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Analysis on Dynamic Response of Runway Structure Layers Under Multiple

Aircraft Types’ Impact
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1Ltd, Hefei, 230000, China)

Abstract:Based on the measured dynamic response data of the runway of Denver International Airport for five
years, this paper analyzes the characteristics of strain and displacement at the corner and the edge of pavement
under taxiing state of various types of aircraft, and further analyzes the law of compression deformation of the
concrete pavement surface in different runway structural layers for many years. The results show that the peak
strain of the pavement surface corresponds to the number of main landing gear axles for the aircraft with
different landing gears. The dynamic strain peak of the concrete pavement changes little with the increase of
the operating period, which is related to the type of aircraft. For the B737 aircraft , the tensile strain at the
bottom of the pavement is less than the compressive strain at the top of the pavement, but the tensile strain at
the bottom of the pavement is greater than the compressive strain at the top of the pavement for the B747 and
B777 aircraft. These indicate that the damage of the concrete pavement caused by large aircraft is more
serious. The dynamic response of the base layer is the most sensitive among the structural layers of the
runway. The compression deformation fluctuates violently and the compression rate is the largest, while the

compression deformation amount and compression rate of the subcrust and foundation tend to be stable with
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the operating period. Therefore, it is suggested that the corner and edge of the pavement should be mainly

treated during the design and construction of airport runway.

Key words: multiple aircraft types; runway; dynamic response; strain; compression deformation
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Fig.1 Runway structure of Denver Airport
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Table 1 Statistics of measured peak strain at the edge of
pavement of three types of aircraft
ARy LAY AR AT A R AR W {E /e
B737 204 222 23.0 19.6 232 252
1996 B747  40.3 28.2 394 354 30.6 327
B777 —28.9 —26.8 —28.4 —22.3 —24.5 —27.1
B737 209 19.6 23.3 214 22.1 237
1997 B747 33,5 32.8 28.6 33.5 294 30.1
B777 —26.3 —30.6 —24.1 —23.8 —25.2 —28.4
B737 21.1 20.5 23.0 222 19.3 20.1
1998 B747 30.9 25.6 21.9 19.6 20.0 30.9
B777 —28.4 —27.5 —28.2 —23.8 —25.8 —26.7
B737 23.0 209 20.1 21.1 221 21.6
1999 B747  28.3 29.1 26.7 30.5 313 27.9
B777 —20.8 —25.1 —24.3 —22.2 —21.9 —26.6
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Table 2 Peak displacement of each structural layer in
the center of pavement

A SR AN AT AL (] / mm
HJZ 0.010 0.025 0.010 0.010 0.014 0.013

1996 #JZE  0.005 0.009 0.004 0.008 0.008 0.011
+3  0.112 0.166 0.104 0.208 0.182 0.176

HJZE 0.030 0.060 0.041 0.028 0.024 0.015
1997 #JZ  0.021 0.022 0.014 0.009 0.011 0.018
£ 0.193 0.177 0.136 0.109 0.158 0.163

#HZ 0.033 0.015 0.046 0.013 0.029 0.014
1998 #JZ  0.020 0.009 0.018 0.010 0.024 0.008
£33 0.115 0.075 0.111 0.114 0.113 0.113

FZ 0.012 0.037 0.055 0.023 0.029 0.024
1999 42  0.006 0.031 0.035 0.002 0.019 0.007
+3 0.102 0.08 0.089 0.061 0.098 0.081

x3 WMBBRFEMEMLBIEE

Table 3 Peak displacement of each structural layer in
the edge of pavement

ARy SRR A 6] AT J AL RS I B/ mm
HZ 004 0.05 0.08 0.05 0.04 0.08

1996 #JZ  0.03 0.04 0.05 0.05 0.06 0.04
+3 032 024 026 026 032 0.33
FHZE 008 0.03 0.02 002 009 0.11

1997  #JZ  0.04 0.03 0.03 0.04 0.02 0.03
+H# 025 025 0.12 0.21 0.14 0.19
HZE 012 0.2 0.18 0.10 0.09 0.13

1998  #H#JZ  0.05 0.04 0.05 0.05 0.03 0.04
4% 017 0.13 0.15 0.14 0.16 0.12
FHZ 012 0.08 0.1 0.11  0.09 0.09

1999  #HJZE  0.04 0.04 0.04 0.04 0.05 0.03
+H# 014 015 0.15 0.15 0.15 0.15

x4 HASEMEMLBIEE
Table 4 Peak displacement of each structural layer in

the corner of pavement

Ay AR Z AN )i AT F AL WE(E /mm
HJZ 0.202  0.135  0.037  0.002  0.240

1996  #HJZ  0.050  0.049  0.047 0.032  0.045
£+ 0.208 0.313  0.258 0.209  0.208
HJZ 0.054 0.102  0.009 0.171  0.089

1997  #JZ 0.049 0.047 0.052  0.054  0.048
+3 0.246 0.233 0.305 0.281 0.274
HZ 0.220  0.033  0.025 0.023  0.027

1998  #2  0.048  0.068 0.064 0.056  0.066
+3 0.249 0315 0.288 0.244  0.299
FHEZ 0.191 0.026 0.022  0.093 0.143

1999  #J2  0.075  0.074  0.071  0.093  0.069
£33 0.235 0.211  0.278 0.280 0.291

1999 443 5 15 %] 0.1 mm A1 0.15 mm 7K 3, i i ff1
RO 4 i — HARRRTE 0.3 mm A7 .
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Table 5 Compression ratio of different structure layers

®6 BT THESFMEERE

Table 6 Compression ratio of different structure layers

of runway(B747)
Ay 7 & /% E/%  £E/ %
Ml 0.403 0.182 0.156
1996
M 0.919 0.208 0.187
1997 Ml 0.321 0.166 0.172
M 0.546 0.242 0.180
1998 i 0.333 0.143 0.171
A 0.656 0.249 0.189
A 0.428 0.124 0.156
1999
M £ 0.633 0.332 0.193

KT BITTTHESEHMERERR

Table 7 Compression ratio of different structure layers

of runway(B777)

Ay HBAL HZ /% IR /% HFE/ %

M 0.48 0.22 0.19
1996

M 0.57 0.25 0.23

M 0.62 0.14 0.19
1997

M 0.82 0.19 0.19

Ml 0.78 0.13 0.20
1998

AR 1.11 0.26 0.23

i 0.86 0.14 0.20
1999

M £ 0.70 0.30 0.25

of runway(B737)

Ay A=Y R /% BE /% L5/ %

Ll 0.28 0.15 0.14
1996

M fh 0.62 0.15 0.10

Ml 0.29 0.11 0.10
1997

% 0.43 0.25 0.09

i 0.68 0.14 0.07
1998

A 0.33 0.31 0.09

i 0.49 0.13 0.07
1999

M £ 0.48 0.37 0.08
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