SPECIFICATION TITLE OF THE INVENTION ESCALATOR STEP CROSS-REFERENCE TO
RELATED APPLICATION This application is based upon and claims the benefit of priority from the
prior Japanese Patent Application No. 2013-178422 filed on August 29, 2013, the entire contents of
which are incorporated herein by reference. TECHNICAL FIELD The present invention relates to
an escalator step. BACKGROUND There are many accidents such that a passenger falls down on
an escalator. Patrticularly, collision of a body, especially, a head with a corner where the tread and the
riser of a step intersect may cause a majopiuryr Thereforeythere is need for a safe escalator to
absorb collision energy generated when a passenger falls down and hits his or her head against the
corner, thereby avoiding a serious injury. While the escalator prevents the

TITLE OF THE INVENTION

ESCALATOR STEP
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TECHNICAL FIELD
The present invention relates to an

escalator step.

BACKGROUND

There are many accidents such that a
passenger falls down on an egcalator.
Particularly, ccllision of a body, especially, a
head with a corner where the tread and the riser
of a step intersect may cause a major injury.
Therefore, there is need for a safe escalator to
absorb collision energy generated when a

passenger falls down and hitsg his or her head



passenger from suffering a serious injury when he or she falls down, it should not have a structure that
encourages the passenger to fall down in a normal use state. As a means for preventing the
passenger from suffering a serious injury when his or her body collides with the corner, an escalator
step in which a cleat strip made of a flexible polymeric material is mounted on a tread part
corresponding to the corner is proposed (Patent Document 1: Jpn. Pat. Appin. Laid-Open Publication
No. 04-77582). That is, Patent Document 1 discloses that by mounting a cleat strip made of a flexible

polymeric nasderipherta tread pagh:easespordirglonhe copner.dhe.degreenf an injury can be reduced
even if a passenger falls down on a step and hits his or her body against the corner of the step.

However, Pareht:Doycuméhi 1 Hisclodes theas a gleattstrip madevof a flexikie polymeric material is
mounted on a tread part corresponding to the corner of the step of the escalator but does not

concretely BSERTRAE fpd Ahatdhess Sridfatdridl BEthe HBats#pua e useedforhgreventing an
injury of the pas er.w he or she falls_ down. Thus, in the escalator step described in Patent
e #’ falil%sliaé) E Whouqéhélﬁt e@rﬁg‘é? partiéiﬁng?ﬁ Yérfous head

Document 1, it is difficult to re I?%Pe(/en]t an |Snjury 0 ass

injury whendiecor seesfaisdane - cARdasaibed abeue, 11g escalajor aigp i regired to absorb

collision energy generated when the passenger falls down and hits his or her head, which is the most
important part ofithé human kady tagainst the corner, so as to avoid a serious injury. At the same time,
the escalator step should not have such a flexible structure that encourages the passenger to fall down
in a normal use stét8. PhabBAAE cléahePdsaty favelerpudghtsardriess smasenot forlerbuckled by a
load applied thgr to when the passenger stands on the cleat or walk on the cleat. SUMMARY The

present inv&rition fas Béenmatfe i Soive théabvd probfeh, BrdarPdbjett thelR8i¥ to provide a
safe escalalos siepdaal ca ielianbarevetaagssender rom syffering.a serious ijury even when he
1 ' d 3 1

or she falls down and hits his or her head against a step corner an does Rot encourage falling of
the passengereven i adi0smal use state by selecting agnatarial qfiaishock-abserbing cleat provided

at the corner of the escalator step and material characteristics thereof.
material is mounted on a tread part corresponding
to the corner is proposed (Patent Document 1: Jpn.
Pat. Appln. Laid-Open Publication No. 04-77582).
That is, Patent Document 1 discloses that by
mounting a cleat strip made of a flexible
polymeric material on a tread part corresponding
to the corner, the degree of an injury can be
reduced even if a passenger falls down on a gtep
and hits his or her body against the corner of
the step.

However, Patent Document 1 digcloges that a
cleat strip made of a flexible polymeric material
is mounted on a tread part corresponding to the
corner of the step of the escalator but does not

concretely describe the type and hardness of a

material of the cleat strip to be used for



An escalator step according to an embodiment includes: a tread having a body section on which a
plurality of convex sections are arranged in parallel in a width direction thereof; a riser connected to
one end portion of the body section of the tread and having thereon a plurality of convex sections
arranged in a width direction thereof and a plurality of concave sections formed between the adjacent
convex sections; and a shock absorbing cleat provided in a notch formed at a corner at which the riser
and tread are connected to each other. The shock absorbing cleat includes a plurality of convex

sections whicheave arcanged ipaiallehwvith therconvex sestinns ghtbe bodysgctiop and each of which
has a front end surface forming a flat surface with the convex section of the body section. The shock
absorbing cidagis ferméd of® polymefhmaterial havifdgea ¥eung's aodulus af<,H00 MPa or less.
According tq the present invention, it is Erossible to provide, at low cost, a safe escalator that can

reliably preeht the haEEnget froft<emt&ring ABRGISTnjry edeén viiendhé F dtsefalis down and hits
his or her head i p corner and that daes not encouyrage falling of the passenger even in a
4 wm%iﬁg%%gE&?rger?cnmaltélr%‘ﬁry %l%%BEg%ﬁl%@rftﬁ@éF THE

normal use state by a mold
DRAWINGS £1G {lds:a side yiewdllustzating an escalaior steps, - FIG, 25 a,partially cut perspective

view partially illustrating a vicinity of a corner of the escalator step; FIG. 3 is a partially cut exploded
perspectivesview iflastratingither micinity of the corner of the escalator step; FIG. 4 is a top view of a
shock absorbing cleat; FIG. 5 is a front view of the shock absorbing cleat;
As described above, the escalator step is

required to absorb collision energy generated

when the passenger falls down and hits his or her

head, which is the most important part of the

human body, against the corner, so as to avoid a

serious injury. At the same time, the escalator

step should not have such a flexible structure

that encourages the passenger to fall down in a

normal use state. That is, the cleat needs to

have enough hardness g0 as not to be buckled by a

load applied thereto when the passenger stands on

the cleat or walk on the cleat.

SUMMARY
The present invention has been made to solve
the above problem, and an object thereof is to
provide a safe escalator step that can reliably
prevent a passenger from suffering a serious
injury even when he or she falls down and hits

his or her head against a step corner and that



FIG. 6 is a bottom view of the shock absorbing cleat; FIG. 7 is a cross-sectional view of the shock
absorbing cleat taken along a line A-A in FIG. 5; FIG. 8 is a cross-sectional \(iew of the shock
absorbing cleat taken along a line B-B in FIG. 5; FIG. 9 is a cross-sectional view of the 'shock
absorbing cleat taken along a line C-C in FIG. 4; FIG. 10 is a plan view of the sh_ock absorbm_g _cleat
according to the first embodiment seen from the top; FIG. 11 is an explanatory view for explalnlng an
injury risk curve; FIG. 12 is an exemplary view illustrating an HIC calculation model; FIG. 13 is a

side view explairingiat encourage falling of the passenger even
in a normal use state by selecting a material of
a shock absorbing cleat provided at the corner of
the escalator step and material characteristics
thereof.

An escalator step according to an embodiment
includegs: a tread having a body section on which
a plurality of convex sections are arranged in
parallel in a width direction thereof; a riser
conne;ted to one end portion of the body section
of the tread and having thereon a plurality of
conveXx sections arranged in a width direction
thereof and a plurality of concave sgsections
formed between the adjacent convex sections; and
a shock absorbing cleat provided in a notch
formed at a corner at which the riser and tread
are connected to each other. The shock absorbing
cleat inciudes a plurality of convex sections
which are arranged in parallel with the convex
sections of the body section and each of which
has a front end surface forming a flat surface
with the convex section of the body section. The
shock absorbing cleat is formed of a polymeric
material having a Young's modulus of 1600 MPa or
less.,

According to the present invention, it is



situation in which a passenger on an escalator falls down; FIG. 14 is a perspective overall view
illustrating an analysis model; FIG. 15 is a perspective view illustrating a part of the analysis model

in an enlarged manner,

FIG. 16 is a side view of the analysis model; FIG. 17 is an exemplary

view explaining an application state of a load to the analysis model; FIG. 18 is an exemplary view

explaining the load application state in the analysis model; FIG. 19 is a perspective view
explaining the load application state in the analysis model; FIG. 20 is a perspective view
explaining the bad appication statevin de,analysis swdelp s ¢ FIG. 2ddsperspective view illustrating
an analysis result of Case (1) in a case where a head collides with one long convex section; FIG.

22 is persp&clivé vidw fibstiafifd-arr afalysie kdsuk biyCased2)dmn the thse whese & headrcollides with
one long copyvex sectioP' FIG. 23 is perspective view illustrating an analysis result of Case (3) in
rom, surkf g

the case whete & h&ad cofiddd \Withton

Iy Tofivek 3adtiby; €ven when he or

ghe falls down and hits his or her head against a

step corner and that does not encourage falling

of the passenger even in a normal use state by a

molding of a polymeric material.

FIG.

BRIEF DESCRIPTION OF THE DRAWINGS

1 is a side view illustrating an

escalator step;

FIG.

2 is a partially cut perspective view

partially illustrating a vicinity of a corner of

the escalator step;

FIG.

3 is a partially cut exploded

perspective view illustrating the vicinity of the

corner of the escalator step;

FIG.

cleat;

FIG.

4 1s a top view of a shock absorbing

5 ig a front view of the shock

absorbing cleat;

FIG.

6 ig8 a bottom view of the shock

absorbing cleat;

FIG.

7 is a cross-sectional wview of the

shock absorbing cleat taken along a line A-A in

FIG. 5;



FIG. 24 is perspective view illustrating an analysis result of Case (4) in the case where a head collides
with one long convex section; FIG. 25 is perspective view illustrating an analysis result of Case (1)
in a case where a head collides with two long convex sections; FIG. 26 is perspective view
illustrating an analysis result of Case (2) in the case where a head collides with two long convex
sections; FIG. 27 is perspective view illustrating an analysis result of Case (3) in the case where a
head collides with two long convex sections; FIG. 28 is perspective view illustrating an analysis
result of Case (4) intlee. cage where achead sollides with frollongiconvexsseetions; FIG. 29 is an
explanatory view illustrating a result of calculation of a motion of the head after the collision; FIG.
30 is an explBmadty §ibwW rWHiEiTa EalGuidtiort PESEIRis ploaedioritthd injuty BskEuive; FIG. 31is
an explanatory view illustrating a relationship between the Young's modulus of a material and HIC
when the Y0 ﬁ;g's mddulus of the material is changed; FIG. 32 is an explanatory view illustrating a

e e meb s otk e Ay bl e e Yoo
when a sprigg senstanbefdherskull ischanged issaddad tostheeswt of FiG c-¢ in
FIG. 4;

FIG. 10 is a plan view of the sgshock
abgsorbing cleat according to the first embodiment
seen from the top;

FIG. 11 1s an explanatory view for
explaining an injury risk curve;

FIG. 12 is an exemplary view illustrating an
HIC calculation model;

FIG. 13 is a side view explaining a
situation in which a passenger on an escalator
falls down;

FIG. 14 is a perspective overall view
illustrating an analysis model;

FIG. 15 is a perspective view illustrating a
part of the analysis model in an enlarged manner;

FIG. 16 is a side view of the analysis
model;

FIG. 17 is an exemplary view explaining an
application state of a load to the analysis

model;

FIG. 18 is an exemplary view explaining the



31, FIG. 34 is an explanatory view in which a result obtained when a spring constant of the skull
is changed is added to the result of FIG. 32; FIG. 35 is an explanatory view illustrating a relationship
between the Young's modulus of the material and HIC when the Young's modulus of the material and
the spring constant of the skull are changed; FIG. 36 is an explanatory view illustrating a relationship
between the Young's modulus of the material and injury probability when the Young's modulus of the
material and the spring constant of the skull are changed; and FIG. 37 is an explanatory view in
which resullscibiustratee NiFIGS 134rand 36 wge dombined. REAILED BERCGRIPTION An
embodiment of an escalator step will be described in detail below with reference to the drawings.

An escalator step 8&ddrdifgRo e presenteriitodiientinslddes: @tgabishbwihg g bbdyesection on
which a plurality of convex sections are arranged in parallel in a width direction thereof; a riser

connected to5he el B&rﬁ(‘}ﬁ"&f Jtr?é]bd'ﬁ{} 3b&&ior Bf tﬁ@ﬁgaﬂ%a Hhavirfg fﬁ@_l%%tlr a plurality of convex
o arrangedi g vidgbdiegton (Ored g0 & PRI LLEPCAS eI [orpRg Petween the
load application state in the analysis model;

FIG. 21 is perspective view illustrating an
analysis result of Case (1) in a case where a
head collides with one long convex section;

FIG. 22 is perspective wview illustrating an
analysis result of Case (2) in the case where a
head collides with one long convex section;

FIG. 23 is perspective view illustrating an
analysis result of Case (3) in the case where a
head collides with one long convex section;

FIG. 24 is perspective view illustrating an
analysis result of Case (4) in the case where a
head c¢ollides with one long convex section;

FIG. 25 1is perspective view illustrating an
analysis result of Case (1) in a case where a
head collides with two long convex sections;

FIG. 26 is perspective view illustrating an
analysis result of Case {2) in the case where a
head collides with two long convex sections;

FIG. 27 1s perspective view illustrating an
analysis result of Case {3) in the case where a

head collides with twe long convex sections;



convex sections; and a shock absorbing cleat provided in a notch formed at a corner at which the riser
and tread are connected to each other. The shock absorbing cleat includes a plurality of convex
sections which are arranged in parallel with the convex sections of the body section and each of which
has a front end surface forming a flat surface with the convex section of the body section. The shock
absorbing cleat is formed of a polymeric material having a Young's modulus of 1000 MPa or less.
(First Embodiment) A configuration of a first embodiment will be described with reference to FIGS.
1to 9. FIG. 1 iB aGidevewiof aistep<lraf an esealatdr=Theisiepulshas atiread 2aha top thereof,
on which a passenger rides to go up or down. The following description will be made by defining a
travelling diréttidiy §ight-Hame Bidé ifFIGER) %S afrfont Side Wheh tisestep ¥bfERE. Bgoes up, and

defining thz}op site direction éleft-hand side in FIG. 1) as a back side. A riser 3 is provided at a rear
end of the Sﬁp KA 0p bFRE Fisel 3iters¥s 4 RIAP efdPSt Yifetrelid 2 td o & corner (section A of

the drawing). FIG; 2 and FIG, 3.are pastigl Qﬁgg%@' e \(jgivg%}lll{Ls rating.a state in which the corner
(section A of FIG. 1) is seen from the vicinq;{;gof a center %f the step 1 ’E"o%vua%:ggk%lr% St?ard 4. FIG. 2

illustrates asstate inyhichor shogk ahispEbiNOieab 5 isamaupied ©n adbedy sectien-6 gf the tread 2.
FIG. 3 illustrates a state before the shock absorbing cleat 5 is mounted thereon. The riser 3 is

connected tofetrear dnd<of the bbdyesection 6 of the tread 2. A notch 7 is provided at an upper surface
side of the rear end of the body section 6. A plurality of convex sections 8 of the body section 6 are
provided at equal ftéfvals’$h thé ufiper §drPaté BEthE Bady'st&ton B WAL fB rider 3, a plurality of

comie el S ongeve Ssone Yo me slyraRy vty iy y ening
cuxrve;

FIG. 31 is an explanatory view illustrating
a relationship between the Young's modulus of a
material and HIC when the Young's modulus of the
material is changed;

FIG. 32 1s an explanatory view illustrating
a relationship between the Young's modulus of the
material and injury probability when the Young's
modulus c©f the material ig changed;

FIG. 33 is an explanatory view in which a
result obtained when a spring constant of the
skull is changed is added to the result of FIG.
21

FIG. 34 is an explanatory view in which a
result obtained when a spring constant of the
skull is changed is added to the result of FIG.
32;

FIG. 35 is an explanatory view illustrating



stainless steel, are used for the body section 6 of the tread 2 and for the riser 3. In the shock
absorbing cleat 5, short convex sections 11, each having a rear end surface being the same flat
surface as a concave section 10 of the riser 3, and long convex sections 12, each having a rear end
surface projecting so as to be the same flat surface as a convex section 9 of the riser, are provided
alternately on an upper surface of a base section 13, at equal intervals. Each front end surface of the
short convex sections 11 and the long convex sections 12 is configured to be coupled with each rear
end surfacexofithel convexnsertions Beot the dady: sectianom efdheastrend 2uA Basessectian:l3 is
provided at bottoms of the short convex sections 11 and the long convex sections 12. The base
section 13 #ERER bettoniaftheidiiy doheax sebtion¥ @2 isprevided dith v provrfidihyy section 15
which plugs a hole 14 of each convex sectign 9 of the riser 3. Although only one shock absorbing

cleat 5 is illTétrafed A FIG 2And BRs. 3P piBAitS OPRE 3&He SHock Bbsofbitylcleatssre practically

arranged incql\giggedgection of the step 1. FIGS.4 to 9 each illustrate the shock absorbing cleat 5.
FIG. 4 is a plan viéw séen from the top. FIG. 5 is a front view. FIG. 6 is a bottom view seen from the

bottom. FIG. 7 is araress-segtional igy ilustrating-a-¢10ss segtiop AA offle.% FiG.fisa
cross-sectional view illustrating a cross section BB of FIG. 5. FIG. 9 is a cross-sectional view
illustrating & crossisectiomC@ dDPhFIGe4. we eA hdllow Seotiond 6 ss providethat a backeside of the base

section 13 of the shock absorbing cleat 5. A bottom section 17 in contact with the notch 7 is provided
around the R8ifoFseRtlorP 62 It SFOLRFDE ridtcRiRA lds de¥cribed Bodve feall Back 'sfile of the

protruding secg%nfulSS iso%rr%nged S0 as tolflu each hO|Z{14 of the convex sections 9 of the riser 3.
Urethane ribber havingSfgnificant!yl fower rgidity #h nietdls, SHE-as%ldhmimiT &Rd stainless steel,

and the resieused for demarcationds ysed fot the.shogksabsorbing cleat 5 having the above
configuration. This shock absorbing cleat 5 can be manufactured by an injection molding using a

known die.  The following deseribas skmations e safety when a passengerfalls down and results
thereof in a case where urethane rubber having a Young's modulus of 200 MPa is used to form the
shock abso¥isifgidléa 5iTHasihalationdwaére FIGS. 34 and 36 are

combined.

DETAILED DESCRIPTION

An embodiment of an escalator step will be
described in detail below with reference to the
drawings.

An escalator step according to the present
embodiment includes: a tread having a body
section on which a plurality of convex sections
are arranged in parallel in a width direction
thereof; a risexr connected tc cone end portion of
the body section of the tread and having thereon
a plurality of convex sections arranged in a
width direction thereof and a plurality of

concave sections formed between the adjacent



performed using HIC criterion that represents the degree of a head injury. FIG.10is a
perspective view illustrating a structure of the shock absorbing cleat 5 used in the simulation, and
Table 1 is a table representing a dimensional range of each section of the shock absorbing cleat 5
illustrated in FIG. 10. [Table 1] Site Dimension T 2 mm

convex sections; and a shock absorbing cleat
provided in a notch formed at a corner at which
the riser aﬂd tread are connected to each cther.
The shock absorbing cleat includes a plurality of
convex sections which are arranged in parallel
with the convex sections of the body section and
each of which has a front end surface forming a
flat surface with the convex section of the body
section. The shock absorbing cleat is formed of
a polymeric material having a Young's modulus of

1000 MPa or lesg.

(First Embodiment)

A configuration of a first embodiment will
be described with reference to FIGS. 1 to 9.

FIG. 1 is a side view of a step 1 of an
escalator. The step 1 has a tread 2 at a top
thereof, on which a passenger rides to go up or
down. The following description will be made by
defining a travelling direction (right-hand side
in FIG. 1) as a front side when the step 1 of FIG.
1 goes up, and defining the oppogite direction
(left-hand side in FIG. 1) as a back side. A
riser 3 is provided at a rear end cof the step 1.
A top of the riser 3 intersgects a rear end of the

tread 2 to form a corner (section A of the

10



to4mm L5 mmto7 mm H 10 mm

drawing) .

FIG. 2 and FIG. 3 are partial perspective
views illustrating a state in which the corner
{section A of FIG. 1} is seen from the vicinity
of a center of the step 1 toward a skirt guard 4.
FIG. 2 illustrates a state in which a shock
absorbing cleat 5 is mounted on a body section 6
of the tread 2. FIG. 3 i1llustrates a sgtate
before the shock absorbing cleat 5 is mounted
thereon.

The riser 3 is connected to a rear end of
the body secticon 6 of the tread 2. A notch 7 is
provided at an upper surface side of the rear end
cf the body section 6. A plurality of convex
sections 8 o©of the body section 6 are provided at
egual intervals on the upper surface of the body
section 6.

At the risexr 3, a plurality of convex
sections 9 and concave sections 10 are
alternately provided at egual intervals by
bending a board. It should be noted that
metallic materlals, such as aluminum and
stainless steel, are used for the body section 6
of the tread 2 and for the riser 3.

In the shock absorbing cleat 5, short convex

sections 11, each having a rear end surface being

11



to 15 mm Bl 20 mm to 50 mm B2 14 mm

the same flat surface as a concave section 10 of
the riger 3, and long convex sections 12, each
having a rear end surface proijecting so as to be
the same flat surface as a convex section 9 of
the riser, are provided alternately on an upper
surface of a base section 13, at egual intervals.
Each frent end surface of the short convex
sections 11 and the long convex sections 12 is
configured to be coupled with each rear end
surface of the convex sections 8 of the body
section 6 of the tread 2. A base section 13 is
provided at bottoms of the short convex sections
11 and the long convex sectionsg 12. The base
section 13 at each bottom of the long convex
sections 12 is provided with a protruding section
15 which plugs a hole 14 of each convex section 9
of the riser 3.

Although only one shock absorbing clieat 5 is
illustrated in FIG. 2 and FIG. 3, a plurality of
the same shock absorbing cleats are practically
arranged in a width direction of the step 1.

FIGS5.4 to 9 each illustrate the shock
absorbing cleat 5. FIG. 4 is a plan view seen
from the top. FIG. 5 is a front view. FIG. 6 is
a bottom view seen from the bottom. FIG. 7 is a

crogs-gsectional view illustrating a cross section

12



to 44 mm [1] Criterion for evaluating head injury (HIC) First, an evaluation criterion of an injury and
a probability of the injury when the passenger falls down and hits his or her head against the corner
(section A of FIG. 1) of the step 1 will be described.  As the criterion for evaluating the head injury,
Head Injury Criterion (hereinafter, referred to as "HIC") is known. The HIC is calculated by the
following expression (1) where an impact acceleration applied to the head is a (t): [Numeral 1] C=

AA of FIG. 5. FIG. 8 is a cross-sectional view
illustrating a cross section BB of FIG. 5. FIG.
9 is a cross-sectional view illustrating a cross
section CC cf FIG. 4.

A hollow section 16 1ig provided at a back
side of the base section 13 of the shock
absorbing cleat 5. A bottom gsection 17 in
contact with the notch 7 is provided around the
hollow section 16. It should be noted that, as
described above, each back side of the protruding
sections 15 is arranged so as to plug each hcle
14 of the convex sectiong 9 of the riser 3.

Urethane rubber having significantly lower
rigidity than metals, such as aluminum and
stainless steel, and the resin used for
demarcation is used for the shock absorbing cleat
5 having the above configuration. This shock
absorbing cleat 5 can be manufactured by an
injecﬁion molding using a known die.

The following describes simulations on
gafety when a passenger falls down and results
thereof in a case where urethane rubber having a
Young's modulus of 200 MPa is used to form the
shock absorbing cleat 5. The gimulations were
performed using HIC criterion that represents the

degree of a head injury.

13



(1) In the above expression, tl and t2 each represent arbitrary time during impact, and g
represents a gravity acceleration. FIG. 11 is a graph illustrating an injury risk curve. In FIG. 11, a
curve 1101 is a curve representing a probability of a mild head damage, a curve 1102 is a curve
representing a probability of a moderate head damage, a curve 1103 is a curve representing a
probability of absence of injury, a curve 1104 is a curve representing a probability of a fatal head
damage, and a curve 1105 is a curve representing a probability of death. When the HIC is
identified, the injury probability £an be estimateddromtbe infuakisk turye ekflei bly The injury risk
curve has an HIC value on a horizontal axis and a probability of the head injury or death on a vertical
axis. Thus, SVhEH tHetHIE valbie stidentifiews the probability agcomineatt the degred ofithe head injury
can be estimated from the injury risk curve. Here, description will be :c[;iven taking "mild head injury”

represented By thé L& 3 101°8% anfdx@mpR PR&erting  the &R1T101, when the HIC is equal to
or more th , ad injury probabhility becomes nearly 100%, while when the HIC is equal to
or less thaﬁyle]é%%:%tﬁ%%%zlﬁ%]u% p@o ‘g%ﬁh% r%%t?;/ ge%%%éges? ] ﬁﬁ:ccﬁalc%%ﬁénlr%gthod and
calculation gwodel{ealcyiption based gr Newmarkpagethed) 1 1 Next: an HiG calgylagignsmethod and
a calculation model based on Newmark p method when the passenger falls down and hits his or her
head againstithe corner (section A of FIG. 1) of the step 1 will be described. The Newmark p method
(called average acceleration method) is an analysis method using numerical calculation according to

vibration equation.

[Table 1]

Site Dimension

T 2 mm toe 4 mm

L 5 mm teo 7 mm

H 10 mm to 15 mm
Bl 20 mm to 50 mm
B2 14 mm to 44 mm

[1] Criterion for evaluating head inijury (HIC)

First, an evaluation criterion of an injury
and a probability of the injury when the
passenger falls down and hits his or her head
against the corner (section A cf FIG. 1) of the
step 1 will be described.

Ag the criterion for evaluating the head
injury, Head Injury Criterion (hereinafter,
referred to as “HIC”) is known. The HIC is
calculated by the following expressiocn (1) where

an impact acceleration applied to the head is «

(t):

14



FIG. 12 illustrates a calculation model. In this model, it is assumed that a spring constant of the shock
absorbing cleat 5 disposed at the corner of the step 1 is k2 and that a head having a mass of m falls
and collides with a spring having the spring constant of k2. A symbol kl represents a spring constant of
the skull. Further, it is assumed that the head (having a mass of m) hits against the spring at a speed
of v and that the m moves in a state where kl and k2 are in a unified manner after the collision as
illustrated in a right part of FIG. 12.  The motion of m was calculated according to the Newmark p
method repfesented by the Jfollowing expressions (2) to (4). [Numeral 2] Atc flAtk 2 (2) At, =x,,2 =
x"(At2. . (4) That is, with a speed at the collision time being

23

HIC =| —* [ ) | (t;-1,)

L-L" g o Y
cee (1)

In the above expression, tl and t2 each
represent arbitrary time during impact, and g
represents a gravity acceleration.

FIG. 11 is a graph illustrating an inijury
rigk curve. In FIG. 11, a curve 1101 is a curve
representing a probability of a mild head damage,
a curve 1102 is a curve representing a
probability of a moderate head damage, a curve
1103 is a curve representing a probability of
absence of injury, a curve 1104 is a curve
representing a probability of a fatal head damage,
and a curve 1105 1s a curve representing a
probability of death.

When the HIC is identified, the injury
probability can be estimated from the injury risk
curve of FIG. 11. The injury risk curve has an
HIC value on a horizontal axis and a probability
of the head injury or death on a vertical axis.
Thus, when the HIC wvalue is identified, the
probability according to the degree of the head

injury can be estimated from the injury risk
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X0 v, an initial displacementbeing 0, an initial X speed 0 being v, and an initial acceleration 10 being O,
the displacement of m (X), speed (*) thereof, and acceleration (2) thereof were sequentially calculated
at every fixed interval. In the following expressions (2) to (4), an attenuation C and an external force
term F are each setto 0, and p is set to 1/6. The speed v at the collision time is assumed as
follows. It is assumed, as illustrated in FIG. 13, that a person having a body length of L falls down
in an upright position to an upper floor side of an escalator ESC and collides with the corner (section
A) of the stepulrasreprésented byl a sitculap arccoh FiG 13. Sirceqnqinstined-angle #f the escalator
ESC is 300, the head of the person collides with the corner at an angle of 600 with respect to a
horizontal pidhe 1A falderfgthidt thisrtinte it averiea directiolris halt of thetboty lenythl(L/2).
Assuming that the speed at the collision time is v, when potential energy corresponding to the fall

length in th8 Yerfidhl BFHEHE conveltEd info #itetic Bndrl)f tHedIibRing £RPressioheB) is satisfied
and, consequently, fhe spged y atihe qollisiop tigmg.can b galcujierby the,ollquing,expression (6).

[Numeral 3]
injury probability becomes nearly 100%, while
when the HIC is equal to or less than 1000, the
head injury probability abruptly decreases.
[2] HIC calculation method and calculation model
(calculation based on Newmark P method}

Next, an HIC calculation method and a
calculation model based on Newmark P method when
the passenger falls down and hits his or her head
against the corner {(section A of FIG. 1) of the
step 1 will be described. The Newmark B method
(called average acceleration method) is an
analysis method using numerical calculation
according to vibration equation.

FIG. 12 illustrates a calculation model. 1In
this model, it is assumed that a spring constant
cf the shock absorbing cleat 5 disposed at the
corner of the step 1 is k2 and that a head having
a mass of m falls and collides with a spring
having the spring constant of k2. A symbol kil
represents a spring constant of the skull.

Further, it is assumed that the head (having a

mass of m) hits against the spring at a speed of
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mg:fl=-1my2 22  vThigL (6) When L is set to 1.72 m which is the average body length of adults
and the gravity acceleration a is set 9.8 m/sec2, v = 4.11 m/sec. is obtained.

v and that the m moves in a state where k1l and k2
are in a unified manner after the collision as
illustrated in a right part of FIG. 12.

The motion of m was calculated according to
the Newmark B method represented by the following
expressions (2) to (4).

[Numeral 2]

(ot + %ic + BAECRYE = F — ek, + %xﬁj - kfx, + Ak, + {% ~ BYALRE Y

i e % CB}

iﬂ’rj mﬁ%# +%E(xn+in+l} ST (3}

’x;!t-lwl = xa- + ‘ﬁ‘ﬁ;ﬁ + (%- ﬁ}ﬁfzﬁn + ﬁ&fzxﬁd £ 5% (’i:it }

That is, with a speed at the collision time being
v, an initial displacement xubeing 0, an initial
speed &Fbeing v, and an initial acceleration *o
being 0, the displacement of m (%), speed (%)
thereof, and acceleration (%) thereof were
sequentially calculated at every fixed interval.
In the following expregsions (2) to {(4), an
attenuvation ¢ and an external force term F are
cach set to 0, and B is set to 1/6.

The speed v at the collision time is assumed
as follows.

It is assumed, asg illustrated in FIG. 13,

that a person having a body length of I. falls
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An impact on the trunk at the collision time is ignored since bending rigidity of the neck is very small.
Further, strictly speaking, the kinetic energy of the head at the collision time is represented by a sum of
the kinetic energy of translational motion and the kinetic energy of rotational motion; however, the
kinetic energy of the rotational motion is small and is thus ignored. When the mass m of the head,
spring constant k2 of the shock absorbing cleat 5, and spring constant ki of the skull are identified, the
HIC can be calculated in the way described above. [3] Analysis method of spring constant of shock
absorbing cleat andiresults theseof {catculationibasechontbEM  u firsder o) cRdeulate the spring
constant k2 of the shock absorbing cleat 5, an FEM (Finite Element Method) analysis is performed for
four cases fstédtin Table R tecaiculatc digplabeMenttd be gdnetaletswhehtfdrce isapplied from the
head. The Young's mogulus of a material is set to 200 MPa in each of the four cases. The spring

constant wis dalttifate srr%ﬁtei‘ncibpﬁe)c_i 154d and bRl displdcentch DREGBEG of each of the
four cases ggg néadg ngng?blg J;]CSIE(?fCagE &1) Cflge (2)8 ince an inclined

angle of the escalator ESC ig 30°, the head of
the person collides with the corner at an angle
cf 60° with respect to a horizontal plane. A
fall length at thig time in a vertical direction
is half of the body length (L/2). Assuming that
the speed at the collision time is v, when
potential energy corresponding to the fall length
in the vertical direction is converted into
kinetic energy, the following expression (5) isg
satisfied and, conseqguently, the speed v at the
collision time can be calculated by the following

expression (6).

INumeral 23]

mg—g-m%mvz - - - (5)

y=ogL -+ - (6)

When L is set to 1.72 m which is the average
body length of adults and the gravity

acceleration g is set 9.8 m/sgec’, v = 4.11 m/sec.
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Case (3)Case (4) 4mm4 mm 2 mm 2

is obtained.

An impact on the trunk at the collision time
is ignored since bending rigidity of the neck is
very small. Further, strictly speaking, the
kinetic energy of the head at the collision time
is represented by a sum of the kinetic energy of
transliational motion and the kinetic energy of
rotational motion; however, the kinetic enexgy of
the rotational motion is small and is thus
ignored.

When the mass m of the head, spring constant
k2 of the shock absorbing cleat 5, and spring
constant ki1 of the skull are identified, the HIC
can be calculated in the way described above.

[3] Analysis method of spring constant of shock
absorbing cleat and resultsg thereof {calculation
based on FEM)

In orcder to calculate the spring constant k2
of the shock abscrbing cleat 5, an FEM (Finite
Element Method) analysis is performed for four
cases listed in Table 2 to calculate displacement
to be generated when force is applied from the
head. The Young's modulus of a matexial is set
to 200 MPa in each of the four cases. The spring
constant was calculated from an applied load and

obtained displacement. Descriptions of each of
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mm mm5mm7mm7 mmH 10

the four cases are made below.

[Table 2]
Site Casge Cage Case Case
(1) (2) (3) (4)

t 4 mm 4 mm 4 mm 2 mm
I 5 mm 5 mm 7 mm 7 mm
H 10 mm 10 mm 10 mm 15 mm
Bl 50 mm 20 mm 20 mm 20 mm
B2 44 mm 14 mm 14 mm 14 mm

Case (1): A model having the highest
rigidity (spring constant) among the dimensional
ranges of the shock absorbing cleat 5 listed in
Table 2 (Young's modulus cf the material is
fixed) .

Case (2): A model obtained by reducing the
dimensicns of Bl and B2 of the model of Case (1).

Case (3): A model obtained by reducing the
dimension of t and increasing the dimension of L
of the model cf Case {(2).

Case (4): A model obtained by increasgsing the
dimension of H of the model of Case (3}.

When the Young's modulus is fixed, the
rigidity which is the spring constant obtained at
the time of head collision is smallest in Case
(4), followed by Case (3), Case (2), and Case (1).

An analysis model of Case (3) is illustrated
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mm 10 mm 10 mm 15 mm 31 50 mm 20 mm

in FIGS. 14 to 16. FIG. 14 is an overall view
corresponding to the shock absorbing cleat
illustrated in FIG. 10, FIG. 15 is an enlarged
view of a section B of FIG. 14, and FIG. 16 ig a
gside view of the section B of FIG. 14. In FIG.
14, the model includes entire length of the base
section 13, however, it includes only three of
the long convex sections 12 and only twe of the
short convex sectiong 11.

As illustrated in FIG. 16, the analysis
model is inclined by 60° with respect to a
vertical axis (Z-axis of FIG. 16). A load
applicaticn direction when the head of a person
collides with the step 1 at an angle of 60° with
respect to the horizontal plane corregponds to
the Z-axis direction in this analysis model.

The analysis model is c¢reated using a three-
dimensiconal tetrahedral element. The
displacement of nodes on the bottom surfaces of
the base section 13 and protruding section 15 is
restrained. The Young's modulus of the material
is set to 200 MPa.

When the head coliides with the shock
absorbing cleat 5, it may collide with one long
convex section 12 or two long convex sections 12.

In the former case, as illustrated in FIG. 17, a
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20 mm 20 mm 32 44 mm 14 mm 14 mm 14

load ¢f 100 N is applied in the Z-direction of
the analysis model. In the latter case, as
illustrated in FIG. 18, a locad of 50 N (Fl in FIG.
18) is applied to each of the two long convex
sections 12 in the Z-direction of the analysis
model, However, in this casge, with a radius of
the head being 82.5 mm, a lcad F2 is applied in a
direction perpendicular to Fl go as to make a
resultant vector of F1 and F2 coincide with a
normal direction of the head. A value of F2 is
determined by the radius {(82.5 mm) of the head
and a value of L {(ghown in FIG.10). Thus, F2 is
determined as F2 = 4.26N in the Cases (1) and {2)
and F2Z = 4.87N in the Cases (3) and {4}).

FIG. 19 illustrates an application state of
the lcad in a case where the head collides with
one long convex section 12, and FIG. 20
illustrates the load application state in a case
where the head collides with two long convex
gsectiones 12.

Analyses are made under the above conditions
tc calculate a displacement in the Z-axis
direction when the load is applied.

Analysis results of the Cases (1) to (4)
obtained in the case where the head collides with

one long convex section 12 are illustrated in
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mm Case (1): A model having the highest rigidity (spring constant) among the dimensional ranges of
the shock absorbing cleat 5 listed in Table 2 (Young's modulus of the material is fixed). Case (2):
A model obtained by reducing the dimensions of B1 and 32 of the model of Case (1). Case (3): A
model obtained by reducing the dimension of t and increasing the dimension of L of the model of Case
(2). Case (4): A model obtained by increasing the dimension of H of the model of Case (3).

When the Young's modulus is fixed, the rigidity which is the spring constant obtained at the time of

head collisient issmaliast nCase (4)fellowed by Case/(3), Gase ¢h=and Gass {1)Ansanalysis model
of Case (3) is illustrated in FIGS. 14 to 16. FIG. 14 is an overall view corresponding to the shock
absorbing cfeas Mldstaitediin FIGe 10,3#G.515 {S an edlarged vievr ofzaiseetibniBhoffiH@. 14, and FIG.
16 is a side view of the section B of FIG. 14. In FIG. 14, the model includes entire length of the base

section 13, hBWéver fGAGudeE Snif et dof telditEconviekisactions 12 amborPivs @K the short

Commxsa£%§g%bns 12 are illustrated in FIGS. 25 to 28,
regspectively. In each of FIGS. 21 to 28, a
circular arc concentrically spreading around the
corner portion of one {or two) long convex
section 12 represents a displacement amount {0 mm
to 1 mm) by the shading thereon.

The displacement obtained by the analysis
and spring constant calculated from a
relationship between the displacement and load
are shown in Tables 3 and 4. Table 3 corresponds
to the case where the head collides with one long
convex section 12, and Table 4 corresponds to the
case where the head collides with two long convex

sections 12.

[Table 3]

Application of 100 N to one long convex section

Case Casge Cage Cage
(1) (2) (3) (4)
Displacement 0.293 0.294 0.620 0.67S
(mm)
Spring constant |[341.3 340.6 161.2 147.2
(N/mm)
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As illustrated in FIG. 16, the analysis model is inclined by 60 with respect to a vertical axis (Z-axis of
FIG. 16). A load application direction when the head of a person collides with the step 1 at an angle of
60 with respect to the horizontal plane corresponds to the Z-axis direction in this analysis model.

The analysis model is created using a three-dimensional tetrahedral element. The displacement of
nodes on the bottom surfaces of the base section 13 and protruding section 15 is restrained. The
Young's modulus of the material is set to 200 MPa.
absorbing clemt b,litmayj collide with one long convex section 12 or two long convex sections 12. In the
former case, as illustrated in FIG. 17, a load of 100 N is applied in the Z-direction of the analysis
model. In thediatiet cadel agillgsirafed in KIGE £8, aveadlod B@ NqElHv EIG. $8)d<apptied to each of

the two long convex sections 12 in th
radius of the head being 82.5 mm, a |

When the head collides with the shock
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N |2t'ne6 Case

apd F23 487N

se where the

head collides

Sgyand (4)
with one long

FIG.
convex

19 illustratesan.gpplication state of th
section 12, and FIG201liustrates the foad application state ima ctase where the-head-cotlid
long convex sections 12. Analyses are made under the above conditions to calculate a
displacement in th Zéasxies drirgctg) é/vsher]]: th{; I%a](_i isc%%pil_’ied. n Ana]é/gis reysults of the Cases (1) to
(4) obtained in the'case wheré the d EGllides with oRe Ibnéﬂ Convex section 12 ave flustrated in

ea
modulus is fixed (200 MPa)},

s with two

the spring constant
cf the shock absorbing cleat 5 is largest (683.1
(1) in the case where the head

N/mm) in Case

collides with two long convex gections 12 and is
gmallegt {(147.2 N/mm) in Case {4) in the case
where the head collides with one long convex
section 12.
[4] Calculation conditions of HIC and calculation
results thereof

{4-1} In case where spring constant ©f shock
absorbing cleat is smallest (Young's modulus is
fixed)

The spring constant of the shock absorbing
cleat 5 is determined by the dimension of the
shock absorbing cleat 5 and the Young's modulus
of the material to be used.

Firsgt, the HIC is calculated for a cacse
where when the Young's modulus of the material 1is
fixed

(200 MPa} and the spring constant of the
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FIGS. 21 to 24, respectively. Further, analysis results of the Cases (1) to (4) obtained in the case
where the head collides with two long convex sections 12 are illustrated in FIGS. 25 to 28,
respectively. In each of FIGS. 21 to 28, a circular arc concentrically spreading around the corner
portion of one (or two) long convex section 12 represents a displacement amount (O mm to 1 mm) by
the shading thereon. The displacement obtained by the analysis and spring constant calculated
from a relationship between the displacement and load are shown in Tables 3 and 4. Table 3

corresponds rocthe: case svhersithe headecotlides with angdong£grvexgection 12,-ang Table 4
corresponds to the case where the head collides with two long convex sections 12. [Table 3]
Application’®f TBO)N to one long convex section Case Case Case Case

The average mass (4.5 kg) of the head of an
adult is used as m in the model of FIG. 12.

The skull is regarded as a rigid body, and
the spring constant (kl) thereof is set to no.
That 1s, the synthesized spring constant XK of FIG.
12 is equal to k2.

In the calculation model of FIG. 12, the
motion of the head {m) after the collision is
analyzed, with m being 4.5 kg, k1 being = and k2
being 147.2 N/mm. A calculation example usging
the Newmark B method represented by the
expressions (2) to {(4) is illustrated in FIG. 29.

An acceleration applied to the head (mass m)
illustrated in FIG. 29 is calculated until the
acceleration becomes 0 once again after the
collision. A calculation result of the HIC
represented by the expression (1) obtained by
using the above acceleration ig also plotted in
FIG. 28. The value of the HIC plotted in FIG. 29
is obtained by setting an integration start time
(t: of the expression (1)) to time 0 and by
seguentially increasing an integration end time
(t: of the expression (1)) from the time 0. In

this example, the HIC becomes maximum after the
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(1) (2) (3) (4) Displacement (mm) 0.293 0.294 0.620 0.679 Spring constant 341.3 340.6

acceleration becomeg maximum.

In FIG. 30, the calculated HIC value is
plotted on the injury risk curve of FIG. 11. As
the injury risk curve, the curve (curve
represented by A in FIG. 11) of “"mild head
injury” is used. In this example, a probability
of the injury is 46.0%.

The above calculations are performed with
the Young's modulus of the material set to 200
MFa.

Agssumed is a case where the Young's modulus
of the material is changed in a range of from 50
MPa to 70000 MPa. The spring constant of the
shock absorbing cleat 5 ig assumed to be
proportional toe the Young's modulus of the
material. For example, in the case of
pelycarbonate (Young's modulusg: 2300 MPa)
conventionally used for demarcation, when the
spring constant k2 of the shock absorbing cleat 5
is represented by k2P, k2P is calculated
according to the following expressiorn.

k2p = 147.2 x {2300/200) = 1693 N/mm ---- {7)

The spring constant (k2) of the shock
absorbing cleat 5 is calculated while the Young's
moduius of the material is changed in a range of

from 50 MPa to 70000 MPa, and the motion of the
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161.2 147.2 (N/mm)  [Table 4] Application of 100 N to two long convex sections Case

head (m} after the collision is calculated using
the Newmark P method represented by the
expressions (2) to (4). At this point, k1l is set
Lo oo,

The HIC represented by the expresgion {1)
can be calculated using the obtained acceleration
of the head (m). After calculation of the HIC,
the injury probability can be estimated from the
injury risk curve of FIG. 11.

The HIC and injury probability thus
calculated are illustrated in FIGS. 31 and 32,
respectively. In FIG. 31, the HIC is calculated
with the Young's modulus of the material plotted
on a horizontal axis. In FiG. 32, the injury
probability is calculated with the Young's
modulus of the material plotted on a horizcntal
axis.

in FIGS. 31 and 32, Cl and C2 each represent
a case where the Young's modulus of the material
is 200 MPa, and D1 and D2 each represent a case
where the Young's modulus of the material is 2300
MPa (polycarbonate) .

The above are cases where the sgspring
constant of the gkull is regarded as a rigid body
(k1 = 20). Some literatures describe that the

spring constant (k1) of the skull is about 1000
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Case Case Case (1) (2) (3) (4) Displacement (mm) 0.146 0.147 0.310

N/mm, which, however, is not certain. Thus,
calculations are performed in the game manner for
cases where kl is 3000 N/mm and where k1 is 1000
N/mm, in addition tc the case where ki1 is 0 (Ccase
where the skull is regarded as a rigid body).

Results of the calculations are illustrated
in FIGS. 33 and 34. In FIGS. 33 and 34, results
obtained in the cases where k1 is 23000 N/mm and
where k1l is 100C N/mm are added to the
calculaticon results illustrated in FIGS. 21 and
32, regpectively. 1In FIG. 33, the HIC is
calculated with the Young's modulus of the
material plotted on a horizontal axis. In FIG.
34, the injury probability ig calculated with the
Young's modulus of the material plotted on a
heorizontal axis.

FIG. 33 reveals that when the Young's
modulus of the material is high, the HIC value
also significantly changes depending on the
spring constant (k1) of the skull. ©On the other
hand, when the Young's modulus of the material is
low, the HIC wvalue does not change 80 much even
when the spring constant (kl) of the gkull is
changed. The spring constant (k2) of the ghock
absorbing cleat 5 is proportional to the Young's

modulus, so that when the Young's modulus of the
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0.339 Spring constant 683.1 680.3 322.6 294.8 (N/mm)

material is high, the spring constant (k2) of the
shock absorbing cleat 5 is larger than the spring
constant (k1) of the skull. On the other hand,
when the Young's modulus of the material is low,
the spring constant (k2) of the shock absorbing
cleat 5 is egual to or smaller than the spring
constant (kl1} of the skull.

FIG. 34 reveals that when the Young's
modulus of the material is high, the HIC value
exceeds 1000, and the injury probability reaches
100%. When the Young's modulus of the material
is low (when the Young's modulus is in a range
egual to and less than 1000 MPa), the HIC value
falls below 1000 as illustrated in FIG. 33, that
is, as the Young's modulus of the material
becomes lower, the injury probability abruptly
decreases.

(4-2) In case where spring constant of shock
absorbing cleat is largest (Young's modulus is
fixed)

As in the case of (4~1}, the HIC and injury
probability are calculated for a case where the
Young's modulus of the material is fixed and the
spring constant of the shock absorbing cleat 5 isg
largest (k2 = 683.1 N/mm).

The spring constant (k2) of the shock
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These results reveal that, when the Young's modulus is fixed (200 MPa), the spring constant of the
shock absorbing cleat 5 is largest (683.1 N/mm) in Case (1) in the case where the head collides with
two long convex sections 12 and is smallest (147.2 N/mm) in Case (4) in the case where the head
collides with one long convex section 12. [4] Calculation conditions of HIC and calculation results
thereof (4-1) In case where spring constant of shock absorbing cleat is smallest (Young's modulus
is fixed) The spring constant of the shock absorbing cleat 5 is determined by the dimension of the

shock absosing-clest b and theaoung'sinedulusiof theguateriaktohg sigad; Eirstshe HIC is
calculated for a case where when the Young's modulus of the material is fixed (200 MPa) and the
spring constent 6fthé shdck abSdrbiMg eledt S is srhallest (K32 147.2Nimm). andhe Rerage mass
(4.5 kg) of the head of an adult is used as m in the model of FIG. 12. The skull is regarded as a
rigid body, SAThE SpringeBirtaht (k) Kiferect fs ERUNE fhdt &, @ synthesized spring constant K

colision s SraBea ik AR 4 & hi Kb A B2 By 1472305, A calouiation.
example usingdbe-Ngwmarkspmethed-repreganted yrthe ., 4 o performed for

cages where k1l is 3000 N/mm and where k1 is 1000

N/mm, in addition to the case where the spring

constant (k1) of the skull is 20 (case where the

skull is regarded as a rigid body).

Results obtained by changing the Young's
modulus of the material in the range of from 50
MPa to 70000 MPa are illustrated in FIGS. 35 and
36. In FIG. 35, the HIC is calculated with the
Young's modulus of the material plotted on a
horizontal axis. In ¥IG. 36, the injury
probability is calculated with the Young's
modulus of the material plotted on a horizontal
axis. |

In FIGS. 35 and 36, C5 and C6 each represent
a case where the Young's modulus of the material
ig 200 MPa, and D5 and D6 =ach represent a case
where the Young's modulus of the material is 2300
MPa {polycarbonate).

FIGS. 35 and 36 reveal that when the Young's
modulus of the material is high, the HIC value

significantly changes depending on the spring
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expressions (2) to (4) is illustrated in FIG. 29. An acceleration applied to the head (mass m)
illustrated in FIG. 29 is calculated until the acceleration becomes 0 once again after the collision. A
calculation result of the HIC represented by the expression (1) obtained by using the above
acceleration is also plotted in FIG. 29. The value of the HIC plotted in FIG. 29 is obtained by setting an
integration start time (t1 of the expression (1)) to time 0 and by sequentially increasing an integration
end time (t2 of the expression (1)) from the time 0. In this example, the HIC becomes maximum after

the acceleratiarshesames mayimegm. thdn EiG: 89, the saleuiated HICvalug i ted on the injury
risk curve of FIG. 11. As the injury risk curve, the curve (curve represented by A in FIG. 11) of "mild

head injury®is @b&d inlthis exam@ie; laggsobadility of therinjuiyés 46:0%.- hJdheélabove calculations
are performed with the Young's modulus of the material set to 200 MPa. Assumed is a case where

the Young'¥M&duItsTT theTH&EraF isERAIGEY fh £ran§& 6 FbmtBEMRELto 76000°WMPa. The spring

constant oféqle shlg absorbing cleat 5 is assumed to be proportional to the Young's modulus of the
material. For el;"zampl%e:, in %g%gse%%gIyga?%on%a(ﬁ}gl?ngssgm%ﬁfﬁg: 7356 ﬁ’lP‘ﬁ%@dﬁventionaHy

used for demaecation: when the springrconstant k2 gicthe shock gl&@ibiwscle&tlg igsg%%resented by
k2P, k2P is calculated according to the following expression. k2p = 147.2 x (2300/200) ='1693 N/mm --

(7)  Theaspringeconstart (k2) ofithe shock absotking-cleat Bds eadcutated while the Young's modulus
of the material is changed in a range of from 50 MPa to 70000 MPa, and the motion of the '
becomes lower, the injury probability abruptly
decreases.

{4-3) Young's modulus of material of shock
absorbing c¢leat and injury probability

In FIG. 37, the results illustrated in FIGS.
34 and 36 are shown in the same graph.

In FIG. 37, C7 represents a case where the
Young's modulus of the material is 200 MPa, and
D7 represents a case where the Young's modulus of
the material is 2300 MPa (polycarbonate).

In the case where the Young's modulus of the
material is 200 MPa, when the dimensions of the
respective sections of the shock absorbing cleat
5 fall within the range listed in Table 1, the
injury probability falls between the upper limit
(C7U) and lowexr limit (C7L) cf a part C7 in FIG.
37.

On the other hand, in the case (D7) where
the Young's modulus of the material is 2300 MPa

(polycarbonate), even when the dimensions of the
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head (m) after the collision is calculated using the Newmark p method represented by the expressions
(2) to (4). At this point, kl is set to allo. The HIC represented by the expression (1) can be calculated
using the obtained acceleration of the head (m). After calculation of the HIC, the injury probability can
be estimated from the injury risk curve of FIG. 11. The HIC and injury probability thus calculated are
illustrated in FIGS. 31 and 32, respectively. In FIG. 31, the HIC is calculated with the Young's modulus
of the material plotted on a horizontal axis. In FIG. 32, the injury probability is calculated with the

Young's molalap efthe mategalplotted on 8 horizeatakaxise k.  AHEIGS, 31,and.32, Gland C2 each
represent a case where the Young's modulus of the material is 200 MPa, and D1 and D2 each

represent aTasewheré thervoungls medulusicf thermatéréal is236&MPa frolygarbenate). The above
are cases where the spring constant of the skull is regarded as a rigid body (k1 = ao). Some literatures
describe thadttfe-$pring cc%%%nﬁ(?i)%f?hel%’&ﬁ’lﬁé%ﬁdu’f 10001 R/ndrf,Gthich, however, is not certain.
Thus, calculations are performed in the same manner for cases where kl is 3000 N/mm and where k1
is 1000 N/mm, in addition to the case where kl is x) (case where the skull is regarded as a rigid body).

Examples

The following describes functions and
advantages of the escalator step according to the
Example 1.

Assumed is a case where a passenger falls
down and hits his or head against the corner
(section A of FIG. 1) of the step 1 of Example 1.

The shock absorbing cleat 5 is mounted on
the corner and, accordingly, the head of the
passenger who f£alls down collides with the shock
absorbing c¢leat 5. In the present embodiment,
urethane rubber having lower rigidity than metals,
such as aluminum and stainless steel, and the
resin, such as polycarbonate used for demarcation,
is used for the sgshock absorbing cleat 5. Thus,
the shock absorbing cleat 5 is significantly
deformed at the time of head collision to thereby
absorb collision energy more than a metal or
resin corner potion of a conventional step,
thereby allowing the injury probability to be
reduced.

Although the injury probability differs
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Results of the calculations are illustrated in FIGS. 33 and 34. In FIGS. 33 and 34, results obtained in
the cases where kl is 3000 N/mm and where kl is 1000 N/mm are added to the calculation results
illustrated in FIGS. 31 and 32, respectively. In FIG. 33, the HIC is calculated with the Young's modulus
of the material plotted on a horizontal axis. In FIG. 34, the injury probability is calculated with the
Young's modulus of the material plotted on a horizontal axis. FIG. 33 reveals that when the
Young's modulus of the material is high, the HIC value also significantly changes depending on the
spring constant &) df the skill. ©n shedother hands wherrthe Yeungsamedulus ofthe material is low,
the HIC value does not change so much even when the spring constant (kl) of the skull is changed.
The spring @6ristdnt kP)sef tHeisheckeabsarbing cleatts is proportionad toythe ¥dung's modulus, so that
when the Young's modulus of the material is high, the s%ing constant (k2) of the shock absorbing

cleat 5 is larger thaf the ' Spfing @R EENt(EIPdrthe' kil 'orftR& otheahd, Wheh the Young's
modulus of{ rmxteré)aji_ isg%vg, ttli%e% rin@ L/*ong?n%@é?eof sh%%keabg%rbing gliat 5.is equal to or
[ . .34

smaller than the spring constan of the sku reveals that when e%hﬁ&“s modulus of

the materiat is fighnthe HIC yalueaxseeds 4190Q; ang,the injury, probakility reaehies 1000%6. When the
Young's modulus of the material is low (when the Young's modulus is in a range equal to and less than
1000 MPa)athe HtG: eatiuefallstiiedonc00D as dlostratedtiin FI&S. 33,that 1S, a$the Young's modulus of
the material becomes lower, the injury probability abruptly decreases. (4-2) In case where spring .
constant of SAGCkSBEIrBRG eledtad RrgeSt{Y UNS fiddules BHixed)  As in the case of (4-1), the

HIC and injury pro%)abili.ty a:i falculgfg fora c%?g where the Young's modulus of the material is fixed
and the spring constant 5fthe-shock Atfsotbing cltafSis TAtGet tk2 =683 13\ Fmm). The spring

constant (kz);of the;sheck ghsofhing.cleat 3 when the Yoyngs.modulys.of the material is 200 MPa is

set to 683.1 N/mm, and the spring constant (k2) is assumed to be
metal material is used for the body secticn &6 of

the tread 2, including the convex sections 8,
which the passengers frequently get on and off.
Therefore, the convex sections 8 of the body
section 6 have wear or dirtiness not more than
the conventional steps. Although the urethane
rubber is used for the shock absorbing cleat 5,
their lifetimes will not come to.the end by
getting worn or dirty in a short period of time
because passengers do not frequently step their
feet on this portion. When the shocck absorbing
cleat 5 significantly get worn or dirty and their
lifetimes come teo the end, 1t ig not reguired to
replace the entire tread 2, but required to
replace the shock absorbing cleat 5 only. 1In
addition, since a plurality of shock absorbing

cleat 5 are mounted in a width directicn cof the
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proportional to the Young's modulus of the material. Further, calculation is performed for cases where
kl is 3000 N/mm and where kl is 1000 N/mm, in addition to the case where the spring constant (k1) of
the skull is 30 (case where the skull is regarded as a rigid body). Results obtained by changing the
Young's modulus of the material in the range of from 50 MPa to 70000 MPa are illustrated in FIGS. 35
and 36. In FIG. 35, the HIC is calculated with the Young's modulus of the material plotted on a
horizontal axis. In FIG. 36, the injury probability is calculated with the Young's modulus of the material
plotted on a&horizortal axisen MFEIGS c3bcand 86 Gz andChneach represent a-gase where the
Young's modulus of the material is 200 MPa, and D5 and D6 each represent a case where the
Young's moduRis bithe fbtefial is 2300M P @elyésrisonate). r e pRIGSe35-&ml 38aev@al that when
the Young's modulus_of the material is high, the HIC value significantly changes depending on the

spring coratiht (&i} o¥the skatithd AL tHE SIS Pobalify felclied™o8%. &F the S&fer hand, when

the Young's modyluys of qrialis Ja\ 1 IC value does not change so much even when the
spring constant (kl) of thglgku ?éls change\gZl and as the Young's modulus of the material becomes

lower, the injury probabilify:aisupily deereasetane (4-3b¥ung's modulusiof materialof shock
absorbing cleat and injury probability In FIG. 37, the results illustrated in FIGS. 34 and 36 are

shown in thelsami gedpho rb imEIG: 32,207 réprésentstaccas® where dres¥oung s tnodylus of the
material is 200 MPa, and D7 represents a case where the Young's modulus of the material is 2300
MPa (polycafbondtd)t & T tithe €dsetitfere the Yourgssduid of hé sfaterial id 200 MPa, when
the dlmensg)g% ofltge re%%efgtl\éle sections of the shock absog%%%cleat fall within the range listed in

Table 1, th& jury probabiity faIi8 betiveeR e UpBariintt and Tower findit f&7L75¥ a part 07 in

FIG. 37. - ©p fhegifsr hand, indhe case {DT)here e, Yaung'samaduls of the material is 2300

MPa (polycarbonate), even when the dimensions of the
rubber, silicone rubber, or flucrocarbon rubber.

Further, a nylon-based, a Teflon®-based, and
other resin materials having a low rigidity may
be used. That is, as the material for the shock
absorbing cleat 5, a polymeric material composed
of at least one of the resin and elastomer may be
used.

Further, the shock absorbing cleat 5 can
also serve as demarcation to clarify an edge of
the tread 2 for passengers.

Ags described above, by using an escalator
step according to Example 1, it is possible to
provide, at low cost, a safe escalator that can
prevent the passenger from suffering a serious
injury even when he or sghe falls down and hits
his or her head against a step corner and that

does not encourage falling of the passenger even
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respective sections of the shock absorbing cleat 5 are of any values within the range listed in Table 1,
the injury probability is 100%. Examples The following describes functions and advantages of the
escalator step according to the Example 1. Assumed is a case where a passenger falls down and
hits his or head against the corner (section A of FIG. 1) of the step 1 of Example 1. The shock
absorbing cleat 5 is mounted on the corner and, accordingly, the head of the passenger who falls
down collides with the shock absorbing cleat 5. In the present embodiment, urethane rubber having
lower rigidityrthan meials,ssuchuasalwpiaum ang stainlessmgieel, and {ke-resissuch as polycarbonate
used for demarcation, is used for the shock absorbing cleat 5. Thus, the shock absorbing cleat 5 is
significantlyngefeririedl apthe #ime oflhead cbifisiorrtoalakeby absorb collision energy more than a
metal or resin corner potion of a conventional step, thereby allowing the injury probability to be
reduced. Although the injury probability differs depending on the dimension of each section of the
shock absot'lg'%g:g%zg 5 l}cg% q;gg any value between the upper limit (C7U) and lower limit (C7L) of
the part C7 of FIG. 37, tﬁerebﬁa lowing the injury probability to be reduced as compared at least to the

collision with a comngr efpLonentinakrgiabarplastic steps YJdgigally, the yrethage rubber is
more likely to be worn and to get dirty. However, a metal material is used for the body section 6 of the

tread 2, inchu@lingltke contexsestions 8 awhidhothe passerderscfreqaéntly getiongand off. Therefore,
the convex sections 8 of the body section 6 have wear or dirtiness not more than the conventional
steps. AlthSubf dtfe treth&neTBibbet i U$BQ fof fire shoBlk@T8Brbiig tledts el Sifetimes will not
come to the.end by_getting worn_.or dirty in a short perigd of time because passengers do not
frequently ;%é:ﬁ)t[ﬂeir X c?nﬁlﬁis ]porﬁgn.%eén tﬁéfs%o%l?gb%%rblsngmo i ptigd

material used for the sheock absorbing cleat 5 is
set teo 1000 MPa or less. Since the structure of
the shock absorbing cleat 5 is the same as that
of Example 1, descriptions about the structure of
the shock absorbing cleat 5 according to Example
2 will be omitted.

With reference to FIG. 37, the injury
probability in Example 2 will be degcribed. A
range of the Young's modulus of the material used
for the shock absorbing cleat 5 according to
Example 2 is represented by a bold arrow E.

Assumed is a case where the Young's modulus
of the material used for the shock abscrbing
cleat 5 1s reduced from 70000 MPa. The injury
probability remains completely unchanged when the
Young's modulus of the material reaches about
2300 MPa (polycarbonate). When the Young's

modulius of the material is further reduced to
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cleat 5 significantly get worn or dirty and their lifetimes come to the end, it is not required to replace the
entire tread 2, but required to replace the shock absorbing cleat 5 only. In addition, since a plurality of
shock absorbing cleat 5 are mounted in a width direction of the step 1, when only one of them comes
to the end of its lifetime, it is required to replace the dead one only. Thus, maintenance costs can be
reduced to the requisite minimum. Although the urethane rubber is used for the shock absorbing
cleat 5 in the above description, the material of the shock absorbing cleat 5 is not limited to the

urethane rubberand mayde an elastpmer suchasnatury rubban synthetic abberpsilicpne rubber, or
fluorocarbon rubber. Further, a nylon-based, a Teflon@-based, and other resin materials having a low
rigidity maydsecised. srhat is, b prrarddtetal for thelshockiabsarbing oleat, & pelymeric material
composed of at least one of the resin and elastomer may be used. Further, the shock absorbing

cleat 5 can aR8 Sérvé BS G&harBftiof t°ddrifyan edge of the tread 2 for passengers.  As

described above, %lé%ngia@,esg%atgr sé%psa@cc%rg@% lo I,:E@énpgfold Z!;[_ és,.psosgglgéol%rgvlde, at low
cost, a safe escalator that can prevent the passenger from suffering a serious ifjury even when he or

she falls down apd ditsshis erhes head-againsta step;cornas aad.thatfoss nat,egcourage falling of the
passenger even in a normal use state by a simple injection molding of a polymeric material. (Second

Example) cllaatre &ove Example b, theo¥auny's anodulud efdlse, matgrial @setfar-the ghock
absorbing cleat 5 is set to 200 MPa. Example 2 differs from Example 1 in that the Young's modulus of
the materiaf e 8t tRe SHock A obing TRal s R settto 1060 M@ 6MessbSipedthe structure of the

shock abso(r:'tiirégacﬁlea% S‘i,s.tcpﬁ same ?I%(that of Exa_rﬁr]ple 1, c_jesqril[i)tions_ about the structure of the
shock absofbing cleat 55&¢didifg (b EXamhpiB 2wilt B dritted: ™ Withefetencé to FIG. 37, the
injury probzipyigbi o ]g_%gng@?, 2 Ml b&g@sgggq.&rgng%gf&%Yogggs modulys, of <dﬂg}e%material used
for the shock absorbing cleat 5 according to Example 2 isTeprésented by a bold arrow E.

as cowmpared to the collision with a corner of a

conventional metal or plastic step.

On the other hand, as described above, the

shock absorbing cleat 5 gshould not have such a

flexible structure or such a hardness that

encourages the passenger to fall down in a normal

use state. That is, the cleat needs to have

enough hardness so as not to be buckled by a load

applied thereto when the passenger stands on the

cleat or walk on the cleat. In view of this,

there exists a lower limit value that ig required

from a practical perspective on the Young's

modulus ©of the material uged for the shock

absorbing cleat 5. The lower limit value is

adequately selected with reference to the

structure of FIG. 10 and dimensional range listed

in Table 1 and is, for example, 20 MP or more,
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Assumed is a case where the Young's modulus of the material used for the shock absorbing cleat 5 is
reduced froth 70000 MPa. The injury probability remains completely unchanged when the Young's
modulus of the material reaches about 2300 MPa (polycarbonate). When the Young's modulus of the
material is further reduced to 1000 MPa or less, the injury probability abruptly decreases, depending
on the dimension of the shock absorbing cleat 5. That is, in a case where the Young's modulus of
the material used for the shock absorbing cleat 5 is set to 1000 MPa or less, by adequately
determiningthe dimensig of the shoek absorhirgraleat 5aithin thegangedisted ipfiaple 1, a
probability of the serious injury can be reduced as compared to the collision with a corner of a
conventiondlhietd] Beplasticstepe - On the other hand, as described above, the shock absorbing
cleat 5 should not have such a flexible structure or such a hardness that encourages the passenger to

fall down in a normal dSe stdtk. Frat BARE dBdthelds BHaVEHBUGh RRdress so as not to be
buckled by ggocaéilagglgep tl%%{et‘%ﬁvjhg%]thg p§%$ngleerfrsguagd§nonctge clgﬁt qr W{;;Ik on the cleat. In view
. M deych .

. cl r vin a
of this, there exists a lower limit value that is equﬁ'{ed rom a practlcallperspegtlve o the Young's
modulus ofha materdal Wsepforthe shock alasoraing cleat e lawer limit Malye,is adequately
selected with reference to the structure of FIG. 10 and dimensional range listed in Table 1 and is, for
example, 20 M arimoré; preferably il 5MB4A eemore, ans mere preéeratihe 100 MPa or more.
Thus, it is possible to provide a safe escalator in which a polymeric material having a Young's modulus
of 100 MP&Pdt Fe:3 slused Yor $He shodEabsErbing ERALS tH rétued thelpfobability of a serious injury

when the passenger falls d Wg. nd h?'&ts his or h%lr flga% agijgst the corner of the step, and a polymeric
SFs haduhis of 28’ MP& bF mBreti€ usétiYo Srevéht the & from being buckled

material ha@i‘%gS 8 gng S

due to a loagfrom, the passenger in,a porgal usg stajs. ep Althoyghthe preferred embodiments of

the present invention have been described above, the embodiments are merély illustrative and do not
limit the scepetof thegpreseatinvegtien. Thasa gmbodiments can kerpracficerbin other various forms,
and various omissions, substitutions and changes may be made without departing from the scope of
the inventioho Tite énsbodinsahtstamdpioglifieations thereolare incltidedrin lveistgpe or spirit of the

present invention and in the appended_claims and their equivalents. WHAT IS CLAIMED IS: 1. An
escalator sRpS6mpisirfgte t© & load from the passenger in a

normal use state.

Although the preferred embodiments of the
present invention have been desgscribed above, the
embodiments are merely illustrative and do not
limit the scope of the present invention. These
embodiments can be practiced in other various
forms, and various omissions, substituticns and
changes may be made without departing from the
scope of the invention. The embodiments and
modifications therecof are included in the scope
or spirit of the present invention and in the

appended claims and their eguivalents.
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a tread having a body section on which a plurality of convex sections are arranged in parallel in a width
direction thereof; a riser connected to a rear end portion of the body section of the tread and
having thereon a plurality of convex sections arranged in a width direction thereof and a plurality of
concave sections formed between the adjacent convex sections; and a shock absorbing cleat
provided in a notch formed at the body section rear end portion near a corner at which the riser and
tread are connected to each other, the shock absorbing cleat being formed of a polymeric material
having a Young's mbgulas afft0p0 MPa or less. 2. The escalator step according to claim 1, who the
shock absorbing cleat includes a plurality of long convex sections which are arranged in parallel and
each of whith hasfYe&rehd Saffate egtefdingFsurasio Hé e same flat surface as the convex
section of the riser and a front end surface connected to each of the plurality of convex sections of the

tread and a pluraliy of ERGcon ek R8tichs WARK aSanGdy it Barkfit Gétwéen the adjacent long
convex secﬂgrgﬁgg f@g,h Q}‘ﬁ/vhj:cgllgggg_ rear g@ﬁi%fgc%%xéeng%lg dgg %%Eﬁ be the same flat surface
i [ en toeac

as the concave section of the riser and a front surface connecte ach of the plurality of convex
sections of gherdeead.e 3. The escalatersiepacerding toclaim 2-whsrein the polymeric material is

resin or elastomer. 4. The escalator step according to claim 2, wherein

a riser connected to a rear end portion of
the body section of the tread and having thereon
a plurality of convex sections arranged in a
width direction thereof and a plurality of
concave gections formed between the adjacent
convex sections; and

a shock absorbing cleat provided in a notch
formed at the body section rear end portion near
a corner at which the riser and tread are
connected to each other,

the shock absorbing cleat being formed of a
polymeric material having a Young's modulus of

1000 MPz or less.

2. The escalator step according to claim 1,
wherein

the shock absorbing cleat includes a
plurality of long convex gectionsg which are
arranged in parallel and each of which has a rear
end surface extending sco as to be the same flat

surface as the convex section of the riger and a
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the elastomer is urethane rubber, natural rubber, synthetic rubber, silicone rubber, or fluorocarbon
rubber. 5. The escalator step according to claim 4, wherein the shock absorbing cleat also serves
as demarcation. 6The escalator step according to any one of claims 1 to 5, wherein the shock
absorbing cleat is arranged in plural number in the width direction of the tread. 7.An escalator step
comprising: a tread having a body section on which a plurality of convex sections are arranged in
parallel in a width direction thereof; a riser connected to a rear end portion of the body section of
the tread arfrhawing ¢hedeosarplurality efcanvex sections each ®hwhigh hassan opened upper end
and which are arranged in a width direction thereof and a plurality of concave sections formed
between th® é@jé&ﬁﬂé‘dﬁvé&fse@ﬁﬁh’geaﬁds e c& shweke alesbrbiyecleat pravidediid aaotch formed at

the body sec on | rear.er end portlon near a corner at which the riser and tread are connected to each
Omerwhag ity of short convex sections which are

arranged in parallel between the adjacent long
convex sections and each of which has a rear end
surface extending so as to be the same flat
surface as the concave section of the riger and a
front end surface connected to each of the

plurality of convex sections of the tread.

3. The escalator step according to claim 2,
wherein

the polymeric material is resin or elastomer.

4. The escalator step according to claim 2,
wherein

the elastomer is urethane rubber, natural
rubber, synthetic rubber, sgilicone rubber, or

fluorocarbon rubber.

5. The escalator step according to claim 4,
wherein
the shock absorbing cleat also serves as

demarcation,

6. The escalator step according to any one of
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the shock absorbing cleat includes a plurality of long convex sections which are arranged in parallel
and each of which has a rear end surface extending so as to be the same flat surface as the convex
section of the riser and a front end surface connected to each of the plurality of convex sections of the
tread and a plurality of short convex sections which are arranged in parallel between the adjacent long
convex sections and each of which has a rear end surface extending so as to be the same flat surface
as the concave section of the riser and a front end surface connected to each of the plurality of convex
sections of tflestiead, 1 & tength okeacheof the long convex sections of the shock absorbing cleat is
set to 20 mm to 50 mm, a length of each of the short convex sections is set to 14 mm to 44 mm, a
thickness of each 6ftBe PRG &fd sHoRTERVER Se@ibAAIE sdtto 2 HindfoZafimian interval between
the long and fhort onvex sections is se%:o 5 mrg%%n? g;m, a height of each of the long and short

e

convex sections’i& det 0 THRMA t 15 Mt afd hockHbsstBing tledt ottt a material
having a Young's modulus of not less than 20 MPa and not more than 1000 MPa. 8. The escalator
step according to claim 7 wherein the polymeric material is resin or elastomer. 9. The escalator step
according to claimz8; wherew1 a t dhe elastpmerda grethanegibber, natural rubber, synthetic rubber,
silicone rubber, or fluorocarbon rubber. 10. The escalator step according to claim 9, wherein
a tread having a body section on which =
plurality of convex sections are arranged in
parallel in a width direction thereof;
a riser connected to a rear end portion of
the body section of the tread and having thereon
a plurality of convex sections each of which has
an opened upper end and which are arranged in a
width directiocon therecf and a plurality of
concave sgections formed between the adjacent
convex sectiong; and
a ehock absorbing cleat provided in a notch
formed at the body section rear end portion near
a corner at which the riger and tread are
connected to each other, wherein
the shock absorbing cleat includes a
plurality of long convex gecticng which are
arranged 1in parallel and each of which has a rear
end surface extending so0 as tLo be the game flat
surface as the convex section cof the riser and a

front end surface connected to each of the

plurality of convex sections of the tread and a
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the shock absorbing cleat also serves as demarcation. 11. The escalator step according to any one of
claims 6 to 10, wherein the shock absorbing cleat is arranged in plural number in the width
direction of the tread. 12. The escalator step according to claim 7, wherein the shock absorbing
cleat further has a base section which is provided at bottoms of the long convex sections and short
convex sections and which has, at a back side of the base section, hollow section and a protruding
section which plugs the opened upper end of each convex section of the riser. 13. The escalator step

according tp thaime 12 wherein tha pelymedmmaterial isdesinerelastomer. 44 Jhe escalator step
according to claim 13, wherein the elastomer is urethane rubber, natural rubber, synthetic rubber,
silicone rubb&ry srfiierbcarborPrubbérl ¢5. The eseatatortstep azcdoyding totclaim 14, wherein the

shock absorbing cleat also serves as demarcation. .
convex sections and each of which has a rear end

gurface extending so as to be the same flat
surface as the concave sgection c¢f the riser and a
fxont end surface connected to each of the
plurality of convex sectionsg of the tread,

a length of each of the long ceonvex sections
of the shock absorbing cleat is set to 20 mm to
50 mm, a length of each of the short convex
sections is set to 14 mm to 44 mm, a thickness of
each of the long and short convex sectiong is set
to 2 mm to 4 mm, an interval between the long and
short convex sections ig set to 5 mm to 7 mm, a
height of each of the long and short convex
sections ig set to 10 mm to 15 mm, and

the shock absorbing cleat is formed of a
material having a Young's modulus of not less

than 20 MPa and not more than 1000 MPa.

8. The escalator step according to claim 7,
wherein

the polymeric material is regin or elastomer.

9. The esgcalator step according to claim 8,

wherein
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16. The escalator step according to any one of claims 12 to 15, wherein the shock absorbing cleat
Is arranged in plural number in the width direction of the tread.

the elastomer ig urethane rubber, natural
rubber, synthetic rubbexr, silicone rubber, or

fluorccarbon rubber.

10. The escalator step according to claim 9,
wherein
the shock abksorbing cleat also serves as

demarcation.

11. The escalator step according to any one of
claimsg 6 to 10, wherein
the shock abscrbing cleat is arranged in

plural number in the width direction of the tread.

12. The escalator step according to claim 7,
wherein

the shock absorbing cleat further has a base
section which is provided at bottoms of the long
convex sections and short convex sections and
which has, at a back side of the base section, a
hollow section and a protruding sgection which
plugs the opened upper end of each convex section

of the riser.

13. The escalator step according to claim 12,

wherein
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the polymeric material is resin or elastomer.

14. The escalator step according to claim 13,
wherein

the elastomer is urethane rubber, natural
rubber, synthetic rubber, silicone rubber, or

fliuorocarbon. rubber.

15. The escalator step accorxding to claim 14,
wherein
the shock absorbing cleat also servesg as

demarcation.

16. The escalator step according to any one of
claimg 12 to 15, wherein
the shock absorbing cleat is arranged in

plural number in the width direction of the tread.
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