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GTR No. 9 — Draft proposal for Amendment 2

Note: The text reproduced below was prepared by the chairman of the informal working group on
the global technical regulation No. 9 (Pedestrian safety)-Phase 2 proposing the use of a flexible
pedestrian lower legform impactor in the global technical regulation No. 9 (pedestrian safety) -
Phase 2. The modifications to the current text of gtr No. 9 on pedestrian safety are marked in bold
for new or strikethrough for deleted characters. Text in square brackets is still under discussion
and consideration of the informal group.
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Statement of technical rationale and justification

1. Review of Flex-TEG activities

2. Assessment of biofidelity

3. Assessment of benefit and costs

4. Technical specifications (drawings) and PADI (user manual)
5. Evaluation of durability

6. Test procedure

7. Certification tests

8. Review of test results

9. Evaluation of reproducibility and repeatability

10. Performance / injury criteria and threshold values
11. Evaluation of vehicle countermeasures

12. Recommendations for introducing the flexible lower legform impactor



B.

Text of the regulation

Insert new paragraph 3.23., to read:

"[3.23

Primary reference marks™ means holes, surfaces, marks and
identification signs on the vehicle body. The type of reference mark used
and the vertical (Z) position of each mark relative to the ground shall be
specified by the vehicle manufacturer according to the running
conditions specified in paragraph 3.22. These marks shall be selected
such as to be able to easily check the vehicle front and rear ride heights
and vehicle attitude.

If the primary reference marks are found to be within + 25 mm of the
design position in the vertical (Z) axis, then the design position shall be
considered to be the normal ride height. If this condition is met, either
the vehicle shall be adjusted to the design position, or all further
measurements shall be adjusted, and tests performed, to simulate the
vehicle being at the design position.]"

Paragraphs 3.23 to 3.31., renumber as paragraphs 3.24. to 3.32.

Paragraph 5.1.1., amend to read:

"5.1.1.

When tested in accordance with paragraph 7.1.1. (lower legform to
bumper), the maximum dynamic medial collateral ligament elongation
at the knee shall not exceed 22 mm, and the dynamic bending moments
at the tibia shall not exceed 340 Nm. The maximum dynamic anterior
cruciate ligament and posterior cruciate ligament elongation shall not
exceed 13 mm. In addition, the manufacturer may nominate bumper test
widths up to a maximum of 264 mm in total where the tibia bending
moment shall not exceed 380 Nm. A Contracting Party may restrict
application of the relaxation zone requirement in its domestic legislation
if it decides that such restriction is appropriate.

Paragraph 6.3.1.1., amend to read:

"6.3.1.1.

flexible lower Eewer legform impactor:"

The flexible lower legform impactor shall consist of flesh, flexible long
bone segments (representing femur and tibia), and a knee joint as shown
in Figure 12.

The overall length of the impactor shall be 928 + 3 mm, having a
required mass of 13.2 + 0.7 kg including flesh. The length of the femur,
knee joint, and tibia shall be 339 £ 2 mm, 185 + 1 mm, and 404 £ 2 mm



6.3.1.1.1.

6.3.1.1.2.

6.3.1.1.3.

respectively. The knee joint centre position shall be 94 £ 1 mm from the
top of the knee joint.

Brackets, pulleys, protectors, connection parts, etc. attached to the
impactor for the purpose of launching and/or protecting may extend
beyond the dimensions shown in Figure 12 and Figure 13.

The cross-sectional shape perpendicular to the Z-axis of the femur and
tibia main bodies shall be 90 + 2 mm in width along the Y-axis,
and 84 = 1 mm in width along the X-axis as shown in Figure 13 (a). The
impact face shall be 30 £ 1 mm in radius, 30 £ 1 mm in width along the
Y-axis, and 48 £ 1 mm in width along the X-axis as shown in Figure 13

(@)

The cross-sectional shape perpendicular to the Z-axis of the knee joint
shall be 108 + 2 mm in width along the Y-axis, and 118 £ 1 mm in width
along the X-axis as shown in Figure 13 (b). The impact face shall
be 103+ 1 mm in radius, 12 + 1 mm in width along the Y-axis,
and 86 = 1 mm in width along the X axis as shown in Figure 13 (b).

The masses of the femur and tibia without flesh, including the connection
part to the knee joint, shall be 2.46 + 0.12 kg and 2.64 + 0.13 kg
respectively. The mass of the knee joint without flesh shall be 4.28 + 0.21
kg. The total mass of the femur, knee joint and tibia shall
be 9.38 + 0.47 kg.

The centre of gravity of the femur and tibia without flesh, including the
connection part to the knee joint, shall be 159 + 8 mm and 202 + 10 mm
respectively from the top, but not including the connection part to the
knee joint, of each part as shown in Figure 12. The centre of gravity of
the knee shall be 92 + 5 mm from the top of the knee joint as shown in
Figure 12.

The moment of inertia of the femur and tibia without flesh, including the
connection part inserted to the knee joint, about the X-axis through the
respective  centre of gravity shall be 0.0325+ 0.0016 kg m?
and 0.0467 £ 0.0023 kgm?2 respectively. The moment of inertia of the
knee joint about the X axis through the respective centre of gravity shall
be 0.0180 + 0.0009 kg m2.



6.3.1.1.4.

6.3.1.1.5.

6.3.1.1.6.
6.3.1.1.6.1.

6.3.1.1.6.2.

For each test, the impactor (femur, knee joint, and tibia) shall be covered
by flesh composed of synthetic rubber sheets (R1, R2) and neoprene
sheets (N1F, N2F, N1T, N2T, N3) as shown in Figure 14. The sheets are
required to have a compression characteristic as shown in Figure 15. The
compression characteristic shall be checked using the same batch of
sheets as those used for the impactor flesh. The size of the sheets shall be
within the requirements described in Figure 15.

The test impactor or at least the flesh shall be stored for at least four
hours in a controlled storage area with a stabilized temperature
of 20 £ 2°C prior to impactor removal for calibration. After removal
from the storage, the impactor shall not be subjected to conditions other
than those pertaining in the test area.

Lower legform instrumentation

Four transducers shall be installed in the tibia to measure bending
moments applied to the tibia. The sensing locations of each of the
transducers are as follows: tibia-1: 134 £1 mm, tibia-2: 214 +1 mm,
tibia-3: 294 £ 1 mm and tibia-4: 374 £ 1 mm below the knee joint centre
respectively as shown in Figure 16. The measurement axis of each
transducer shall be the X-axis of the impactor.

Three transducers shall be installed in the knee joint to measure
elongations of the medial collateral ligament (MCL), anterior cruciate
ligament (ACL), and posterior cruciate ligament (PCL). The
measurement locations of each transducer are shown in Figure 16. The
measurement locations shall be within £ 4 mm along the X-axis from the
knee joint centre.




6.3.1.1.6.3.

6.3.1.1.6.4.

6.3.1.1.7.
6.3.1.1.7.1.

6.3.1.1.7.2.

The instrumentation response value channel frequency class (CFC), as
defined in 1SO 6487:2002, shall be 180 for all transducers. The CAC
response values, as defined in 1SO 6487:2002, shall be 30 mm for the
knee ligament elongations and 400 Nm for the tibia bending moments.
This does not require that the impactor itself be able to physically
elongate or bend until these values.

The measurements for the flexible lower legform impactor shall be taken
only for the major impact with the vehicle prior to the rebound phase.
All maxima occurring during or after the rebound phase shall be
ignored. For example, the zero crossing after the maximum of the MCL
elongation or of the tibia bending moments shall be considered as the
end of the major impact with the vehicle.

flexible lower legform impactor-Lewertegform certification

The flexible lower legform impactor lewer—legform shall meet the
performance requirements specified in paragraph 8.

The impactor shall be certified according to the inverse type dynamic
certification test described in paragraph 8.1.3. After the initial inverse
type dynamic certification test, the certified impactor shall be re-
certified according to the pendulum type dynamic certification test
described in paragraph 8.1.2. after every 10 vehicle tests, except that the
inverse type dynamic certification test will be repeated instead after
every 30 vehicle tests.




Delete Figures 12, to read:
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Insert new Figures 12 to 16, to read:
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Figure 12 Flexible lower legform impactor; Dimensions and C.G. locations of femur,
knee joint and tibia (Side view)
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Top view
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Figure 13 flexible lower legform impactor; femur, tibia, and knee dimensions (Top view)
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Figure 14 Flexible lower legform impactor; flesh dimensions



12

— Upper limit
10 F Lower limit

Stress (MPa)
(o2}

0 0.2 0.4 0.6 0.8 1
Strain

(a) Synthetic rubber sheets

— Upper Limit
51 Lower Limit

Stress (MPa)
w IS

N
T

0 02 04 06 08 1
Strain
(b) Neoprene sheets

Figure 15 Flexible lower legform impactor; flesh compression
characteristics



12

Knee joint block center without impact face
|

ACL 2'5 PCL

= Nl [ \

30
PEEN MCL: Medial collateral ligament
! 36 ACL: Anterior cruciate ligament
______ | l¢—> PCL: Posterior cruciate ligament
Direction [ | B 1 _Knee joint center
of travel | ! A A
5 Tolerance of each
= bt location is +/- 1 mm
Tibia-1 D S
(=2}
N <
&
Tibia-2
Z axis Tibia-3 v
Tibia-4 v
Y axis X axis
Unit: mm

Figure 16 flexible lower legform impactor; instrument locations

Paragraph 6.3.1.2., amend to read:
"..., foam covered at the impact side, and 350 = 5 mm long (see Figure +317)."
Paragraph 6.3.1.2.9.1., amend to read:
"...in three positions, as shown in Figure 4317, each using a separate channel. ...."
Paragraph 6.3.1.2.9.2., amend to read:
"...at positions 50 mm either side of the centre line (see Figure +317)."
Title of Figure 13(former), renumber as Figure 17.
Paragraph 6.3.2.1., amend to read:
"6.3.2.1. Child headform impactor (see Figure +418)
The child.......... "
Paragraph 6.3.2.1.1., amend to read:
"6.3.2.1.1. ... axis perpendicular to the mounting face A (see Figure +418) and ..."
Figure 14 (former), renumber as Figure 18.
Paragraph 6.3.2.2., amend to read:
"6.3.2.2. Adult headform impactor (see Figure +519)
The adult ... as shown in Figure +519. The mass ..."

Figure 15 (former), renumber as Figure 19.



Paragraph 6.3.2.2.1., amend to read:

"6.3.2.2.1.

... axis perpendicular to the mounting face A (see Figure +519) and ..."

Figure 16 (former), renumber as Figure 20.

Paragraphs 7.1.1. to 7.1.1.4., amend to read:

"7.1.1.

7.1.1.1.
7.1.1.2.

7.1.1.3.

7.1.1.3.1.

Flexible lower legform impactor Lewerltegform to bumper test procedure:

Each test shall be completed within two hours of when the impactor to be
used is removed from the controlled storage area.

The selected target points shall be in the bumper test area.

The direction of the impact velocity vector shall be in the horizontal
plane and parallel to the longitudinal vertical plane of the vehicle. The
tolerance for the direction of the velocity vector in the horizontal plane
and in the longitudinal plane shall be +2° at the time of first contact.
The axis of the impactor shall be perpendicular to the horizontal plane,
with a roll and pitch angle tolerance of+2° in the lateral and
longitudinal plane. The horizontal, longitudinal and lateral planes are
orthogonal to each other (see Figure 20).

The bottom of the impactor shall be at 75 mm above ground reference
plane at the time of first contact with the bumper (see Figure 21), with
a 10 mm tolerance. When setting the height of the propulsion system,
an allowance must be made for the influence of gravity during the period
of free flight of the impactor.

The lower legform impactor for the bumper tests shall be in *free flight'
at the moment of impact. The impactor shall be released to free flight at
such a distance from the vehicle that the test results are not influenced
by contact of the impactor with the propulsion system during rebound of
the impactor.

The impactor may be propelled by any means that can be shown to meet
the requirements.
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7.1.1.3.2.

7.1.1.3.3.

7.1.1.3.4.

7.1.1.4.

At the time of first contact the impactor shall have the intended
orientation about its vertical axis, for the correct operation of its knee
joint, with a yaw angle tolerance of + 5° (see Figure 20).

| . ical_axis._for . s 1 oint_wit
tolerance-of =5°(see Figure 16}

At the time of first contact the centre line of the impactor shall be within
a £ 10 mm tolerance of the selected impact location.

During contact between the impactor and the vehicle, the impactor shall not
contact the ground or any object which is not part of the vehicle.

The impact velocity of the impactor when striking the bumper shall
be 11.1 £ 0.2 m/s. The effect of gravity shall be taken into account when the
impact velocity is obtained from measurements taken before the time of first
contact."



Figures 17(former), renumber as Figure 21 and amend to read:
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Figure +7 21 Flexible lower legform impactor Eewerlegform-to bumper tests for complete vehicle in
normal ride attitude (left) and for cut-body mounted on supports (right) (see paragraph 7.1.1.3.) "
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Paragraphs 8.1. t0 8.1.3.4.4., to read:

"8.1.
8.1.1.
8.1.1.1.

8.1.1.2.

8.1.1.3.

Flexible lower legform impactor Lewerlegform-impaetor certification

Static certification tests

The femur and tibia of the flexible lower legform impactor shall meet the
requirements respectively specified in paragraph 8.1.1.2. when tested as
specified in paragraph 8.1.1.4. The knee joint of the lower legform
impactor shall meet the requirements specified in paragraph 8.1.1.3.
when tested as specified in paragraph 8.1.1.5. The stabilized temperature
of the impactor during the certification tests shall be 20° + 2°C.

The CAC response values, as defined in 1SO 6487:2002, shall be 30 mm
for the knee ligament elongations and 4 kN for the applied external load.
For these tests, low-pass filtering at an appropriate frequency is
permitted to remove higher frequency noise without significantly
affecting the measurement of the response of the impactor.

When the femur and tibia of the impactor are loaded in bending in
accordance with paragraph 8.1.1.4., the applied moment and generated
deflection at the centre of the femur and tibia (M. and D.) shall be within
the corridors shown in Figure 22.

When the knee joint of the impactor is loaded in bending in accordance
with paragraph 8.1.1.5., the MCL, ACL, and PCL elongations and
applied bending moment or force at the centre of the knee joint (M, or
F.) shall be within the corridors shown in Figure 23.




8.1.1.4.

8.1.1.5.

The edges of the femur and tibia, not bending parts, shall be mounted to
the support rig firmly as shown in Figure 24 and Figure 25. The Y-axis
of the impactor shall be parallel to the loading axis within 180 + 2°
tolerance. In order to avoid friction errors, roller plates shall be set
underneath the support rigs.

The centre of the loading force shall be applied at the centre of the femur
and tibia within £+ 2° tolerance along the Z-axis. The force shall be
increased at a rate between 10 and 100 mm/minute until the bending
moment at the centre part (M,) of the femur or tibia reaches 400 Nm.

The edges of the knee joint, not bending parts, shall be mounted to the
support rig firmly as shown in Figure 26. The Y-axis of the impactor
shall be parallel to the loading axis within 180 + 2°. In order to avoid
friction errors, roller plates shall be set underneath the support rigs. To
avoid impactor damage, a neoprene sheet shall be set underneath the
loading ram and the impactor face of the knee joint which is described in
the Figure 13 shall be removed. The neoprene sheet used in this test shall
have compression characteristics as shown in Figure 15.

The centre of the loading force shall be applied at the centre of the knee
joint within + 2° tolerance along the Z-axis. The external load shall be
increased at a rate between 10 and 100 mm/minute until the bending
moment at the centre part of the knee joint (M) reaches 400 Nm.

Dynamic certification tests (pendulum type)
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8.1.2.1.

8.1.2.2.
8.1.2.2.1.

8.1.2.2.2.

The flexible lower legform impactor lewerlegform-impaetor(femur, knee
joint and tibia are connected/assembled firmly) shall meet the

requirements specified in paragraph 8.1.2.3. when tested as specified in
paragraph 8.1.2.4.

Certification

The test facility used for the certification test shall have a stabilized
temperature of 20 + 2 °C during certification.

The temperature of the certification area shall be measured at the time
of certification and recorded in a certification report.

Requirements

When the flexible lower legform impactor is used for a test as specified
in paragraph 8.1.2.4., the maximum bending moment of the tibia at
tibia-1 shall be not more than 272 Nm and not less than 235 Nm, the
maximum bending moment at tibia-2 shall be not more than 219 Nm and
not less than 187 Nm, the maximum bending moment at tibia-3 shall be
not more than 166 Nm and not less than 139 Nm, and the maximum
bending moment at tibia-4 shall be not more than 111 Nm and not less
than 90 Nm. The maximum elongation of MCL shall be not more than
24.0 mm and not less than 20.5 mm, the maximum elongation of ACL
shall be not more than 10.5 mm and not less than 8.0 mm, and the
maximum elongation of PCL shall be not more than 5.0 mm and not less
than 3.5 mm.

For all these values, the readings used shall be from the initial impact
timing to 250 ms after the impact timing.




8.1.2.3.2.

8.1.2.4.
8.1.2.4.1.

8.1.2.4.2.

The instrumentation response value CFC, as defined in 1SO 6487:2002,
shall be 180 for all transducers. The CAC response values, as defined in
I1SO 6487:2002, shall be 30 mm for the knee ligament elongations and
400 Nm for the tibia bending moments. This does not require that the
impactor itself be able to physically elongate and bend to these values.]

Test procedure

The flexible lower legform impactor, including flesh, shall be suspended
from the dynamic certification test rig 15 + 1° upward from the
horizontal as shown in Figure 27. The impactor shall be released from
the suspended position, whereupon the impactor falls freely against the
pin joint of the test rig as shown in Figure 27.

The knee joint centre of the impactor shall be 30 £ 1 mm below the
bottom line of the stopper bar, and the tibia impact face without flesh
shall be located 13 + 2 mm from the front upper edge of the stopper bar
when the impactor is hanging freely as shown in Figure 27.
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8.1.3.
8.1.3.1.

8.1.3.2.
8.1.3.2.1.

8.1.3.2.3.

8.1.3.3.
8.1.33.1.

8.1.3.3.2.

8.1.3.4.
8.1.3.4.1.

8.1.34.2.

Dynamic certification tests (inverse type)

The flexible lower legform impactor with flesh (femur, knee joint, and
tibia are connected/assembled firmly) shall meet the requirements
specified in paragraph 8.1.3.3. when tested as specified in paragraph
8.1.3.4.

Certification

The test facility used for the certification test shall have a stabilized
temperature of 20 + 2 °C during certification.

The temperature of the certification area shall be measured at the time
of certification and recorded in a certification report.

Requirements

When the flexible lower legform impactor is used for the test specified in
paragraph 8.1.3.4., the maximum bending moment of the tibia at tibia-1
shall be not more than 272 Nm and not less than 230 Nm, the maximum
bending moment at tibia-2 shall be not more than 252 Nm and not less
than 210 Nm, the maximum bending moment at tibia-3 shall be not more
than 192 Nm and not less than 166 Nm, and the maximum bending
moment at tibia-4 shall be not more than 108 Nm and not less than 93
Nm. The maximum elongation of the MCL shall be not more than 21.0
mm and not less than 17.0 mm, that of the ACL shall be not more than
10.0 mm and not less than 8.0 mm, and that of the PCL shall be not more
than 6.0 mm and not less than 4.0 mm.

For all these values, the readings used shall be from the initial impact
timing to 50 ms after the impact timing.

The instrumentation response value CFC, as defined in 1SO 6487:2002,
shall be 180 for all transducers. The CAC response values, as defined in
I1SO 6487:2002, shall be 30 mm for the knee ligament elongations and
400 Nm for the tibia bending moments. This does not require that the
impactor itself be able to physically elongate and bend to these values.

Test procedure

The fully assembled flexible lower legform impactor (with flesh and skin)
shall be stationary suspended vertically from a test rig as shown in
Figure 28. It is then impacted by the upper edge of a linearly guided Al
honeycomb impactor, covered by a thin (less than 1 mm thickness) paper
cloth, at an impact speed of 11,1 £ 0,2 m/s. The legform is to be released
from the test rig within 10 ms after the time of first contact to ensure a
free flight condition.

The honeycomb of 5052 alloy, which is attached in front of the moving
ram, shall have a crush strength of 75 psi + 10 per cent and dimensions
of 1=200£5 mm, w=160+£5 mm and d=60%+2 mm. To ensure a
consistent and good level of repeatability, the honeycomb should either
have a 3/16 inch cell size or a 1/4 inch cell size. The honeycomb should



8.1.3.43.

8.1.3.44.

have a density of 2.0 pcf in combination with a 3/16 inch cell size or a
density of 2.3 pcf in combination with a 1/4 inch cell size.

The upper edge of the honeycomb face is to be in line with the rigid plate
of the linearly guided impactor. At the time of first contact, the upper
edge of the honeycomb is to be in line with the knee joint centre line
within a vertical tolerance of 0 £ 2 mm. The honeycomb shall not be
deformed before the impact test.

The flexible lower legform impactor pitch angle and therefore the pitch
angle of the velocity vector of the honeycomb impactor (rotation around
Y-axis) at the time of first contact shall be within a tolerance of 0 + 2° in
relation to the lateral vertical plane. The flexible lower legform impactor
roll angle and therefore the roll angle of the honeycomb impactor
(rotation around X-axis) at the time of first contact shall be within a
tolerance of 0 + 2°in relation to the longitudinal vertical plane. The
flexible lower legform impactor yaw angle and therefore the yaw angle
of the velocity vector of the honeycomb impactor (rotation around Z-
axis) at the time of first contact shall be within a tolerance of 0+2°, to
ensure a correct operation of the knee joint."
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Delete Figures 18 to Figure 21, to read:
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Insert new Figures 22 to 28., to read:
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Figure 22 Flexible lower legform impactor requirement corridor of femur and tibia in static certification test

(see paragraph 8.1.1.2.)
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Figure 23 Flexible lower legform impactor requirement corridors for
knee joint in static certification test (see paragraph 8.1.1.3.)
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Figure 24 Flexible lower legform impactor test set-up for femur in static certification
tests
(see paragraph 8.1.1.4.)
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Figure 25 Flexible lower legform impactor test set-up for tibia in static certification test
(see paragraph 8.1.1.4.)
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Figure 26 Flexible lower legform impactor test set-up for knee joint in static
certification test (see paragraph 8.1.1.5.)
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Figure 27 Flexible lower legform impactor test set-up for dynamic lower legform impactor

28

certification test, pendulum type (see paragraph 8.1.2.4.)
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Figure 28 Flexible lower legform impactor test set-up for dynamic lower legform
impactor certification test, inverse type (see paragraph 8.1.3.4.)
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Paragraph 8.2.4.6., amend to read:

"... atavelocity of 7.1 + 0.1 m/s into the stationary pendulum as shown in Figure 2429."
Paragraph 8.3.3.1., renumber as paragraph 8.4.3.1. and amend to read:

"...impactor shall be suspended from a drop rig as shown in Figure 2530."

Paragraph 8.3.3.3., amend to read:

"... impactor with respect to the vertical as shown in Figure 2539. The suspension of ..."

Figures 23 to Figure 25 (former), renumber as Figures 29 to Figures 31.

'



Justification
[Based on the results of the TEG as well as IG GTR9 PH2 activities, the IG GTR9

PH2 proposes the above-mentioned draft amendments to the gtr on pedestrian protection
(GTR No. 9)] .

Statement of technical rationale and justification

tbd

Text of the regulation

Paragraph 3.23.: [To cover tolerances in built-up, adjustment and alignment of a test
vehicle in actual testing it recommended to include the concept of the primary reference
marks, which is already defined in Part A of gtr9 also into in Part B of gtr9. The definitions
shall give clear guidelines and definitions needed to be able to perform the approval test
during the type approval of vehicles and verification testing for self-certification. The

proposed definitions for test vehicles are already incorporated in applicable regulative
language for pedestrian protection.]

Insert a new Paragraph 3.30.: new definitions were inserted to introduce the flexible lower
legform impactor (editorial)

Paragraph 5.1.1.: replaced by flexible lower legform impactor requirements.

Paragraph 6.3.1.1. to 6.3.1.1.7.2: replaced by flexible lower legform impactor
requirements.

Delete Figures 12 : delete figure for EEVC lower legform impactor.

Insert new Figures 12 to 16 : insert figures for flexible lower legform impactor.
Paragraph 6.3.1.2. t0 6.3.2.2.1 and Figure 15 (former): renumbering (editorial).
Figure 16 (former): renumbering (editorial).

Paragraph 7.1.1. to 7.1.1.4.: replaced by flexible lower legform impactor requirements.

Figure 17 (former): renumbering and replaced by flexible lower legform impactor
requirements.

Paragraph 8.1. to 8.1.3.4.4.: replaced by flexible lower legform impactor requirements.
Delete Figures 18 to Figure 21 : delete figure for EEVC lower legform impactor.
Insert new Figures 22 to 28 : insert figures for flexible lower legform impactor.
Paragraph 8.2.4.6. to 8.3.3.3: renumbering (editorial).

Figure 23 to Figure 25 (former): renumbering (editorial).
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