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Mechanism and Countermeasure of Pavement Distresses
Occurring at Tramway Grade Crossings
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Abstract : The road surface at tram grade crossings has borne combined loads of passing vehicles and trams. The
load conditions and distresses of this area are complicated and varied, which becomes relatively weak spots on
municipal roads. In order to clarify the distress mechanism of this transition pavement at grade crossings, on the
basis of field investigation, the statistics and classification of the distresses were carried out, and a 3D finite ele-
ment model was established to analyze the mechanical response of the road-rail pavement structure, in which
combined vehicle and tram loads were conducted. The field investigation results show that the distresses in this
transition area are mainly distributed within 30 cm of the track side, and the settlement of pavement near the
track is mostly distributed within 0~10 mm. The numerical results show that the poor bearing capacity and
strength and the disharmony deformation of pavement structure are the main reasons for the failure of the road—
rail transition pavement. Focusing on the mechanism of the distress, the countermeasures of laying high modulus
concrete under the pavement structure and adding transitional pavement materials between the road and the

track are put forward.
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(a) Serious damage of tram track

(b) Tram track 3D model
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Fig.1 Diagram of embedded tram track
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Tab.1 Survey results of pavement damage width range
around tracks
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Tab.2 Test results of roughness indicators around tracks

Nt IRY _ Range of Distres
(m/km) Ah/mm  severity

1 05 076 32 Rela

2 08 130 46  0-10 tively

3 1.1 1.83 6.0 intact

4 18 304 92

5 21 350 104 1020  Slight

6 22 373 110

7 36 600 170

8 49 813 226 2030 Moderate

9 54 905 250

10 55 912 252

1 67 111 304  >30  Serious

12 77 128 350
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Fig.2 Distribution map of distress types in transition
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Fig.3 Diagram of damage appearance in road—track
transition pavement
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Fig.4 Distribution of settlement in transition pavement

2 RN 58 BT R X 45 A F0 15 2 AE

WE S BTN, e85/ R AE D7 T, A A Sl 4
Z K A X TCHERLIE G54, 3 Fh HLIE 45 48 5 R
P FA IR T DL At % 17 A8 3E T2 L = B A R T
FE 2 ZEABUR) G0 A, AR L W 1w 2
S 77 20 AR AR R R 03 32 AT T O, HLE R H
()R T 5 B T AR AR AN 5%, FERLIE 25 M s T
AME Ty YEAE P A5 Ty T AR B T B SR, AN [F]
T R BOEK ET A R AR T B e O DX 2
FAREAE T LIARES oA LA JL 5 T

1) ik AR Ak . E 3 U DXV PRl DY | 6 T 45 A 4 A7
E— D HNPESH (210 000 MPa) £ 22 M 3% 1
(800~1 600 MPa) f) 45 2845

2) AR L, TR AL Sk T R, 4
9308 3k BN A7 A 1R 25 R — BT e A b

3) NS S A AR A . R TR A PR RE N R LA
Tt T T AN -4 45 U R B L5 I TS A B A A
B R A K 3 IR

Il .Tram load
Il Tram impact

aill

1.Modulus difference
I .Vehicle 10&01{%;}363 .

Concrete slab

\Z.Elevation difference

B S5 H-HidiEXEHRMEHEYE
Fig.5 Structure and load characteristics of road—-track
transition pavement



551 4

B S5 A IR 4T S T S I B T S MILBE 5 0 R 121

TE AT 2R AR 7 T, B ) T ) St 5 5 B T[]
R AT YU 4 5 VR4 PR 58 42 AN [a) ) or 4,
HR A IR 2 Ay 2 B P A A AR B L, e
ey 28 Ay 320 A i A FH A S 50 S LI AR
D A A P A A 0L T g T X2 i i O X
G TTELYE R @7 N s 0 N o SR B = L R B U T =1
AL R R, I A R T A AR bl AR B0
S B DR RS AN B B T T R 25 1
P24, I i — 20 A K A el iy 2/ T A AR
FEFIRT DT R AR AR % 77 i, A T 4 P 5 1 I
T P X AN [ i 2 TR AT I 25O 3 3

®3 WHEERTERGFRER

Tab.3 Load type of road—track transition pavement

Load type Stress type Damage type

C ive stress, .
Vehicle load OMPIESSIvVe SHEss Strength failure

shearing stress, etc.

. Repeated impact Brittle failure,
Tram impact load

stress fatigue

Tram vibration load Periodic dynamic  Aggregate spalling,

stress fatigue

Temperature stress, Rutting,

Ambient load

pore water stress moisture damage
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Tab.4 Material parameters in FEM

. Elastic . , .
Structure Materials modulus/MPa Poisson’s ratio
Upper layer AC-13 1 400 0.3
Bottom layer AC-20 1 200 0.3
Supporting 25 28 000 0.25
course
Rail Steel 210 000 0.3
Top sealant Rubber 1.2 0.35
Bottom pad Polymer 15 0.4
. Foaming
Filler . 8.5 0.5
materials

2 300001

v>~._ Rail top sealant

AR OB R BRI TR ) (CJT 11—2011) 2%
FHIR—A 9% 44 for 2% 43 BR TR AR rh | L g5 KAl
R 200 kN, far 2 4E H B 0.6 mx0.25 m, %8 #E
1.8 m, S SCHR[12-13 14 B, % i AN -4 J3 X6} 3 far
B RN B R B R A IR B 2k

m

>
&
S
oS .
Rail

N P
e
i Filling
| __--7materials
" r
L]
i
L]

40 mm
60 mm

Bo6 HB-HTEXRTRITHMER
Fig.6 FEM model of road—track transition pavement
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Tab.5 Results of maximum compressive stress in transition pavement under different load conditions

Vehicle load

condition

1 2 3 4

6 7 8 9 10 11

O/ MPa 0.13 0.18 0.34 0.97

2.18 1.05 0.77 0.20 0.12 0.10
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Fig.11 Stress nephogram of maximum shearing stress in
transitional pavement

P12 S e 1 2 5 iy 2 DA s A B0 3 o o 9 X
E AR B2 A AN R B (C,DLEF ) B BTN )
TS, A 12 n 0L AR A e A T -2
WX T PR BTUIE R, 55— 0 G A
SO R I PRI Y] AT AR B, HLAE
e RS BT R R B, 5 AR -
TE DX e KA BT 0 7t BRAEBLIE N (B XD o

AEHHIATTEREREEAER

Tab.6 Results of maximum shearing stress in transition pavement under different load conditions

Vehicle load

condition

1 2 3 4

5

6 7 8 9 10 11

T/ MPa 0.01 0.01 0.05 -0.15

-0.23

-0.04 0.31 0.19 0.15 0.08 0.07
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Tab.7 Calculation results of strain response of each position under vehicle loads

Bottom tensile strain/pe

Vertical compressive strain/pe Vertical strain of

Position
Upper layer Lower layer Upper layer Lower layer base/ne
Away from track (A-B) 13.64 11.37 248.1 229.3 207.6
Near the track (C-D) 4.45 3.71 145.4 1127 101.9
Near the track (E-F) 3.22 2.81 133.1 106.6 97.4
Away from track (G-H) 10.68 9.25 227.0 203.4 186.6

*8 BREMHMEATEMENTMEITHESER

Tab.8 Calculation results of strain response of each position under tram loads

Bottom tensile strain/pe

Vertical compressive strain/p.e Vertical strain of

Position

Upper layer Lower layer Upper layer Lower layer base/pe
Away from track (A-B) 17.18 22.32 12.53 11.04 8.07
Near the track (C-D) 45.35 60.13 13.89 10.82 10.23
Near the track (E-F) 57.40 72.17 13.92 11.01 10.58
Away from track (G-H) 19.22 26.39 12.78 10.94 8.35
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