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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) Road-track transition zone
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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

IRV Range of Distress
Nnmber  o/mm /mm
(m/km) Ah/mm  severity
1 0.5 0.76 32
2 0.8 1.30 4.6 Rela-
0~10 tively
3 1.1 1.83 6.0 .
ntact
4 1.8 3.04 9.2
5 2.1 3.50 10.4
6 2.2 3.73 11.0 10~20 Slight
7 3.6 6.00 17.0
8 4.9 8.13 22.6
9 5.4 9.05 25.0 20~30 Moderate
10 5.5 9.12 252
11 6.7 11.1 30.4
>30 Serious
12 7.7 12.8 35.0

Quantity
dfem Song—Rong Gu—Rong Hu—Guang Jia—Guang
crossing  crossing  crossing  crossing

0~5 2 2 3 3
5~10 7 2 8 5
10~15 6 5 3 8
15~20 3 6 5 11
20~25 2 3 1 6
25~30 0 2 0 5

>30 0 0 0 2

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.
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Fig.2 Distribution map of distress types in transition
pavement
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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 RS8BT R X 45 A 07 24 AE

WE 5 R, FE S5 F AL 5 T, PRACA B A
2 R Him A X TCHEPUIE 25 4, 3P 018 45 40 de K i
D FARE AT LA At % 17 28 38 T2 L = B A R T
FE 2 ZE R G s R A T W TR = A [
8 7 AR R P A A T X HE R
YRRV 5 B AR AR F 57, TR HUE S5 A R it
AME G EAE A 7 AR B T B A KB AN
TR LT BT, A P AN B U XA A
Fa R AE W] AAESS Ry AR L5 T

1) FE A . 7R DX B B T 45 48 ) A7
E—A i RIPES L (210 000 MPa) ) 22 M 4% 1
(800~1 600 MPa) {5t i 5845 |

2) E 2Rk, TR ARV S e s T B T, A
9538 2o o A7 A g 25 AN — BT e A oy

3) BALE I TRAFAEHEE . Bl T AR SS TR RE R 2 LU
Kot T TS P-4 55 S5 DY) B9 5 6 T 45 4 oy A e 42
BT A KA IR

Il .Tram load

1.Modulus difference Il Tram impact

I .Vehicle load 3.Gaps.  +

\

Rail

AC-13
AC-20

Concrete slab

2.Elevation difference

B 5 BE-0id i X 45 4 A0 1o S i
Fig.5 Structure and load characteristics of road—track
transition pavement

http://www.cnki.net



514

fe B S, A5 A U H 2O S B e P B I T ML 0 O 121

T AT B8R A 7 T, U ) T ) S 25 5 B T[] o
TRZAT B A 5 YRR AR R 358 A AN ) B9 fr 4, G
oA U A O 2 R e AR IR BT L, TR
67 28 A 327 A i 28 A FH A S o 50 ol S LI B AR
0 Ay A A A 20 T TR X2 o i O X
B TAT S0 BE IR, e A, T F A A 2 A 2 G A £ 2K
AL RPE T, s i Rl i e A= oheds AR 3h
S S P DR R A I S RS 2 e o
M2 45, I HE— 2B A KR ot o7 2R 00 1 R & 2R
FEAIRT DT R AR AR A% 73 i A T 49 2 5 1 I
T P X AN [l i 2 B T U 45O 3K 3

®3 WHEEBRTERMETHRER

Tab.3 Load type of road—track transition pavement
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Tab.4 Material parameters in FEM

Load type Stress type Damage type

C ssive stress, .
Vehicle load OMIPTESSIVE SHESS Strength failure

shearing stress, etc.

. Repeated impact Brittle failure,
Tram impact load

stress fatigue

0 Periodic dynamic  Aggregate spalling,
Tram vibration load .
stress fatigue

. Temperature stress, Rutting,
Ambient load P &

pore water stress moisture damage

. Elastic . P
Structure Materials modulus/MPa Poisson’s ratio
Upper layer AC-13 1400 0.3
Bottom layer AC-20 1200 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
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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 12
condition I 2 3 4 3 6 7 8 9 10 1 (Tram load)
T/ MPa 0.13 0.18 0.34 0.97 1.12 2.18 1.05 0.77 0.20 0.12 0.10 1.65

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Tab.6 Results of maximum shearing stress in transition pavement under different load conditions

Vehicle load

12
condition 1 2 3 4 5 6 7 8 9 10 11 (Tram load)
T/ MPa 0.01 0.01 0.05 -0.15 -0.23 -0.04 0.31 0.19 0.15 0.08 0.07 -1.73

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.
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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 HEMBMEATENENTMETESER
Tab.8 Calculation results of strain response of each position under tram loads

Bottom tensile strain/pe

Vertical compressive strain/pe Vertical strain of

Position
Upper layer Lower layer Upper layer Lower layer base/je
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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