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Quantification Analysis of Hydroplaning Risks of Aircraft Landing on

Wet Pavement

LI Yue, HU Yuqi, CAIJing, DAI Xuan
(College of Transportation Science and Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: A quantitative index of hydroplaning risks is proposed based on the quick access record data of
aircraft and the critical hydroplaning speed. The whole taxiing process is considered. A numerical model of
aircraft-tire-wet-pavement during the landing phase is established for the fluid-structure coupling analysis. The
influence of water distribution on the pavement surface and the transverse shift of landing position are
discussed. Case study of Airbus A320 model is then carried out. Results show that the critical hydroplaning
speed during the landing phase is 12%—18% lower than that during the take-ofl phase. The hydroplaning
accident risk is assumed to be higher. The cross slope causes uneven distribution of the accumulated water
film on the pavement. The hydroplaning risk near the runway edge is higher than that near the center line area.
The critical hydroplaning speed and the hydroplaning risk index are functions of the abscissa of aircraft landing
position. The probability of the hydroplaning risk decreases with the increase of the transverse standard
deviation of lateral distribution of aircraft landing position under the same rainfall intensity conditions. The
raise of the cross slope may promote the drainage capability of pavement, while the hydroplaning risk index
under the case of 2.0% cross slope is reduced by 5.1%—5.6%, compared with that under the case of 1.5%.
Rain intensity shows a positive correlation with the hydroplaning risk. The risk index is raised nearly 13.1%

as the rainfall intensity increased from 0.8 mm/min to 2.5 mm/min. The analyzing procedure proposed in this
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paper may quantitatively describe the impact of aircraft landing environment variation. The criteria standard of

hydroplaning condition can be notably improved.

Key words: aircraft hydroplaning; quick access record data; wet pavement; fluid-structure interaction; risk

quantification
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Fig.1 A320 aircraft landing QAR data
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Fig.2 Finite element model of aircraft tire hydroplaning
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Fig.3 Variation curves of pavement supporting force versus

taxing speed
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Table 1 Comparison of critical hydroplaning speed

results
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Fig.4 Transverse distribution of water film on pavement
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Fig.5 Transverse distribution of aircraft landing position
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Table 2 Parameters of A320 main landing gear tire
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Table 3 Overall probability of hydroplaning risk of runway under different conditions
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1 2.5 2.0 1.000 23.4
2 2.5 2.0 1.214 23.2
3 2.5 2.0 2.500 21.7
4 2.5 1.5 1.000 29.0
5 2.5 1.5 1.214 28.8
6 2.5 1.5 2.500 26.8
7 1.5 1.5 1.000 22.5
8 0.8 1.5 1.000 15.9

ARFHCGE TR 1K XU 3 AT O 4R Y A
T Y B A8 RE A R T % 5 vk W] S RALIE K
S A ALIE T

4 5 £

(D ARSCHR 7 T AL 2 5040 Al S 9 7K
P AR K AU A RS A 8 TR P W AT e AR
AT L stk LAAE e K A Oy 5

(2) AR SCHE N7 T 1 I 4 il 1 A B B i bl g
ERCAVSTENTTR LR RER VTR R I 38 BERTR AV
A5 55 TR A AR o) RS T 9 2K KU B4 5

(3) Z& 051 73 Bir 45 SR 3 W1 [ 25 e W9 068 88 26 1 1
7K A8 ABE 23R Bt QL 4 el A 1) 3 A s v 22 38 O T ik
ZIN 5 38 AR 3 AT R B K HE B 9 B AR 2K AU | [
T 5 HE 5 TRIL I A XU, TE AR O 5 ik T R 2 U]
Xt 3 DR 2R R i S it R A

ot Ao M 26 10 R SCOUIR T B 8 5 1 ik 1
T ARK —HER X 2] o3 A [a) . e T 38 T A3 K 5
il 2 Oy SRR T, SE PR BUK G D0 5 2 15 £ f5 1E
Ja B I R I AN 3 ST BUKTE W K R[] A

Sk

[1] VAN ES G W H, ROELEN A L C, KRUIJSEN E
A C, et al. Safety aspects of aircraft performance on
wet and contaminated runways: NLR-TP—2001-216
[R]. Amsterdam, Netherlands: National Aerospace
Laboratory, 2001.

[2] ONG G P, FWA T F. A stochastic-mechanistic pro-
cedure to evaluate aircraft landing hydroplaning risk on
runways| C]//Proceedings of Transportation Re-
search Board 90th Annual Meeting. Washington D C,
USA: Transportation Research Board, 2011.

[3] R . BET B 2 WL S0 210 48 iR Bt i AT R BB
WHFFELD ] M R K%, 2017.

ZHU Shengze. Numerical simulation of tire skid resis-
tance based on pavement macro-texture[ D ]. Nanjing:

Southeast University, 2017.

[4]

[6]

[7]

[8]

[10]

[11]

T4 R BT A RO LB R ID]. R FR
BT R, 2018.

FENG Ting. The study of tire hydroplaning mecha-
nism on wet road [ D]. Qingdao: Qingdao Technologi-
cal University, 2018.

KR—, BEWR, W, 55 MW AT 3T B
FRIE T B ALEE A B K AT AT (T ]. v A B,
2020, 33(10): 159-170.

ZHU Xingyi, PANG Yafeng, YANG lJian, et al.
Analysis on the hydroplaning of aircraft tire under real
texture pavement conditions [J]. China Journal High-
way Transportation., 2020, 33(10): 159-170.
wIEW], XMET, WEH % BUKE A6 #8201k
BUEBLT ] W R K22 R (A A RS2 R , 2018, 45
(9): 113-121.

HUANG Xiaoming, LIU Xiuyu, CAO Qingqing, et
al. Numerical simulation of tire partial hydroplaning on
flooded pavement[J]. Journal of Hunan University
(Natural Sciences), 2018, 45(9): 113-121.

AL G AN AE , T B AL G T K T A o
MRt gE R [T]. WAL, 2015, 35(5): 46-51,80.
ZHAO Anjia, SUN Liying, MENG Zheli. A search
for mechanism and preventability measure of the air-
craft tire” hydroplaning[J]. Aircraft Design, 2015, 35
(5): 46-51,80.

P B % — N I T LR Gl S K
BOE 5 5[], 283008 i TR 2R, 2017, 17(5)
90-101.

LI Yue, CAllJing, ZONG Yiming. Numerical simula-
tion of critical hydroplaning speed of aircraft tire under
wet pavement condition[J]. Journal of Transportation
Engineering, 2017, 17(5): 90-101.

HUEBNER R S, REED J R, HENRY J J. Criteria
for predicting hydroplaning potential[J]. Journal of
Transportation Engineering, 1986, 112(5): 549-553.
VAN ES G W H. Hydroplaning of modern aircraft
tires: NLR-TP—2001-242[ R]. Amsterdam Nether-
lands: National Aerospace Laboratory, 2001.
BENEDETTO A. A decision support system for the

safe-ty of airport runways: The case of heavy rain-



1144 Mow b

PNV S

5% 54 %

[12]

[13]

[14]

[16]

[18]

[19]

[20]

storms[J]. Transportation Research Part A, 2002, 36
(8): 665-682.

FWA T F, ONG G P. Transverse pavement groov-
ing against hydroplaning 1l : Design[J]. Journal of
Transportation Engineering, 2006, 132(6): 449-457.
FWA T, PASINDU H, ONG G. Critical rut depth
for pavement maintenance based on vehicle skid-ding
and hydroplaning consideration [J]. Journal of Trans-
portation Engineering, 2012, 138(4): 423-429.

OHC W, KIM T W, JEONG HY, etal. Hydroplan-
ing simulation for a straight-grooved tire by using
FDM, FEM and an asymptotic method[J]. Journal of
Mechanical Science and Technology, 2008, 22 (1) :
34-40.

FWA T F, ANUPAM K, ONG G P. Relative effec-
tiveness of grooves in tire and pavement for reducing
vehicle hydroplaning risk[J]. Transportation Research
Record, 2010, 2155(1): 73-81.

oM R E T AR R R AT o S L Rl
LA ERTSEI D] K H: hERATURE, 2017,
ZONG Yiming. Study on the mechanical properties of
aircraft tire and safety problem in landing on wet-pave-
ment [D]. Tianjin: Civil Aviation University of Chi-
na, 2017.

MA Y, GENG Y, CHEN X. Water distribution influ-
enced by pavement alignment design [J]. Journal of
Transportation Engineering Part B Pavements, 2020,
146(4): 04020058.

SR RO G 4, A A SR R R X DL BE 1
Fm[I] ARRHE,2010,30(2) : 274-278.

WU lJianjun, YUAN Chengsong, ZHOU Zengkui, et
al. Impact of short term heavy rainfall on the monitor-
ing and forecast of sudden visibility descent[J]. Scien-
tia Meteorologica Sivica, 2021, 30(2): 274-278.
FAA. Airport pavement design and evaluation, AC
150/5320-6E[R]. USA: [s.n.], 2009.

FHE, LR, HH, L RIBICN E RIS LR
TR ) i B KR BIF I (7], o I R R 24 27 ik L 2015,

[23]

[24]

[25]

[26]

33(2): 1-6.
YUAN Jie, SHI Enhui, LEI Dian, et al. Lateral devi-
ation pattern and model of aircraft wheel path on
Shanghai Honggiao International Airport[J]. Journal
of Civil Aviation University of China, 2015, 33(2) :
1-6.

BER, k%%, A P37 M E 0 S e 55
it Z Fewb 5 (1) 2% B 538 B4, 2020, 37 (11) -
22-30.

CHENG ZHANG

Hao. Study on wheel track test and lateral distribution

Guoyong, Yangyang, ZHOU
parameters of airport runway [J]. Journal of Highway
and Transportation Research
2020, 37(11): 22-30.

B RO B SR LR A 1 A AR T R R
Hesr [ J]. PU AR AS i AL, 2021(10) : 63-68.

LEI Dian, ZHAO Hongduo, WU Can. The analysis

and selection for aircraft deviation test system[J].

and Development,

Western China Communications Science &. Technolo-
gy, 2021(10): 63-68.

BARNES T, DEFIORE T, MICKLOS R. Video
landing parameter survey-washington national airport
[J]. Environmental Science, 1999, 7: 108613011.

K /N S R R I A 1) i A% 1) ML 37K D8 T
st [J] BIEILE AL, 2019, 42(4): 15-16.
ZHANG Pinfeng, JJANG Xiaowei. Soil design of air-
port cement pavement considering lateral offset of
wheel trace[J]. Heilongjiang Jiaotong Keji, 2019, 42
(4): 15-16.

Aviation Safety Network. Accident description[ EB/
OL]J. (2020-08-01) [2020-10-01]. htips://aviation-

safety. net/database/events/dblist. php? Event=
LTLW.
o W T TR B B BRS04 fE B U7 W8 s KU 43 B

[J]. i E 22 2R 2E 24, 2011, 21(11): 103-108.
GAO Qingping. Risk analysis for hazardous materials
transportation based on rough set theory[J]. China
Safe Science Journal, 2011, 21(11): 103-108.

(% # . 7kFE)



