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Nonlinear Influence of Material on Mechanical
Response of Airport Asphalt Pavement
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Abstract: Three-dimensional finite element model for asphalt
pavement structure with semi-rigid or flexible base was
proposed. It was used to analyze the influence of nonlinearity
of granule and subgrade soil on the mechanical responses of
airport asphalt pavement under loading of aircraft B737, B767
and B777.
nonlinearity increased as the aircraft loading increased. The

It was shown that the influence of material

influence of subgrade nonlinearity is not obvious on the
mechanical response. For the semi-rigid base airport
pavements, the influence of granula nonlinearity and that of
both subgrade and granula is little on the surface deflection at
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the top of the surface and the vertical compressive strain at
the top of the subgrade, but is great on the tensile strain at
the bottom of the asphalt concrete layers and the tensile stress
at the bottom of semi-rigid base. For the flexible airport
pavement, the influence of granula nonlinearity is little on the
surface deflection and is great on the tensile strain at the
bottom of the asphalt concrete layers. Both the influence of
subgrade nonlinearity and granula nonlinearity is great on the
tensile strain at the bottom of the asphalt concrete layers.

Key words: airport engineering; asphalt pavements;

mechanical response; finite element analysis; nonlinearity
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Fig.1 Failure criterion for Mohr-Coulomb
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Tab.1 Flexible pavement structure and

material parameters
LEHE IR Wk Mohr—Coulomb & #{
gHME  MRRE EE/ BE/ tI:A e —
mm MPa ¢/MPa ¢/ (*)
mE WHEEELE 1000 1800 0.30
HE PHRERA 400 800 0. 30
JRER RO 300 300 0.35 0 45
TE + oo 60 0.40 0.001 22

:2 FRIEEEZHE(SR)HESH
Tab.2 Semi-rigid base asphalt airfield pavement

structure and material parameters

LR AR WA Mohr—Coulomb #£%{
ZEWE MERE  EE/ BE/ S —————
mm MPa ¢/MPa ¢/ (*)
0. 30

mZ UiEEELE 180 1800

®HE  AKERE®RA 200 2000 0.20

REE KRRE®RAG 300 1500 0.20

o= ookt 200 200 0.35 0 30
5 + ©0 30 0.40 0.001 22

Ui E RS B A 2 —Fh B 2R AR ALY
ZREEWER MM EEREE . BRUETRES
B TITHE SRR EM R A 5. SR RLEA
AR - P8 et , Hooh, P R B L B A R
IAE, + FORORLELA B B A AER MR AE , K R RS B
AR F A B A R BRF SO IR , 48 U #r
- EEFRLH A A B A 2R P R %o 1 T 5 4 B S .
BRI it , 1 6 ] PR M SRR 6 8 A BB BT LR
IR 1 F5R A Mohr -Coulomb A BB HAE LR

PRI R , AR B A B A SE 2R, AR
BRI 1,3 2. 4B AR AL JBOR b
BHAELR P S EEFBLR R AR LR =R E
HEATAMT.

2 Z#HERTERRSH

2.1 EXBE
ZHRAMRTE R 2Rk R, AR E
L1

(D45 J2 #0  piy 249 55 9 4% 1) 17 FRO 48 PE o)
2R R, Ho SR BRAA L B8 E 2.

(2) +FAEKFHT AR J7 1 ¥R To PR, 5
938 T 45 4 45 2 SR BE 3 S A FR, (ELKF J5 AT b T
F.

O E—RZREES h L.

2.2 XHEHITESE

REE R MY 2 B DR KDL R 1 T 1
TR RE W R WL EEEEMRA LS N
BBV U U . =4 XU AR A R DS AR
B o 4y B 3% B B737 - 300,B767 - 300ER,B777-
300ER "KHLERFE AT 4 7. CHL TR IF LR B
i 2R B 0. 95.

R0 I P S 9 22 3, 750 SR ) 68 4 Ak U s R
PRUE— R BB . N Ak 2T, T 4 B T AR 45
B R AR A A T AR, B R LR 3.

R3 CHFEBE
Tab.3 Load parameters of aircraft

WL BRER E%?ﬁ — M ERER EEERRR MR fﬁﬂ?m@
BHE/kN E:iv] BT/ ne f# Po/kN »/MPa K /m $&/m
B737-300 622. 33 BRI 2 147. 27 1. 386 0. 393 0.271
B767—300ER 1 835. 87 PR 4 217. 48 1. 310 0. 491 0.338
B777-300ER 3 453,92 = 6 272.73 1.524 0.510 0. 351

2.3 ZHERTER
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EATESCRRL16 J/E S TRAH B8 b, 4 S0k Rl
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A B BT R T8 7E 5 om.
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Tab.4 Deflection of different aircrafts

£6 ARAVBEEERSE G R
Tab.6 Transverse tensile strain at the bottom of

surface layers of different aircrafts

A e RE AR /106

SRR B737 %HL  B767 &HL  B777 &bl
TR 2R B 96. 2 72.8 102.2
e 3574 96. 2(0) 73.0€0.2)  104.6(2.3)
ATRDRHEZ M 94.8(1.5)  74.7(2.6) 104.3(2. D
TEARORS HIERME 94.8(1.5) 75.0(2.9)  105.9(3.6)

RT FENBEE RN R T

EEBYL/mm Tab.7 Longitudinal tensile strain at the bottom of
B737 %HL B767 &ML B777 %4 surface layers of different aircrafts
3 N I W AR —6
ot % Ib TR Sy SER L Ui 1. 313 2.592 4,078 SERA R W rahriiAs /10
N+ F AR M: 1. 313(0) 2.598(0.2) 4.127(1.2) B737 k#L B767 %HL B777 XHL
ATkt IR 1.338(1.9)  2.641(1.9) 4.143(1.6) T EFURDR R R 24.0 60.7 88.4

FEARRL S IERYE  1.338(1.9) 2.648(2.2)  4.202(3.0) =2 24.0(0) 61.0€0.5)  90.7(2.6)
T 25 B P 2 b L R R M I 1 A 2 W g 5 b B URCBHEEZ 25.4(5.8)  63.9(5.3)  92.1(4 D
S EARDRLE R 25.4(5.8) 64.3(5.9 94.5(6.9)

LR J1 2R 22 5 B 26, TR

3.2 tETEEREKE

AFRPLE AT . IR R AR LR R
- FETRUHT 9 % 1] FE R AR AR 5 . B737 "KALAT R
YRR » A4 i AR LR At R M T 1 T T 199 8 i
D AR A BH W, KGR S L HELRUGER
EA—ZGRORHER S R % R+ E AR AR
PR GREA B XPRGRZ AN ERN 3.
5%. BB CHLAT B 3 0, A4 4R PR X
T o T T ¢ 1 ) L A 0 2 M TR T 1 A, b i
KHR BTTT SHLYE R, 22 REDR 2. 84,

®5 AEANBLTENMEEEERLE
Tab.5 Vertical compressive strain at the top of

subgrade of different aircrafts
R[] FE R AF /106

HHPTRRE B737 ¥HL  B767 kML  B777 KAl
T EARRCH R 496 833 1 099

A+ HedELR 496(0) 820(1. 6) 1 068(2. 8)

{TEDRHELR 513(3. 4) 837(0. 5) 1124(2.3)
+EFRRE IR 514(3. 4 828(0. 5) 1107¢0. 7

3.3 HEHERBRNEE

HIERPR AR YT =R LT I 2 S T A B B
NAE AN 6 Fin. A RHEHELR G 5 4R M2 )
MIZFRARK, B737 CHLKZ T 8/, #7E 2. 000 LA
W, BEE SR AT ZR AN, 22 FORWIRE N, B777 WAL
T ERAE F BT 22 R (B —3. 6 %.

Z R ARHEELR M T = Fh WL 2 TR A 1) L
NAEUNZR 7 fias. R 7 AL, R ERO i AR
2 R EE SRR A TR . 78 B777 WHLAT B AE
AR, Rt R - E ekl e R e, RERER
X,H6.9%.

3.4 FRIMEERRIPRNSN

B T AORHE ST | R A2 R 2 IR AS [R) 7
] R AKFRLR iR 8. 9 P, iR 8 W41,
B777 KM RIEF T , B 25 58 1 E AR JE 4R
PR TR A R R R T B [ B g 5 4k Btk
M2 FERA, R 17. 5.

#8 AEMEFRIEER KEBEERR S
Tab.8 Transverse tensile stress at the bottom of

semi-rigid base layers of different aircrafts

; W[5 hi s #7 /MPa
BRI B737 &AL B767 k#L  B777 %HL
TEFRDR MM 0,231 0. 358 0.506
AL+ HedELR M 0. 231(0) 0.362(1.0) 0.526(3.8)
AThDBHELR M 0.262(9.1) 0.401(10.7) 0.565(11.7)

FEHRE S RIERME 0.262(9.1)  0.407(13.7) 0.595(17.5)

B3 9 A1, B777 KHLATERIER T, [F % &
T EABORHEE MR TR RN LR ) 5 R
ZFEBK,H 16.6%.
£9 TENMEFRIEER KB ERR S
Tab.9 Longitudinal tensile stress at the bottom of

semi-rigid base layers of different aircrafts

YhImBLRE F)/MPa
BRI B737 kAL B767 ¥#L  B777 %#L
TEFBDR M 0,314 0. 350 0. 401
L+ H LR M 0. 314(0) 0.353(0.9) 0.418(4.1
{UBDEHEZ M 0.358(13.9) 0.392¢12.1) 0.444(10.7)

FEARR S AEL M 0.358(13.9) 0.397(13.6) 0. 468(16.6)

4 MRHELZENEHERTTERS
4 71 5 Wi Bz B %% i

4.1 EEREEIRT
AFEIHLEST AT, B IR R AR B AR
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F10 AENHEERESIN
Tab.10 Deflection of different aircrafts

- FLHEB YL/ mm
R B737 XHL B767 &L B777 %#lL
TEABCECA R 1690 3.093 4.721
A+ HE LR 1. 692(0) 3.132(1.2) 4.872(3.2)
{SUBERHEZR M: 1.79(5.9) 3.234(4.6) 4.872(3.2)
+HEFBDRS HIELE: 1.807(6.9)  3.351(7.0) 5.141(8. 9

4.2 TETEEREME

AFRPEE AT . IR R AR LR R
- FETRUH B ) R AR 11 s, hisR 11 AT A,
PORHEL MR M E & LR 2, R B A5 IRk
KRR, 2 R E AT 21, 506, BLBITESCH
I SRV B R, BB AR B AR R M XTHE
TE 172 ) L FH) R .

R FAENETENEEGEDERLT
Tab.11 Vertical compressive strain at the top of

subgrade of different aircrafts
U o) FE W AR -6
bR ] FE R AE /10

B737 k#L B767 %HL B777 X#L
TRARRIA R 738 1077 1365
A+ HeELR 713(3.4) 1034(4.0) 1306(4.3)
{TBDRHEZR 897(21.5)  1262(17.2) 1592(16.6)
T EARCRHE HIELM: 912(23.6) 1225(13.7) 1627(19.2)

4.3 HEEERSBHRMEIET
ZRMRHEER MG , AL R T A
mhL N AR R KfENR 12,13 fis. R 12 WAL, %
FEATRHEELR M 5 X T J2 RS TR A KA ) L A —
IR, B737 CHIATRIEF T E R B/, #77E 2. 0%
DAPN. BEE R 3R 0 3 0, 22 R AER W, ok
Z5R BITT CHUATRIE AR, 258064 10. 3%.

R12 AENBEEERDBEEDET
Tab.12 Transverse tensile strain at the bottom of

surface layers of different aircrafts
18 b Rz AE /106

R B737 &HL B767 &HL B777 %#lL
TEMBRChLHEMY: 188,11 96.0 114. 4
N+ R 187.9(1.1)  94.0(2.0)  119.2(4.0)
{SCBeRHEZR M: 185.8(1.2)  98.3(2.4) 118.6(3.7)
FEAEOR S R IEREE  184.8(1.7) 87.6(8.7)  126.2(10.3)

B2 13 W4, B TAORHER Y5 | R A R R
YA e dR K B AR F) 25 5 Bl S R 1 88 n i 2% .
B737 ¥HLARIEAT , SR MMM ZEFTE 10. 0% LU
N, SRR K2 RN B777 KHLETEAE R,
HZREIA 23. 8%.

®13 FAENEARKBMNERELET
Tab.13 Longitudinal tensile strain at the bottom of

surface layers of different aircrafts

i /1076

SRR B737 kAL B767 k#L  B777 &L
TEARDR R 48.9 73.0 100. 8
AL+ F LR 48.5(0.7)  76.6(4.9) 111,3(10.4
{ThDBHELR M 46.6(4.6)  82.5(12.9) 109.6(8.7)
FEAROB IR 44.4(9.2) 85.5(17.1) 124.8(23.8)

5 4it

(ORI =27 PR oo 8R4 8 37 Y 28 P 38 1 45 4
N2 WP U7 T T4 A S BR TR AL, BRI HE
U FREE 2R B LT R IEA T Em & e
MR, ZIORNFIRE VRS B LT RIEA T B
R T A7 R 1 0, o ) A 4R o S T g 2 R )
R SR .

(2)B737 KHLF B767 KHMEMEHA T, HE L
B Al 2R M i ot T T ) O A R R B . e AT
W2 2 05 7 T S A AT R B e, AT RUR
% 8+ B AER R 1 AT R, U E
FEREREE R R G AR 2R X T T 24T N BB . TR
2 R R0 7 T T A5 A TR R RT LUCKe 3 TR 45 A
BHEA BB ARMRIE R .

(3)B737 KHLF B767 KHLATERIEA T , ZE AT
FHEBRWE BN S1#4T Pt £ EELR
PEXT 1 T8 HR R R K, 7243 07 B AT DA e %
PR LR M, (U SRR AR A AR R kXt
AT R . R R R W A B
TELBRCEZE AR IR S TR R,
AT A SRR .

(OBT77 WL ERAE A T RO + B AR & i
RPN 2 KB E W 1 T A R R U T R
M) b LAt AL A R A B AR %, R T —
RABCHLNHE ARG R %A B SR E
FER, URAEESWNHEHEGNZEERZE.
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