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Vehicle-road Coupling Force Characteristics and
Dynamic Responses of Concrete Pavements

ZHOU Yumin', TAN Zhiming*, TIAN Bo?

(1. Key Laboratory of Road and Traffic Engineering of the Ministry of
Education, Tongji University, Shanghai 201804, China; 2. Research
Institute of Highway of the Ministry of Transportation, Beijing
100088, China)

Abstract: When vehicles moving at a uniform speed on
concrete pavements, the influences of different parameters,
such as the vehicle parameters ( concentrated mass,
suspension stiffness and tyre stiffness), the pavement
structure parameters (pavement thickness, joint width, joint
faulting, joint load transfer capacity etc.) and the sub-grade
parameters (sub-grade reaction modulus, sub-grade damping
and sub-grade strength weakening index etc.), on the time-
varying force are systematically analyzed with the established
quarter vehicle-road coupling dynamics model and the direct
integration method. The curves of loading impact factor
(dynamic load upon static load) against a variety of
parameters are provided, and the statistic characteristics of

loading impact factor is also depicted. Then, the dynamic
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displacement and strain of concrete pavements are discussed
accordingly. The results show that the variance of time-
varying force is getting larger with the increase of the vehicle
moving speed, and the dynamic effects of displacements and
strains on concrete pavements become more remarkable;
therefore, while designing concrete pavements, the dynamic
effects of concrete pavement arising from vehicle-road

interaction shall be considered.

Key words: road engineering; concrete pavement; vehicle-

road coupling dynamics; loading impact factor; dynamic

displacement, dynamic strain
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Fig.1 1/4 vehicle-road coupling dynamics model
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Tab.1 Cases for analysis of vehicle-road coupling dynamics

T LRI BESH HESH

M mg/kg ks/(MNem™1) B/(MNem ) h/m Ly/mm ky/(MNem™3) Fg/mm k/(MN+m3) Ci/(Nesem™3%) A
1 * 0.2 1.2 0. 24 10 10 0 100 5X104 0.5
2 * 1.0 5.0 0. 24 10 10 0 100 5X104 0.5
3 2 500 1.0 5.0 * 10 10 0 100 5X10* 0.5
4 2 500 1.0 5.0 0. 24 * 10 0 100 5X104 0.5
5 2 500 1.0 5.0 0. 24 10 * 0 100 5104 0.5
6 2 500 1.0 5.0 0. 24 10 10 * 100 5X104 0.5
7 2 500 1.0 5.0 0. 24 10 10 0 * 5X10* 0.5
8 2 500 1.0 5.0 0. 24 10 10 0 100 * 0.5
9 2 500 1.0 5.0 0. 24 10 10 0 100 5104 *
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Tab.2 Mean values and mean square errors of kg
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Tab.3 Mean values and mean square errors of ky

for Cases 3~6

T v/ h=0.18 m h=0.24 m h=0.30 m
(me+s™) E(k) oxy, E(ke) oy E(k) oy
10 1.000 0.017 0.999 0.015 1.000 0.013
3 30 0.997 0.037 0.998 0.029 0.999 0.025
50 0.997 0.045 0.998 0.037 0.999 0.032
§ v/ L,=5 mm L,;=10 mm Lg=20 mm
T (me+s™ 1) E(k) ory  E(kg) ory  E(ka)  ory
10 1.000 0.015 0.999 0.015 0.999 0.015
4 30 0.998 0.030 0.998 0.029 0.998 0.029
50 0.998 0.037 0.998 0.037 0.998 0.037
k=10 F =100 fw=1 000
6 Y/ MNem?®  MNem?  MNem
(mes1)
E(ky) oy E(ky) oy ECkg) Oty
10 0.999 0.015 1.000 0.013 1.000 0.012
5 30 0.998 0.029 0.998 0.024 0.998 0.021
50 0.998 0.037 0.997 0.030 0.997 0.025
TH v/ Fa=0 Fy=5 mm Fy=10 mm
(mes™') E(ky) ok, E(k) ok, E(ka) ok
10 0.999 0.015 0.998 0.089 0.997 0.165
6 30 0.998 0.029 0.991 0.167 0.991 0.274
50 0.998 0.037 0.985 0.220 0.993 0.338

for Cases 1,2
T ) /7 ms=2 500 kg ms=3 000 kg ms;=3 500 kg
(mes1) E(ky) Oky E(ky)  ory ECky) Oty
10 1.000 0.005 1.000 0,005 1.000 0,005
1 30 0.999 0.010 0.999 0.010 0.999 0.010
50 0.998 0.013 0.998 0.013 0.998 0.013
T v /7 ms=2 500 kg ms=5 000 kg ms=7 500 kg
(mes™1) E(k) Oky E(ky)  ory ECky) Oky
10 0.999 0.015 0.998 0.018 0.999 0.016
2 30 0.998 0.029 0.999 0.030 1.000 0.030
50 0.998 0.037 0.999 0.037 0.997 0.037
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Tab.4 Mean values and mean square errors of kg

for Cases 7~9

k=50 k=100 k=200
TH v /7 MN + m—3 MN + m—3 MN + m—3
(mes1)
E(kd) Jkd E(kd) Jkd E(kd) Jkd
10 0.999 0.023 0.999 0.015 1.000 0.010
7 30 0.999 0.042 0.998 0.029 0.998 0.021
50 0.999 0.054 0.998 0.037 0.998 0.025
Cy=5X10? C=5Xx10* Cy=5Xx108
T Y/ Nesem' Nesem! Neseml
(me+s™1)
ECky) oy E(k)  ory ECky) Oty
10 1.000 0.022 0.999 0.015 1.000 0,011
8 30 0.999 0.033 0.998 0.029 1.000 0.012
50 1.000 0.039 0.998 0.037 1.000 0,012
o =0 1=0.5 A=1.0
(mes™) E(kd) oy ECke) or; E(k)) or,
10 0.999 0.026 0.999 0.015 1.000 0.013
9 30 0.999 0.047 0.998 0.029 0.998 0.024
50 0.998 0.063 0.998 0.037 0.998 0.028
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Tab.5 Maximum deflections and strains at Points e;,

e, and e (Case 8)

Ci/(N+ u/(m- YL w /mm NAE & /pm
sem %) s1) e e e ez e
0 —0.633 —0.633 39.2 39.2 48.9
10 —0. 646 —0. 838 38. 8 38. 8 49.1
5X102
30 —0. 640 —0. 863 36. 1 40.5 54.3
50 —0. 584 —0. 757 38.0 40. 8 50.7
0 —0.633 —0.633 39.2 39.2 48.9
10 —0. 566 —0.428 37.4 37.8 47. 7
5X108
30 —0. 458 —0. 314 35.0 35.6 44, 2
50 —0. 380 —0. 259 33.4 34. 2 41.6
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