239-0826
239-0826
112-8551
112-8551
090-0857

9 2004

3-1-1
311
1-13-27
1-13-27
165

Key Word pavement roughness, airport, aircraft response, vertical acceleration, height of bump

PRI
Pavement Rehabilitation Index
FWD
PRI

IRl Internationd Roughness Index

b2 IRI

3

4

Ride Quality Factor

APRas

12



APRas
@
a)
1
50m 2 10mm
0.01m 300m
1
747-400 B747
DC-9-40
DC-9
5)
45km/h - 30knmvh  15kmvh
5m 15
85 2
85
b)
10mm
1
2
B747
DC-9
DC-9
B747

(kg) (m)
B747 362,880 25.60
DC9 51,710 17.07
Lo B747
05
ost i A AL L
e R
_1'00 50 100 150 200 250 300
1.0
05 _DC-9
00 AM MM /\{\/\ I ﬂf\ /\f\
el VTV
_1'00 50 100 150 200 250 300
(m)
-1 10m
45kmvh
45km/h
20m
2
3
B747 1.3c/s DC9 15¢/s
MD-11
737-200
4

B747

DC9



©)

@

@

€)
a)

DC9

1.0 T T T T T T
B747 10mm
08r (km/h) T
—e— 15
50
10rlnm
(km/h)
50
(b) B747
-2
1.0 T T T
B747 10mm
08} (km/h) .
—e— 15
—0— 30
06 r— A 45 p
041 1
02} Yoy .
(] v g
00l assmcanoe ¥
0.1
(a) B747
-3
B747 2,700m
2,000m 3,000m
0.1m

b)

1.0 T T T

08r

)

0.6

10mm

(km/h)
—e— 15
—0—130 |
—&— 45

[e)
02} @g i
0 0 | A ..%ﬁiﬁ:A A A A A A
0 10 20 30 40 50
(m)
(c) DC-9
1.0 T T T T T T
L DC-9 10mm
__o0s8f (km/h)
= | —e—15
—0—130
061 —a 15 1

1.0 T

08t
e 15

—0—130
061 & 45

(km/h)

)

04r

02r

10mm

0.1

(b) DC-9

25 100m

15

10 50mm

00L-ansmcanased OZ%: y %"1:

(c/s)

10 50mm

5m



1.0 ; ; ;
B747 (mm)
+ 2
= 08f .
= A —A—10
ol \ i
A
o4r o T A
o o
02t ¢ —
’ o
0.0 ' : '
15 30 45
(km/h)
() B747
-4
1.0 — . . ; ;
B747
= 08 (mm) 7
~ e 10
0.6 ° 30 .
a A 50
0.4 1
02 _
0.0
1.0 T T T T T
B747
08 (mm) A
=2 e 10
o 30
06 A 50 ]
A
04 A 4 1

0.2

0.0

(b) B747

B747

10 T

0.8

©)

06 A

04+

0.0 .

(mm)
+2
4Oi5
—A—10

30

(km/h)

45

1.0 T T

08r

)

0.6
04+

0.2

0.0 1 1

1.0 T T

)

0.6
04+

02

DC-9

0.0

B747

DC9



400 . . . . .
o B747
_300f © DC-9 8
< e :
= q o s
= 200} 8 s -
]
[e) [ ]
* 9
100 - o 8 E
20
0 1 1 1 1 1 1
0 20 40 60 8 100
(m)
-6
6 T T T T T T
o o DC-9
- o, e B747
N
o 4r o b
o
°
[ )
i DC-9 |
2 &)8 —— B747
g 5 .
° o) 0
0 1 1 1 1 1 1
0 20 40 60 8 100
(m)
-7
6 85
7
85
€))
+04g

300 T T T T
Boeing Roughness Criteria

Unacceptable
€ 200r ——B747 .- E
S5 - —--DC-9 _«-7 " Excessive
~ hg -
100 Acceptable |
120 150

4 5
8
20m
B747 9mm DC9 8mm
5
B747
DC9
B747
6
8
Accepteble  Excessve  Unaccepteble
B747 DC9
Acceptable
Excessive
Unacoeptable

Hachiya 2



7
767
7
2003 1
7
APRes

747
5.50m

0359

1000 T

500

(mm)

-500 |

-1000
0

500

1000 1500 2000

2500 3000
(m)

47

192m 4.65m 5.50m

2001 2 2001

8

A 4

-10
12
E
E
0 s E%a@ SV
0 500 1000 1500 2000 2500 3000
5.50m (m)
-11
11
10m 100m
10m 300m 600m
10 2,200m 2400m 100m
700m 1,200m
B747 DC9



10

05 B747
. Vvuva vvrv\umwvw W
5 05} !
-1.0
0 500 1000 1500 2000 2500 3000
1.0
' DC-9
05F i
0.0
-05¢ 4
-10 ' - -

i
"0 500 1000 1500 2000 2500 3000
(m)

-12
300 T T T T T T
—— B747
- - -DC-9
E 200} A o
= / A [ ]
/ A9
Z A 2
100 9 ]
7 ¢ o >
, ad 001 2
f 404 o 2001 12
/““ A 2003 1
O 1 1 1 1 1 1

0 50 100 150 200 250 300 350

(m)
-13
-2
)
B747 DC-9
2001 2 0.18 015
2001 12 0.14 0.17
2003 1 023 021
12
11
5
DC-9 B747
DC-9
B747

30 . . . .
® 2001 2 —— B747
o 2001 12 - - -DC-9
TE\ 201} A 2003 1 o i
£ 4
. %
10 ol ® E
- — % _ _ _ - — — -
4 o
‘O
0 O 1 1 1 1
0 5 10 15 20
(m)
-14 20m
-3
©)
B747 DC-9
2000 2 017 021
2001 12 020 0.23
2003 1 021 0.23
85
13
100m
2
029
3
20m
14 5m
45km/h

0.2g9



(1)

@

)

(4)

1

2)

3

B747 DC9

4

6)

8)

1 Sp. 2003
Hachiya, Y., Yin, J, Takaheshi, O. and Himeno, K. : Aircraft
Response Besed  Airport Pavement Roughness  Evauation,
Journal of Japan Society of Civil Engineers, No. 634 / V-45, pp.
403-411, 1999.

121-1210 2002

7 pp. 131-13.8 2002

2001.

K. J DeBord : Runway Roughness Messurement, Quantification
and Application - The Boeing Method, Boeing Document
D6-81746, Boeing Commercid Airplane Company, 1990.

1343-1344  2003.

2 pp.2328 1997.

Study on Roughness Evaluation of Airport Pavements Based on Aircraft Response

Yukitomo TSUBOKAWA, Yoshitaka HACHIYA,
Qinxi DONG, Kenji HHIMENO and Akira KAWAMURA

The purpose of this study isto develop roughness criteria of airport pavements based on aircraft response to
ensure the safety in operation and the ride comfortability of aircraft. As the results, relationship between
aircraft vertical acceleration and roughness of pavement was clarified using simulation program of aircraft
response, APRas, and the roughness criteriain order to keep aircraft vertical acceleration under 0.4g for both
runway and taxiway were obtained. To verify these roughness criteria, longitudinal profile was measured on
runway of major domestic airport for three years, and roughness evaluation of the airport pavements was

carried out using these criteria.



