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Evaluation of Road Surface Profile near Expansion Joint of Bridges by Using International Roughness Index
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So far it has been considered that road surface profile affects largely dynamic effects of bridge superstructures,
for example reaction forces. In the road surface profiles, the road surface gap near expansion joint has been
paid attention to. Recently it has been made clear analytically that road surface unevenness with wave length of
several meters in front and behind of expansion joint affects dynamic reaction concerned with management
criteria along vehicle moving direction of bridge pavement. However the dynamic effects for dynamic
reactions are very various regard on unevenness length and pattern, unevenness height and vehicle velocity.
Therefore the management criteria on such pavement unevenness has not been presented up to now. Authors
investigate an evaluation procedure of this road surface profile near expansion joint at girder end by using
International Roughness Index (IRI). In this paper, a management criteria on pavement unevenness under

construction and maintenance of bridges is presented.
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Table 1 Properties of bridge

Bridge length 270m
Full width 17.63m
Bridge type Simple PC I-shaped composite
girder (Post tension type) bridge
Span length 26.3m
Number of 6 girders
girders
Space of girders 2.94m
PC girder height 1.750 m
350 26.300 350
6,575 6. 578 6,578 6,575
.643.7 §x3,287.9=19,72% 1,643{75
1643175 1. 543,718
F r i 573 F; r -
2
G1
= G2 | o
R 13
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Fig.1 Analytical model of bridge
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Fig.2 3-dimensional vehicle model
with 8-degree-of-freedom

Table 2  Properties of mode} vehicle

20tf
Items Unit | dump
' truck
Distance between front axle and rear axle (4,) m 3.880
Distance between tandem axles (2 4,;) m 1.310
Tread (4, Ap) m 1.860
Mass of vehicle body (m,,) t 18.0
Mass of front axle (m,,) t 0.5
Mass of rear axle (m.,) t 1.5
Spring constant of vehicle body at front axle ti/m | 168.0
Spring constant of vehicle body at rear axie ti/m | 485.0
Spring constant of tire at front axle tf/m | 1030.0
Spring constant of tire at rear axle tf/m | 1495.0
Natural frequency of vehicle body Hz 3.0
Natural frequency of tire Hz 10.0
Pattern-1 Pattern 2
Pattern 3 Pattern 4

Fig.3 Patterns of road surface unevenness

—394—




(mm) (mm)
30 3
20 20
0 0
0 ety [ [ e [ Sy ! WNESEIIIw | | S
«10 -10
20 ]
-0 16 £ £ 36 E] EL 36 a0 %o
{ga) ) (1) {m)
1500 W, {m) \ ’o(ou) nX
1000 1000
I S AVAV AV W AWV 0
o o
500 -500
s - K - -
] as 10 15 20 .5 9.5 (X3 18 15 2% 25
0 [PENSTUYEE T (50 s [P S (sec)
20
61 " 61 ®
P~ S SRS S
00,5 o5 15 15 Z0 2 %67 (5] 16 T3 FX) 25
20 (sec 20 (sec)
e @ WA
%07 o5 5 13 28 z. %5 03 10 i3 75 ED
20 (ses 20 (secy
G3 "\ G3 v
LG i 13 20 2. 00 5 i K] 25 is
20 (se £ (s=0)
Ga w0 G4 m&
%05 o5 13 13 20 2. %5 o5 5 15 28 s %35 (X3 ) 5 EX) z 9.5 o5 10
20 {ose (sec) [ 20
G5 Gs w G5 G5 w0
: P - VN
W 05 6 15 29 2. %9 03 10 13 20 25 %05 0.5 1.0 s 20 2. O0F 0.5 15
£ (s 20 (sec) 0 (se 2
G6 ° G6 G6 G6
[
%7 TETI0 ] 20 2 %% T3S i3 25 25 %07 7% 13 E2) . %o 2 T
(= (sec) (se
TOTAL TOTAL TOTAL TOTAL
() (CH (16 9
20 7] 20 20
10 h 1 10 h /\ /\ 10
. N
%5 (X3 Z3 5 26 2 %% (] 10 135 EX9 2 %p% X3 i 15 20 2 O LY 18
Entrance Side e Entrance Side (sec) Entrance Side e
a) Unevenness -,- b) Unevenness +,+ c) Unevenness -+

Fig4 An example of dynamic reaction at vehicle entrance side (v=80km/h, [=2.0m, & =20mm)
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[J Unevenness profile +,-(Pattern 4)
Fig.5 Relations of reaction forces at entrance side , unevenness lengths, unevenness heights and vehicle velocities
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Fig.8 Management criteria of road surface profile

607 (11) 60 60p
40 7) 40 40 Table 3 1IRI of various road surface profiles
B | Evaluate
20 © 2019 S% 20 L=50miL=5m|L=4m|L=3m|L=2m
length

Profile |IRI-AV|IRI-AV{IRI-AV|IRI-AV|IRI-AV

| (IRT)
=1 15 % 510 15
Evaloate Length L=3m (onecside)

601 (1) 60

0000 | 124 | 126 | 130 | 133 | 136
2101 | 348 | 378 | 407 | 411
2102 | 373 | 416 | 445 | 4.64
2103 | 295 | 308 | 322 | 335

40 40
7 %
-~ /
B
20 © 20}/

(IR 1)

2104 3.06 | 360 ; 383 | 395
2201 6.28 695 | 753 | 7.63 | 545
2202 652 | 733 | 789 | 815 6.18
2203 | 5.09 | 562 | 592 | 615 | 4.60

0 i

0 5 10 15 l)0
Evaluate Length L=4m (oncsid
607 (tf) 60

2204 5.17 6.14 6.53 6.75 5.14
2301 913 | 10.13 { 10.99 | 11.15 | 7.88
2302 9.36 | 10.51 | 11.35 | 11.68 | 861
2303 7.25 8.17 8.63 8.95 6.55

40 40

20 OGRS © 20 1€
(IR1)

2304 732 | 868 924 | 9.55 7.09
4101 282 | 282 | 289 | 295
4102 292 | 3.02 | 305 2.98

00 5 10 15

Evalvate Length L=5m (onesid
601 (1f) . 60

40 40

4103 286 | 299 | 295 | 2.69
4104 275 | 297 | 298 | 286
4201 502 | 505 | 515 | 518 | 4.67
4202 512 | 525 | 530 | 519 | 4.84
4203 4.95 526 | 518 | 472 | 420

20 SRy ©

4204 4.83 524 | 522 | 4.87 | 4.19
4301 728 | 729 | 742 | 746 | 670
4302 739 | 750 | 7.58 | 7.4S 6.85

| (IRT)
o0 5 10 15

Evalvate Length L=50m

4303 709 | 755 | 744 | 681 | 595
4304 699 | 754 | 749 | 694 | 592
5101 2.55 242 | 241 2.58

60 (1f)
5102 | 275 | 281 | 277 | 284
40 5103 | 277 | 271 | 252 | 235
@ 5104 | 278 | 279 | 264 | 262
20 ! 5201 | 453 | 431 | 429 | 455 | 433
(IRT) 5202 | 476 | 475 | 469 | 483 | 4.63
T s o 5 10 15 S203 | 490 | 475 | 440 | 413 | 3.89
v=40km/h v=60km/h v=100km/h

Remark ©: reaction force at vehicle entrance side

Fig.7 Relations IRI vs. reaction force

5204 4.73 486 | 453 | 438 | 4.02
5301 6.60 627 | 626 | 6.64 6.30
5302 684 | 671 664 | 688 | 657
5303 7.10 6.85 637 | 600 | 5.60
5304 7.13 6.96 | 648 | 622 | 568
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