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Abstract

The paper deals with measurement of the mechanical parameters
describing fall arrest by personal protective equipment in situations where
the user collides with a vertical structure as a result of a swing movement.
The process of swing fall arrest is characterized and the scope of tests
needed to obtain a description of such events from the point of view of
user safety is delineated. The paper also presents the developed test
method and experimental stand incorporating a Hybrid III 50th Pedestrian
ATD anthropomorphic dummy. Preliminary test results concerning
acceleration, force, moment of force, and dummy deformation are
discussed. The results indicate that the designed method and experimental
stand are well suited for the purpose. It has also been found that swing
falls pose a serious hazard to PPE users.

Keywords: anthropomorphic dummy, fall from height, pendulum motion,
measurement of mechanical parameters.

1. Introduction

Analysis of annual reports from the Central Statistical Office
(GUS) and the National Labor Inspectorate concerning accidents
at work in Poland reveals that one of their main causes is fall from
height. For instance, according to GUS data [1], in 2015 there
were 5452 such accidents causing 29 fatalities and 55 grave
injuries. The industrial sectors with the greatest incidence of
accidents involving fall from height include manufacturing,
construction, transport, and warehousing.

One of the most effective and widespread methods of preventing
falls from height is the use of specialized personal protective
equipment consisting of the following components [2,3]:

e anchor device,
e shock-absorbing connecting assembly,
e full body harness.

The anchor device is directly connected to the structural
elements of the work site. Its aim is to transfer the fall arresting
force to the aforementioned structural elements, which should
meet appropriate strength characteristic. Examples of such devices
include connectors [4], mobile anchor devices [5], webbing and
rope connectors, etc.

The shock-absorbing connecting assembly connects the anchor
device to the full body harness worn by the user. The purpose of
this element is to safely arrest the fall of the user. Here, safety is
defined as prevention of forces acting on the harness attachment
point larger than 6 kN and minimization of the fall distance.
Examples of shock-absorbing connecting assemblies are lanyards
with integrated textile energy absorbers [6] and guided type fall
arresters on flexible anchor lines [7].

The full body harness [8] is donned by the user. Its main
purpose is to distribute the dynamic forces generated during fall
arrest to those body parts that are characterized by suitable
resilience and to ensure that both during and after fall arrest the
user retains an appropriate position.

For many years now, the mechanics of fall arresting by personal
protective devices has been investigated by research institutes and
laboratories dealing with occupational safety. Research work has
focused on the forces and accelerations exerted on the user upon
fall arrest by different types of protective equipment, as well as on
estimating fall distance [9-13]. However, while both theoretical
simulations and laboratory experiments have been mostly
employed to describe idealized situations in which the user falls
vertically without any contact with the structural elements of the
work site, analysis of actual workplace accidents under industrial

conditions has shown that the user’s collision with such elements
may be equally harmful. Of particular note is impact resulting
from the swing movement arising during fall arrest. This may
occur if, at the beginning of the fall, the user is horizontally
displaced with respect to the point at which the shock-absorbing
connecting assembly is attached to the anchor element (see Figure 1).
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Fig. 1. Swing fall and collision with a vertical structural element of the work site
during fall arrest; 1 —anchor device, 2 — lanyard with integrated energy
absorber, 3 — full body harness, 4 — impact zone

Due to the user’s high kinetic energy, a collision with
a structural element, such as a wall, may pose a major hazard to
his or her health or life. The high urgency of this problem with
respect to persons working at height has provided a stimulus for
research into these issues.

As experimental studies on the mechanical phenomena
occurring during a swing fall cannot involve humans, an
anthropomorphic dummy was applied to imitate the mechanical
properties of the human body. Currently, one of the most
advanced test dummies is the Hybrid III, which is widely used in
vehicle safety testing. This paper presents an application of the
Hybrid III dummy for investigations of performance of personal
fall arrest equipment in situations of collision with vertical
structural elements of the work site upon a swing fall.

2. The use of dummies in safety testing

The basic tool currently used in full body harness testing under
dynamic conditions is a rigid dummy conforming to the standard
EN 364:1992 [14]. It is a 100 kg torso model with the center of
gravity determined on the basis of anthropometric measurements,
and it is primarily used for testing strength properties. In this case,
the only parameter linked to harness behavior upon fall arrest is
the angle formed between the back of the dummy and the vertical
plane. In terms of mechanical parameters, that dummy is not
a very good representation of the human body, and so it is not
suitable for advanced studies on mechanical behavior during fall
arrest.

With the development of road transport and aviation, increasing
attention has been given to the problems of safety. As a result,
researchers have long worked on developing models of the human
body that could simulate its behavior upon accidents, such as
motor vehicle collisions. The first anthropomorphic dummies
designed according to those premises were created at the end of
the 1940s. A good, modern example of the development of
anthropomorphic dummies is the Hybrid series [15]. Of particular
note is the model Hybrid III, which has been used for human
safety testing in various fields, such as the automotive and bicycle
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industries, sports (e.g., skiing), and falls on flat surfaces [16-22].
Importantly, the study [23] investigated the usefulness of the
Hybrid III head/neck assembly in testing sports headgear. A
Hybrid II dummy was also used for testing individual fall arrest
equipment in the absence of collision with structural elements of
the work site [24].

3. Method and experimental stand

For the purposes of determining the mechanical phenomena
occurring during swing fall arrest accompanied by a collision with
vertical structural elements of the work site, a test method and
a dedicated experimental stand were developed. The method was
based on the following main premises:

@ ability to study the mechanical factors having a significant effect
on human safety;

o simulation of the fundamental conditions of swing fall arrest,

@ ability to test different types of personal fall arrest equipment,

euse of a dummy that would reflect, to the greatest extent
possible, the mechanical properties of the human body.

The developed test method, meeting the above requirements,
involves an anthropomorphic dummy which is dropped from
a height and whose initial free fall is arrested by some personal
fall arrest equipment. The horizontal displacement of the point of
attachment of the shock-absorbing connecting assembly with
respect to the initial position of the dummy causes pendulum-like
swing motion. The final stage of a swing fall ends with an impact
of the dummy against a vertical flat element (a weight-bearing
wall reinforced with an aluminum plate). The time courses of the
mechanical parameters characterizing the behavior of the dummy
are recorded throughout the fall arrest and upon impact by means
of sensors installed in the dummy, a force sensor connected with
the shock-absorbing connecting assembly, and a high-speed digital
video camera. The data are analyzed after the cessation of dummy
movement. Tests are conducted according to this method using
a purpose built experimental stand constructed at the Department
of Personal Protective Equipment, Central Institute for Labour
Protection — National Research Institute. For a schematic see
Figure 2.
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Fig. 2. Experimental stand for studying mechanical phenomena accompanying
a swing fall arrest terminated with an impact against a vertical flat structural
element. 1 —rigid beam, 2 — wall-mounted crane, 3 — weight-bearing wall
with an aluminum plate, 4 — anthropomorphic dummy, 5 — force transducer,
6 — data acquisition system with an analog filter and amplifier, 7 — computer,
8 — high-speed digital camera, 9 — computer connected to the camera,
10 — latch controller, 11 — electromagnetic latch, 12 — interface, 13 — shock-
absorbing connecting assembly, 14 — full body harness

The main structural element of the stand is a 3-meter long
square-section rigid beam (1) installed in the weight-bearing walls
of the laboratory. The beam is made of welded steel elements. Its
rigidity at the point of loading conform to the standard EN
364:1992 [14], which specifies requirements on measurement
apparatus used in testing personal fall arrest equipment. The beam
is equipped with a mobile holder for a force measurement
transducer (5). One end of the beam (1) is installed above the
weight-bearing wall (3) with a 5 mm thick aluminum plate with
a size of 1.5 x 3.0 m. That aluminum-reinforced wall fragment
forms a rigid surface for testing dummy behavior (4) upon impact
while in a swing fall. The experimental stand is equipped with
a wall-mounted crane (2) which can move the dummy both
vertically and horizontally to a desirable position with respect to
the point of attachment of the shock-absorbing connecting
assembly (13) to the beam (1). The hook of the crane (2) is
attached to an electromagnetic latch (11), which holds the dummy
prior to fall initiation. The latch can be released by means of an
electrical signal from the controller (10). Furthermore, the
experimental stand has a system measuring the force acting at the
point of attachment of the shock-absorbing connecting assembly
during fall arrest. The system consists of a 9B-20kN force
measurement transducer from Hottinger (5) connected to MGA 1I
amplifiers from Hottinger, a MS210R/ET6 programmable analog
filter from IMD and a KUSB 3116 data acquisition system from
Keithley Metrabyte (6). The system records the time course of the
force arresting the fall of the dummy in the computer memory (7).
The amplitude and frequency parameters of that force
measurement system comply with the standard EN 364:1992 [14]
and the Recommendation for Use [25]. The data acquisition
system (6) is activated by a signal from the device (10) controlling
the electromagnetic latch. Thus, the recorded force time course
encompasses both the free fall and fall arrest stages.

A Cube 7 MotionBLITZ®EoSens fast-speed digital camera (8)
from Mikrotron GmbH records the movement of the dummy upon
collision with a vertical surface (3). The camera is connected to
a computer (9), which is used to program the recording mode and
to download data (images recorded at a preset speed). The camera
is triggered in sync by the controller (10). The experimental stand
is used in conjunction with a Hybrid III 50th Pedestrian ATD
anthropomorphic dummy from Humanetics (4). The internal
measurement system of the dummy is programmed prior to testing
by means of a computer (7) through an interface (12). Following
the tests, data from the internal memory of the dummy are
transferred to the computer (7) for further processing.

4. Anthropomorphic dummy

The selection of an anthropomorphic dummy to be used in
conjunction with the constructed experimental stand was informed
by the following requirements:

e the closest possible correspondence with the mechanical
properties of the human body under the studied circumstances,

e the most accurate simulation of falls arrested by personal
protective equipment,

e ability to be used with individual fall arrest equipment, and
especially safety harnesses conforming to the standard EN
361:2002 [8],

e ability to measure mechanical parameters linked to the safety of
the users of personal fall arrest equipment.

Based on publications [19, 23, 24], it was found that the above
conditions were met by the Hybrid III 50th Pedestrian ATD
anthropomorphic dummy from Humanetics [15]. This dummy was
primarily designed to simulate pedestrians in traffic safety testing.
Its pelvis enables both an upright and seated position, due to
which it can be used in conjunction with fall-arrest harnesses. This
78.15 kg dummy was constructed based on the 50th percentile of
selected anthropometric traits from the US population. The
dummy was equipped with measurement transducers, as described
in Table 1 and shown in Figure 3.
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Tab. 1. Measurement transducers installed in the anthropomorphic dummy

No. Measured parameter Number of Measurement
transducers range

1 Head acceleration in three 3 +1500 g
orthogonal directions

2 Chest acceleration in three 3 +1500 g
orthogonal directions

3 Pelvis acceleration in three 3 +1500 g
orthogonal directions

4 Chest deformation 1 +75 mm

5 Force in the cervical segment of 2 + 10000 N
the spine acting at right angles to
its axis

6 Force in the cervical segment of 1 + 14000 N
the spine acting in parallel to its
axis

7 Moments of force in the cervical 3 +300 Nm
segment of the spine

8 Force in the lumbar segment of 2 + 15000 N
the spine acting at right angles to
its axis

9 Force in the lumbar segment of 2 +20000 N
the spine acting in parallel to its
axis

10 Moments of force in the lumbar 3 + 600 Nm
segment of the spine

11 Forces in the right and left thighs 2 + 14000 N

12 Forces in the right and left arm 4 + 12000 N

13 Forces in the right and left 4 +11000 N
forearm

14 Moments of force in the left and 4 + 340 Nm
right arm

15 Moments of force in the left and 4 + 340 Nm
right forearm

Fig. 3. Location of transducers in the Hybrid IIT 50th Pedestrian ATD dummy.
1, 2, 3 — three-axial accelerometers, 4 — chest deformation transducer,
5 — three-axial force and moment of force transducer in the cervical segment
of the spine, 6 — three-axial force and moment of force transducer in the
lumbar segment of the spine, 7a and 7b — two-axial force and moment of
force transducers in the arms, 8a and 8b — two-axial force and moment of
force transducers in the forearms, 9a and 9b — force transducers in the thighs

The dummy is equipped with an internal data activation system
connected to the transducers, which is used to:
e power the mechanical quantities transducers,
e amplify and filter analog signals from the transducers,

e provide analog and digital processing of signals from the
transducers,

e trigger measurement when a preset criterion is met,

e record measurement data,

e exchange control and measurement data with an external
computer,

e signal of the current status, e.g., waiting for measurement
trigger, completion of data recording, data transfer, etc.

Data acquisition modes are programmed using an external
computer connected by a cable interface (12) (see Figure 2). After
programming, the cable connection is removed, and the dummy is
ready for measurement initiation (trigger). In tests of fall arrest
equipment, measurement is most often initiated by a head
acceleration threshold. The use of a measurement system that does
not require a cable connection between the dummy and an external
computer during measurement is particularly important in testing
fall arrest equipment. On the one hand, the abrupt movements of
the dummy during fall arrest could break the connection, while on
the other hand the cables could interfere with the mechanical
parameters of fall arrest.

5. Sample test results

A series of preliminary tests were conducted to evaluate the
study methodology and the experimental stand. The
anthropomorphic dummy was equipped with a full body harness
with thoracic and dorsal attachment points [8] and a lanyard made
of aramid fibers with low extensibility and terminated in a snap
hook. In the tests, the input variables were:

e dummy free fall distance,

e dummy position prior to fall, e.g., upright with its front, back, or
side facing the wall; horizontal with its head or legs facing the
wall; leaning with the legs supported, etc.;

e horizontal distance between the electromagnetic latch (11) and
the force measurement transducer (5) (see Figure 2),

e horizontal distance between the force measurement transducer
(5) and the vertical wall (3) (see Figure 2).

The output variables included all the parameters given in Table
1 as well as the fall arrest force measured by a transducer at the
point of attachment of the lanyard (5).

Sample photographs showing the position of the dummy upon
collision with the vertical wall are presented in Figures 4 and 5.

Selected results from tests in which the initial position of the
dummy was upright and the free fall distance was 0.5 m are given
in Figures 6 and 7. The horizontal displacement between the
electromagnetic latch (11) and the measurement force transducer
(5) was 0.5 m.

Fig. 4. Collision of the dummy with the vertical structural element for a full body
harness with a dorsal attachment point
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Fig. 7. Test results for a safety harness with a thoracic attachment point.
Abbreviations as in Figure 6

Summing up the test results, it may be concluded that:

e the experimental stand made it possible to generate swing falls
with the required parameters (amplitude, radius, final velocity of
the dummy upon impact),

e the position of the dummy upon impact was significantly
affected by the type of harness attachment point: when the
dorsal attachment point was used, the dummy leant forwards
and when the thoracic attachment point was used, it leant
backwards;

e the maximum force recorded at the lanyard anchor point did not
exceed 3 kN, and so it was less than 50% of the permissible
value of 6 kN [6],

e the maximum head acceleration levels were 400 g, which is
approx. 100 times as much as in a fall arrest without a pendular
movement,

e the relationship between head, chest, and pelvis acceleration
levels was determined by the position of the dummy upon
impact against a flat wall,

e forces in the thighs reached approx. 2000 N when the knees
impacted the vertical wall,

e forces in the arms and forearms reached up to 500 N when the
arms hit the wall,

e forces in the cervical segment of the spine upon impact were up
to 9000 N and were more than 60 times higher than those
generated during fall arrest without a swinging movement,
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o the recorded chest deformations did not exceed 10 mm, which is
acceptable from the standpoint of human safety,

o the effects of the harness on the dummy did not lead to any
dangerous situations, such as the displacement of the adjustment
buckles, which could potentially injure the face.

6. Summary and conclusions

Analysis of the results of preliminary tests shows that the
presented method and experimental stand enable excellent
simulation of swing fall arrests terminated by a collision with
a flat vertical surface. If a horizontal initial position of the dummy
is desirable, then special “stretchers” released by the
electromagnetic latch must be used. A Hybrid III 50th Pedestrian
ATD dummy equipped as described above enables measurement
of the most important parameters characterizing hazards to users
of personal fall arrest equipment. Yet another advantage of the
presented method and experimental stand is synchronous image
recording by means of a fast-speed camera coupled with a data
acquisition system, which facilitates the interpretation of the
mechanical phenomena accompanying a collision with a vertical
flat surface. The obtained results show the gravity of the swing
movement problem during falls arrested by personal protection
equipment. To date, the problem has not been adequately
addressed either in the research literature or in practical guidelines
for OSH services. The presented experimental stand is unique in
Poland and further tests conducted on it may provide valuable
information both for the safe usage of personal fall arrest
equipment and for the development of new generation equipment.

7. References

[1] Wypadki przy pracy w 2015 r. Glowny Urzad Statystyczny,
Warszawa 2016

[2] EN 363:2008 Personal fall protection equipment. Personal fall
protection systems

[3] Sulowski A.C. Fall protection systems — selection of equipment. In
A.C. Sulowski (Ed.), Fundamentals of fall protection (pp. 303 — 320).
Toronto, Canada: International Society for Fall Protection 1991

[4] European Committee for Standardization (CEN). (2004). Personal

protective equipment against falls from a height — Connectors

(Standard No. EN 362:2004). Brussels, Belgium

European Committee for Standardization (CEN). (2012). Personal fall

protection equipment - Anchor devices (Standard No. EN 795: 2012).

Brussels, Belgium

[6] European Committee for Standardization (CEN). (2002). Personal
protective equipment against falls from a height — Energy absorbers
(Standard No. EN 355:2002). Brussels, Belgium

[7] European Committee for Standardization (CEN). (2002). Personal
protective equipment against falls from a height — Self locking arrester
on flexible anchorage line (Standard No. EN 353-2:2002). Brussels,
Belgium

[8] European Committee for Standardization (CEN). (2002). Personal
protective equipment against falls from a height — Full body harnesses
(Standard No. EN 361:2002). Brussels, Belgium

[9] Sulowski A.C.: Assessment of maximum arrest force in fall arresting
systems. In A.C. Sulowski (Ed.), Fundamentals of fall protection.
Toronto, Canada: International Society for Fall Protection; 1991(pp.
165 —-192)

[10]Robinson L.: Development of a technique to measure the dynamic
loading of safety harness and lanyard webbing. HSL/2006/37

[11]Baszczynski K., Jachowicz M.: Load-Elongation Characteristics of
Connecting and Shock-Absorbing Components of Personal Fall Arrest
Systems. Fibres and Textiles in Eastern Europe. 2012, Vol 20, No.
6A(95) p.78 - 85

[12]Baszczynski K., Zrobek Z.: Dynamic Performance of Horizontal
Flexible Anchor Lines During Fall Arrest - A Numerical Method of

[5

—_

Simulation. International Journal of Occupational Safety and
Ergonomics, Central Institute for Labour Protection, volume 6,
number 4/2000, p. 521-534

[13]1Bedogni V., Manes A.: A constitutive equation for the behavior of a
mountaineering rope under stretching during a climber’s fall. Procedia
Engineering 10 (2011) 3353-3358

[14]European Committee for Standardization (CEN). Personal protective
equipment against falls from a height — Test methods (Standard No.
EN 364:1992). Brussels, Belgium: CEN; 1992

[15]http://www.humaneticsatd.com/

[16]Petrone N., Tamburlin L., Panizzolo F., Atzori B.: Development of an
instrumented anthropomorphic dummy for the study of impacts and
falls in skiing. 8th Conference of the International Sports Engineering
Association (ISEA). Procedia Engineering 2 (2010) 2587-2592

[17]Deemer E., Gina Bertocci G., Pierce M.C., Aguel F., Janosky J.,
Vogeley E.: Influence of wet surfaces and fall height on pediatric
injury risk in feet-first free falls as predicted using a test dummy.
Medical Engineering & Physics 27 (2005) 31-39

[18]Raymond D. E., Catena R. D., Vaughan T. R.: Biomechanics and
injury risk. Assessment of falls onto protective floor mats.
Rehabilitation Nursing, Vol. 36, No. 6, November/December, 2011:
248-54

[19]Bartsch A., Benzel E., Miele V., Morr D., PrakashV.: Hybrid III
anthropomorphic test device (ATD) response to head impacts and
potential implications for athletic headgear testing. Accident Analysis
and Prevention 48 (2012) 285-291

[20]Miyamoto S., Inoue S.: Reality and risk of contact-type head injuries
related to bicycle-mounted child seats. Journal of Safety Research 41
(2010) 501-505

[21]Perz R.: Metodyka badania podatnosci klatki piersiowej na obrazenia
podczas zderzenia czotowego. Prace Naukowe Politechniki
Warszawskiej, Zeszyt 100, Transport, 2013. Politechnika
Warszawska, Instytut Techniki Lotniczej i Mechaniki Stosowanej

[22]Peng Y., Chen Y., Yang J., Otte D., Willinger R.: A study of
pedestrian and bicyclist exposure to head injury in passenger car
collisions based on accident data and simulations. Safety Science 50
(2012) 1749-1759

[23]Caccese V., Ferguson J., Lloyd J., Edgecomb M., Seidi M.,
Hajiaghamemar M.: Response of an impact test apparatus for fall
protective headgear testing using a Hybrid-III head/neck assembly.
Experimental Techniques (2014) © 2014, Society for Experimental
Mechanics

[24]Klo G., Ottersbach H.J.: Aufbau von Versuchseinrichtungen fiir
Fallversuche mit einem Gliederdummy. AbschluSbericht Nr.
8907112.2 zum Projekt nr. 6042. FachausschuB3 Personliche
Schutzausriistung, KronprinzenstraBe 62-67, 44135 Dortmund 1 BIA,
Sankt Augustin 1993 (raport nie publikowany)

[25]Recommendation for use CNB/P/11.024. Co-ordination of notified
bodies PPE-Directive 89/686/EEC + amendments

Received: 11.09.2016 Paper reviewed Accepted: 02.11.2016

Krzysztof BASZCZYNSKI, PhD, eng.

Krzysztof Baszczynski received MSc degree in
electronics in 1985 and PhD in 1994 from the Technical
University of £6dz, Poland. From 1985 he works in
Department of Personal Protective Equipment of Central
Institute for Labour Protection — National Research
Institute. His research interests include especially test
methods and studies of dynamic mechanical quantities
associated with the operation of personal protective
equipment.

e-mail: krbas@ciop.lodz.pl





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


