14 2009 12
1 2 3 4
GL 102-0072 3-13-1
E-mail hiro_n@jrfreight.co.jp
() 102-0072 3-13-1
() 106-0032 7-3-7
4 4 300-2622 315-126
101kN 12ft
FRI
Key Word pavement surface, profile, forklift, cargo, IRI, acceleration, container yard
_F —sewm - wmmn CF=son
3m o | =L 2=
2 [T sorn z
(0_3m) _ﬁ 1E - ‘Tg 1
: g
§.01: %01
Kamotu a f \_/ =
. & 2
Maintenance Index KMI ; ®
1
0.01 A L 0.01 ia

(RMS) -1

(International Roughness Index
IRI )

211

100

1 10
WS (Hz)



-1
(kN) (kPa)
(kN)
-2 12ft 68.7 41.2 1100.6 | 647 | 795
—10em —20m ' 36.8 | 118 | 726 | 540
1830mm 255 10.00-24
20PR
c -2
®
7] J‘ . ARF-500A | 500(m/s?) Z
ARF-200A | 200(m/s®) | X Y
I HR-908A
HR-975A
-3
7 IRI
4 80km/h(49.7 mi/h)
-1 -2
-2
7 )
3 ) (2 IRI
1/4 -5
@ M Zs = -Cs(Zs- th -Ks(zs- zt) @
. va m Zt+ M Zs = -Kt(Zs - X)
mZs+ CS(Zt- Zs] +Ks(Zt-Zs)= Kt(Zt- X) @
1Hz 15 3.0Hz
> 2)
15km/h
M= (N/mm/s?)
Zs=M (mm)
Ks= (N/mm)
Cs= (N/mm/s)
1/4 m= (

N/mm/s?)



Btan: # 4 vyOEE

BERD : # A Y ORFRTEH

& 10.00-20 16PR O 14.00-24 20PR
100
80T y=0.0096x
—_ 2
E ol R=097 | ~ "—
M0F-- &K~ y=0.0070x |- - - -
R’=0.88
20 |
0
0 5000 10000 15000
(kgf)
-7

‘ —O— 539 kPa —{1+— 662kPa —x— 785kPa

25 ‘
20 |
6 E |
g 15 :
Zt=m (mm) = l
Kt= 10 :
(N/mm) 05 ‘
X= (mm)
0.0
Zt =m (mm/s) 0 2 4 6 8 10 12
HZ
Zt,=m (mm/s?) (o)
-8
Ks/ M= 63.3, Kt/ M= 653, Cs/ M = 0.7
6, m/ M= 0.15 9 06 01-495
1/4 0.5:
& 0.4}
Ks Cs 2944
Ct 4.852
Cs )
_01 1 1 1 1 | IR B 1 1
0 1 2 3 4 5 6 7 8 9 10
Cs + (Ho)
5mm 25kN 50kN -9
75kN -6
8Hz
-7 -6
-8 -9
1.5Hz
( 662kPa
) 1.5Hz Cs 1.92kgs/mm
)

213



100
50 &
-10 7 3
— 0
Kt 2
FRI(Freight Roughness Index) ~ ] N g
8 !
IRl 1/4 N K
- o 12
14
(3) \ " 16
18
| 7 20
] A 22
Liv ) ) (3) ] - ;g
RI =4 [ |zs -zt | dt (/L —7 o8
0 X/-'T 30 (y)
m
1) \\ 32
= (m) ] 34
V= (m/s) 22
Zs= (m) 40
L1 O 2 4 6 8 10 12 14 16 18
Zt= (m) - x(m)
-11
7
3 7
10km/h(2.78m/s),15km/h(4.17m/s) 12ft
(68.7kN) FRI im
IRl -12 -11
IRl
8m
3) IRI 10km/h  15km/h
7 gokm/h  1m IRy,
3D -10 IRl
-11
IRl
IRI 2
im @)
(4) a)
Dispim=Y_ | (Disp - Disp ) | 4) -12
100m-200m -13
Im

214



b)

(mm)

(mm)

80 Profile 8m 60
80 ——|RIlm8m  (L0kmvh) 5 o~
w
L 5 £
20 3 ~ 0
3
0 203
_‘2‘2 2
0 50 100 150 200 4l . . ~ 05230H)
100 120 140 160 180 200
(m)
(m)
(@) 10km/h
0.04 ~
80 Profile 8m 60 _ L
60F — |Ritmam  (15kmh) b oot
4 05 € -
20 El .00 |-
0 3 0.00
20 3 3
20 0.02
-40 0 i
0 50 100 150 200 R ——
- 100 120 140 160 180 200
m
(m)
(b) 15kn/h o
80 Profile 8m 60 = 60 -
60 |Rizmsm  (80kmih) b E S0p
40 05 £ 4r
20 ’g - 3 -
0 20 3 20 C
20 10F
40 0 o J SR ey Y St E R
0 50 100 150 200 100 120 140 160 180 200
(m) (m)
(c) 80km/h -13
-12
0.06
0.04
2
£ 002
-14 0,004
-0.02-
3 -0.04
7
-0.06 +4———————— . T )
7 003 -002 -001 000 001 002 003
(m)
-14
IRI,,
15km/h IRl é
(Am e
) -15
1
IRl 2
IRI im IRIZm(mm/m)
Im -15 IRlym

215



IRIZM/FRI (mm/m)

IRIIM/FRI (mm/m)

(mis?)

E| —FRI
E| ——IRIIm

FRIIRIIm(mm/m)
cBB85883

&

(m)
-16 IRl FRI
50
o IRIIM FRI
40 0O FRI o og 5
ol o R =068
- |
qCo Go ]
im
10 BANRS <><> R* =044
0 O 2, —
0 1 2 3 4 5 6 7

3y
=}

588 8

o

250

-17 IRl FRI
15
O 10kmh
O 15knvh 15k
——  (15kmh)  y =0.820820.0608x 10knvh
0 —  (1okmh)
5|
y = 0.7546€0.0504x
R2=0.76
0
0 10 20 30 40 50
FRI (mm/m)
-18 FRI
2m (
IRl

60

216

IRlim

IRl
15km/h IRl
IRI
Cs
IRI
FRI
FRI

(¢H) FRI

19

FRI -16
IRl FRI
IRl
IRl FRI

FRI -17

0.44 FRI

FRI
-16
FRI
FRI
FRI

Ks

IRlim

FRI

IRl

FRI

IRl

IRl
0.68
FRI
12
FRI

-18

-16

-18



(mm)
HighPassFilter 0.3Hz)

-19

@

-19 A B C

19

-20
=21

-21

10mm

FRI

217

18,
E 150
12F “
9,
<0 |0 000 4 J
b M
o ARt \mmmmm i 1[’]\4 L N
0 150 200
4
£ 3
2
1
0g 50 150 200
(m)
-20
19 10km/h
6
O
o 10kmh
5T o 1skmh
— (10kmvh) y =0.0303%
4r 2
< —_ (15kmvh) R"=0.88 W
£
s |
2 y =0.0261%
R=079
N
g
0
0 5 10 15 20
(mm)
=21
(©))



1502631
(m/s2)
1 2.0 A 14.6
1 25 2.0 283 B 14.6 204
25 2.83 C 20.4
1 1.73 A 4.3
1 25 173 25 B 4.3 5.5
25 25 C 55
1 0.86 A 7.3
1 25 086 1.25 B 7.3 8.6
25 1.25 C 8.6
FRI 15km/h
16Hz
4.0Hz
1.0Hz
-4
HighPass
From To KMI KMI FRI Filter 0.3Hz| Rolling
(m) | (m) (mm) (%) (mm/m) | Profile (mm)
(mm)
0 20 233 0.0 2.77 B mAm A BAA
20 40 175 0.0 2.81 B A A BAA
40 60 254 0.0 2.76 A A A AAA
60 80 731 0.0 2.42 A A A AAA
80 100 5.80 2.5 2.40 B A A BAA
100 120 238 4.4 2.55 B A A BAA
120 140 2.90 7.4 2.36 A A A AAA
140 160 3.03 0.9 2.68 A A A AAA
160 180 3.77 5.2 2.41 C C B ccB
180 200 3.83 0.1 2.66 (o} A A CAA
200 220 1.86 0.0 2.81 A A A AAA
220 240 350 13 2.62 A A A AAA
342 18 2.60 15.86 271 3.7 BAA
731 7.4 2.81 4731 9.96 7.8
175 0.0 2.36 6.24 1.51 2.36
(1SO 2631)
ISO
-1
14
1.8 Hz 3.8 4.5Hz
08 14Hz
1.6 Hz 4.0 Hz
10 Hz
-3
10km/h 15km/h 2
15km/h
15km/h
-4
-4
smm
KMI

218

2 IRl

FRI
3 FRI

5 FRI

6 ISO (ISO 2631) FRI

1)
2000.3.
2) Sayers, M. W. and Karamihas, S. M. : The Little Book of
Profiling, October 1998.
3)
56
-37 pp.74-75 2001



THE INFLUENCE WHICH THE PAVEMENT UNEVENNESS OF THE CONTAINER
YARD GIVES THE CARGO AND HANDLING MACHINE

Hiroshi NAKAZONO, Yasuo MIURA, Nagato ABE and Kazunori MANABE

In the pavement which is used at the freight facilities, the 12ft forklift of 101kN wheel loads at the time
of the container handling was used, being average but the large-scale of a forklift is progressing by the
enlarge of cargo and the handling of the ISO 20ft and 40ft container.

Therefore, we did a moving test and an attenuation test to grasp the vehicle kinetic feature of the
forklift which accompanies the unevenness of the pavement surface. We grasped the influence which
the unevenness of the pavement surface gives the driver of forklift. We examined the moving-time
acceleration of the freight on the front-axis of the forklift and inside the container, and we proposed FRI
as the pavement management index which accompanies the cargo handling of the forklift.
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