seconds. During the second set of self righting tests in standardised clothing, a total of
19 no-turn results were recorded with 7 test subjects recording self righting times greater
than 5 seconds.
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In addition to taking the standard self righting measurements, a time was recorded for a
subject to reach a face up position. These times were often very close together which caused
difficulties for recording; however the recording of this data showed that for a few test
subjects the additional time to achieve the face-up position was prolonged. As the face up
position takes a longer period than the time recorded for airways to clear the water, the
recording of this time in swimwear provides an insight as to which test subjects may
experience slower self righting times in standardised clothing; this can be seen visually by
the red cells in Table 10.

The results obtained from this testing were very similar and directly comparable to those
results obtained from the tests which were conducted at the RNLI. It was observed that the
self righting results for test subjects wearing the standardised clothing was approximately
comparable to the RNLI tests with test subjects wearing deck working clothing.

Table 11 shows a comparison between the first and second sets of in-water tests for self
righting and mouth freeboard measurements. There was a good correlation between those
test subjects which provided self righting times in excess of 5 seconds or no-turns in the first
set of tests, and those test subjects which recorded similar results in the repeated second set
of tests. There is a slightly larger variance between the average self righting times whilst
wearing standardised clothing, which is attributable to the increased self righting times, and
the number of no-turns recorded during the repeat tests. The results for mouth freeboard
shows very good correlation between the first and second sets of in-water tests, both for
swimwear and standardised clothing.

Table 11: Comparison of average results after repeating the self-righting and mouth freeboard
tests a second time

Average self righting time for  |Average mouth freeboard
all test subjects for all test subjects

First set of tests in

swimwear 1.83 seconds* 133 mm

Second set of tests in

swimwear 1.79 seconds™ 136 mm

First set of tests in

standardised clothing |3.01 seconds** 120 mm

Second set of tests in

standardised clothing [3.93 seconds™*** 120 mm

*zero "no-turns" were recorded. **Average results were affected by recording of 15
no-turn results with 5 test subjects recording self righting times greater than 5
seconds. ***Average results were affected by recording of 19 no-turn results with 7
test subjects recording self righting times greater than 5 seconds

Due to the conducting of repeat tests, plus the additional freeboard measurements and
clothing tests, there were a substantial number of test results and hence these have not
included within this information paper.
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Fourth meeting of the group and review of the draft proposals

In February 2018 the Group held their fourth meeting to review the in-water performance of
SOLAS lifejackets. The Group decided to invite those Member States who showed interest
during the MED Experts Group meeting to join these discussions.

Over the Group’s previous meetings, a range of issues had been identified with the SOLAS
requirements for lifejackets and in order to resolve or mitigate these issues the Group had
developed a number of draft proposals. During this fourth meeting the Group presented the
evidence gathered and the draft proposals to these EU stakeholders.

At this meeting there was a good interaction from EU members and support for addressing
the identified problems. The whole Group contributed to the development of the draft
proposals, and a suggestion was made to order the proposals according to whether they
were aimed at amendments to the LSA Code or Resolution MSC.81(70), or aimed at
guidance which could, for example, be provided in an IMO MSC Circular. An initial
agreement was reached on the list of proposals and the proposed strategy leading to an IMO
submission.

The main draft Proposals were as follows:
a. Improve stakeholder awareness of self righting capabilities of lifejackets via

MSC Circular, user manuals, and markings on a lifejacket.

b. Introduce a minimum buoyancy requirement of 150 Newtons for all SOLAS
lifejackets.

Prohibit a candidate lifejacket from recording a no-turn during approval testing.

Reinstate a maximum self-righting time of 5 seconds during approval testing
and require a candidate lifejacket to turn the test subject into the full face-up
position.

e. Introduce an additional in-water performance test for self-righting with test
subjects wearing standardised test clothing

Other Proposals included:
f. Introduce separate lifejacket standards for different applications (e.g. higher
performing lifejackets for high risk activities)
g. Introduce requirements for spray hoods and crotch straps (retention devices)
h. Mandate the fitting of personal location devices

i. Prescribing maintenance and servicing requirements, including the provision
of a maximum service life
This meeting acted as the pre-cursor to the subsequent meeting with key IMO stakeholders
during the IMO’s sub-committee on Ship Systems and Equipment in March 2018.

Informal Meeting at the International Maritime Organization

In March 2018 the UK organised a meeting at the International Maritime Organization during
the fifth Ship Systems and Equipment sub-committee meeting (SSE 5). The attendees
included a wide range of IMO stakeholders including Flag States, representatives of Ship
Operators, external consultants and subject matter experts, the Maritime Accident
Investigation Branch, life-saving equipment manufacturers and industry bodies.
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The attendees were provided with a summary of all of the actions taken during the review of
lifejackets, including results from the in-water testing and some of the initial conclusions. The
attendees had detailed discussions about the expectation of a lifejacket to: save your life, to
keep your airways clear of the water, to act as the final safeguard to protect life, etc. The
attendees quickly concluded that a safety level of 100% could never be achieved and this
would be unrealistic to expect. Key influencing factors were identified such as: the wearing of
clothing and heavy items, the morphology of humans, or the impact of extreme weather
conditions.

The attendees were introduced to the draft list of proposals which had originated from the
Group’s thorough review of issues identified during this review of lifejacket performance.
Good discussion was had on each Proposal, with some suggestions on how to take these
forward or amend them as appropriate. The proposals were amended accordingly after the
meeting.

The attendees were further informed of the next stage of in-water testing which was planned
to be conducted in April-May 2018. The attendees noted that the majority of testing
conducted to date utilised the RTD. Although the RTD is used as the comparative
benchmark for all SOLAS lifejacket approvals, some attendees were particularly interested to
see how existing lifejackets performed against the Group’s proposed tests. It was agreed that
this question would be addressed within the next stage of in-water testing.

One attendee raised a caution about using the term “failure” when assessing the
performance of a lifejacket because of the loose definition of this term. For clarity, the
attendees noted that during the testing a failure had been defined as not turning a test
subject into a face-up position, or a righting time greater than 5 seconds, as previously
required in Resolution A.689(17) prior to the introduction of the RTD.

On several occasions the attendees referred to the unrealistic expectations of stakeholders
regarding the performance of a lifejacket. There was agreement that stakeholder awareness
should be improved to address any unrealistic expectations. It was noted that the Group had
prepared a questionnaire which could be sent to key maritime stakeholders to identify their
views on the key characteristics of a lifejacket, however there had been concerns about
asking such questions in an open forum before the Group had decided upon submitting a
paper to the IMO.

Further in-water testing using existing SOLAS lifejackets for verification of the
Group’s proposals

Following the questions received during the meetings with the international stakeholders, it
was deemed necessary to conduct further formal in-water testing against existing SOLAS
lifejackets. The objectives of this in-water testing would be to assess the suitability of the
Group’s draft proposals for the in-water testing of lifejackets by conducting these tests on a
representative sample of lifejackets which held current SOLAS approval against the 2010
LSA Code. An additional objective was to provide further evidence whether existing SOLAS
lifejackets, present an in-water performance which is deemed acceptable to maritime
stakeholders. This testing was conducted at a Nationally Accredited Laboratory (Fleetwood
Testing Laboratory) during April and May 2018.
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Eight SOLAS lifejackets were selected for testing and all the lifejackets held valid approval
against the 2010 LSA Code and the latest amendments to IMO Resolution MSC.81(70). Of
the eight lifejackets, two were inflatable lifejackets and six were inherently buoyant foam
lifejackets. The selected lifejackets provided a range of different buoyancies to provide
additional evidence whether the provision of buoyancy had a direct impact on the in-water
performance.

Since the objective of this testing was to identify whether the Group’s draft proposals were
appropriate, and there was no intention to evaluate specific products, it was decided that the
makes and models of the eight selected lifejackets would remain confidential. It should be
noted that these eight lifejackets were manufactured and approved across a range of IMO
Member States and Classification Societies.

Test subjects and testing conditions

All testing was conducted against Resolution MSC.81(70) as amended by MSC.200(80)
(thereinafter referred to as MSC.81(70)) with the RTD being used as the comparative testing
tool. The in-water tests conducted were as follows:

j- Each test subject wearing a swimsuit and the RTD (as per MSC.81(70))

k. Each test subject wearing a swimsuit and one of the selected lifejackets (as
per MSC.81(70)) — these tests were repeated for each of the eight lifejackets

I.  Each test subject wearing the standardised clothing and the RTD (as per
MSC.81(70))

m. Each test subject wearing the standardised clothing and one of the selected
lifejackets (as per MSC.81(70)) — these tests were repeated for each of the
eight lifejackets

Again the standardised clothing consisted of the following: underwear (short sleeved and
short legged); long sleeved shirt; woollen jumper; cotton trousers (not woollen), woollen

socks, a waterproof jacket and trainers.

Due to the number of righting tests associated with testing eight SOLAS lifejackets and the
RTD, the eight lifejackets were split into two batches. For each batch, the same 14 test
subjects were used. Although the two batches were separated by only a few days, all of the
RTD tests were repeated to ensure a baseline for comparison. The test subjects’ heights,
weights and other anthropometric measurements are shown in Table 12 and
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Table 13. Notation “F” or colour red indicates female and notation “M” or colour blue indicates
male.

Table 12: Height and weight of test subjects (Table 2.1 extracted from MSC.81(70))

Weight range (kg)
Height range (m) 40-43 43-60 60-70 70-80 80-100 | 100-110 | 110-120 >120

<1.5 1 X X X

1.5-1.6 X | 1 X X

1.6-1.7 X X 1 X X

1.7-1.8 X X 1 X X X

1.8-1.9 X X X 1 1 X
>1.9 X X X 1
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Table 13: Additional anthropometric measurements for the 14 test subjects

i Head
. Height Height to Weight N(_ack Neck Sho_ulder Chest Waist Corner circum-
Subject Sex shoulder height | . width mouth
(m) (kg) girth (cm) (cm) (cm) ference
(m) (cm) (cm) (em) | o
1 M 1.68 1.41 78.88 10 39.5 53 108 93 45 55.5
2 M 1.8 1.52 110.78 10 42 59 120 112 46 57
3 M 1.74 1.47 92.58 9 40 57 109 96 44 58
4 F 1.44 1.16 50.62 9 31 47 85 66 375 54
5 F 1.71 1.36 67.96 10 34.5 50 93 75 41 56.5
6 M 1.88 1.56 105.9 11 42 50 119 101 46 60
7 F 1.59 1.29 61.28 8 33 43 92 81 41 53
8 M 1.6 1.32 52.72 8 32 46 80 71 39 54
9 F 1.56 1.28 42.82 9 29 41 71 59 35 54
10 M 1.41 1.15 40.94 7 32 39 74 68 40 55
11 F 1.83 1.49 69.26 12 32 44 87 74 37 53
12 F 1.6 1.31 56.66 7 31 45 86 70 37 54
13 M 1.92 1.65 131.16 10 47 61 121 115 49 59
14 F 1.5 1.25 88.2 8 38 45 108 109 41 54

Additions to the Required Test Procedure
The six righting tests were conducted as per IMO Resolution MSC.81(70) with each test

subject relaxed face-down in the water, simulating a state of utter exhaustion before the feet
are released. During the righting tests, turning times were recorded for the airways to clear
the water. Additional timings were taken for the test subject to achieve the full face-up
position. The 5 second threshold criteria for righting times was again used as a performance
indicator although test subjects were not informed of the existence of a time period.

Each test subject performed tests wearing the RTD in standardised test clothing; these tests
were a repeat of the tests which were conducted during the earlier formal in-water
performance testing at the nationally accredited laboratory. This data provided a further
assessment of the effects of clothing upon the in-water performance of the RTD, and
provided a comparison between the RTD in-water performance and the SOLAS lifejackets.

Additionally, static balance mouth freeboard measurements were taken three times even
though Resolution MSC.81(70) only requires one measurement to be taken. The three
measurements were:

iv. As per IMO Resolution MSC.81 (70) in a normal relaxed state
V. With lungs at lowest volume, i.e. exhaled
Vi. With lungs at maximum volume i.e. inhaled

Two samples of each of the eight lifejackets were provided for the in-water testing. Each of
the lifejackets were measured for buoyancy, with the two inflatable lifejackets measured with
only a single chamber inflated as the “worst case scenario”. For the two inflatable lifejackets,
after the first in-water test in swimwear, the lifejacket was deflated, rearmed and repacked in
accordance with the manufacturer’s instructions, prior to undertaking the next in-water test
with clothing.

Test Results

The results of the buoyancy tests for each of the two samples of each lifejacket are shown in
Table 14. All lifejacket models showed a percentage difference between sample buoyancies
of less than 1%, except lifejacket 4 which showed a 4.4% difference between the two
samples.
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Table 14: Buoyancy measurements for the eight lifejackets

Lifejacket Buoyancy

(Newtons)
Sample | Sample

1 2
RTD 147.85

1 178.21 179.93
2 156.14 155.26
3 191.65 190.57
4 136.92 143.10
5 179.49 180.74
6 186.30 187.87
7 147.19 147.68
8 175.45 170.50

As previously mentioned, the eight lifejackets were split into three batches, with each test
subject assessed in the RTD prior to the testing of each batch.

Table 15 shows a summary of the data obtained during this in-water testing. The full results
are included in the Appendix to this paper. For each lifejacket, Table 15 includes the average
righting time (to airways clear of the water and to the face-up position), average static
balance freeboard and the number of no-turns recorded with test subjects wearing both
swimwear and the standardised clothing. The swimwear tests are currently required within
Resolution MSC.81(70) with the exception of the recording of time to the face-up position.
The tests using standardised clothing show an increase in average righting times, however
the calculation of these averages do not take into account when no-turns were recorded. If
no-turns were theoretically recordable, they would have the effect of increasing the average
righting time.

Table 15: In-water performance data for Batch 1 and Batch 2 for the Reference Test Device

Swimwear Clothed
Righting S Righting .
Lifejacket Time - R_Il_?r::n_g Free- No- Time - R.Il_?r:tem_g Free- No-
Airways board Airways board
Face-up turns Face-up turns
Clear (mm) Clear (mm)
(seconds) (ezentl) (seconds) EETEntE)
RTD
(batch 1) 1.62 3.26 131 0 4.62 7.08 124 13
1 1.05 2.66 126 0 1.67 4.23 114 2
2 1.85 3.54 156 0 4.21 7.79 158 8
3 1.10 2.45 152 0 2.04 4.20 147 0
4 2.1 3.17 111 7 4.51 5.99 103 11
RTD
(batch 2) 1.73 3.46 133 0 4.65 6.88 128 15
5 1.88 3.39 114 0 3.25 5.16 127 10
6 1.63 3.25 125 0 3.53 5.36 130 11
7 1.94 3.13 85 0 3.54 5.03 90 6
RTD
(batch 3) 1.80 3.59 140 0 4.20 6.05 124 13
8 1.31 2.40 131 0 2.08 3.38 129 0
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Analysis of Test Results

The following paragraphs are written to analyse the results from the in-water testing of each
lifejacket, including the RTD. It should be noted that the same test subjects (1 to 14) were
used for each lifejacket, although the lifejacket testing was separated into three batches of
testing. All test subjects conducted in-water tests with the RTD three times, once for each
batch of testing.

The RTD provides approximately 148 Newtons of buoyancy and it exhibited the following
performance in swimwear and the standardised clothing:

Swimwear — the RTD provided a good turning performance in swimwear, with every
test subject recording righting times to a position where the airways are clear of the
water in less than 5 seconds. There were a few results where test subjects recorded
times in-excess of 5 seconds to achieve the face-up position. The static balance
freeboard measurement for batch 1 was 131mm which changed when inhaled and
exhaled to 148mm and 124mm respectively. Almost identical results were seen for
batches 2 and 3, except for batch 3 the average static balance freeboard measurement
increased to 140mm; none of the individual static balance measurements for batch 3
were remarkable.

Clothing — over the three batches of testing using the RTD, 41 no-turns were recorded
whilst wearing standardised test clothing. There is some evidence that some of the
initial no-turn results could have been influenced by trapped air, however there are
several results where test subjects incurred multiple no-turns intermixed with other
deficient results. For batch 1m the average freeboard measurement reduced to 124mm
in standardised clothing compared to swimwear only, with one test subject recording a
freeboard of 78mm. This same test subject recorded freeboards of 115mm and 113mm
during batches 2 and 3.

It can be seen in Table 15 that the RTD tests for batches 1 to 3 in swimwear (as required
within Resolution MSC.81(70)) for the average righting time and static balance freeboard
measurements were within 0.18 seconds and 9mm respectively, and would have resulted in
almost identical criteria for the assessment of lifejackets. The righting times of 1.62 to 1.80
seconds obtained during this testing upon 14 test subjects in swimwear is atypical of righting
times recorded by the RTD and is very close to the average righting times recorded during
the RNLI testing (2.3 seconds) and the previous formal testing (1.8 seconds). The static
balance freeboard measurements of 131mm to 140mm is also similar to previous testing,
and varied as expected when test subjects adopted the inhaled and exhaled positions.

The number of no-turns recorded by the RTD was very similar between all of the batches,
although there were some differences in the test subjects which recorded these no-turns.
More importantly, it is clearly observed that the RTD produced 13 no-turns out of 84 righting
tests (15%) in batch 1, 15 no-turns out of 84 righting tests (18%) in batch 2 and 13 no-turns
out of 84 righting tests (15%) in batch 3. This data strongly supports the findings from the
RNLI in-water performance testing for test subjects wearing the RTD and deck working
clothing, which recorded 24 no-turns out of 144 righting tests (17%); the deck working
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clothing was considered to be a similar level of clothing in terms of weight and volume to the
standardised clothing.

It can also be seen in Table 15 that the average righting times produced by the RTD in
swimwear of approximately 1.7 seconds was midway between the fastest and slowest
righting times for the eight SOLAS lifejackets of 1.05 and 2.11 seconds respectively.
However, the righting times recorded by the RTD when tested with clothing during batches 1
and 2, found the RTD to have the worst righting time of all the lifejackets at approximately 4.6
seconds. The RTD also recorded the most number of no-turns when compared to all of the
eight SOLAS lifejackets. These results emphasise that the RTD is not suitable for use as a
comparative tool for assessing the in-water performance of lifejackets with test subjects
wearing clothing.

Assessment against the testing requirements

Using these RTD results, Resolution MSC.81(70) provides assessment criteria for the eight
lifejackets:

Righting time in swimwear — the minimum average righting time would be “that of the
RTD plus 1 second”, i.e. 2.62 seconds for batch 1, 2.73 seconds for batch 2 and 2.80
seconds for batch 3 (see paragraph 0). No lifejacket would be allowed to record a no-
turn.

Freeboard in swimwear — “lift the mouth of exhausted or unconscious persons by an
average height of not less than the average provided by the adult RTD minus 10mm”.
This would require a minimum average static balance freeboard measurement of
121mm for batch 1, 123mm for batch 2 and 130mm for batch 3.

Freeboard after 1m jump test — “surface the test subject in a face up position with an
average freeboard for all the subjects of not less than the average determined for the
RTD after the turning test .... minus 15 mm". This would require a minimum freeboard
measurement of 116mm for batch 1, 118mm for batch 2 and 125mm for batch 3.

Noting that the Group has developed additional proposals to amend the assessment criteria
within Resolution MSC.81(70), the following additional assessment criteria can be derived:

Proposed requirement 1: Righting time in swimwear — the maximum average righting
time would be the lesser of the following: 5 s, or the average time of the RTD plus 1.
Additionally, each test subject must conclude the righting tests in the face-up position.

Proposed requirement 2: Righting time in standardised clothing — each test subject
must conclude the righting tests in the face-up position, and the average time to
achieve this face up position must not exceed 5 seconds.

Lifejacket 1 — the two samples of this lifejacket provided 178.21 and 179.93 Newtons of
buoyancy.

Swimwear — out of the eight SOLAS lifejackets, this lifejacket achieved the fastest
average righting time of 1.05 seconds with an average time to the face-up position of
2.66 seconds. Test subject 7 began the righting test with their airways clear of the
water even though they were in the face-down position, but they quickly turned to the
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face up position in an average of 1.77 seconds. The average freeboard for the group
was measured at 126mm which reduced slightly to 124mm after the 1m jump test.

Clothing — two test subjects each reported one no-turn result, although both of these
test subjects achieved righting times below 5 seconds for their other righting tests. Test
subject 14 began the test with airways clear in the face down position but still turned to
the face-up position. Noting that two no-turn results were included, the average righting
time was 1.67 seconds. The average freeboard measurement reduced to 114mm
whilst wearing clothing, with test subject 14 recording 85mm freeboard. The average
freeboard measurement after the 1m jump was 119mm.

Lifejacket 2 — the two samples of this lifejacket provided 156.14 and 155.26 Newtons of
buoyancy.

Swimwear — this lifejacket achieved an average righting time to airways clear of 1.85
seconds with all test subjects achieving the face-up position in less than 5 seconds.
The average freeboard was 156mm which reduced after the 1m jump test to an
average of 143mm.

Clothing — five test subjects incurred no-turn results; one of these test subjects incurred
the no-turn on the first righting test and then recorded righting times below 5 seconds
for the remaining tests, however the other four test subjects recorded consistently high
righting times or no-turns for the other righting tests. Test subject 14 began the test
with airways clear, but due to being stable in this position, on four occasions did not
achieve the face-up position. The average freeboard measurement was 158mm was
very similar to that of swimwear. The average freeboard after the 1m jump test was
152mm.

Lifejacket 3 — the two samples of this lifejacket provided 191.65 and 190.57 Newtons of
buoyancy.

Swimwear — this lifejacket recorded the 2" fastest righting time with an average time to
the airways clear of 1.1 seconds and an average time to face-up of 2.45 seconds. The
average static balance freeboard was 152mm which reduced to 147mm after the 1m
jump test.

Clothing — all test subjects turned in the standardised clothing with only one test subject
incurring an average righting time over 5 seconds. The group’s average righting time
was 2.04 seconds. The average freeboard was 147mm and the average freeboard
after the 1m jump test was 150mm.

Lifejacket 4 — the two samples of this lifejacket provided 136.92 and 143.10 Newtons of
buoyancy.

Swimwear — in swimwear this lifejacket recorded one test subject which recorded no-
turns for all six righting tests. A further test subject recorded one no-turn on the last
righting test. Two further test subjects recorded righting times in-excess of 5 seconds
although these were removed after discarding the highest and lowest results. The
average righting time (noting that no-turns could not be included in the average) was
211 seconds. This lifejacket recorded an average static balance freeboard
measurement in swimwear of 111mm and an average freeboard after the 1m jump test
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of 98mm. During the three static balance freeboard measurements, the test subject
which recorded no-turn righting tests, also recorded a zero freeboard measurement
when exhaled.

Clothing — five test subjects incurred no-turn results, however the test subject which
recorded no-turns in swimwear, recorded six valid righting tests with an average
righting time of 4.45 seconds to airways clear. In clothing the average static balance
freeboard further reduced to 103mm and the average freeboard after the 1m jump test
was 108mm.

Lifejacket 5 — the two samples of this lifejacket provided 179.49 and 180.74 Newtons of
buoyancy.

Swimwear - this lifejacket recorded an average righting time in swimwear of 1.88
seconds however test subject 10 recorded several longer righting times with an
average of 5.49 seconds. The average freeboard for this lifejacket was 119mm. The
average freeboard after the 1m jump test was 114mm.

Clothing — four test subjects recorded no-turns whilst wearing this lifejacket and one
test subject recorded an average righting time in excess of 5 seconds; test subject 11
recorded no-turns only. The average freeboard measurement was 127mm which was
8mm larger than in swimwear. Although test subject 14 showed six relatively quick
turning times for airways clear, longer periods were recorded to right to the face-up
position. The average freeboard after the 1m jump test was 126mm.

Lifejacket 6 — the two samples of this lifejacket provided 186.30 and 187.87 Newtons of
buoyancy.

Swimwear - this lifejacket recorded an average righting time of 1.63 seconds. On four
occasions test subject 14 floated with airways clear in the face-down position. The
average freeboard measurement was 125mm. The average freeboard measurement
after the 1m jump test reduced to 116mm.

Clothing — three test subjects recorded no-turns, with test subjects 2 and 11 recording
five no-turns each. Test subject 10 recorded a no-turn for the first righting test and then
recorded an average of 6.49 seconds for airways clear for the remaining five tests. The
average freeboard was recorded as 130mm. During the 1m jump test in clothing, the
average freeboard measurement remained at 130mm, however this average does not
recognise that the lifejacket was found to rise over the top of the head of test subject
11.

Lifejacket 7 — the two samples of this lifejacket provided 147.19 and 147.68 Newtons of
buoyancy.

Swimwear - this lifejacket recorded an average righting time of 1.94 seconds. Ten test
subjects recorded a static balance freeboard under 100mm with a lowest freeboard
measured as 43mm. This resulted in an average static balance freeboard of 85mm.
The average freeboard measurement after the 1m jump test further reduced to 77mm.

Clothing — two test subjects recorded no-turns, with the remaining test subjects
recording an average righting time of 3.54 seconds. The average freeboard whilst
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wearing clothing was 90mm and the average freeboard after the 1m jump test was
87mm.

Lifejacket 8 — the two samples of this lifejacket provided 175.45 and 170.50 Newtons of
buoyancy.

Swimwear - this lifejacket recorded an average righting time of 1.31 seconds, with all
test subjects achieving the face-up position in less than 5 seconds. The average
freeboard was 131mm which reduced after the 1m jump test to an average of 129mm.

Clothing — all test subjects turned in the standardised clothing with all test subjects
recording average righting times less than 5 seconds. The group’s average righting
time in clothing was 2.08 seconds. The average freeboard was 129mm and the
average freeboard after the 1m jump test was 130mm.

Table 16: Pass/fail results for the eight existing SOLAS lifejackets against the existing
requirements of Resolution MSC.81(70) and the Group’s proposed requirements

Existing SOLAS Lifejackets
(test model number)

Pass/fail Criteria 1 2 3 4 5 6 7 8

Did the lifejacket achieve a minimum average
righting time in swimwear less than the RTD |Pass|Pass|Pass| Fail |Pass|Pass|Pass|Pass
plus 1 second?

Existing
requirements
from Resolution

Did the lifejacket achieve an average
freeboard in swimwear not less than the RTD |Pass|Pass|Pass| Fail | Fail [Pass| Fail |Pass
minus 10mm?

MSC.81(70)
Did the lifejacket achieve an average
freeboard in swimwear for the 1m jump test |Pass|Pass|Pass| Fail | Fail | Fail | Fail |Pass
not less than the RTD minus 15mm?

Proposed Did the lifejacket achieve an average righting

time in swimwear less than the following: 5 Pass|Pass|Pass|Pass |Pass|Pass|Pass|Pass

requirement 1 seconds or the RTD average plus 1 second?

Did the lifejacket turn each test subject into the
Proposed face-up position, and achieve an average
requirement 2:  |righting time in standardised clothing less
than 5 seconds?

Fail | Fail |Pass| Fail | Fail | Fail | Fail [Pass

Further Analysis

Proposed requirement 1: The existing text in Resolution MSC.81(70) allows the average
righting time in swimwear to be up to a second longer than that in the RTD — therefore this
requirement could allow for a lifejacket to record an average righting time greater than 5
seconds if the RTD recorded a time greater than 4 seconds. The group had proposed that
this would not be acceptable and had developed proposed requirement 1. After reviewing the
results from the eight lifejackets, it is seen that the slowest average righting time in swimwear
was 2.11 seconds, and it would be highly unlikely for any lifejacket to exhibit an average
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righting time near to 5 seconds. The group subsequently questioned whether this proposed
requirement would benefit lifejacket performance.

Table 16 shows that seven of the eight lifejackets recorded average righting time
requirements which achieved the existing SOLAS requirements against the RTD in
swimwear. One lifejacket did not meet these requirements because it recorded more no-turn
results than the RTD (i.e. more than the zero no-turns recorded by the RTD).

It was noted that the average righting times recorded for each of the eight lifejackets with test
subjects in swimwear were very close together, with the eight averages between 1.05 and
2.11 seconds. The Group had considered whether the average righting time results in
swimwear could be extrapolated to provide a theoretical performance in clothing, however
the average righting times in swimwear are probably too close to provide accurate
predictions, especially if these predictions would be used as approval criteria.

Proposed requirement 2: The tests with test subjects wearing standardised clothing
concluded with six out of the eight lifejackets not being able to provide an in-water
performance capable of turning all of the 14 test subjects into the face up position. Two
lifejackets were able to achieve this criteria in addition to the existing requirements in
Resolution MSC.81(70).

It can be seen within the raw test results for the six lifejackets with test subjects wearing
standardised clothing that 48 no-turns were recorded. Resolution MSC.81(70) does not
define a no-turn result, and hence it can be seen that some of the recorded righting times
were very lengthy; longer righting times increase the risk that an unconscious casualty
inhales water (see paragraph 0). It was observed during this testing that if a test subject
incurs a righting time in-excess of 5 seconds then the turning process has become noticeably
slow. Therefore, to provide consistency when recording results, the Group proposed that any
righting time longer than 10 seconds should be identified as not exhibiting the correct righting
behaviour and could be recorded as a no-turn.

The face up position had been defined by the Group as the safe posture associated with
measurements for the static balance freeboard and body angles. The Group had raised
concerns that from their previous experiences, test subjects had been observed to achieve
their airways clear of the water, but had not necessarily attained the full face up position.
During these in-water tests, there were several occasions when test subjects incurred an
extended period of time to achieve the face-up position after achieving their airways clear of
the water, however none of the test subjects exhibited a righting test where they achieved
their airways clear, but didn’t achieve the face up position. For all of the lifejackets including
the RTD, the average time between achieving the airways clear and achieving the face-up
position was 1.3 seconds in swimwear, and 1.93 seconds in standardised clothing. There is a
correlation that longer times to achieve airways clear result in a longer lag period to achieve
the face up position; i.e. if a test subject turns slowly to the airways clear position, this slow
rate of turn continues into the face up position. Another aspect highlighted during these tests
is that certain combinations of test subject and lifejacket can be stable in the face down
position; for example, test subject 14 was found to be very stable in the face-down position
when wearing lifejacket 2, and hence did not achieve the face-up position. The Group have
experience of this scenario when test subjects wear a lifejacket with a large symmetrical
buoyancy distribution (e.g. 275N buoyancy), which results in a high stability in the face-down
position.
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Freeboard measurements were taken in the static balance position and after the 1m jump
test. The existing tests in Resolution MSC.81(70) provide an assessment of the clearance of
a person’s airways from the water surface, which is known to affect the level of safety offered
by a lifejacket. The 1m jump test offers a further assessment of the lifejacket securing
arrangements. If similar readings are obtained for freeboard during the static tests and after
the 1m jump test then this is an indication that the securing arrangements are not adversely
affected by the addition of clothing. Such results were obtained for most of the lifejackets,
however one test subject whilst wearing lifejacket 6 found the lifejacket to come over their
head during the 1m jump test. The static balance freeboard measurements in swimwear and
clothing varied slightly, but a trend was not shown for whether clothing increased or
decreased the average freeboard measurements. Although not the purpose of these tests, it
should be noted that four lifejackets did not achieve the existing assessment criteria in
Resolution MSC.81(70) for freeboard.

Two additional measurements of freeboard were measured for the inhaled and exhaled lung
positions both in the static balance position and after the 1m jump test. The majority of these
results showed that a test subject in the fully inhaled position would give a higher freeboard
than the static balance freeboard, and that the static balance would give a higher freeboard
than the fully exhaled freeboard. However, throughout the testing it was noticed that fully
inhaling or exhaling could have an effect on other floatation characteristics such as body
angle. The freeboard measurement is not independent of a test subject’'s body angle and
some lifejackets were found to place a greater emphasis on supporting the test subjects
head. Therefore, it was observed that some combinations of test subject and lifejacket had
an unexpected change in freeboard, and there are results where a static balance freeboard
measurement was less than both the fully exhaled and fully inhaled freeboards.

The buoyancy values for the eight lifejackets ranged from 140 to 191 Newtons, with the RTD

providing approximately 148 Newtons.
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Figure 6 shows a trend in the average righting times recorded for each lifejacket when these
are compared against the lifejacket buoyancy readings. It can be seen that an increase in
buoyancy levels correlates with improved average righting times provided by a lifejacket.
Conversely, a lifejacket with lesser buoyancy is more likely to provide slower righting times.
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Figure 7 shows a comparison between the average static balance freeboard measurement
and the buoyancy of a lifejacket. Although this data shows a larger variance, there are trends
that a larger buoyancy provides for an increased average static balance freeboard
measurement. Conversely, a reduced buoyancy would be more likely to produce a reduced
average freeboard measurement. This greater variance in the data may be influenced by the
design of the lifejackets as it was observed that head and neck supports could affect the

flotation angles of a test subject (see paragraph 0).
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Figure 6: Average righting time versus lifejacket buoyancy

160
150
140
130
120
110

A
100 ¢ Freeboard for Swimwear

A Freeboard for Clothing
90 A Trendline for Swimwear
Trendline for Clothing
80
130.00 140.00 150.00 160.00 170.00 180.00 190.00 200.00

Buoyancy Provided by Each Lifejacket (Newtons)

Figure 7: Average static balance freeboard measurements versus lifejacket buoyancy
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Conclusions

All SOLAS lifejackets are currently assessed against the testing requirements contained
within the 2010 LSA Code and Resolution MSC.81(70). These tests are conducted using
persons who meet specific height and weight categories, and all tests are conducted in
controlled environment with calm, fresh water. The testing requires that a lifejacket’s
performance is comparatively assessed against the performance of the Reference Test
Device (RTD) lifejacket such that a lifejacket provides a performance within a certain
tolerance of the RTD result. This method of comparative testing assists to remove many of
the variables associated with in-water testing, which promotes more consistent and
repeatable test results.

Even with the incorporation of these testing methods into the 2010 LSA Code and Resolution
MSC.81(70), there remain concerns for the reliability and repeatability of in-water testing of
lifejackets. It was not the intention of this review to reassess the approval status of existing
SOLAS lifejackets, however during the testing of eight lifejackets which held the latest
approvals, half of these lifejackets failed the existing requirements within Resolution
MSC.81(70). For the majority of these lifejackets, it was found that one or two test subjects
skewed the results to generate a failing result, and if the testing was repeated using different
test subjects then the final result may have been different. A similar situation regarding the
repeatability of testing was also highlighted during the review of the Fishing Vessel Louisa’s
lifejackets.

There is a general consensus that the introduction of the RTD for comparative testing within
Resolution MSC.81(70) has provided a useful benchmark from which to assess the in-water
performance of a lifejacket, and the RTD-related requirements for static balance
measurements have promoted a step-change in lifejacket performance (with test subjects
wearing swimwear). However, it has been highlighted during the testing at the RNLI and
Fleetwood Test House that the RTD does not guarantee a self-righting performance with
persons wearing clothing. Thereby, the RTD should not be used as a comparative testing
tool for any additional tests that might involve clothing.

This review has highlighted that the wearing of clothing has a substantial impact on the in-
water performance of a lifejacket. From the testing at the RNLI it was observed how the
wearing of additional clothing had a proportionately detrimental impact on the righting
performance of a lifejacket. For example, with test subjects wearing swimwear only, no
failures were recorded for the righting tests. However, when wearing light passenger
clothing, 11% of the righting tests were recorded as a failure to turn, and when wearing
heavy weather clothing, such as that expected to be worn on cargo or fishing vessels in
heavy weather, the percentage of no turns increased to 49% of the righting tests.

The Group developed a new proposal to amend Resolution MSC.81(70) to incorporate an in-
water test using a set of standardised clothes. The standardised clothes were defined in
detail to include trousers, socks, shoes, a shirt, a jumper and a waterproof jacket. Following
consultation with international stakeholders it was decided to assess the suitability of this
new test against a selection of existing SOLAS lifejackets.

Eight SOLAS lifejackets with existing 2010 LSA Code approvals were selected for this
assessment, with the lifejackets coming from a range of manufacturers and IMO Member
States. Out of the eight SOLAS lifejackets, six of these incurred no-turn results with test
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subjects wearing standardised clothing and therefore failed to achieve the acceptance
criteria specified by the Group. Of concern was that four of these lifejackets failed to meet the
existing requirements of Resolution MSC.81(70) (see Further Analysis starting at paragraph
0). Two of the existing SOLAS lifejackets passed all of the criteria specified by the Group,
and thereby provided an in-water performance with standardised clothing expected by the
Group.

From consultations with other maritime stakeholders, the Group believes that the inclusion of
no-turn results in a controlled assessment is unacceptable, (albeit noting that there may be a
justifiable reason to discount erroneous test results). There is limited justification for why a
lifejacket should be permitted to record no-turn results within the prescribed SOLAS testing
conditions, when other test parameters such as the selection of test subjects are already
limited in their scope when compared to a realistic emergency scenario. The results from the
in-water tests raise doubts whether the existing test requirements within Resolution
MSC.81(70) are sufficient to assess the in-water performance of SOLAS lifejackets. The
additional proposed tests incorporating clothing have shown that they provide a more
representative assessment of the performance of SOLAS lifejackets, and the Group’s new
proposed tests in clothing could be incorporated such that lifejackets are required to turn all
test subjects into a face up position within 5 seconds, with zero no-turns recorded. (In the
event of recording a no-turn result, the two-test-subject-substitution method could be used to
replace a test subject who was producing spurious results.)

Although not assessed during this review, the Group noted that other influencing factors or
equipment, such as tool belts, are likely to have similar effects to clothing upon in-water
performance. The Group discussed how the compatibility between life-saving equipment is
key to ensuring the safety of life at sea, and equipment testing standards should be
cognisant of equipment used or worn simultaneously.

In summary, the Group believes that two main actions need to be taken:

(1) Improvements should be made to the design and testing requirements for
SOLAS lifejackets to ensure that they provide an adequate in-water
performance when used in more representative conditions such as when
subjects wear clothing
(2) Maritime stakeholders would benefit from an improved awareness of the
factors which may affect the in-water performance of lifejackets
Further actions, such as retrospective application of a new testing standard, may be deemed
necessary if maritime stakeholders consider the in-water performance of existing SOLAS

lifejackets to be a significant risk to maritime safety.
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Appendix: Results from the Further In-water Testinqg Using Existing SOLAS

Lifejackets

RTD (Batch 1) Clothing Combination 1 — Subjects wearing swimsuits only
Subject a) Airways clesz‘:;'l,f-br)lgfll::l“;gce up position Initial Freeboard (mm) |
1 | 2| 3 | 4|5 ]| 6 | Ave Fully Fully Static
exhaled inhaled balance
| B Tore elae e aer] M | ™ | 10
> o lesTerslem oo (oo Sofeas] M | 100 | u
S o etaan e o aa] 12 | 1 | 1
b T i e e e s | 12 | 107 |
> 8 ;_?é égg ;465 .3?.2‘7t 41‘_411_‘82 ;jg ;;2 145 158 146
O I aness0 T oas e [seewer] M8 | 15 | s
L RIS RS e e || M | 1
§ I Tsw i [aso o Trar [ aer] a2 "
O I ase 7o ior e T S0t | 1S | 19 | s
10 st i [t et fae o] 1S | 109 |
i Tave s ss e s s ] 12 | 1 | 1%
2 e T rer e | tee faar i o] 12| 1 |1
3 Ty a0 a7 e Taod o] 105 | 1 | s
4 T [sos o a0 st faee aes] 1B | 1 122
Averages of all subjects: :3 ;gz 124 mm 148 mm 131 mm

NT = No Turn (Total number of no turns in RTD in Swimwear = 0)

41




RTD (Batch 1) Clothing Combination 2 — Subjects wearing test clothing

Subject a) Airways clesaerl,f i)l;%ll:lt;l;'gce up position Initial Freeboard (mm) .
1 2 3 4 5 6 | Ave | Fully _Fully Static

exhaled inhaled balance

| o Trae st a0 aer sm am e 10 | 18 | 1@
2 TN Towe ees 005 o [eie e | 1B | 186 | 120
Chbgrsbe e e W | e
Y b Ters e s o e e an ] | W |
S o 30| ree 5o aar Taec[as] 0 | 17 | e
O T Ter o To e ssoers] 2 | 19 |
T o Tisae e an sis Tas Tan A | s |
S T NT Nt T e war s ] 08 | s | w2
O ol 3es |32 [ 251 (20 28 [ 200 [2es] '3 | 18 | o8
0 150 36 1o [iee 2o [ami] W | 14 | 78
R T i R
2 T aer [ aos [xer | wer [ asw e a] M6 | @1 | 1o
e 3 ﬁ E g ;ég 176.3746 fl‘é.(;; 176?900 130 148 133
e T T
Averages of all subjects: 123 ‘;gg 123 mm 149 mm 124 mm

NT = No Turn (Total number of no turns in RTD in Test clothing = 13)
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Lifejacket Model 1 (Batch 1) Clothing Combination 1 — Subjects wearing swimsuits only

Subject a) Airways clezf,lfl;ri?;tli?a?ce up position Initial Freeboard (mm) | Inl:t‘:i'aalfft:?e Freeboard after 1m water entry (r.nm)
1 2 3 4 5 6 | Ave Fully _ Fully Static 1m jump? Fully _ Fully Static

exhaled inhaled balance exhaled inhaled balance

' o sarTaiolom aeaa o s B | 1% | 10 % | oaer | e
2 o Toatae0 sds [as[sor aeo[sas] M| 160 | W % s | e |
3 o Tsaracalseo [aoa[seo [aro[aEr] 12 | 10 | 138 % 2 | e | 1o
4 Fo Ttis[tes|Tislvasrosltor [T 2 | 142 | 128 ‘ | e | s
S oTear|ter zis oo tre ver fes] 129 | 4 | 1% % ws | 1 |z
© o) sesoer[sos[par 2ot om0 260 ' | 15T | %8 % Mo | 11 | 1
T o ez 22300 w01 [aaas0e] 115 | 12 | s . ns | 1 | e
® o Tsoe 7 200 [ Toi [soraza 20| 18 | 4 | 119 ‘ 21 | e | iz
O o Ttat oo tor[waaltao ta0Ta] 7| 13 | 118 ‘ ms | me | 1
10 2; roi [ as (206 o3 2ee ] 15 177 102 124 95 v 99 111 106
" ol ses[aer 550 (a0 G0t e ] 1 | Mo | 199 % 2 | s |
12| avs [a0a | aa0 [ant|aes [ast s 2 | W | 18 % w1 |
13 | ats (40 5os [ane 405 ae Bo2| 2 | 190 | 1% % mo | 1 | s
4 o Ta6r 270 57 2d0 [ 2ed [aal2ra] o | e ‘ ne | 10 |
Averages of all subjects: 8 ;gg 122 mm 144 mm 126 mm 120 mm 139 mm 124 mm

NT = No Turn (Total number of no turns in Model 1 in Swimwear = 0)  *Airways clear
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Lifejacket Model 1 (Batch 1) Clothing Combination 2 — Subjects wearing test clothing

Subject a) Airways clesa:,lfl-a??t?ltll?agce up position LA T T : Inl:t‘:i'a;fft:?e rreeboard aft((rar'\-r:\;n water entr.y
1 2 3 4 5 6 e Fully . Fully Static 1m jump? Fully _ Fully Static
exhaled inhaled balance exhaled inhaled balance

' s oo Taumsoa s aor el 21 | M8 | 25 | v | 1 | w0 | 13
2 | Teai a3 Teer [ase oz [s0lwa] 12| 1% | e | s | e
S e e e e e e M2 | | me || | a6
Ly o o e s gee] Me | w0 | || i | w14
5 e sy v Taa e M4 | e | me || s | w16
© b [as | sis [0 555 [se0 ads | sds| O 0 | e | v | oam | omr | 1
"B TNT oooleze [ssolazo[saaenr] 9 | 109 | 1o / 79 00 o
O e i s s v aer s gl M08 | 20 | w0s || s | a2 | 108
O royizar| Zid (235 [s0e zet [4eetage] S | 0 | 12 | v | s | ok | 1
10 S| ees [ NT [aotsuo 2as o] "2 | 1 | 1 | v | a2 | @ |0
" o evalan tazeleor [4ss iS00 5] 6 | 3¢ | w8 | v | a2 | 1 |
2 o s Tses [ ars [arstargasa] 4 | %8 | 4 | v | @ | s | s
13 St e [ oot oo [ voa[ama] 127 | W | 2 | v | a9 | |
4 | ave| oi (646 Bad 65 6a ] 603 09 = ‘ o | s | o
Averages of all subjects: ta,; lg; 112 mm 127 mm 114 mm 118 mm 130 mm 119 mm

NT = No Turn (Total number of no turns in Model 1 in Test Clothing = 2) *Airways clear
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Lifejacket Model 2 (Batch 1) Clothing Combination 1 — Subjects wearing swimsuits only

Subject a) Airways clezf,lfl;ri?tTltli?a?ce up position Initial Freeboard (mm) . Inl:t‘:i'aalfft:?e Freeboard after 1m water entry (r.nm)
1 02| 3| 4| 5| 6 |ave]| Fulv bl Static | | Nmoy | Fully “Fully Static

exhaled inhaled balance exhaled inhaled balance

' o resTars o [zei[ada 2e ee] P | 104 | 148 % s | e | a9
2 o) Taes [aen [abs (oo [asa [aat a] 105 | 8 | 1% ‘ e | te1 | a7
3 o) ser[ase wos [aoe [40a arasee] 00 | T | 18 % ne | e | 13
4 oT20s 7o Tes Tei Tes rao Ter] 01 | O | 12 . o | 1ss | o
S o) Toas s sar aoa[ats aeysmp] 0| M2 | 1% ‘ o e | w
N NEZ ARY AEE IETTRRRTNERCARY N i AN M % o7 | 11
T o Tassaeises e zes zenses] 100 | 164 | 8 % B | tes | 7
® o) 7oiace soi[awi[ser acoaes] 70 | 19 | 18 % s | 18 | 176
O o) Twos|vea Teo[Teo fer vealdr2] M6 | 160 | 18 ‘ w2 | te1 | s
10 o oho [k aba [ ass [sr e [sed] 108 | O | 18 % e | s | 7
" o) Twes [araats[asr [ase aeo[aze] %0 | 180 | 1% ‘ R ™ s
12 o a0t |4 [a0i[asi [are awo[azr] 198 | 0 | 168 % Ho | s | o
13 o 573 a5 se0 [ se0 [sas ase [ se2] M2 | TS | W . e | e | s
4 o500 504 st (400 506 [ase [ ses| 1 | 167 | 159 ‘ s | s | s
Averages of all subjects: 8 ;gi 150 mm 171 mm 156 mm 136 mm 158 mm 143 mm

NT = No Turn (Total number of no turns in Model 2 in Swimwear = 0)
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Lifejacket Model 2 (Batch 1) Clothing Combination 2 — Subjects wearing test clothing

. Self-righting » Initial Freeboard (mm) Initial Freeboard after 1m water entry
. a) Airways clear, b) full face up position face up (mm)
Subject = -
1 2 3 4 5 6 Ave Fully Fully Static after 1m Fully Fully Static
exhaled inhaled balance jump? exhaled inhaled balance
a)| 344 | 248 | 231 | 225 | 253 | 240 | 2.39
v
! b)| 842 | 581 | 6.03 | 2087 | 6.20 | 6.09 | 6.03 163 189 173 178 192 173
a) | NT NT [1288 |24+36 | 7.97 | 626 | 10.43 v
2 b) | NT NT |16.46 | 2473 | 10.69 | 10:26 | 13.58 163 176 165 148 157 153
a)| 3.76 | 3.82 | 383 | 354 | 3.76 | 325 | 3.72 v
3 b)| 761 | 964 | 795 | 753 | 7.29 | 644 | 7.60 135 161 144 142 161 149
a)| 345 | 248 | 270 | 194 | 476 | 3.23 | 2.59 v
4 b) | 5745 | 5.04 | 506 | 412 | 369 | 546 | 4.92 157 165 156 170 173 168
a)| 3.74 | 280 | 274 | 253 | 3.20 | 393 | 3.12 v
5 b) | 638 | 6.38 | 570 | 446 | 570 | 693 | 6.04 173 191 179 148 164 152
a)| 246 | 256 | 482 | 266 | 2.00 | 2.51 | 2.38 v
6 b) | 543 | 566 | 516 | 589 | 538 | 545 | 541 15 154 134 145 170 147
a)| 8143 | 266 | 265 | 252 | 476 | 231 | 2.54 v
/ b) | 4400 | 4.60 | 453 | 444 | 387 | 447 | 451 148 158 152 139 148 145
a) | NT NT | #37 | 614 | 7.31 | 640 | 6.73 v
8 b) | NT NT |40.04| 8.07 | 9.47 | 764 | 8.77 148 173 152 173 181 175
a)| NT | 402 | 343 | 536 | 476 | 2.71 | 3.39 v
9 b) | NT 584 | 493 | 642 | 373 | 492 | 5.23 160 166 164 163 17 170
a) | NT 7.39 NT | #97 NT | 606 | 7.39 v
10 b) | NT | 9.00 NT 835 NT | 253 | 8.35 159 163 161 143 157 145
a)| 931 | 822 | 745 | 6.14 | 573 | 463 | 6.89 v
1 b) | 10.55 | 4240 | 10.55 | 10.27 | 853 | 8.58 | 9.99 138 173 157 153 173 164
a)| 350 | 265 | 230 | 216 | 2.33 | 2.56 | 2.46 v
12 b) | 449 | 415 | 3.89 | 364 | 3.69 | 4.16 | 3.97 160 173 160 128 143 132
a)| 513 | 559 | 576 | 460 | 405 | 4.28 | 4.90
v
13 oy 4478 | 946 | 250 | 850 | 7.61 | 7.55 | 8.21 175 185 176 115 140 15
a)| o 0* 0* 0* 0* o* 0.00
v
4 b)) NT | NT [1864] NT |1423| NT | 1644 | 'V 149 135 138 154 137
Averages of all subjects: ta,; ;3; 152 mm 170 mm 158 mm 149 mm 164 mm 152 mm

NT = No Turn (Total number of no turns in Model 2 in Test Clothing = 8. Note: On 12 occasions, subjects did not achieve a full face up position)
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Lifejacket Model 3 (Batch 1) Clothing Combination 1 — Subjects wearing swimsuits only

Subject a) Airways cleif,lfl;rigt?ltli?a?ce up position A LI (i) . '“l:t;a;fft:?e Freeboard after 1m water entry (r.nm)
1 2 3 4 5 6 | Ave Fully . Fully Static 1m jump? Fully _ Fully Static

exhaled inhaled balance exhaled inhaled balance

' o TsaoToualoo[sot e o] 1 | 1t | e % wo | o | s
2 5o lots asome [aad oo 50| 61 | 78 | o % 5 | 10 | 1
3 I Teae a0 tae o4 [iee [ za0[2as| 195 | T | 18 . s | e | 1%
4 Pe TTislrertorltoe osalia0dte] M8 | 198 | 140 ‘ w1 | s | 1
S o oailra 17sas [res [ Toe [ fet] 'O | 18 | 180 ‘ s | 1 | 3
© b sot a0 603|323 [wde [aa0 [maa| M4 | T | 1% ‘ ws | s | s
T o ore a0 aro w22 oo [2s| 1 | 1B | 19 ‘ s | e | 1
8 | ies o0 ses [ Tor 20t [zab 20| 1%t | | 183 % @ | 1 | 1%
O By Trei el tes tor[z0s 2is Tes| %4 | M | 13 % @ | 0 | 1
10 o460 7o Tos oo [zer [vsa[2m2| MO | 13 | 1% ‘ s | s |z
" o Tsor| e [Heo 2o [ Tes [zas [ 2az| 105 | 165 | 190 ‘ s | om0 | s
12| oo [ res [ Tes Tat|Tes sos dee] %6 | 15 | 196 % | e | 1
13 o\ T4os 415 500 [ so0 [asa [z [a0a] MO | | 1 . s | et |
14 2; 2(.;§0 39@?1 2(.)1*3 43;3 3(.)7*3 4..:; g:gg 134 146 139 v 153 151 153
Averages of all subjects: ta,; ;lg 148 mm 163 mm 152 mm 145 mm 158 mm 147 mm

NT = No Turn (Total number of no turns in Model 3 in Swimwear = 0) *Airways clear
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Lifejacket Model 3 (Batch 1) Clothing Combination 2 — Subjects wearing test clothing

q Self-righting - Initial Freeboard (mm) Initial face Freeboard after 1m water entry (mm)
. a) Airways clear, b) full face up position
Subject - up after Im A
1 2 3 4 5 6 Ave Fully Fully Static jump? Fully Fully Static
exhaled inhaled balance exhaled inhaled balance
a) | 1.10 | 62 | 133 | 1.16 | 1.39 | 66 | 1.25
v
! b) | 484 | 453 |4.61 | 449 |3.69 | 327 | 4.33 167 188 173 159 174 158
a) | 217 | 337245174 |73 ] 2.10 | 2.12
v
2 b) | 6.26 | 729 | 6.40 | 5.60 | 6.06 | 506 | 6.08 150 153 145 141 146 138
a) | H46 | 168|145 | +F6 | 136 | 1.16 | 141
v
3 b) | 252 1329276 332|281 | 256 | 2.86 143 155 142 148 160 152
a) | 1.06 | 090 |0.82] 086 | 7 | 677 | 091
v
4 b) | 336 | 221 | 86 | 2.15 | 446 | 233 | 2.51 132 143 139 160 166 166
a) | 357 (297 |34 11391421202 1.95
v
> b) | 504 | 349|275 (3.00 | 287|432 | 342 177 181 172 165 179 166
a) | 282 | 228 231|245 | 1.85 | 82| 2.22
v
6 b) | 543 | 4.16 | 424 | 475 | 3.64 | 352 | 4.20 141 177 154 140 166 152
a) | 23 | 1741179 1 1.63 | 3+ | 230 | 1.87
v
7 b) | 4345 |3.07 346 | 329 | 253 |3.80 | 341 130 145 138 123 138 128
a) | 803 | 1.81 | 988|140 | 1.66 | 1.20 | 1.52
v
8 b) | 463 | 2.78 | +96 | 2.86 | 2.89 | 3.04 | 2.89 143 155 138 144 155 148
a) | 1.03 | 1.01 | 1.01 | 1.06 | %+ | 26 | 1.03
v
? b) | 196 | 193 | 1.81 | +62 | 1.76 | 200 | 1.87 129 138 128 143 148 146
a) | 293 | 234|326 | 211 [ 659 | 1.17 | 2.14
v
10 b) | 3.50 | 324 | 373|301 | ++6|2.03 | 2.95 159 168 155 165 175 167
a) | 894 | 548 | 439 | 5.68 | 543 | 399 | 5.25
v
1 b) | 58+ | 7.87 | 8.15 | 9.58 | 9.56 | 576 | 8.79 18 150 136 139 153 146
a) | 262 | 50 |1.62 | 1.70 | 1.60 | 2.00 | 1.73
v
12 b) | 490 | 2.76 | 2.89 | 2.83 | 260 | 2.89 | 2.84 136 167 148 14 154 14l
a) | 623 | 436 |4.16 1420 485|313 | 439
v
13 b) | 1646 | 7.38 | 7.44 | 8.36 | 8.24 | 664 | 7.86 152 162 153 148 155 148
a) | 690 | 0.60 | 0.82 | 0.86 | 59 | 0.78 | 0.77
v
14 b) | 478 | 380 | 6.18 | 4.03 | 623 | 3.96 | 4.74 139 149 138 139 143 137
Averages of all subjects: z; ig; 144 mm 159 mm 147 mm 147 mm 158 mm 150 mm

NT = No Turn (Total number of no turns in Model 3 in Test Clothing = 0)
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Lifejacket Model 4 (Batch 1) Clothing Combination 1 — Subjects wearing swimsuits only

] Self-righting - Initial Freeboard (mm) Initial face Freeboard after 1m water entry (mm)
. a) Airways clear, b) full face up position
Subject - up after Im A
1 ) 3 4 5 6 Ave Fully Fully Static jump? Fully Fully Static
exhaled inhaled balance exhaled inhaled balance
a) | 139|437 176 | 1.74 | 2.14 | 240 | 1.76
v
! b) | 2.84 | 3.21 | 238 | 3.21 | 4.07 | 424 | 3.33 130 166 130 7 151 122
a) | 2.83 337 | 439 | 72| 2.40 | 3.96 | 3.14
v
2 b) | 487 | 6.01 | 6.18 | 330 | 4.56 | 673 | 5.41 109 131 10 122 133 16
a) | 134 126 | 1.28 | A | 153 | 37| 1.35
v
3 b) | 2.61 | 229 | 2.50 | 3-89 | 2.66 | 2.46 | 2.56 127 155 129 108 133 Ho
a) | 936040 | 040 | 657 | 0.45 ] 0.50 | 0.44
v
4 b) | 1.16 | 1.21 | +67 | +36 | 1.30 | 1.16 | 1.21 130 135 132 100 18 103
a) | 1.82 [ 142 | 263 1096 | 1.52 | 694+ | 1.43
v
> b) [ 2.53 1249 | 287 | 2.01 | 2.64 | +99 | 2.42 149 157 159 126 145 134
a) | NT | NT | NT | NT | NT | NT -
v
6 b) | NT | NT | NT | NT | NT | NT - 84 144 103 0 57 19
a) | 608 4392451200 | 130|126 | 2.54
v
7 b) | 696 | 552 | 3.49 | 3.04 | 2.52 | 24} | 3.64 o4 109 80 67 74 60
a) | 225 (2.70 | 2.65 | 86 | 408 | 3.20 | 2.70
v
8 b) | 2.72 | 3.41 | 338 | 26+ | 473 | 433 | 3.46 ti 16 106 %6 13 102
a) | +02 | 1.02 | 1.56 | 1.02 | 3-8 | 1.60 | 2.20
v
? b) | 67| 1.72 | 232 | 1.76 | 387 | 241 | 2.05 88 106 o1 88 103 %6
a) | 926 | 1.86 | 1.83 | &05 | 2.28 | 5.30 | 2.82
v
10 b) | +53 | 3.06 | 443 | 932 | 341 | 741 | 4.58 120 99 58 148 83 s
a) | 5+ 2.05]3.03 528|375 NT | 2.94
v
1 b) | 220 | 2.67 | 3.64 | 593 | 4.63 | NT | 2.74 130 156 130 136 165 14l
a) | 247 (202|184 | +73 | 186 | 1.76 | 1.87
v
12 b) | 342 272|273 |2.67]2.63|233] 2.69 13 131 13 102 125 108
a) | 2.57 | 247 | 346 | 336 | 2.17 | 2.54 | 2.66
v
13 b) | 455 | 367 | 526 | 538 | 390 | 424 | 4.49 88 127 103 o1 122 100
a) | 1.53 |30 | 1.66 | 226 | 1.39 | 1.48 | 1.52
v
14 b) | 2.66 | 243 | 2.75 | 3-40 | 2.47 | 2.6]1 | 2.62 o7 120 105 85 103 85
Averages of all subjects: :3 ;i; 112 mm 132 mm 111 mm 99 mm 116 mm 98 mm

NT = No Turn (Total number of no turns in Model 4 in Swimwear = 7)
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Lifejacket Model 4 (Batch 1) Clothing Combination 2 — Subjects wearing test clothing

Self-righting

a) Airways clear, b) full face up position

Initial Freeboard (mm)

Initial face

Freeboard after 1m water entry (mm)

Subject 1 ) 3 | 4 | s | 6 | ave| Fully Fully Static I‘I‘If’j’l‘lftnf;,, Fully Fully Static
exhaled inhaled balance ) exhaled inhaled balance

U T sioae [en on ot s se] ™ 156 125 Y 145 160 140
2 i Tew | N s [ont Toar s e M8 | 1 | 09 % s | m | ns
TN IR = A A I B % o8 s | o4
YT see o0 o [aei s fam ] M6 | 1 | s ‘ | w |
S i are a7 e ae w0t asarr] M8 | 14 | 1 % 2| W | m
O iy ssr st e ss Tow | eonem] TEE ‘ 58 w | s
T i so0 [ eis [ sas 5ok Tem| T 58 73 ‘ o 78 7
S RNt Ta055 e [iaat | so | axe | aer] o 5 % o8 | e
O iy sae o oa s 3o Taes | " 1 o4 ‘ us | obs | i
10 oy [aes Tido | N Lass TN a0 58 54 % 7 . 03
R % R R % s | e |
2 e s o v Tan [ ae e 12 | 18 |10 % o | | n
5 e a0 ra feit [Tl sa ] * s | . 00 s | s
4 ot Tiasy NNt s oot [wors] ! s | o ‘ > o "
Averages of all subjects: :3 gg; 97 mm 121 mm 103 mm 103 mm 121 mm 108 mm

NT = No Turn (Total number of no turns in Model 4 in Test Clothing = 11)
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RTD (Batch 2) Clothing Combination 1 — Subjects wearing swimsuits only

Subject a) Airways cles;;'l,f-br)lgfll::ln;fce up position Initial Freeboard (mm) |
1 2 3 4 5 6 AT Fully Fully Static

exhaled inhaled balance

| P T T T e e e a7 | | s
> Teselserfen seorfsasslem] M| 1w | @
S Rsiaie e | e | w
4 3 2—22 (1)4613 ?_Zg (J)Jiz (1)32 ?ji (l)gi 125 166 128
S iy Taoo [ o[z o ool 1% | | 160
O by e (a0 [ |3 [aas [Be6 [ wer| M| 165 |13
T I Taes e fan a0 s awe [ am| 120 | 15 | s
S I ew fasoaa | siedizos [ aor| 12 | 167 |
O I ess e e i e re tee] 12 | 12
0 s Tase oo [sas oo [aas| ' 140 17
sl e | o
2 e i e e a1 1o 138
e IR TR
4 i Taes o6 o a0 sk faee T aes ] 1B | 1 12
Averages of all subjects: :3 ;ZZ 131 mm 158 mm 133 mm

NT = No Turn (Total number of no turns in RTD in Swimwear = 0)
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RTD (Batch 2) Clothing Combination 2 — Subjects wearing test clothing

Self-righting

a) Airways clear, b) full face up position

Initial Freeboard (mm)

e ! 2 3 4 5 6 | Ave Fully Fully Static
exhaled inhaled balance

O 5 A = A i R i
2 3 Ei Ei §$ Ei E¥ E¥ : 135 137 128
;[T e e e s e Tait | o | |
AN = R ek R A
S ot |3 [aan s [0 [zer [ae| M0 | |
6 oy [eas [ono o1 | 7o [od | ssoare] 1% | 19 | 13
T o NT IS0 i [ser s s ss] 1 | = | W
S Lo [ NT [isas [oss [ss | sas [ess 7| 12 | 14 | 0
N B ¥ = Y 1 O I I
10 oy ress| 20 [ome [ess [ser s 4| 13 | 1 | s
H 8 ﬁ ﬁ ﬂ 18i.6099 g:?é ﬁ 176_7464 128 141 130
12 o | ess |05 | e [ 5o [aox [aed] W | 151 | 140
. 3 NT | NT [1sas | 5 [iooe | h05 [re00] 1 148 133
B e N T I
Averages of all subjects: 3 zgg 128 mm 143 mm 128 mm

NT = No Turn (Total number of no turns in RTD in Test clothing = 15)
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Lifejacket Model 5 (Batch 2) Clothing Combination 1 — Subjects wearing swimsuits only

a) Airways clear, b) full face up position

Self-righting

Initial Freeboard (mm)

Initial face

Freeboard after 1m water entry (mm)

sublect ol sl 4l 5 6| ave| Fuly Fully Static “pj?lfrflfqlm Fully Fully Static
exhaled inhaled balance ) exhaled inhaled balance
RSB e s | | | ow | e | ow
> Ftas e o[ am | 5w [ ser aor] 12 144 E % 1o 13 1o
S RTNE 3k A EATY EATE AR = 2% tA 15 129 % 114 142 4
4 bt s o[t e s ] 1Y 130 E ‘ 2 5 124
S o el e re ot oo [aae| 0| 16 | % i 1 s
° 3 e ras 367300 [ 3o (533 [ ass 78 152 15 v 100 156 17
T iyt {2ae [ass [aas s o {2 109 o5 % = s 03
§ b Tems |46 oo [sar [ aos [asoamw] ! 15 E % 05 140 o
Ot e e [ e 2ot [iy] s o5 ‘ 03 10 102
10 ooy [ser [oar [ ree i [ ai | ear] 12 149 E % 126 12 1
" oS et [ a5 e faar] % 15 E % 22 14 109
2 s [ase [ res o0 s s ] 120 s s % 126 150 =
3 e oo [aas [ass [aor [an fam] 19 149 E ‘ I % 12
4 s T Tate [ sa0 Sor | saelaar] 19 136 119 ‘ 5 s 100
Averages of all subjects: :3 ;gg 116 mm 143 mm 119 mm 108 mm 135 mm 114 mm

NT = No Turn (Total number of no turns in Model 5 in Swimwear = 0)
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Lifejacket Model 5 (Batch 2) Clothing Combination 2 — Subjects wearing test clothing

Self-righting

a) Airways clear, b) full face up position

Initial Freeboard (mm)

Initial face

Freeboard after 1m water entry (mm)

Sublect a2l sl el s 6 | ave| Fully Fully Static “pj?lfrgqlm Fully Fully Static
exhaled inhaled balance ) exhaled inhaled balance

| P Tios o e [qe e s ] 192 | 16 | 190 % s | ws | s
2 INT e w7 [ees TR [oss [rae] 10 | M | 1 % W | ous | 1
S NN [eed R [ss foor fas ] 1S | 1 12 % 12 w |1
b e s Daae o] B2 | 4|1 % s | e | ows
S b0 aei [ aee o [aas s a1 | 18 | % s | mo | i
O i Tess few s [sorfsmfenfen] 120 | 1% | . s | | s
T i e [aas ond [se s am] M | 136 | ms % e | o | o
§ i oss a0 [6a7 [ase foer fax o] 0|1 | w ‘ w | ws |
) Fiyieee] 2w [ sar Tes s [asetaar] s |00 % ws | 3| 1o
10 T ea0 | oes [rer a0 e aer] 118 | 127 | % e | omo | oo
- 12; ﬁ ﬁ ﬁ ﬁ E §¥ - 116 141 115 v 123 143 123
2 i se owi [awe o s as] 1% | 4 | W % s | s 159
3 et oo 7ar [soi ool [eseer] 15 | 1 | . m | | s
o fafesbe il sl W [ w | [ ow | w | o
Averages of all subjects: :3 giz 126 mm 143 mm 127 mm 123 mm 141 mm 126 mm

NT = No Turn (Total number of no turns in Model 5 in Test Clothing = 10)
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Lifejacket Model 6 (Batch 2) Clothing Combination 1 — Subjects wearing swimsuits only

] Self-righting - Initial Freeboard (mm) Initial face Freeboard after 1m water entry (mm)
. a) Airways clear, b) full face up position
Subject - up after Im A
1 ) 3 4 5 6 Ave Fully Fully Static jump? Fully Fully Static
exhaled inhaled balance exhaled inhaled balance
a) |+40 | 1.30 | 1.17 | 1.03 | 873 | 0.77 | 1.07
v
! b) [ 3.66 | 3.46 | 263 | 2.76 | 378 | 3.52 | 3.35 129 175 132 1o 145 105
a) |+54 146 | 1.22 | 103 | 1.06 | 1.16 | 1.23
v
2 b) | 483 | 401 | 3.15 | 280 | 3.36 | 3.09 | 3.40 134 149 131 18 151 124
a) | 63217 191 2101852221 2.01
v
3 b) | 246 | 3.16 | 3.01 | 3.69 | 3.78 | 464 | 3.41 146 162 136 14 1l 131
a) | 0.50 | 635 (036|045 | 965 | 0.36 | 0.42
v
4 b) | 1.26 | 1.21 | 896 | 1.12 | +64 | 1.07 | 1.17 153 164 150 123 136 127
a) | 0.88 | 1.08 | 0.93 | 7% | +36 | 1.08 | 0.99
v
> b) | 1.92 | 235 | 1.87 | :86 | 258 | 2.03 | 2.04 133 157 134 9 125 103
a) |+96 | 1.89 | 1.71 | 1.73 | 39 | 1.56 | 1.72
v
6 b) | 464 | 3.76 | 3.60 | 3.47 | 3860 | 3.40 | 3.56 19 173 130 109 158 125
a) | 234237 245 | 268|243 | 2.51 | 2.44
v
7 b) [ 333 ] 3.50 | 456 | 466 | 4.13 | 421 | 4.10 130 146 129 130 1l 124
a) | 440 | 549 | 3.51 | 3.14 | 23+ | 2.96 | 3.50
v
8 b) | 5.07 | 584 | 446 | 4.16 | 316 | 3.76 | 4.36 104 159 124 10 1ol 18
a) | 0.86 | 2863 | 0.80 | 0.82 | 0.83 | 666 | 0.83
v
? b) | 1.53 | 260 | 27 | 144 | 1.73 | 1.55 | 1.56 103 18 109 %0 120 109
a) |63 277 | 711391293 ] 1.96 | 2.26
v
10 b) | 767|353 | £78 | 2.20 | 3.73 | 2.67 | 3.03 132 129 103 13 133 108
a) | 1.61 |23 [ 159 | 1.79 | 1.52 | 694 | 1.63
v
1 b) | 2.78 | 523 | 492 | 4.56 | 3.16 | 2:64 | 3.86 ti 168 131 127 177 133
a) | +64 | 1.10 | 688 | 1.08 | 1.48 | 1.08 | 1.19
v
12 b) | 280 232 | 831249270 | 2.03 | 2.39 13 138 13 106 130 104
a) | 339 1291|361 345|394+ | 270 3.34
v
13 b) | 6.30 | 536 | 647 | 5.78 | 5.66 | 6.32 | 6.02 13 153 125 o8 127 108
a) | o* 0* 0* 1663054 ] 0* | 0.14
v
14 b) | 235 ] 3.56 | 384 | 2.88 | 3.46 | 3.21 | 3.28 o7 129 106 H4 131 1o
Averages of all subjects: :3 ;g: 123 mm 151 mm 125 mm 111 mm 141 mm 116 mm

NT = No Turn (Total number of no turns in Model 6 in Swimwear = 0)

*Airways clear
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Lifejacket Model 6 (Batch 2) Clothing Combination 2 — Subjects wearing test clothing

] Self-righting - Initial Freeboard (mm) Initial face Freeboard after 1m water entry (mm)
. a) Airways clear, b) full face up position
Subject - up after Im A
1 ) 3 4 5 6 Ave Fully Fully Static jump? Fully Fully Static
exhaled inhaled balance exhaled inhaled balance
a) [ 230208206 |245| 153 | 45 | 1.99
v
! b) | 423 433 | 438 | 424 | 646 | 563 | 4.61 141 162 139 151 167 145
a) | NT | NT | NT | NT | NT |11.17 | 1117
v
2 b) | NT | NT | NT | NT | NT | 13.58 | 13.58 138 153 143 131 140 134
a) | 2.88 | 5.66 | 687 | 243 | 3.00 | 3.16 | 3.68
v
3 b) | 3.92 | 6.89 | 904 | 3-8t | 453 | 456 | 4.98 121 139 18 19 137 19
a) 050 ]659]054]059 | 628 | 0.54 | 0.54
v
4 b) |26+ [ 1.72 | 1.67 | 1.63 | 136 | 148 | 1.63 133 155 134 133 143 137
a) | 2068 | 1.83 | 1.71 | 1.50 | 1.54 | 26 | 1.65
v
> b) | 332 335332 [272] 2.89 | 249 | 3.06 160 178 t6l 132 148 137
a) [ 3.60 | 4 |326|239| 240 | 3.11 | 3.09
v
6 b) | 867 | 636 | 501 | 392 | 452 | 5.04 | 5.23 129 168 139 121 152 127
a) 37313171371 | 233 | 393 | 376 | 3.59
v
7 b) | 533 481 | 527 | 398 | 544 | 532 | 5.18 120 132 120 2 127 14
a) | 85 |3.14 | 406 | 543 | 277 | 3.39 | 4.01
v
8 b) | 943 | 4.13 | 515|638 | 4086 | 438 | 5.01 92 148 18 106 1l 129
a) |56 | 131 | 1.31 | 343 | 143 | 140 | 1.36
v
? b) | 253 1213226 | +92 ] 2.10 | 2.26 | 2.19 103 122 127 13 130 16
a) | NT | 346393748 | 9606 | 8.06 | 6.49
v
10 b) | NT | 8.76 | 620 | 936 | 435 | 11.30 | 9.81 140 132 13 129 131 120
a) | NT | NT | NT | NT | 533 | NT | 5.33
v
11 by | NT | NT | NT | NT | 7.63 | NT | 7.63 142 164 137 128 165 141
a) |06 | 151 | 1.76 | 1.26 | 186 | 1.54 | 1.52 ! | |
12 b) | 245287 [293[235] 295 | 2.76 | 2.73 120 143 123 No i j i
a) | 33714221393 |325| 497 | 343 | 3.74
v
13 b) | 495|549 | 549 | 475 | 553 | 475 | 517 107 138 10 132 165 131
a) 220240 |1.02 | 675 | 1.02 | 0.82 | 1.27
v
14 b) | 6.07 | 7145 1430 | 2.75 | 224 | 3.60 | 4.18 133 151 143 130 146 135
Averages of all subjects: :3 ggz 127 mm 149 mm 130 mm 126 mm 146 mm 130 mm

NT = No Turn (Total number of no turns in Model 6 in Test Clothing = 11) 1Lifejacket came over subjects head, measurement could not be taken.
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Lifejacket Model 7 (Batch 2) Clothing Combination 1 — Subjects wearing swimsuits only

q Self-righting - Initial Freeboard (mm) Initial face Freeboard after 1m water entry (mm)
. a) Airways clear, b) full face up position
Subject . up after Im A
1 ) 3 4 5 6 Ave Fully Fully Static jump? Fully Fully Static
exhaled inhaled balance exhaled inhaled balance
a) 1391 1365436190 | +H |259] 3.01
v
! b) | 472 | 581 | 693 | 2.61 | 220 | 3.34 | 4.12 o7 153 9 %8 125 104
a) |97 1434 [ 1.79 | 1.59 | 1.63 | 1.39 | 1.60
v
2 b) | 242 | 2.75 | 426 | 3.24 | 3.23 | 2.89 | 3.03 95 12 %0 83 103 7>
a) | 1571070 | 663 | 234 | 1.13 | 1.06 | 1.12
v
3 b) | 247 | 136 | 1306 | 293 | 2.12 | 1.95 | 1.98 4 140 105 87 16 88
a) | 968 163310461039 |0.40 | 0.50 | 0.44
v
4 b) |53 | 1.12 | 1.27 | 692 | 1.07 | 0.96 | 1.11 19 131 H3 %9 13 107
a) | 1451151 [ 139 |77 | 154 | 36 | 147
v
> b) | 2409 | 241 | 243 | 267 | 249 | 2.20 | 2.38 o1 121 101 58 93 ol
a) | 388 | 337 | 4+7 | 3.63 |3.85]|3.51]3.72
v
6 b) | 853 | 575 | 595|575 ] 6.12 | 567 | 5.89 67 120 59 10 63 25
a) | 2111394473 1194 | 76 | 628 | 3.18
v
7 b) | 3.10 | 5.04 | 5.81 | 2.84 | 270 | 21+ | 4.20 83 89 80 70 7 3
a) | 283 | 1.82 | 571279 | 2.63 | 2.20 | 2.36
v
8 b) | 3.36 | 2.67 | 2229 | 346 | 344 | 3.01 | 3.12 92 29 103 70 100 >
a) | 191 1263 | +66 | 111 | 1.11 ] 1.17 | 1.33
v
? b) | 235|260 | 163|163 |1.76 | 1.64 | 1.85 >3 80 68 47 81 62
a) |349 1125|150 | 686 | 0.86 | 1.06 | 1.12
v
10 b) |389 215203 |+53[1.72 173 | 191 13 146 43 38 S 37
a) | 442 | +43 (208 | 2.87 | 230 ] 2.46 | 243
v
1 b) | 543|209 | 2.78 | 3.53 |3.01 | 3.18 | 3.13 i 129 %> 88 136 %9
a) | 278|197 [ 1.17 | 1.26 | 1.39 | +086 | 145
v
12 b) | 386 | +78 | 2.16 | 2.29 | 2.26 | 2.10 | 2.20 86 103 88 78 125 o8
a) | 3541243259326 |3.08]2.60] 2.88
v
13 b) | 524 | 449 | 592 | 552 | 3.65 | 359 | 4.73 67 109 77 69 106 86
a) | +54 | 1.31 | 1.06 | 88 | 0.96 | 0.88 | 1.05
v
14 b) | 3.10 | 497 | 543 | 540 | 3.09 | 230 | 4.14 78 93 7 >4 80 62
Average freeboard of all subjects: ;; ;ig 89 mm 111 mm 85 mm 69 mm 98 mm 77 mm

NT = No Turn (Total number of no turns in Model 7 in Swimwear = 0)
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Lifejacket Model 7 (Batch 2) Clothing Combination 2 — Subjects wearing test clothing

a) Airways clear, b) full face up position

Self-righting

Initial Freeboard (mm)

Initial face

Freeboard after 1m water entry (mm)

Sublect o2l 3 el 5| 6 | ave | Fully Fully Static “pj?lfrflfqlm Fully Fully Static
exhaled inhaled balance ) exhaled inhaled balance

e SR ARGAR s R s | o ‘ 56 o 52
> iy |y | e [seo [ass [ am| 14| 14 | s % s | o |
S iy ees |25 [ ass 2t 2w 2o 2re] % I . % . o8 ”
4 e e e s s rw e 15 | M | 0s % mw | o |
S il aer s e ae o aw| 100 | 124 | 109 ‘ 7 102 5
O iy [ e o [sos[sao sss oo 1 76 % = 109 7
T i an s Tese N N fsm| o3 7 ‘ 7 5 ®
S iy se0 [ aas [ ant [ass [aw oss [ aes| 119 90 % 75 09 56
) iyl ae e [ se oot ors owrfawr| 5 7 % o = 7
0 S ers [ Tar e 7o feor [he [ a ] M s 7 % o 103 o
N ros [iad T I NT N [rase] s |03 % 8 s | s
2 e ooy s [os faae e faes | 00 | 5% % w0 |
5 e [ ser Tave [ Siel s fasr s | s 73 ‘ 00 109 -
4 e i e Tose Tasi iz maa % 106 52 ‘ o m "
Averages of all subjects: :3 g(s)g 87 mm 113 mm 90 88 mm 106 mm 87 mm

NT = No Turn (Total number of no turns in Model 7 in Test Clothing = 6)
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RTD (Batch 3) Clothing Combination 1 — Subjects wearing swimsuits only

Subject a) Airways clesai'l,f-br)lgfll::ln;gce up position Initial Freeboard (mm) |
1 2 3 4 5 6 Ave Fully Fully Static

exhaled inhaled balance

e e [ | w
2 o[ etofsa [ sholen [sae[em e ¥ | 18 | 1
e e e T NI
4o se | rie a0 | o [est ot Trar ] 10|19 | 1
S oo [aer[ie w0 Due am] 1 | 19 |17
B e S T IR T
T e Dabe et | W | ow
S it [as0axt a0 [aad a0 am | 12 | 1|
O o[ ro0 2o ass a0 [t 20t 2ad| 12| 40| 1
10 e [ Ts 1o [ar 1o o 16| 10 | 17| 18
O o PR T AT 1 R I
B e o R I I
P sd0 [seo[ese|sae sarlser| s S | 16T | 1
e e e ey [rod et | 5| W | s
Averages of all subjects: :3 ;gg 132 mm 156 mm 140 mm

NT = No Turn (Total number of no turns in RTD in Swimwear = 0)

59




RTD (Batch 3) Clothing Combination 2 — Subjects wearing test clothing

Subject a) Airways clesaerl,f i)l;gfll:lt;l;gce up position Initial Freeboard (mm) |
1 2 3 4 5 6 Ave Fully Fully Static

exhaled | inhaled | balance

| eso 4w [sa0 a0 oae s Tae| 10 | 1% |
2 iy Tamss [0y [ ssa | 735 [ Te | sm [ ree] 2 | 2 |
G 5 T T o A I L
e an an: ani-un: an:an: BB
S Ta e e s (2w o o] 2 | e | 1w
S iy ous [ 7s0 T2 |ese o 75 [ am| 2 | 1¢ | 1
A W A I MO
i li; ﬁ ﬁ 176.5132 f@ii ﬁ 3:2? 2233 118 152 123
0 A I B
10 o NT et | NT | NT 20 oo [ear| 14 | 135 | 113
"Nt Nt N N oo [are [asag] 2| BT |
2 sd | seo |57 [ oas | aas [l [aa ] | 12| s
= li; ﬁ ﬁ E 18f.5090 ﬁ ﬁ 181',5090 123 143 125
W T T ot [he o [ 10 | 12 |
Averages of all subjects: :3 zgg 122 mm | 140 mm | 124 mm

NT = No Turn (Total number of no turns in RTD in Test clothing = 13)
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Lifejacket Model 8 (Batch 3) Clothing Combination 1 — Subjects wearing swimsuits only

Subject a) Airways clesail,f:)igfll;:lil;gce up position Initial Freeboard (mm) ‘ J;i;i;l:alcli Freeboard after 1m water entry (m‘m)
1 ) 3 4 5 6 Ave Fully ‘ Fully Static jump? Fully ) Fully Static

exhaled inhaled balance exhaled inhaled balance

| P s Tre s tae e s ] ¢ | 0 | W . m | s |
2 iy ase o [sos a6 ase [aai[am| 1B | 155 | w0 % s | us |
S I s oo [ ee 2 [ [aar| 17| sU | % 2| w0 | m
* by Toss o [os [oms [tos [oss [oad| 12 | 19 | 13 % m | w |
N ARE AR ARE AN e I M B % || o
6 by Tt [ass |30 [do0 2 [ver [aaa| 13| 1| 9 % | s |
AN E AR N n AT A I B % o | |
S iy 395 [ oo st | 2es 2o [ime 2| 15| M0 |3 ‘ os | | 1o
R TNAE RREARE ST NR e i I M % | oms |
10 |5 s 1o | e [0os [ Ta3 1o | tas| 12 | WS | % = | w0 | i
U o[ [and | sis [z oo ot [as| 126 | W | s ‘ o | e | oo
2 s e [ te [im TS e e 13| W |1 % o | ow |
13 oy aso [ans a0 [an [aso s e S| 15 | % s | s | s
T e [ rs [rm foxs [rar e ] 12| W | 12 % s | s |
Averages of all subjects: :3 ;3(1) 125 mm 144 mm 131 mm 124 mm 143 mm 129 mm

NT = No Turn (Total number of no turns in Model 8 in Swimwear = 0)
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Lifejacket Model 8 (Batch 3) Clothing Combination 2 — Subjects wearing test clothing

Subject a) Airways c?eezllt;,r:)g)hftliﬁgf;?e up position Initial Freeboard (mm) : J;i;i;l:alcli Freeboard after 1m water entry (“Tm)
1 ) 3 4 5 6 Ave Fully ) Fully Static jump? Fully ) Fully Static

exhaled inhaled balance exhaled inhaled balance

| Do a0l o e s e | | % w | | s
2 ) e | s [aios | snt [aso [asoass| 10 | 1 | % o | o | o
S by aat oze oot aor [sor (2 [ ap | 1% | 1 | ‘ | e |
4y LTS [ reo | TS [ bde | Uss e [ rss| 19| 1 | we % s | e |
S Iy pase 20 [oad et oo [ Tss ror| 1% | 1% | ‘ w | e |
6 by sao | so0 [0 aes [aae [axs | 1| 1% | 0 ‘ o | oms |
T by eeo | aar [sor s ot o a0 M| 126 | s % mo | e | s
Sy s |ena oot |44 [aod [awr [ags| 10| 14 | s % || s
O I e 2o 2o | the oy [am o] 106 | 16 | 109 % | one |
10 o ar | et [ Tor | TS0 [ser o7 [2aa| P | W |2 % R
ey |y 3oy [aaa [ aa [ aas | 20| 19| ‘ o5 | 0 | o
2oy oo [ass [ oSt | 15| 12| @ % s |0 |
13 iy oss [ois [oss [soo[sa0 [ sme[ers| 12 | 160 | 8 % w0 | s
4 [ Tas | 3ed 306 [ om (36 oo [was| | M0 | s % e | e |
Averages of all subjects: :3 ggg 124 mm 140 mm 129 mm 125 mm 141 mm 130 mm

NT = No Turn (Total number of no turns in Model 8 in Test Clothing = 0)
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