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AAHT-based truck load simulation model and its impacts on
bridge fatigue damage
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Abstract: The recorded traffic data show that traffic loads have been increasing. In this study, based on the
long-term health monitoring data collected from Anhui Province, the annual average hourly traffic
(AAHT) is defined with taking into account the periodical and seasonal change of traffic volumes, and
furthermore, an autoregressive moving average model (SARIMA) is established to simulate truck loads in
the future. At the same time, several truck-load models are developed with the statistics of the key
parameters of truck data, and then loaded one by one on the finite element model of a T-bridge to calculate
the fatigue damage induced by the non-stationary increases of truck traffic. The results show that the

AAHT-based SARIMA model is accurate and efficient for predicting traffic loads, and the non-stationary
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increase of traffic loads will significantly jeopardize bridge structures. The fatigue damage with considering
the non-stationary increase is about 1.7 times of the fatigue damage without considering the non-stationary
increase.

Keywords: AAHT; SARIMA model; traffic load simulation; fatigue damage

ATAFE R, Bt T ) 22 B 10 10U G845 AT 4% M o A2 32 i Y SR AR O A AR e 28 A7 7 ] 4 3 4
oo TER L m TR R IR R A % 0 i T A i i AR AT 2 A R P O el PR PR R
RIS B iz 3 A 0 A 2055 e T 877 7 B 2 B LRV A T S AN R A A A S AR T R PR
FEF G BT AN PEAG TAT Fp L A0 4 2 00 o B8ORS AR O - Jr B2, JF R e oy 2 0 K B R 45 4 52
G o AT AR At A 02 2 00 280 R AR A L B T A A R B IR ABEAR B0 3 B HE AT 32 8 AR A L3 B PR
12 g B0 A AT R AR B R Aam o A PR L T i B AT A

R 2 0 2 T 1T A AR DA SE L Yu S SR Monte Carlo FISE MR 28 77 1 LT K 3 22 5 fif
48, I JE TR DL S0y Dy v TR0 T AT B 5 i S0 ] A R K S T A 2R 5 T M A SR A 14 X ) 4 AR Y
AL H AL I h Rice 22 sAMESUIN T 42 505 43 B (L 5 BEJR A0 D Jo % 55 4 U0 B i A4 O D i B4 A T
Uit I S5 AT 30000 S50 TSR P SO {8 23 413 A0 4 24 00 7y 280 {0 5 T S50 B 7 0 o A 0 8 98 0 S () 52 3 AR
A TR BAAT TR AT s RS LR A T GPD BB U5 Ty ik SE T SR o
94T 238 4 B B T s Mazas S5 B X 00 5 0 0 17 180 {0 e 56 [P R 1 T — XU (D7 v L T 64T TR TR
PPAG A5 48 0 B 5 Zhou 851V 7E ) X Pareto 43 A3 At 8 19 (I W4 {1 7k A9 S i b 4 Hh — i 3k 1R 45 0 (1 1
L 1% 019 A 8 5 T 7 480500 A A R e R L 0 A J0000 7 95 5 A R i A5 T €8 22 G R B R B R e Al T
JH6 A3 At 1A A IL o Rt OIS AR RO T — A 5 A R O A A 9 AR, OBrien VYR T B AR
B CWIND Bdls R I S0 2 J7 06 X B R ) 47 28000 0L BEAT T REAEL . SR T, BB HF 98 R 22 2 T 4R 1 1 H 223 o
(ADTT), 200 T 5218 B A By (4 JUUIPE RN 20 PR (R, 552 B, 1 SR 24 /N IE P B9 52 38 A7 06 {0 R4S (L A [R]
P 1) 5 1) 5 308 A7 A W R 2 S L7 24 B 2800 A5 0B 25 AN [ o 7 LAAE B 0F 5 v 0 5 36 iy 3 47 oh
B, R 2 B A i 2 — A AR AL AR {EL S D00 i 22 B A2 ey 2 A ) I B B H , B KB T F
AR T Bl e Lk R R Ry S B AR AR

e S R T AR 2 A/ NN S B CAAHT) 25 18 S5 o J 399 M 1] e 2 AR A, S R M 22 00
F 182 31 37 (SARTMA) 1578 J fif < 303 340 2 4 A6 X0 3l ol U0l 25 199 1 A0 5 3 A5 Xl oK o 42 52
757 288 I AE 2 I8 A AR P AR R AU 5 8 A AR SRS B RN 2R T 5 20 R A A A R 7 48

1 IS B HE AL 1200
SCPBCHR R 2 R A B RR K W 1000 | .
e RS O R  RLIE 6  TR S B & .
IR TR ATAT R SR BRI 2005 % 800 r s ¥ . “ ‘- A
2011 I BRI AT s a5 o | g 8T ML F] g om B
B G 23 043 208 WA MIRIGBOEBATBIAL L -_. T \_\ "\_ ._-"_ _-‘.\
LS9 A7 46 L T SRR ST 16 680 757 AT a0 T R | mw g 1‘. Yy ‘II 7‘|.
MR 5 SR A T I T R W TR TR VR T
SEL PR SRR 1R 24 /NI RN B R 0 - . v =
3 BB DS B 0 5 4 T 9 40 e 2 I I
BEAAHT)  HH 54 S 1 s s g $8E5E388¢8z3§8¢§¢
A1 AT 25 4Ry 10 AAHT BoA7 W1 i 1Y 2005 2006 2007 2008 2009 2010 2011

AP, UL 24 h S — A 3, W45 4R 0 Y
AAHT #84 W B0 & W (12: 00 £ 47) FIE &

B1 EFEY8IHZEE

Fig. 1 Annual average hourly traffic
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Table 1 The ADF test for the original data
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HAHE PRAH R AC  PAC Q-Stat Prob
-] | B | 1 0130 0.130 2.8494 0.091
1- ’ ' 2 -0.278 -0.300 15.984 0.000
K " 3-0.007 0.089 15.991 0.001
AL | i | 4 0.063-0.040 16.663 0.002
a1 | 1 | 5 0.045 0.070 17.013 0.004
'K | o | 6-0.079 -0.103 18.105 0.006

: | i | 7-0.124 -0.072 20.815 0.004
'r | T | 8-0.035-0.060 21.037 0.007
o | . | 9-0.199 -0.270 28.050 0.001
D | ! |10 0.012 0.097 28.076 0.002
T ’ a |11 0.043 —0.137 28.408 0.003

' ol 12 -0.148 —0.098 32.366 0.001
|'| | l'l | 13 0.034 0.058 32.572 0.002
T | 'L | 14 0.040 -0.091 32.871 0.003

' ; 15 —0.200 —0.245 40.241 0.000
i ‘ 1. |16 -0.044 -0.050 40.600 0.001
e | - | 17 -0.077 -0.279 41706 0.001
a | = | 18 -0.084 -0.231 43.047 0.001
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Fig. 3 Autocorrelation diagram and partial correlation diagram of the data
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Table 2 Model discrimination

75 (prq) R? AIC SC
1 (1,D 0.960 263 10.411 210 10.485 590
2 (1,2 0.968 216 10.203 060 10.296 040
3 (2,D 0.973 759 10.012 860 10.105 830
4 (2,2 0.978 062 9.849 820 9.961 391
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Fig. 4 The comparison between the predicted and actual traffic volume
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Fig. 5 The forecasted AAHTSs from 2012 to 2021
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Fig. 6 The forecasted ADTTs from 2012 to 2021
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The first axle load of 5-axle vehicles in lane 1
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Fig. 8 The first axle load of 5-axle vehicles in lane 2
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Table 3 The annual average hourly traffic forecast in 2021
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:00—01:00 376 12:00—13:00 899
:00—02:00 382 13:00—14:00 846
:00-—03:00 384 14:00—15:00 793
:00—04:00 390 15:00—16:00 700
:00—05:00 445 16:00—17:00 631
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Table 4 The traffic volume and the percentage of each lane
LS| A3 1/ P.(L»
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Fig. 10 The AAHTS of three lanes in 2021
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Table 5 The proportion of each vehicle type in lane 1 Table 6 The proportion of each vehicle type in lane 2
KRS 223 it /4G P, LB iE g S Ak /G p,

2 b2 16 718 0.109 4 2 fh 7 18 370 0.097 4

3 fih %= 17 222 0.112 7 3 fih % 18 112 0.096 0

4 fh 4 10 254 0.067 1 4 4 8 231 0.043 6

5 B4 106 978 0.699 9 5 b4 141 452 0.749 8

6 %l 4= 1662 0.010 9 6 fh %= 2477 0.013 1
KBTI /A 152 834 AT /A 188 642
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Table 7 The proportion of each vehicle type in Lane 3

EX RS 22 38 i /4 P,
2 % 7 531 0.824 2
3 % 994 0.108 8
4 fh % 58 0.006 3
5 4 538 0.058 9
6 %l 4= 16 0.001 8
AL/ 9 137

TR AT AR A% A T S A B LA R A R L) AAHT Wk 8 BN,
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Table 8 The traffic volume of each vehicle type in each lane

KT 2 W% 3 b 4 Wh % 5 4l % 6 %4 SAZ I /5
1 %3 698 720 429 4473 70 6 390
2 £if 767 756 343 5 902 104 7 871
3 FiE 326 43 2 23 1 396

P I o 65 A 1 SC A% 70 100 A 0 05 A F M R A A 50 BT S B S [ B B AT B R 2 A A A A 11 B
o M 11 AT RLE H L2 Z 38 18 4% B BER 52 09 fof 80 fe KL 3 218 M de /D Hode KAEAN A M AT & 9 1/46.1 %
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Fig. 11 The total weights of vehicles at each interval for each lane
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Table 10 Maximum bending moment in lane 1

iR M i/ (kKN-m)
2 % 142.587
3 % 183.948
4 B 4 222.871
5 4 175.447
6 4 209.906

2 (7 AT 4 5 R A0 TR 4 R 21 4538 M, =178.033 1 kN-m;2 4538 M., =124.158 5 kN-m;
3 £ M., =133.503 0 kN-m;
A1 2 C6) P TF B 3 4% 42 T8 28 11 G A5 5 7 i O
M. =0.40 X M., +1.0 X My, +0.15 X M, =215.397 19 kN-m_, 9
R FE O O 3325 1 B3 M o7 88 1) A0 A R B0 45 R R B AR ) R e =7, BRI HE Ol 2,19 m, 13 3 4%
TR 0 BB m W 10 FiR .

R0 BERHESGERY

Table 10 Transverse distribution coefficient of each beam

7 m
158 0.410
253 0.262
3% 0.155
45k 0.119
55 % 0.155
6 5% 0.262
7 5k 0.410
MR 3 5% 75308 SV RO M R ] o A R B K AR B 7 R R AR B & RS b BRI

6 M, a1 iR,
£11 ERERRASTEME

Table 10 Maximum bending moment of each beam

7 M, /(kN-m)
15% 88.312 8
253 56.434 1
3R 33.386 6
453 25.632 3
5 5% 33.386 6
6 5% 56.434 1

=2 88.312 8
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