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Dynamic response of subgrade under moving loads of main landing gears
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Abstract: The cyclic dynamic stress of runway subgrade soil induced by the moving loads of the main landing gears in the
process of taking off and landing is the main cause of the settlement and differential settlement of runway. Based on the
superposition principle, the dynamic responses of the subgrade soil under the moving loads of the main landing gears B747-400
and A380-800 are analyzed by using the semi-analytical finite element method. The results show that under the the moving
loads of main landing gears of B747-400 and A380-800, the vertical normal stress of subgrade of shallow soil is inverted as the
pot type distribution, and the load influence depth can be up to 13 m. The distribution of the main loading gears has a greater
influence on the vertical normal stress of shallow subgrade soil than the deep subgrade soil. The moving speed of aircrafts has
an obvious effect on the distribution of the vertical normal stress of deep subgrade soil. Under the taking-off speed of 60 ~ 80
m/s, the load influence depth is 1.5 ~ 1.7 times than that of the static analysis. Compared with that of the rigid pavement, the
vertical normal stress of shallow soil increases by about 50% and the load influence depth increases by about 10% for flexible
panel.
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Fig. 1 Runway analysis model under single-wheel moving loads of
aircrafts
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Table 1 Parameters of main landing gears of B747-400 aircraft
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Table 2 Parameters of main landing gears of A380-800 aircraft
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m in depth under moving loads
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Fig. 16 Time-history curves of dynamic stress in subgrade under

single wheel and wheel groups with different speeds
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Fig. 17 Dynamic stress paths of subgrade under loads of B747-400

aircraft
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Fig. 18 Dynamic stress paths of subgrade under loads of A380-800

aircraft
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Fig. 19 Time-history curves of dynamic stress of flexible

pavements in subgrade soil at depth of 1.2 m
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Fig. 20 Transverse distribution of maximum vertical stress in
subgrade soil under flexible pavements
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Fig. 21 Dynamic vertical stress with depth under different kinds of
pavements
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(1) B747-400 A1 A380-800 % Ml - A27% 4 /% sh i
BAE R IE R R)E AR R R IE N ) 2R A0,
B[] 1E N AT ATIA 60 kPa, faf 8 IAVAE I 13 m.

(2) ZE VR ZEAES 73 A7 %] e J2 T A L 88 o) 1 8
JIRMELR, KRS BRI, i 8 MR B
HR T R VA 28 P I A 2K

(3) KHLAE Bl & ] v J2 18 5 -k R ) 87 g 40 AT
SN, AHXNR R T A, Y LA TR
FEH 60~80 m/s Wf, i £ EZMIR BE AL E: 715 I
1.5~1.7 fi5, RAE& 107 F B AR, S HLE 3T 2K
(PIRCIAERE, DA T THI (10 A RN 22 SR B

(4) K FAETE N 45 IS, H T8 R ) 1E 7
FRIAT 288 BT RS FEE #0054 T 45 g P P S 1 o o
TR AR ) TE S MRAE I N 50%, i R TR B
HINZ) 10%.

SE -

(1] FKERES, BEtEEE, ¥ ff, 5 KHLBE G Eom R AR il
D). ALK R 244R, 2014, 40(4): 427 - 432,
(ZHANG Xian-min, XUE Hua-xin, DONG Qian, et al.
Influencing depth under aircraft loads of runway[J]. Journal
of Beijing University of Aeronautics and Astronautics, 2014,
40(4): 427 - 432. (in Chinese))

[2] SKBRE, & i, P&, WNL R AL A T T ) %
Wi 2RISR )], 78 RSB R 22244, 2014,49(4): 675 - 681.
(ZHANG Xian-min, DONG Qian, LU Yao-zhi. Mechanical
responses of pavement under aircrafts with different main
landing gears[J]. Journal of Southwest Jiaotong University,
2014, 49(4): 675 - 681. (in Chinese))

[3] FKERES, X/, B 5. KBTRHL A380-800 7E LAY HUIE
A2 B B SV (0] B BT AR K22 24 4k, 2016,
42(9): 1812 - 1818. (ZHANG Xian-min, LIU Xiao-lan,
DONG Qian. Study on the landing adaptability of A380-800
aircraft load based on the existingpavement[J]. Journal of
Beijing University of Aeronautics and Astronautics, 2016,

42(9): 1812 - 1818. (in Chinese))

(4] AW, x| 3¢, B KRB WL Z R A RAE T
7K e R ik 3 T A5 A RL[D). B TR AR, 2007,
40(4): 60 - 65. (LING Jian-ming, LIU Wen, ZHAO
Hong-duo. Mechanical responses of rigid airport pavement to
multiple-gear military aircraft loadings[J]. China Civil
Engineering Journal, 2007, 40(4): 60 - 65. (in Chinese))

(5] e, wed il LA A T 20 i 3 Y on S 7 434k
[J]. FSREFSR, 2001,29(3): 288 - 293. (GUO Run-hua,
LING Jian-ming. Additional stresses of pavement subgrade
resulted from aircraft loads[J]. Journal of Tongji University,
2001, 29(3): 288 - 293. (in Chinese))

[6] B, Aoy, XIEE, 5 KHURERAEH R
B 0 NEE R[], AR %, 2012, 33(9): 2863 - 2868.
(CAI Ying-chun, ZHENG Yuan-xun, LIU Zhong-yu, et al.
Study of dynamic response of silty sand subgrade loaded by
airplane[J]. Rock and Soil Mechanics, 2012, 33(9): 2863 -
2868. (in Chinese))

[71 MARSHALL K G, THOMPSON R. Assessing damage to
airport pavement structuredue to complex gear loads[J].
Journal of Transportation Engineering, 2006, 132(11): 888 -
897.

(8] wiEAs, & L, B =, & KW EAE R MRS s iE
ARSI AR THESAR, 2017(2): 97 - 109. (LING
Dao-sheng, ZHANG Fan, ZHAO Yun, et al. Dynamic
response in inhomogeneous subgrade subjected to moving
aircraft load[J]. China Civil Engineering Journal, 2017(2): 97
- 109. (in Chinese))

[91 HUANG Y H. Finite element analysis of slabs on elastic
solid[J]. Journal of Transportation Engineering, 1974, 100(2):
403 - 416.

[10] HAMMONS M I. Advanced pavement design: finite element
modeling for rigid pavement joints report II: model

Washington DC: Federal

development[R]. Aviation

Administration, US Department of Transportaion, 1998.

(117 K8 %, FiXérh. QB R /KR TR e 3 AR g 58
L)), A5Eisk TR AR, 2010, 10(4): 8 - 15. (ZHENG
Fei, WENG Xing-zhong. Calculating methods of stress for
cement concrete pavementslab under plane loads[J]. Journal
of Traffic and Transportation Engineering, 2010, 10(4): 8 -
15. (in Chinese))

(12] BRI, 25 FE H B2 AL A RE 0 FRAL 32 I 36 T AR A PR e
SHTOTIRT. AR TS, 1993, 26(3): 22 - 31. (YAO
Bing-qing. Analysis of airport rigid pavement slab

considering load transfer capacity of joint by finite element[J].



318

PRIERE, S WKL RVE 2R SR A T IE S 5w B b 73

China Civil Engineering Journal, 1993, 26(3): 22 - 31. (in
Chinese))

[13] BR¥mE, + . WHLEEz) R RemT ). LRI,
1997, 14(34T): 540 - 545. (CHEN Xin-fa, GAN Gang.
Experimental study on earth pressure of aircraft runway[J].
Engineering Mechanics, 1997, 14(S0): 540 - 545. (in
Chinese))

[14] %2580, XUHTWE, 50 K, &5 "CHLGr 8E H @R BUEL
AR IR ], W K224k (200 | 2013,
47(7): 1157 - 1163. (CAI Yuan-qiang, LIU Xin-feng, GUO
Lin, et al. Long-term settlement of surcharge preloading
foundation in soft clay area induced by aircraft loads[J].
Journal of Zhejiang University (Engineering Science), 2013,
47(7): 1157 - 1163. (in Chinese))

[15] FEJ7 48, #HERH], SeREAk, 55, WHLahAT84E I T iiE i
HEPUFE[N]. R 5 TSR, 2013, 9(4): 939 - 945.
(WANG Guang-de, HAN Li-ming, CHAI Zhen-lin, et al. The
runway subgrade settlement induced by moving aircraft

loading[J]. Chinese Journal of Underground Space and

Engineering, 2013, 9(4): 939 - 945. (in Chinese))

(16] A221K, BRtgl SR S 8 R 20 J2 ke v S
(7. AA S5 TRE2ER, 2007, 26(1): 182 - 189. (BIAN
Xue-cheng, CHEN Yun-min. Characteristics of layered
ground responses under train moving loads[J]. Chinese
Journal of Rock Mechanics and Engineering, 2007, 26(1):
182 - 189. (in Chinese))

[17] MH/T5004—2010 E&FHLIZ/K e IREE 38 3ot $IVa[S).
2010. (MHT 5004—2010 Specifications for airport cement
concrete pavement design[S]. 2010. (in Chinese))

(18] NI, 1 vk, L EI M. dbat: SRR,
Jb Az 8 A2 AR, 2009. (ZHAO Cheng-gang, BAI Bing.
Principles of soil mechanics[M]. Beijing: Tsinghua
University Press, Beijing Jiaotong University Press, 2009. (in
Chinese))

[19] MH 5010—1999 &A% Wi R #%E T s - B E[S].
2000. (MHT 5010—2010 Specifications for asphalt concrete
pavement design for civil airport[S]. 2000. (in Chinese))

EtEEEERIRERNS (BISEXER)

H T A I T AT TR R R A 8
ZINE TR AR “ 5+ Jm e AT TR 27 K T2018
YA A N AT

FHBML: PEERE SRR Lo 2 TR &R R
=

ARIPEBAL NP TR

AL GHERADEE) « PERIIERI AT TR 22
R PHAERIRRS: MA@ RS R AR TR AT T
Be; CHEITREZR) gl Cat) Sl (Rrgsh)

RWEM: OFyr TR 5B k. 17k
(MR JE R Sh s @FGT TRt AN MR AT R B AR . B kAN
Wries: OFYU TR SRR S 2 B 7K ] R 42 il 12
AR @ZEGUE T B SRR S1EHEOR; OHBRR
BT TR TS ENEAR; @t B H55EREk

T XEEGTRH 5 LR ER ;. OERFEGT LA S 4t S
R KRR K ] REBUE BT 7 . @EERFEST TRER ¥t LY
WM O R . @FGT TR B BAR K H N ©
H, R RREEGU LR S0 S AN It DR oA

SEAMLRHE: ©201844 30 HATFL e CH AR —1,
R I% A jikenghy2018@163.com. @WSOKHR AR T &
FKVPeH, @A R AE O WA AE2018485 H 31 H BT @EAEH «
OFEE I B S WAHFRRESK ER, 17201846 20 H Ak
BEERRAE S B TR B ST 2.

KW PATLFR M. R 22 -G B X 22 T IK287
T, ZMETORY AR TR AR (7300500 « HERA: A 5
13119308411, H-h#13893624445, F1E1%13639330876, MR
15095338032, <=L SCIRASHIFIEA: jikenghy2018@163.com.

CGETae B TR 2254 D



