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Abstract:
simulate the support condition under airport concrete

By using an array of spring elements to
pavement slab, a numerical simulation model was
developed to study the variation of aircraft-induced strain

under poor support conditions. The different aircraft loads
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and load transfer states at joints were considered. A full-
scale experiment was conducted for model verification. As
indicated in the results, the spring-based method that
simulates the support condition performs well on solving
the mechanical responses. Support-loss would increase
the tensile strains at the edge of support-loss region, and
the location where critical tensile strain occurs would be
transferred from the bottom to the top of the pavement.
When the critical tensile strain under poor support
condition exceeds the maximum tensile strain under intact
condition, the support condition was determined as the
critical support condition. Compared with the
conventional evaluation methods of support condition
(e. g. deflection-based methods) , the critical support
condition can reflect the effect of support-loss more

accurately.

Key words: airport concrete pavement; support-loss;

support condition; stress distribution; critical support

condition
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Fig.1 Three-dimensional numerical simulation model of concrete pavement slab
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Fig.2 Simulation of aircraft load
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Tab.1 Parameters of aircraft load

, . . i FIRS
U EREEW RE/m BMPE/m o RRHRAN BRUEH/MPa RSEDERU/m? %
A
A320 St U 0.90 173.67 1.1578 0.15 0.50  0.30
A330 XU XL 1.40 2.00 273.33 1.366 7 0.20 0.50  0.40
A380(HLIE) =AU 1.60 1.70 261.05 1.3053 0.20 0.50  0.40
xR2 HEEHSH
Tab.2 Parameters of impact load
HWD fir g% £ fr e KR /KN INAEFFE ] /s T AE AL/ (cm > em) S 1/ MPa
i 100 0.03 3030 1.112
ot YA 140 0.03 3030 1.556
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Fig.3 Simulation of support condition
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Fig.4 Full-scale test for verification
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Tab.3 Parameters of numerical simulation model

LEF 2 RS EL il
BAHURSE /(m>Xm>Xm) 5.0X5.0X0.4
- PSR /MPa 42 000
fi HEL/N4 0.15
P/ (kgem®) 2400
JUATRSE /(mXm X m) 10.0 X 15.0 X 0.4
PR /MPa 6000
2 R
& HEL/N4 0.2
P/ (kgm®) 2300
Mokt Winkler B /(MN-m ) 120
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Tab.4 Scenarios of finite element analysis (support-

loss in corner)

; o MR - AEfieh
1 66 19 66
5 68 20 68
i #1425 em ;: ;; #4100 em Z;é
5 93 23 93
6 96 24 9%
7 66 25 66
3 68 26 68
]90 1K 50 em ;‘é ;; 1K 150 cm ;g
1 93 29 93
12 9% 30 96
13 66 31 66
14 68 32 68
12 — ;2 zi 1K 200 em Z;é
17 93 35 93
18 96 36 %6
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Tab.5 Scenarios of finite element analysis (support-

loss in edge)

T o REER] TBL o B
37 66 49 66
38 74 50 74

[~ >< |=¢ >< 5
39 25 cm X100 cm g6 51 50 cm X500 cm g6
40 96 52 96
41 66 53 66
42 74 54 74
X X
13 25 cm X250 cm g6 55 75 cm X250 cm g6
44 96 56 96
45 66 57 66
46 74 58 74
5 X X5
A7 50 cm X250 cm g6 59 75 cm X500 cm g6
48 96 60 96
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Fig.5 Procedure of model calculation
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Tab.6 Maximum load stress with support-loss in corner (86% load transfer coefficient)

AWV R 1/ MPa

MO AN N 2
TARERE A320 L A330HLA A380HLE BAGHIL SR
1K 25 em 1.158 1.855 1.813 for AR FHA B A AR
1150 em 1.094 1.834 1.801 far A FHA B A AUIR
K75 em 1. 045 1.810 1.797 Tt 2R AR FHA & ARG
#1100 cm 1.051 1.784 1.700 far B AR FHA B AR
#1150 cm 1.151 1.711 1.588 for AR P B A ARG
1 200 cm 1. 241 1.812 1.654 fr B E FHAL B R AUIR
KT WARERETRATSHIN T (BEETTRE66%)
Tab.7 Maximum load stress with support-loss in corner (66% load transfer coefficient)

WAL RS RN 1/ MPa

LER S A320 LA A330 5L A380HL BRTHL (IR
#1125 em 1.299 2.006 1.979 far R AE A B RS
#1150 em 1.168 1.938 1.890 ff 2R F A B MRS
HK 75 cm 1.637 2.206 2.131 2 X 2 A AR T
14100 cm 2.163 2.864 2.735 i 25 X 3 Z A T
#1150 cm 3.926 3.798 3.533 iz X i 2 i b 50
#1200 ecm 5. 346 4.569 4.218 2 X b 50
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fii o FHIEl 7am] UL, 2 5 RN Al A DX e
KA RLIN 7 BEAE AT B FH AL A ARUIE 5 24 )05 2 3
BECHR MR T X I R g S S, I s
X a5t 2k AT, AR 7b BT o iR Gedt— AR

TR A R T TN T 535 B
2.5 EREEEEERERRIN

FELE AL AV BE [RIAE 2 R R AR S 230 . [
8a MM A 75 em I, A [F] 4 48 A fiif R ECH A5 HL
T HE R B RS RN ) B T UK B, 4%
BT Aoy 2 OB Ry , 0 25 X B R T IO T A S/ ) 5



%2 XA, A5« s X Wil F153 A5 (2 Kl B A R 249
K25 cm
BKFERS]/ Pa
+1.158 X 10°
+9.967 X 103
+8:357X 103
+6.747x 103
+5.137x 103
+3.527x 103
+1.917x 103
+3.073 x 10¢
-1.303 x 102
-2913x 103
-4.523 x 103
-6.133 x 103
=7.743 x 10°
SARIARAS B R 7343 A MR TRSE 7343 A
a BiiaK25 cm
K75 em
BKFERS]/ Pa
+1.637x 10°
+1.448 X 10°
+1:260 X 10°
+1:071 x 108
+8.824 x 102
+6.938 X 102
+3.052 x 102
+3.166 X 102
+1.281x 10°
-6.052 x 10?
-2.491 x 10?
-4.377x 10?
e -6.262 % 10°
KAEABVRRE BB F3 43 A MR TR F3 43 A
b B4 KT5 cm
1150 cm
BRKEMN T/ Pa
+3.926 X 10°
+3.577 X 108
+3227 X 108
+2877% 108
+2.528 X 108
+2178 X 108
+T.828 X 10°
+1.479 x 10°
+1.129 x 10°
+7.795x 103
+4.208 x 103
+8.018 x 107
: -2.695 x 10°
KARBIARTS MRS F7 43 A5 WRIRRE 73 53 A
¢ Bz £150 cm
E6 HARTSKETTSRMENST
Fig.6 Load stress distribution with support-loss in corner
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Tab.8 Maximum load stress with support-loss in edge (66% load transfer coefficient)
o FHUL RS P 1/ MPa
Bz A320 L A330 B A380 HLA AR E
25 cm X 100 em 1.441 2.513 2.450 far AR L AT
25 cm X250 cm 1.937 2.793 2.722 TRF B E P B AR
50 em X250 cm 2.677 3. 381 3. 180 Wiz X 2 A 5
50 cm X500 cm 2.626 3.463 3. 255 T2 X3 25 A 50
75 cm X250 cm 3. 367 4. 859 4.523 Tt 5 X G AR T
75 cm X 500 cm 3. 648 5.151 4.792 i 25 X 791 2 A T
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Fig.7 Load stress distribution with support-loss in edge
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Fig.8 Effect of load transfer coefficient on maximum load stress
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