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Traffic Flow Generation and Load Simulation of
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Abstract: The simulation of random traffic load is the
foundation and crux of load assessment and performance
evaluation of bridges. The current traffic simulation based on
the Monte Carlo method is inappropriate for describing the
dynamic evolution of traffic on microscopic scales within a
relatively long span, while the single-cell method based on
cellular automaton (CA) remains to be improved concerning
precision. In the single-cell method, a car is simulated by a
single cell, which could not consider the influence of axle load

and exerts a limit on enhancement of simulation precision. In
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this paper, based on the current CA, a model is proposed to
simulate an axle by a cell and to simulate a car by a number of
consecutive cells, which is defined as multi-cell cellular
automaton (MCA).

realistic traffic and its load data. It is demonstrated that the

It verifies the mathematical model with

parameters of traffic flow and traffic load, such as traffic
volume, time headway, velocity and weight of simulated
traffic are reproduced accurately by the multi-cell method.
With the distribution load,
moment in a simply supported girder with a length of 1 000

bearing shear and mid-span

meters set as indexes respectively, the statistics analysis of
the load response characteristics of simulated and realistic data
is conducted. The result indicates that the relative errors of
simulated data of the MCA model to realistic data are within
5% . When MCA is applied, the precision of load response can
be increased from the correlated error of less than 17% in the
traditional single-cell method to a relatively high precision.

Key words: bridge engineering; traffic load simulation;

random traffic flow; cellular automaton; multi-cell model

WK, BEE B HRE (weigh in motion, WIM)
B 0 R & AR AT R AR R, A L ZE A B S
L B I SRR I B 8 R Y 5 R R B R T
) HEAGT S BT WIM DR ) 508
Y T B PR RN R (2R VR EE VRhEE L L
O FFREWMBRL ARG R RE SR ES],
TR VT 308 3 582 A 2 I AR 5 ik 0 e o A A
R, X H A TR AR 11 S B 1) RO £ 355 22 TR B4 vl o7
SR RN A, B TSR R R o e
() . AP R A R R AR, R
TR EER ER BE. PNERRROAZ
T A O R I AR B 5 e, — RO 1 E A B R T
FEEREE TR, R E M ME X A LT s
VB 4 A7 o7 R LI 18] A JL A 5 R e 2 281X ]

HLEWE . BR G RBP4 (51478337,51678435) ; SR AS ARl 4 F & T %5 4 (2016]012302) ; “22 i ¥ TR~ w22 B} JF 1

H:4(2016]012302)

BfEE: Bu K977, B, RIS, B £ SIW, TG 4, BRI o R R B 3 537, E-mail: ruanxin@tongji. edu. cn



942 Rl ¥ k2 2 WE KRB 2B

RN

K SR AAEE T B ZEHEBA U A 2 1 R R BT AR
FAHHIEAS BN T 42 48 3R G SO AR P A e
TEL EHIERIE T &R E LT RIS LT
R R R A R B R TH R B T e iz
PRITIT » AR R B 42 94 0 iy 286 ) R 75 2 () I S
T RORE AR, H R 12 0 A BE AL 700
Monte Carlo 481, FEH T 455 I 42 3 = AR
FRRLEY , 3 5 BE AL 8T R 5 38 S H0P U
Tl A RIS BT T M R R AR
FBRMAES B, BB T L X

TCHE 8 SR —Rh B A R @ ik, Kai Al
Schreckenberg™* e Se 4 Y T RE 45 1 R W MW iE
SMITCHL B SPL N-S AL, B 5 & R L i 2 Moo Hl
H 31 ¥l (deterministic traffic cellular automaton,
DTCA) I FE #L P 70 i B 8 Hl (stochastic traffic
cellular automaton, STCA) , Julil B shlZ i i 38
78 Wy o7 2T A At DB S A, STCA W LUER
Ry 4 T b 1 3 A2 A ) BEHLISOWA T o R IG5 381 B AR
R, B PP X S Bn A AOIA T A 1 T BT L U -t A
AN B A 38 o BRG BE G DB UL S W S B A8 T
BIFEFH. T B ZhPLH % S 1 X B (i 22D T 4%
BB T Io, JF 4 FR— 2 I s i) (] fR 5 2 g —
A TCHLRPR AR AR AL, T 53 % 52 (AR 424D )2 L) T
MRS S B TE XA W E B e T 2 (B #% 28, i
H SR, TR SR R S ECR W R A L) R A
TCZ LB A RS AR TR A, H RTRRF 5T,
AT B LT @A, FE R —1TT
JHLFE 78— 2 1 BT AR Y, S0 A2 8 Wt Y 3 25 0
L RRDO ) B, Wahle 07 4047 T WARES
B TR LA B AT Bk B 2 1 2l A PR 48 [ R, 04t
SRR I L T AT 2R G0 1 SR A3 AT IR TN, S
IR OB Tl A ShAL & B A AR A
MNEFHBEIREFHTHE BE T ERELDH

SCHRL10-11, 18 4 ke a2 i e g A Sh LT AT
Ut T T BEDL A B B T R R R
STCA. HLIUNFA 4 55 A4 T8 A V) 330 47 4 i A 420, DK
HA T RHRE XS 857 8 H &7 R iy
NG, B A7 2 3 TF R O T B A A
AT MR Yy T, 13X LE B T 7R AR AN SR A T A
TR RS, A7 0 A B o 98 B S e i AT R
K. IR R B A R B A A 3R L (B el T AR
R Ry SR I 28 7 B RN A 3K ) PR BT AR A v

BOEMER S RS, PR I 8 (RS 4 A AR B AR 3R
MET TR RIS AR A R A E P EEE E T By 2825 6] 40 A
AN

DU 22 W EAS I JT M i S DB AL R B 8
T X R AT S 0 R PN TR oK R
SCTUHE A G B 0 3R AR T Bk, SR T BB A
£ J0 ML A A A5 Jr 5K, BACHE BT BR T M AR
AR A T, I ) R v 3 ff 0 T 2 o H A B0
AT BN RG %, XF 20 M B 3hHL (multi-cell cellular
automaton, MCA) B &Y [y TF 8 14 FKG FE #4714 i
a3HT.

1 EARZETTHE SRR

1.1 EXThEZNER

TEFEABRIP, AR HE LW B L —E
FIFRELRI 43 R T 30 5 PR B ) Xt X 4 ) s
PR, Jo M A A SE B A TR RN S EDR A 4L
28 B 3IPLEFRE T M S EEE S AR I i e ik
TE ST IR, 22 — s i B P AT I S EOR S
FoAH S5 e E) 1) B B AT AL, UK B S R EE
SN ZR FE A P BEEABE L TTRRR A LB Rl ) Al
AHERTCAR. PR © HP T A% B X A K, 40
2 [a) RST8] b, R B R B UL G 15 5 Je il
RAEZEE S WA TN S EURE B 5L, X F
JUHE B S HLA R B R BR35 , BTik E S EOR R A
] BRI & anmg ik , J2 %o M N S5 b 1T BT
B ELORERAE , B0 52 e 1 31 R U S0 M B s LA 1
F— B, UIAHER IO N; AHER T N ZF %
B R UL A GRS, T LR A
BRI, d ] LR — KN 24 . B
I, TCH B BPLR G AT LU T B AR

Cr = (@,3,N,® D

1.2 STCA FTHEBEZhH

STCA BN REHLHEICH B Wl & R R,
7R RIS, o o 5 R P AR
TEAS ZZBITHEEWIFL T, R STCA AL
RS FE i KRB E LA & 30 E B A P R AL A2 4
FERS 1150 S AR M AR SR R .

HFouhl H LA T A B, B AR R
FOUKE B 0 R e 2, 00 ST B A R A O RUBE e, B
Bt LOZ R B A LR EFH NSRS S
B AKVE 08 AR SR , B T R S
o MEEHSE, HFEQEE TEI¥S 8 MM



EH

BL iK% T BT MR (N M 3R 4 L B e A A 1 943

WS W. TEiz 8 5 R BB RO 24
I ) A o I T ) 1) R Ay At o ERLIHOREL I ) 2 R
BN co/ Mt IBENEZ N T S WTE o i /iR E
FAVERI T RS, AR A E O« HHTHE
v AR BE ¢ o MBS BN THETEE KL
WRIRTBIE X FEUE, FE O EW A E G A
H g A a DR AR BhEE p. BT STCA Bochi
Hsh LA B R R AT R a0« ool B ShPLR RS
NS AETHRXE LA RN ITTRRE,
o: (0 €3, BITUM < 78 ¢ B2 SECIRS. X F AT
MRS o MF, EEPEF NS TETS
X S GHIRMIZ FESE M= { Vo> vs 85 )
Fifar kS8 WZ{Gagaa,PH‘HXﬂ‘Fj.

Bl 1 AT RS R oo B Sl BRI 5 A
L FPRAS B AR, B2 BT Z R BRI
T T . BTl B i HLRGE AT LR s

T 45 RE.
g1 Ml Wl
o= M W @)
O‘n Ml Wn
BHIDE
B

BB AT B

—r BBk A Ik
WwE EE HERE ﬂ o 4 AR,
1 EE KB AL SR
jm] | | ] ] P jlel T T T T 1T 11

T R

Ve P SRR,
5 30 AT SRS L

LT T T = [ T LT T T Tel T T 1
OEIEHBH | EHEHREHN
E1 EFTlaN RSN ERE R ERE

Fig.1 Physical environment and updating process of

traffic simulation based on CA
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information in MCA model
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Fig.3 Programming of random traffic simulation
based on MCA
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Tab.4 Maximum load responses per hour in a simply supported girder with a length of 1 000 m
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