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Lane Load Disparities and Their Loading Effect
Characteristics of Freeway
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(1. College of Civil Engineering, Tongji University, Shanghai
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Abstract: To investigate lane load disparities and their
loading effect characteristics due to the influence of freeway
traffic rule of certain vehicle type travelling in certain lane,
Weigh-in-motion (WIM) data from two-lane, three-lane and
four-lane unidirectional freeway were adopted as the basis of
the study.
counted. Traffic volumes and vehicle weights among lanes

Vehicle lane-choosing probabilities were firstly

were then compared. Finally, the influences of lane load
disparities on local design of bridge deck system, bridge global
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design, and bridge fatigue design were analyzed from the
corresponding perspectives of extreme truck weight, extreme
loading effect and equivalent fatigue stress. Results indicate
the vehicle lane-choosing probabilities are differential in multi-
lane roads, and the differences among vehicle composition,
traffic volume, and load distribution in lateral lanes are
significant. The extrapolated extreme lane truck weights are
different to each other, which illustrates a modified lane
factor should be considered in the local design of bridge deck
system if a unified truck load model is utilized. The ratios of
extreme load effects among lateral lanes and those of
which
highlights the strength and fatigue effects in lateral lanes

equivalent fatigue stress are all not equal to 1,

under random traffic loading are different to each other, and
should be considered into structural optimization of bridge

global design and fatigue design.

Key words: bridge engineering; multiple lanes; vehicle

behavior; traffic load; load effect; weigh-in-motion (WIMD
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Fig.1 Lane name label for multi-lane freeway
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Fig.2 Rules of vehicle lane-choosing probabilities along
with cumulative days with an example of 3-

lane freeway
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Fig.3 Comparison of vehicle lane-choosing

probabilities in multi-lane freeway
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lanes in multi-lane freeway

. AEF R/ %
£ ’
[0,3.5t[3.51,20 [20 t,55t) =551
. FiE 1 63. 27 48. 81 30, 67 26. 26
EST:) .
#iE 2 36.73 51.19 69. 33 73,74
FiE 1 25. 39 2.97 0.53 0.16
=% #®iE2 50. 90 49,79 29, 98 43, 80
7EiE 3 23.72 47. 24 69. 49 56. 04
i1 32.17 0.28 0.01 0
. #FiE 2 31.28 18. 29 4,73 3.79
WENT) .
#iE 3 22. 52 48.58 52, 32 47.19
%38 4 14. 03 32.85 42,93 49, 02

.4 HEEETHENER

EAN L R KR i pr 2 S (L Y1 %
ez, 4 @K OUR S R R T 4
FIB W EE S 8 AAE (50, 096) .90, 0%
199, 9 %655 H EL AR RIMEFE AT T 43 238 far 211
5t
MEFHNERE  FIEE PRI EEREAM
M2 2 O, SRR E A 50. 000 L L HHl; =%
EHEE LA 2 BAMYA.6 O, MEE 3 BES
A7.1 0, AR EEARA LA 1 M2 534, 538 3
SR fr KT B R YA TE FZETE 1R 2 FEARM



£ G

B, & RHE AR BT R R R 461

M1 ), %38 3(8. 4 OFILEIE 4(11. 3 IR
7 UAHHZMIU P 4238 - 4 R E K B35 R FRm 2
SN

150
ES=p) :
31N
=101 o et
< 10799.9% srfirfis 70.8 .67
-2 TE
L T Ly -
E 25.6 oGS =77 90.0% Aprfl
R P e
H
i
i
0 20 40 60 80 100
EE/
a P
15¢
5 10k %18 1\ ifﬁf 3 N
E P = o
0 231 e
E - -7799.9% Arfirth
T st L
177192 -7 uss 90.0% ZHRr{E
1617 Lt
0 20 40 60 80 100
EE/t
b =%iH
150

—log(-log(F))

90.0% v &
. AT
0 g 20 60 80 100 120
EHE/t
c MN#%E

4 EFERNFENEREENT
Fig.4 Distribution of vehicle load of each lane
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XFELZETE 90. 006 M AL fE A 99. 9% M A
W EEP AN 2 458 1/ 12 5L, IFRRES
PEM R A EEERHERAG =B, BN ET
BBV B 25, HEE S METEE 2 M3
AR, I BE AT 458 13 LR MAE T,
AN E T £ 25 T R A7 7E W 2 22 B HL /MU B 4258 5
ERTF WP 438 885 8 T AMI 3 AN 438 N
BERTEIE 16 D).

WMEES A B R R R R AR S W
PN EEB T2 20 A RE; =ZE M 2
NEEBT—BCIHFRTHE 1 mAEHIMI 3 4
FEZHAH T, HEERKT4E L

BRI B PR R R T SE R
FfT AT R W] B 22 5. Sl IR S AT 8K B 4
AT R N 4 B S R M R R SR, o T A
FR B BEBLYE - B T 3258 L B2 A7y 28K P L2 i #E
TEATEARL. LA 23590 A 22 B AR AR iy 20 L AR (1
a1 A BEA 5 BRAR 3 A4~ T 52 0 2 1 A8 3 T
A7 8 FF) 22 S X% THD 40540 JRy R s i L AR SR A it i
MR 55 Bt BRI

2 SEEFERERM

¥ 1] 2544 14 JRy B 1 T CUnn R TR | Ao 498 4% 477 1 Al
) FESZ AT B . 13X A (E S
5 BT RV PR 43 2 T T A fr S B E AR
8. T E D60 A 5 4 far 200 ME 2 i T L HE I
100 4F Fx K H 95 %0 Y HE S AR UE 3, X i F 2 B 4
1950 £4E, LU KR H -5 oA R AR .

MR YE 2 MR A BRI, 3 o X 4H B KA I 7 15
BUREA R R B 2, X S i KAEREAER ]
IR T Xt 1E 7 fi (generalized extreme value
distribution, GEVD) #4748, in= (DD, X B
SR URF XA, N EEGRERREFE
#17 GEVD #l& . M EZ FE T & FESMERE
WAE Nk 3.

_ -1/
H(zséuoun) = expl— (1465) E} M
A a BEE; oy p IR SRAE 534 TR
SR E SR B S
£3 SEEGSEEMNEERRERE

Tab.3 Extrapolated extreme vehicle weight of

each lane in multi-lane freeway

EEEN NEE S HERRAR/ t

. EiH 1 92.5
P %38 2 97.9
i 1 71.2

PIZEE %3 2 84.0
%A 3 87. 2

EiH 1 43. 4

I 7R 2 115. 0
=%l il 3 117.5
% 4 100. 0

R 3 ARE i T R A 22 57 SR E
AR 4 BB A7 72 22 5, {E A R 2 B b B9 o 22 S A1 HE



462 M ¥F K % 2 m(E AR 2B

H46 %

SRR 1. 4 R HT R LIE . D78 P 4238 i
A, BREE 1M 2 mHOK-FATEE R BAME
BERAE AR RGBT RT Lk A AR R Y 4
HAEME, QT =S EmEA BT, RALEE 2 fl
3 MR AHE 1 UK FRARE  (BAMERE R (2R
AR, BBt 418 2 f 3 AT LIk A R %
TR, T 4538 1 FdE T B E el ; 7 U 423
R B, H0H 2,34 BAMERERE K REA
Y, BB EFRTHIE 1 RSMERE (2. 3 R D
PR SRR R T R AT 2,34 BT LR ATAH R £ B 4
B, T 18 1 REiZR R IR B el 47 v k. 1 4E
EEREH LIRS A 4 ERNLS EEEFE R
RIEEZYIE.

ERRTE AR SME R B AR fEL R DY 2 T N 42
i 150 HARMAT R E MK BA R GS O 457
TR TRA BT o R R — R, DAPRIEH 224
HifA.

3 SEEFHIEMRERE

R 53R 4> A TE AC I I B 5 AT A Y 22 5 X PR e
N R, T 5~1 000 m AR KB
FEFATE SRR 7E WIM B AR % BAE T 43 75 5
b 725 R )y M o7 P

WIM Z 4Gt R 45 i 2 W T 22 38 2 iy 280048 5 ¢
WIM izid Rz A T HED 2 A, h R R T
— B R, FE AR TR B8 2R, X B, e
WIM 2= BADRRE R 22 B 1 22 398 1) BE HE 2 @ T JE iU 4=
A TA R ZE S5 4238 B0 BT 4 A0 B By I 18] Be N S B 0R 7
TEE TR BT, EWRE g = vin (o — 1) — p HEHF
AR, qnk 5. WIM 5 980 28 4= BA A #4922 5 i M i
o R AR AT OHEFER 2R 1 QM ¢ FF
1 RE RS SRR RO RR B , 917 W] 1) 2 408 42
et AR R ERNNEE, R R RBUE RN EZE
TE ABA  ABIBUI R B N A Sl 287 51 s e 4= A )
BT T8 w28 1 1158 A 2 B 5 @ HE 1 B 1)
HET -, FELZLEOZOHEIIN H K

—>

Vi1 Vi
U T
A —
gVt —t)-p7
B 5 WIM &k HRENZ A 7 5 R B R

Fig.5 Diagram of measured vehicle sequence through
WIM system

WIM &%;

G

W % B AR T B 3 S DG TR A P SR B T 5 B
5% 253 77 23R L AR (B B R . T A3 A TR
e o7 A% B % EL{H (ratio of extreme lane load effect,
REL) J H 5K BRI AL R L Anla] 6, LUR S
e TE far ER M D AR (A A 22 5. X B L WIM Z: Bz g
LR 98. 0 %0 43 ABAE A 43 % T 1o 28 o A 1.

—
<
1

it
o0

o

g
=

o
[§%)
T

S ZEXETTBIAN(0.98 23 Br{H) i HLAE
g

1 1 1 1 ]
200 400 600 800 1000

A E /m
s WEBEE 1 S5EH2

(=)

—
<
1

im
o —FiE 1 5%FE3
2 _ s ks K
B 0] e 2 TR,
:13
Ros
X
S
04
=
@ 02t
i‘ﬁjﬁ 2 —
R ) 200 200 600 %00 1000
TERKE/m
b =%
g, — % 573
7= e O — 3 2 7 3
Eogl e e Do FEASEES
&
Ros
S
BT (9,4 [ e T T
E
"
iz o02f
| a——
H— 1 1 1 1 1]
R ) 200 400 600 800 1000
EKE/m
c 4B

E6 sEEPLSFEFTHEMEREXNLESNEKEXR
Fig.6 Change rule of ratio of extreme lane load effect

along with loading length in multi-lane freeway

MK E/NT 200 m i, REL BA—& 83
She, AR WE BE RO, X R R Ry R /N A A SR e

PEAR A 2 T R B AR B AR R 2



£ G

B, & RHE AR BT R R R 463

ME 3 P £ 5E IR EF YRR
H A K VA 2250, BB UL 7E /NS K3 R P 3 A
R B R TR R R ). 200 m DA HmEREE L E
T ] i 00 IO L (B A A R AR RE » IO T RS M
Zhag i E i 2R E N S Y T KR T AR AR
F2MEAE 3 WA, BLEBEF LB ER MR
SR R .

MRYE RS TR e By REL, W] 1 £ 22 18 o 255K )
T 2R M RO AR (B A7 AE B X O 43E T 4238 14X
HEBE 28 0. 81 5 Q=4EPEE I KREE. &
1525098758 3 0. 19 /5F10. 80 £%; QMU %
EHREBIHEE FH 1.2 4 45 EEE 3K
0.19.0. 42.0. 79 f.

32 T i 8 7 AR L 4) 2 0 %o e 1) A ) AR
FISF RN Z R R  RIRT S B R
M. 3k 6 22 S 8 B R [ Z2 38 302 T 43 4 T8 1) e 3R
;W AB KSR ] B2 T 43 20 3 AR 1 7T 2 o —
MBE SR AEABRRRED, HRELHWE
ENEEY @ Na S &k S e R P
RE SRR, DZARE 5205 s R
HIH TR AR B IE I M 1T 2 450 R
BUEMBIE, LIRS 5 T8 SR 2E 2.

4 SrZEiEfar A A Y 0 R AR

WESF R MM R 21 5 — KRR, 55R
L TR ZWAER RN R, 5707 % e F R
M 7 PR H5 7 2R AR W B el L R A3 B e
SE. ST BEHL A JAE T AR A 14 A 0 57 2 4 R L
T7 kTR T BENLZE TRAE T A PR L i 7 5 SR
R TR ZRIBORE 7 R AU 255 30 Miner 264k
RPN =l (2)) T SR T W8 15 S 55

0.84 032 0.86r

. 1
sl | osp T @0y
i | @ ! m 0.82} |
R 0.80} —1 =028} ! 3080 I
& 2 | # 0. :
fi&f 0.78} E 0.26F | E 0.78
= : ® 076
ﬂwﬁ 0.76 | %0.24— ?g )

| 0.74
Kt & #r
K 074 —— & 022 —— &R 072 _:_
072l 020l 0.70L

LA PG PR,

2

Eni(ﬂm)ﬁ Vv
o
K : Ao Fm; 535K X 8] 2 B WEAE B HLAROR 5 8
A FH I 57 IR 1 B A SR R X LR 35 A0 2
A R S O ) R

FETEE 3 WAHTH 5~1 000 m AN A B 10
T ST 4548 43 27 T8 6 s 48K T 254 P i 28k e iz I 78 , AF
FEREDLE TR AE FH T 43 22 38 0% 57 10 45 BRI 1) 22
). 33X B L B R TR 32 B T A R 5 R A AT L
FEAE R R AF SOV 7 I B ZE B A Sl R TS I 3
T ZETE 8] SR8 R Y AR R B AR 4 4 1B
ZEWMBENEFME. WS EE TN IEWELE

A 78 EFEI T & MEK BT I R &R
N AIUR R EL AR, & b P TR ARk 75 % A i fE
(Q) VHPE Q) 25 % A fE Q) » LN AR 451
R U B K AE AU £ /MEL R R0 4258 18] S5 2% 0 )
IR RN XA FTRIQ—Q | A
1 0. 05 AT LI i s & AR I A BR 1 , 150 9 8l
SRS PRt BRI T ZE 08 ) SN ) I LU AEL
AR R M X F T 2 ) 52 3 I B AT 3 o A Y
EZREREN N 2 FE O, F kg 2R A
AN BN ERERA. OWEETEE 1
FHRHEBE 21 0. 795 Q= EPEE 3 D
E.HE 152050558 3 1 0. 24 50 0. 76 15
QOMEBEHFEE 3 HEFE, 48 1.2.4 445 —EE 3
0. 24.0. 46.0. 88 £ X LLL5 L 545 3 W5 EiEfar
2R ] 7 AR {9 B A I 1 B /NS — A SR TR
R 2 e 1 4 A9 B R S A (R R A () Y [ R

o T SRR 7 1 B2 BRI (D ) L

.- |

0.32 0.56 0.96

o230 "osqf — "oogt —T

E 028F T E 0.52} ! E 0.92} :

E 0.26 : *& 0.50 : *& 0.90 :

# ® ' =

gg 0.24f gg 0.48} % 0.88}F

iﬁ 02 o ?RJ“ 0.461 ﬁ 0.86F

1

020l 044l — 0.84L

aMEENFE]LS2 b=FERFELSS cZXERNFE2S53 JNFEENFEL1S3 < MEENEE2S3 (NEBNFELSS

T EEEHRLEEEHNAELE

Fig.7 Relative value of equivalent stress range of lateral lanes in multi-lane freeway
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