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Airport Pavement Roughness Evaluation Based on
Three-Degree-of-Freedom Aircraft Model
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(Airport College, Civil Aviation University of China, Tianjin, 300300, China)

Abstract ;: Based on the three-degree-of-freedom aircraft model, a new airport pavement roughness evalua-
tion theory is proposed. Taking three lines with different roughness grades as input, the three-degree-
of-freedom vibration equation of the aircraft model is solved using Matlab/Simulink, through which the
three vibration responses are obtained, namely, pitching angle ¢, transverse roll angle 0 and vertical dis-
placement at the center of mass. By utilizing three vibration response parameters, the distribution of full
aircraft roughness index (FARI) along pavement longitudinal direction is acquired. Simultaneously, the
international roughness index(IRI) parameter along the same line is calculated. Then the relevance be-
tween FARI and the aircraft root mean square value of weighted acceleration, and the relevance between
IRI and the aircraft root mean square value of weighted acceleration are analyzed, respectively. The cor-
responding correlation coefficients are 0. 980 6 and 0. 886 9. The results show that FARI is a more objec-
tive parameter to describe the aircraft bumpy effect in the taxiing process because of pavement fluctua-
tion in the range of all aircraft wheel covering. Therefore, FARI is more suitable for airport pavement
roughness evaluation.
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Tab. 1 Eight-grade classification standard of pavement
roughness
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Tab.2 FARI of different grades of pavement surface and

corresponding a,,

T8 T G,(ny)/ FARI/ ]
g8 (10°m?®) (m+ km ") an/ (s )
A 16 1.1 0.326 6
A’ 40 2.2 0.429 8

B 64 3.1 0.687 6

B’ 160 4.5 0. 856 7

C 256 7.5 0.961 4

c' 640 10. 4 1.120 1

D 1024 16.1 1.261 2

D' 2 560 24. 4 1.327 5

W 2 Bl th RO LT 5 5
B FART FUIIASUN 3 B 35 T AR(EL a B9 AH G 2R KK
r1=0.980 6. Hf a, fEHPH AR v, FART 24 A
AR 2 ARG RIE N
y=0.043 82+ 0.484 3 (23)
Z: A VR AT A AT IRT oA Y,
Matlab % #2115 A~D' \A %5 908 17 9 IRT fH
WA SFHOETE 3 K ML IRT X 8 iz J0E
T A TRT R 3158 00 15 A ] 45 5 T ) K AL A3y
RO ¥ 75 HRAE @ SR IR 3.
*3 ARAESEREEH IRI A a,
Tab.3 IRI of different grades of pavement surface and

corresponding a,,

SiEN ] G,(ny)/ IR1/ a,/
B (10~°m?) (m+km ) (m+s %)
A 16 1.202 4 1.612 6
A’ 40 2.4317 1.998 4
B 64 3.205 9 2.267 7
B’ 160 5.131 4 2.432 3
C 256 7.176 2 2.603 4
c' 640 8.013 4 3.013 9
D 1024 9.675 3 4.066 5
D' 2 560 10.723 0 6.005 3

WeHE e 3 Bl 20 (22) T i [ B -
B IRT FUINAD 2 BE 4107 iR AE a. MIAHC R B, =
0.886 9, XJELAIH ri>r,, Bl FART 5 a,, BYHHE
BEZERT IRI 5 a, BAHERE, FHItH FARI
ok AR JE T PR FE L L IRT BN A3

3 iFMriERHIEN SR

T T ML B 5 45 B0 FART 5 AN 2 5 1
JiRME a. ﬁ%iﬁ?ﬁ?ﬂ%ﬁ%ﬁ PR AT AR s @ B
PRUEXS FART EAT AL 70 G AU 3 5 3 7 AR

Bl 53 % 06T 2 [ ol TGP T 0 BL Y03 1 8 P 7 613
5T FEFIEMER R R MR 477
F4OMWMEEHFRESTEFERMOER

Tab. 4 Relationship between weighted RMS value

and driving comfort

AL T 9 BE 24 75

R (- 5 N AT 3
<0.315 WA AN
0.315~0. 630 T A &7 3
0.5~1.0 A LN G &
0.8~1.6 N st
1.25~2.50 I A G &
>2.0 W A7 &

X 2,40 LLERE 4 P NI 6T 38 JE B fE O AR
B AT LR 1 AN 230 3 N AFSR - a0, =0. 63
i 3 (23) LB 45 4 FARI=3. 3, I 1Y
T AR 2 T 08 5 AN R EFIE B SRR 2 e = 1. 25
i A AL B E 45 B FARTI=17.5, Jﬂ:H\TE’JJJHL
JEAE & AN P38 5 AR AN Bl A9 SR . LK P A B RR
N B FARL 7 %035 5 Ffrmo

x5 ENTFEERBTNRE
Tab. 5 Evaluation standard of FARI

P G b H %
FARI <3.3  =>3.3,<17.5 >17.5

e 5 B ALY B R AR B o3 bR o X T
T 707-320C BRI, 4 FARI{E/NT 3. 3 I, 18 10
VR BE G B B AL 2 FARD K F4F 3.3 H b
FAEF 17,5 Bf . 38 10 OF 5 B 090 00k AR Y
FARI KF 17.5 B}, 38 1075 B 1 00 22

4 HRIE

AR SO T T TR BOE LR L ST T RBLY
=AWy IR SR g5 O SR # T R 3 O
P 38 TR P B M SR A8 FARL. Gl BF 52
S8 FARI b IRT B384 T HL37 18 i -F- 5 B2 E 4
Hx; FARTBEAT T 0 9% 43 i T 73 bnife . A SCAS
0 WL T8 14 B VA SR AL TR O AR ROR O ik

S & k-

(1) JBEH PhS2 %, BRI B I 48 53T 0 & R i 3
[J]. A BBl ,2005,22(10) . 18-22.
Zhou Xiaoqing,Sun Lijun, Yan Li. Research progress
and trend of pavement roughness inidces[J]. Journal
of Highway and Transportation Research and Devel-
opment,2005,22(10) :18-22.

(2] skitse. BmMr. 2T A-Z-HHAHERNER L



614

MR OB % i

PNEIPN

EE N 48

(3]

[4]

(5]

[6]

7]

(8]

[9]

B TR BE VAN Tk ()], A s i LR 2 4k, 2010,
10(4):16-22.

Zhang Hongliang, Yang Wangqiao. Evaluation method
of pavement roughness based on 5-DOF human-vehi-
cle-road vibration model[ J]. Journal of Traffic and
Transportation Engineering,2010,10(4) :16-22.

Lu Sun. Simulation of pavement roughness and IRI
based on power spectral density[ J]. Mathematics and
Computers in Simulation,2003,61(4) :77-88.
EH AR e S TR S vk i 5 T
A REEEMLT] RERHL,2009(4) :55-58.

Nie Yanxin, Li Mengliang, Guo Xuexun, et al. Road
roughness simulation based on partial wave adding
model [ J]. Auto Mobile Science and Technology,
2009(4) :51-58.

ER R ARBETE 0. GB/T 7031—1986. 4 4 4k
Sy A 5 T T 2R T LS. AL mt v B AR UE R
#t,1986.

China Automotive Technology &. Research Center.
GB/T 7031—1986. Vehicle vibration-describing
method for road surface irregularity [ S]. Beijing:
Standards Press of China.1986.

L E P IR 3 5 o bR AL BOR B & GB/T
7031—2005. J& #1150 2 H 4 e 5 LS. AL st i
[ A v Y R AL . 2005,

National Committee on Mechanical Vibration and Im-
pact Standardization. GB/T 7031—2005. Measure-
ment data report of road surface spectrum[S]. Bei-
jing: Standards Press of China,2005.

AT £ B I AN B A I A3 AT 5 R LML
A6t b 53 R A AL  2000.

Zhao Jihai, Wang Zheren. Road roughness measure-
ment analysis and application[ M |. Beijing: Beijing
Institute of Press,2000.

W L BRBE G B B M-File S-pR 0 7E B 38 1% 1
AN g s b i i A LT DL b B PL B AR 2 4R L 2006,
4(4) :379-384.

Pan Shuangxia, Chen Zhubi, Feng Peien. Investiga-
ting M-File S-function on time-domain road rough-
ness modeling[ J]. Chinese Journal of Construction
Machinery, 2006,4(4):379-384.

ks E R TR ST AR = R 2
AT 11 T TR PP AN O vk LT ], FE PR AC I K24 2 4
(HRFF#R) ,2009,28(6) :1041-1045.

(10]

[11]

[12]

[13]

[14]

[15]

(16]

[17]

Zhang Hongliang, Wang Binggang, Yang Wanqiao.
Pavement roughness evaluation method based on
three-degree-freedom models including human, vehi-
cle and road[J]. Journal of Chongqing Jiaotong Uni-
versity (Natural Science),2009,28(6):1041-1045.
REAE. REBIBIMIL Hb a5t AL Ik i AR A
1989.

Yu Zhisheng. Automobile theory[ M]. Beijing: Me-
chanical Industry Press, 1989.

XA Ay AL AT P2 TR b T 9 AT B BL R 8D 4 b
(1] fii2s 2417 51993, 14(4) : 126-132.

Liu Li, Yang Guozhu, He Qingzhi. Analysis of statis-
tical vibration in aircraft during taxllng [J]. Acta
Aeronautica et Astronautica Sinica,1993,14(4):126-
132.

XUHT A EAE ) P2 R VE SR TE vh RS RO AL
AT PR Wiy 10 B 52 g L) 0. 25 2% 4, 1992, 13 (6) : 266-
273.

Liu Li, Yang Guozhu, He Qingzhi. Influences of land-
ing gear system on dynamic response in aircraft dur-
ing taxiing[J]. Acta Aeronautica et Astronautica Sin-
ica,1992,13(6):266-273.

Tung C C. The effects of runway roughness on the
dynamic response of airplanes[J]. Journal of Sound
and Vibration, 1967,5(1):164-168.

Sayers M W, Gillepie T D, Queiroz C A V. Interna-
tional road roughness experiment: A basis for estab-
lishing a standard scale for road roughness measure-
ments[ J]. Transportation Research Record, 1986
76-85.

1SO
2631-1—1997. Mechanical vibration and impact-eval-

International Organization for Standardization.

uation of human exposure to whole-body vibration-
partl: General requirement [ S]. [S.1. ]: IX-ISO,
1997.

British Standards Institute. BS 6841—1987. Guide to
measurement and evaluation of human exposure to
whole-body mechanical vibration and repeated shock
[S]. BK: BSI, 1987.

W A BT ON-ZE- R B FE A T O TR R O
WITEWEFEID]. 4% K22 K2, 2009.

Yang Wanqiao. Research on asphalt pavement evalu-

ation method based on human-vehicle-road interaction

[D]. Xi'an:Chang'an University, 2009.



