

















































































































































































































































































































5.2.3 Test Procedures

Each stretcher was handled by one group of trained personnel at the top of the
MES and one group of trained personnel at the bottom in the collection platform. During
each test, the loaded stretcher unit was positioned at the top of the MES. Before any
movement of the stretcher occurred, the helmet on the head of the mannequin was tapped
three times on the left side. This synchronized the acceleration data with the video data.
Once movement began, the belay line was eased to start the stretcher moving through the
device. The pace and direction of the stretcher was controlled by both the belay line and a
person in the collection raft with access to a tag line. On arrival to the collection platform,

four OSSC personnel transferred the stretcher unit across the collection platform and into

the middle of a 42 person liferaft.

Table 5.3: Test matrix

Test

No. MES
1 Chute
2 Chute
3 Chute
4 Chute
5 Chute
6 Chute
7 Slide
8 Slide
9 Slide
10 Slide
11 Slide
12 Slide
13 Slide
14 Slide
15 Slide

Mannequin

Mass (kg)

39.7
39.7
62.7
62.7
86.2
86.2
39.7
39.7
39.7
62.7
62.7
62.7
86.2
86.2
86.2

Stretcher Device

Ferno Basket
Sked
Ferno Basket
Sked
Ferno Basket
Sked
Ferno Basket
Stokes Litter
Sked
Ferno Basket
Stokes Litter
Sked
Ferno Basket
Stokes Litter
Sked
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5.2.4 Data Reduction

Data were collected from the video record by observing points on the test
apparatus in reference to the stretcher as it was being transported through the slide. The
reference points and associated zones are outlined for the slide Table 4. A total of 8 zones
were defined for the slide in an attempt to provide as much detail in the analysis as

practical and possible. Figure 5.7 indicates the reference points for both the top and the

bottom of the slide.

Table 5.4: Slide Zones and Data Collection Reference Points
Zone Reference for Start of Zone

1 First tap on the mannequin’s head
2 When the stretcher moves
3 Foot of the stretcher passes the second anchor point

on the slide’s left side grabline (Figure 8)

4 Foot of the stretcher reaches the end of the slide and
none of the white sliding material can be seen (Figure 9)

5 Foot of first carrier first leaves the collection platform
to enter the liferaft
6 Second carrier is in the liferaft and the stretcher starts

to move again

7 Foot of third carrier first leaves the collection platform
o " to enter the liferaft ' ‘
8 Fourth carrier is in the liferaft and the stretcher starts to
move again
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Figure 5.7: (a) Top of slide zone reference point and (b) Bottom of slide zone reference

point

o

(a)
and the three translation zones for the slide. Figure 5.9 provides the locations of the

Figure 5.8 illustrates the locations of the cameras and also the four action zones

cameras as well as the three action zones and the three translation zones for the chute.

Figure 5.8: Zone definitions and camera locations for the slide
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Figure 5.9: Zone definitions and camera locations for the chute
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The following considerations apply to the data analysis and the defined zones:

1. The end point for each zone always occurs at the start of the next zone.

2. The end of the test occurred when the stretcher was resting in the centre of
the liferaft.

3. Times for movement of the stretcher through each zone in each test were

captured as frames from a common reference point. Using frame count

meant the time data is accurate to 1/30 of second.

To further reduce the potential for error and inconsistencies in analysis, all data were

reduced by the same person.
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3.3 Results
5.3.1 Slide Data

Results from the slide video analysis are summarized in Tables 5.5 and 5.6. Table
5.5 shows the video analysis results for the time spent in each zone for each condition.

Table 5.6 gives the time it took to get the each of the empty stretchers back to the

disembarkation platform.

Table 5.5: Results from analysis of video for stretcher egress trials on a slide

Trial Time by Zone(s)
1 2 3 4 5 6 7 8

Ferno Basket, Light Weight, Test 1 558 63 263 120 137 124 144 70
Ferno Basket, Light Weight, Test 2 101 126 138 108 203 40 144 54
Ferno Basket, Light Weight, Test 3 201 53 159 81 110 88 272 64
Stokes Litter, Medium Weight, Test 1 60 64 134 75 267 133 211 156
Stokes Litter, Medium Weight, Test 2 55 45 156 63 112 143 341 115
Stokes Litter, Medium Weight, Test 3 47 39 150 75 95 100 250 69
Ferno Basket, Medium Weight, Test 1 60 26 111 113 191 106 142 121
Ferno Basket, Medium Weight, Test 2 63 21 92 66 157 91 146 76
Ferno Basket, Medium Weight, Test 3 67 26 80 61 120 69 215 90
Sked Stretcher, Heavy Weight, Test 1 37 41 131 138 210 170 278 66
Sked Stretcher, Heavy Weight, Test 2 57 13 102 153 115 66 236 89
Sked Stretcher, Heavy Weight, Test 3 38 26 116 160 83 62 220 98
Stokes Litter, Heavy Weight, Test 1 33 18 105 109 264 64 219 136
Stokes Litter, Heavy Weight, Test 2 81 14 116 108 103 82 159 85
Stokes Litter, Heavy Weight, Test 3 5.1 19 104 220 125 137 174 1141
Ferno Basket, Heavy Weight, Test 1 38 20 109 256 165 83 319 146
Ferno Basket, Heavy Weight, Test 2 31 16 97 278 99 85 157 89
Ferno Basket, Heavy Weight, Test 3 29 21 109 360 148 77 197 52
Sked Stretcher, Light Weight, Test 1 24 48 143 397 170 46 155 65

" Sked Stretcher, Light Weight, Test 2 52 39 137 468 95 83 148 99
Sked Stretcher, Light Weight, Test 3 40 33 146 414 152 35 191 6.7
Stokes Litter, Light Weight, Test 1 39 26 359 112 96 82 153 82
Stokes Litter, Light Weight, Test 2 35 341 166 445 103 58 130 99
Stokes Litter, Light Weight, Test 3 32 19 444 54 85 51 134 85
Sked Stretcher, Medium Weight, Test 1 30 32 171 349 158 50 205 48
Sked Stretcher, Medium Weight, Test 2 26 42 141 346 127 75 146 82
Sked Stretcher, Medium Weight, Test 3 28 28 161 410 128 83 138 65
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Table 5.6: Results for sending empty stretchers to the

top of the slide

Trial Time (s)
Stokes Litter, Test 1 28.3
Stokes Litter, Test 2 26.2
Stokes Litter, Test 3 32.0
Ferno Basket, Test 1 25.9
Ferno Basket, Test 2 19.1
Ferno Basket, Test 3 20.5
Sked Stretcher, Test 1 24.3
Sked Stretcher, Test 2 214
Sked Stretcher, Test 3 21.7

Considering a simple assessment of stretcher egress on slides, the task is defined by

two intervals (Figure 5.10):

1. Movement of the stretcher from the time it was lifted for placement on the slide until it
reached the bottom. These data are presented as Table 5.7.
2. Movement of the stretcher from the bottom of the slide across the collection platform

to its final position in the liferaft. These data are presented as Table 8.

Dividing the data also allows for consideration of which portion of the evacuation

results in greater accelerations for the casualty in the stretcher.
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Figure 5.10: Belay and transfer of the loaded Stokes Litter

Table 5.7: Evacuation times for Interval 1

Trial Sked Ferno Stokes

# 45.6kg 68.6kg 92.1kg 50.7xg 73.7kg 97.2kg  59.7kg 82.7kg 106.2kg
1 19.0 20.2 17.2 32.5 13.7 12.9 38.5 19.8 12.3

2 17.6 28.2 11.5 26.4 11.2 11.3 19.7 20.1 13.0

3 17.9 18.9 14.2 21.2 10.7 13.0 46.3 18.8 12.3

Mean 182 224 14.3 26.7 119 12.4 34.8 19.6 12.5
Max 19.0 28.2 172 32.5 13.7 13.0 46.3 20.1 13.0
Min 17.6 18.9 11.5 21.2 10.7 11.3 19.7 18.8 12.3
Stdev 0.7 5.0 2.9 5.7 1.6 1.0 13.7 0.7 0.4

Table 5.8 Evacuation times for Interval 2

Trial Sked Ferno Stokes

# 45.6kg  68.6kg 92.1kg 50.7kg 73.7kg 97.2kg 59.7kg 82.7kg  106.2kg
1 833 81.8 86.1 46.6 67.3 96.8 52.4 84.3 79.2

2 89.4 67.6 65.8 54.8 53.7 70.7 83.5 714 53.7

3 85.8 82.4 62.3 61.5 55.3 73.3 40.8 59.0 76.6

Mean 86.2 71.3 71.4 54.3 58.8 80.3 589 73.6 69.8
Max 89.4 82.4 86.1 61.5 67.3 96.8 835 84.3 79.2
Min 833 67.6 62.3 46.6 53.7 70.7 40.8 59.0 53.7
Stdev 3.1 8.4 12.9 7.5 7.4 14.4 22.1 13.1 14.0
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5.3.2 Accelerations

Table 5.9 contains novel empirical data regarding the forces acting upon casualty
evacuations. The information in this table reflects the scalar quantity of accelerations
acting on the head of the mannequin. The persons handling the simulated casualty were
all OSSC personnel. All were instructed to handle the stretcher/mannequin assembly with
utmost care.

Generally, the mannequin was experiencing head accelerations of approximately 2
G’s. There was a general trend that the heavier stretchers seemed to better secure/restrain
the mannequin and resulted in smaller accelerations during the descent. The largest
accelerations occurred in Interval 2 — the transfer from the collection platform to the
adjoining liferaft. These values would likely be even larger under extreme motion

environments, when the likelihood of operator/rescuer stumbling is greatest.

Table 5.9: Maximum accelerations (G) acting on mannequin’s head while
descending the slide (Interval 1) and being removed from collection platform
to final position in liferaft (Interval 2)

Interval 1 Sked Ferno Stokes
456kg 68.6kg 92.1kg 50.7kg 73.7kg 97.2kg 59.7kg 82.7kg 106.2kg

Max. G 207 19 203 158 18 194 160 171 167
sd(G) 054 023 030 025 045 014 033 019 04l

Interval 2 Sked Ferno Stokes
45.6kg 68.6kg 92.1kg 50.7kg 73.Tkg 97.2kg 59.7kg 82.7kg 106.2kg
Max. G 2.51 202 272 1.56 174 210 208 229 1.99
sd (G) 0.91 034 08 015 024 040 045 047 0.41
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5.3.3 Chute

As discussed in the test matrix development, the Stokes Litter was not considered
an option for evacuation through the chute simply because its size, design and
construction would very likely damage the chute device. An attempt was made at fitting
an unloaded Ferno Basket into the chute (Figure 5.11a and Figure 5.11b), however, it was
not possible to safely get the stretcher into the first cell of the device and the attempt was
abandoned. In fact, even removing the empty Ferno Basket from the chute proved to be a
difficult task.

Figure 5.11: (a) Attempting to fit the Ferno Basket into the chute and (b) Attempting to
turn the Ferno Basket in the chute

@ (b)

It was possible to move a loaded Sked through the chute due to its flexible nature
(Figure 5.12). However, doing so took more than 30min and required two personnel to
travel with the casualty at all times. Throughout the trial, the handlers were required to
twist the stretcher in often unnatural positions to make the turns for each cell — turns were
required to try and prevent striking or scraping the face of the casualty as the stretcher
moved from cell to cell and slid over the chute material. The heavy mannequin was used

for this trial (test no. 15 from the test matrix in Table 3).
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Figure 5.12: Sked stretcher being moved through the chute

In an effort determine if the unnatural twists and turns would actually be possible
to perform with a real human, one of the investigators volunteered to be evacuated
through the chute in the Sked (Figure 5.13). The mass of the volunteer was 89kg (not

including the Sked mass).
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Figure 5.13: Sked stretcher being used to evacuate one of the investigators

The time required to perform this task again exceeded 30min. From considerations
of casualty comfort, the investigator indicated considerable concern at each turn of the
Sked and general discomfort at having to constantly resist motions throughout the
evacuation. Had the casualty not been fully conscious and in good health, the experience

may have resulted in further injury.

5.4  Discussion
The International Maritime Organization indicates the evacuation time allowed for
complete abandonment of a ship should not exceed 30 minutes (IMO, 2002). In the case

of passenger vessels equipped with a MES as the primary evacuation system, this 30

5-20



minute period shall be sufficient “to enable the total number of persons for which it [the
system] is designed, to be transferred from the ship into the inflated liferafts” (IMO
2003). The problem with this regulation is that it does not consider the number of possible
stretcher evacuation cases.

Data from the current study suggest that it will take on average 89.3s and a
maximum of 129.8s for a loaded stretcher to descend through the slide and be placed into
its final position in the raft. The Stokes Litter and Ferno Basket are both solid frame
construction whereas the Sked is not. When considering that the Sked had a higher
evacuation time compared with the first two stretcher types, it can be inferred that the
Sked is the least efficient stretcher for evacuating a passenger ship via a slide MES. It is
not surprising that the trials using the heavy mannequins saw faster times going down the
slide. However, with increased momentum, the ability to safely carry an injured person
across an open collection platform may decrease.

The Ferno Basket appears to have been the most efficient as it was on average
1.3s faster than the Sked trials and 5.3s faster that the Stokes Litter trials. Examination of
interval 2 results showed that it took approximately the same amount of time to transfer
the Ferno Basket and the Stokes Litter, 64.4s and 67.4s respectively. On the other hand
* there was an increase in the average time that it took to transfer the Sked as it took 78.3s,
11s longer than the Stokes Litter and 14s longer than the Ferno Basket.

It would be preferable to use devices such as slides and chutes only for able
bodied individuals, although manufacturers suggest these devices can handle stretcher
cases as well. The difficulty becomes whether the required amount of time to evacuate

passengers will be sufficient to evacuate a ship in time. The assumptions used for this
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project were that the stretcher case can only be evacuated from the vessel using slides and
chutes of the design and manufacture available at the OSSC. The assumption must also be
made that the devices are representative of similar systems.

It must be acknowledged that these evacuations were performed under ideal
conditions — indoors and protected from harsh weather conditions and heavy seas. It
should also be noted that these data do not include the time required to get the casualty
situated in the stretcher or removed from the stretcher. Thus, reported times should be
considered ideal.

This research identifies several issues that should be of interest to regulatory
bodies. In a mass casualty situation, the number of injured personnel could easily exceed
the number of uninjured and trained personnel (Coleshaw et al, 1998). In the current
study all evacuation personnel were in good health. It is recommended that all
crewmembers of passenger vessels obtain basic MES training under as realistic
conditions as possible.

Proper belay and rope systems were used for each trial of this study and
coordinated by instructors trained to use these specific devices. When a stretcher
ultimately arrives at the device boarding platform, the equipment available to control the
~ * lowering of the stretcher is not regulated and hence a simple hauling system was rigged
and used for the duration of the tests performed. The training of the crew member in
charge at this location is also assumed to be of a high standard. In a real life situation it is
safe to assume that these rope systems would not likely be available. In reality, even if
extensive evacuation gear were made available to ship’s crew, most would not be able to

use these devices efficiently unless under ideal evacuation conditions. Furthermore,
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regulations make no provision for the number of stretchers to be carried by these vessels.
Certainly, sufficient numbers should be placed onboard to ensure casualty packing and
stretcher return are not limiting factors in the evacuation process. More research effort is
required to properly define the scenarios related to such work and to suggest areas for
additional crew training.

In addition, questions exist with regard to the handling of stretcher cases on arrival
to the collection platform — how many crew are available to perform the lift, what is their
experience in such cases, are these individuals also medical emergency personnel? Do
collection platform crews accompany the stretcher into the liferaft or hand it off to
additional personnel already inside the liferaft? If there is more than one person requiring
a stretcher, is the first evacuee removed from the stretcher so it can be sent back to the top
of the MES for repackaging another individual? The answer to this question depends on
the reason the individual is in the stretcher to begin with — if an injury, it is unlikely that
medical emergency personnel will want to remove that person from the stretcher.
However, if the individual is elderly or physically handicapped, it may be feasible to
remove them from the stretcher to use it for evacuation of another person. If the stretcher
is returned back to the top of the MES for additional use, is it returned using the MES or

‘is it simply raised using the rope handling equipment outside the confines of the MES?
The aésumption made for the present work is that the stretcher would be hauled back up
the slide but it would not be practical to return the stretcher to the top of the chute through

the inside since the likelihood of getting the stretcher stuck inside the chute is high.
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Compared to the real world situation, questions are raised as to whether crew
would accompany a stretcher from the collection platform to the inside of the liferaft or if
these personnel would remain in the collection raft and hand-off the stretcher to crew and
emergency personnel inside the liferaft. The most likely reason stretcher handlers would
remain in the collection platform would be to receive additional stretcher cases.
Ultimately, this question of procedure is more a decision of the crew at the time of the
emergency and their judgment of the situation than it is a defined methodology.

From the attempts made to lower the stretcher in the chute it is believed that the
time required to plan and perform this operation would be considerable and significantly
slow the progress of the overall evacuation. Based on the limited efforts described, it is

not recommended that this type of chute design be employed for the evacuation of

stretcher cases.

5.5 Conclusions and Recommendations

In describing regulations about the performance of marine evacuation systems the

current IMO Life-Saving appliances code states that:

“A marine evacuation system shall be:

6.2.2.1.1 capable of deployment by one person”
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6.2.2.1.2 such as to enable the total number of persons for which it is designed, to be
transferred from the ship into the inflated liferafts within a period of 30
min in the case of a passenger ship and of 10 min in the case of a cargo

ship from the time the abandon ship signal is given”

Findings indicate that stretchers can be successfully evacuated using a slide,
however, it has been deemed not practical or safe to evacuate stretcher cases through
chutes similar in manufacture to the Selantic system described in this report.

The regulation above states that the evacuation system should enable the total
amount of persons for which it is designed to be transferred into the inflated liferafts. This
regulation obviously does not take stretcher cases into consideration as much less people
would be able to fit into a liferaft with even one stretcher case involved. Also, based on
the study’s findings, in an evacuation involving a large number of stretcher cases, it
would be. extremely difficult to evacuate all healthy passengers, injured/disabled
passengers and vessel personnel in the 30 minute period unless sufficient numbers of

appropriate devices and associated equipment were available to well-trained personnel.

Recommendations from this work include:
1. Better definition of the ship’s requirements for handling of stretcher cases is
important should a vessel in peril require evacuation of multiple stretcher-

confined casualties via MES.
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. Equipment available for evacuating stretcher cases in MES should include. at a
minimum, simple load rated hauling systems with specialized rope rated for lifting
of loads involving humans. This equipment should be operated by crew members
trained properly in rope handling techniques for such situations.

. When possible, stretcher cases should be evacuated through means other than
MES. MES should be used only as a last resort.

. Chutes of the type used in this work should not be employed for evacuating
stretcher cases.

. Other chute designs may work more safely and effectively, however, further
testing would be required to ensure this is the case.

. If no other means but chutes as used for this present study are available for
evacuating stretcher cases an alternate means of evacuating stretcher cases may be
to use technical rope handling to lower the stretcher over the side of the vessel and
into a collection platform, liferaft or lifeboat, as long as crew are properly trained

and properly equipped.
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CHAPTER 6
Summary

The studies discussed in this report have all successfully provided insight into
some of the critical aspects of MES design. It has been found that a number of current
regulations that are in place are deficient and that some points that should be considered
by regulatory bodies haven’t been taken into account.

By collecting anthropometric data on an offshore population a number of
important discoveries were made. Firstly, the current regulation states that the average
mass of a person using a lifeboat is 75kg. It is suggested that this mass be increased to
90kg from the current value. Secondly, the current seat allocation for a lifeboat is 430mm.
This is based on hip breadth (seated) measurements. It was found that average shoulder
breadth measurements were much larger and therefore the IMO standard for maximum
linear width of the seat should be increased to 555mm based on a standard derived from
the upper torso anthropometrics rather than the hip dimensions.

Currently, impact data for marine evacuation does not exist. This study examined
some of the forces that do act on the body during evacuation using MES. The forces were
quul_ld to reach potentially harmful levels that could have especially adverse effects on
elderly ;dults or persons in poor condition. With this being said it is suggested that
regulatory bodies gain further insight into impact data and consider including such into
future regulations for MES design.

Current regulations state that an MES shall enable the total number of persons for

which it is designed to be transferred from the ship into the inflated liferafts within a
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period of 30 min. In the final study discussed in this report, mannequin loaded stretchers
were moved through a MES to find both the time it took to evacuate a casualty in a
stretcher and to determine the forces acting on the stretcher. The main finding was that
evacuating a casualty is a time consuming event and, if a mass casualty situation was to
occur, it would be extremely difficult to evacuate all passengers within the regulated 30
minutes. Therefore, it has been suggested that every ship’s requirements for handling of
stretcher cases is evaluated and that, when possible, stretcher cases should be evacuated

through means other than MES.
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