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Abstract: To clarify the individual speed variation characteristics of heavy trucks on mainline sections of inter-
change overpasses, 13 typical interchange overpasses from four expressways in western China were selected. Based
on continuous trajectory data from over 1 200 trips captured by high-precision vehicle-mounted GNSS devices, this
study systematically investigates the driving characteristics of individual heavy trucks on mainline sections of inter-
change overpasses and constructs a speed prediction model based on road geometric parameters. Based on the struc-

tural characteristics of the interchange mainline sections, the mainline was divided into the exit influence zone, inter-
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mediate transition zone, and entrance influence zone. Spearman’ s rank correlation analysis identified key geometric

parameters with absolute correlation coefficients >0.6 as candidate variables. Combining F-tests with statistical crite-

ria of R>0.6 and p<0.05, the most explanatory predictive variables were selected. Stepwise regression ultimately es-

tablished operational speed models for two states: “deceleration followed by acceleration” and “secondary decelera-

tion.” Results indicate: the model achieved a 95% confidence level; predicted values showed good consistency with

actual observations, with a maximum residual absolute value of 5.498 km/h; the average absolute error of the inte-

grated model was 2.15 km/h, outperforming the static reduction model recommended by current specifications, with

errors consistently within +3%, demonstrating excellent fitting and predictive performance. By elucidating the influ-

ence mechanisms of key geometric parameters—such as nose-to-nose spacing, gradient rate, and acceleration lane

length—on heavy truck speed evolution, this study enriches theoretical understanding of heavy vehicle behavior at

complex intersections. It contributes to refining design verification systems based on operational speed coordina-

tion. The findings can be applied to evaluating new interchange designs, identifying safety risks in existing inter-

changes, and implementing refined management on heavy-traffic-dominated sections.

Keywords: road engineering; GNSS data; interchange mainline; heavy-duty trucks; operating speed prediction model
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Tab. 1 Basic information about road sections from data

sources
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Fig. 1 Geographic location of data collection highways and

normal access interchanges
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Fig.6 “Deceleration followed by acceleration”accumulation of deceleration of heavy vehicles on the mainline section
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Fig.7 “Secondary deceleration” accumulation of heavy vehicle decelerations on mainline sections
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Tab. 4 Results of selecting independent variables for the
“deceleration followed by acceleration” operating state
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Tab.5 Results of selecting independent variables for the
“secondary deceleration” operating state
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Tab. 6 Fitting results and analysis of variance results for

relevant variables in the “deceleration followed by
acceleration” state
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Tab. 7 Fitting and analysis of variance results for relevant
variables under “secondary deceleration” conditions
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Tab. 8 The results of constructing the prediction model of running speed at each characteristic point of the two running states
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Tab. 9 Residual results
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~0220 0211 0939 -0.010 0.120 -0.530 0.064

FE T H 43 B o, % 22 B IE S PR 1 AN A
Wo N T RUFERL A B, A R 228017 T 1E
VERG S, i3 Shapiro-Wilk #6:56 , PEAL 5% 2% & 5K
MIEZ 4341 o Shapiro-Wilk #6556 52 1 Rl FH T/ Ve
AKG A 0 TE AR50y 1, Rt A I B RS A
A7 Z B AR B 125 A 1 D AR 18 Ho Ry 3 22 A IE.
BOM BRI HON R 22 AR IR E S50 . it
THE W Gt XTI p (8, W3R 2202 A5 2 1
SR . W 48ttt 2 Shapiro-Wilk /356 (A% 0048
b, FH 1 A B 5 18 S o A 22 18] A LA R
B, W (13) p (BRI RIS (BRZE MR M55 ) B
SRR LS S0 1 A AR S AR o 5B 1)
HE# . Shapiro-Wilk 545 5 438 10 TR .

W AH BRI 1, 0 B B R A A A .
e p (> EMEAKEGEH M 0.05) , IR BEHE 4 5 i

%10 Shapiro-Wilk #& 3% 4 R
Tab. 10 Results of Shapiro—Wilk test

BATIRG SE B T w gt plE
Ve 0.971 0.907
v, 0.870 0.150
V. 0.928 0.494
oREYERIIRT V,. 0.943 0.642
V., 0.950 0.710
v, 0.900 0.287
v, 0.806 0.330
Ve 0.751 0.202
v, 0.975 0.922
V. 0.808 0.069
TR v, 0.881 0.274
V., 0.884 0.288
v, 0.926 0.548
V. 0.934 0.611

B, INIAEA R I IE S0 A1 5 Q2R p (< &1k
K- G N 0.05) , JUHE 28 s AR B, AR AR G A
JIR M IE 23
D
i=1

W= 7 (13)

n

3o

AP a, EFEATR 0 FHOCRYE L H Rk L
(14)~(15) ; &, WERZEREALG B | DIVUF St
ity & NERZEME.

_1(i-0375
m; =9 (n+o.25) (14)

a,=—" (15)

s ¢! R ARIEIE A A3 A 0 S R B i P St
WIEG (i=1,2, . n); n NS m, WSS
DB, FEARUE IE S A B i 50

FH 2% 10 A] UL Dol o 3 PR A AR K i
RS, A FRIE s 0 5k 22 5 24 IR A AEZS 23 A1, 31X
T3 BB TR SR A B 0 %) 20 S R 2% R AR A B L Mg
MR RGEE R 22 . 45 SRRV R TR E 2B, W]
PLIA S 7E BT HE AR BN T I T LA S 8502 K 2 5
ARG R R E R R, EWsC AT NGIAR
Mg 7 R S 25 1 583 T LT S0 5 R 2 A R HE O AR
3.6 HESH

X TRk B TR R v B R R, S
PR 28 A8 P A A 7 B (] RS R IR A T 5 22 43 BT A b
7o, FARSE RN 11 iR,



BN AR IR I XY R T AN FETREARE—K b EHE

R i 61

x11 ZEEEHNEBSITEEEMTESINER
Tab. 11 ANOVA results of running speed model with

multi—factor control

BT FHEREET
WA HEEARE(E
V! 0.878 0.866 0.012 0.216 0.004 53.677 0.004
e b

SST SSR SSE MSR MSE  F p

& ik v, 0.836 0.816 0.020 0.204 0.007 30.023 0.009
ERIIPES .,

V. 0.792 0.765 0.027 0.191 0.008 21.470 0.015

K Vcb 0.700 0.609 0.092 0.609 0.023 26.508 0.007

TG vt 0.742 0.732 0.010 0.366 0.003 114.206 0.001

LB TSI A (SST) | 8l 5 ~F- 5 #l
(SSR) 5k 2z F-Jr F(SSE) 147 a4 (MSR) }4 7 i
2:(MSE) . F Giiti, D p (A5 S5, h
Gy BT EE S AT AR SR SIS T T R A TR (KT
M 95%.

4 FERT

AR H T g TR i 7 A DX el 2 2k B is A T
HIRLSE g - TR P Bz AT B HAE A5 B X 73 Bl
27 M 58 53 B B0 22 i 1432 47 0 0 A il
b 28 T
*12 ERAUFXZXFTEBRESTEEINBE
Tab. 12 Depreciation of the running speed of the

interconnected three—dimensional

intersecting main line section

A I KPTEE/ (km/h)
INELAE -8
KA -5

i BRI LR, ) FH 26 1 2 4 43 B R B %
R BLAATEE HEAT TN, i TR RN A2
R BN S 008 LB JE AN AT A
AT, I EE RS A AR S A AR B s T
FEX 975 k/he DAL, 2 BRI R N5 (4321 7
BEAAXS TR 22 5P AR IRZEAH AN R 13 Fron . Al

PATELTE TG BO5—2015¢ /A B3 H 22 21 F
F13 EIZERETEENEEANELREIRETER

Tab. 13 Calculation results and error calculation table of the standard model of running speed of each main line section

FHAT AN P 9 iz

N B
A% MAPE/% A% MAPE/" A% MAPE/"% A% MAPE/% A% MAPE/%
Veq 13.194 13.312 9.791 11.032 11.684
V. 9.478 10.866 7.560 11.069 6.001
V. 10.422 11.217 7.740 9.964 6.466
V. 11.968 11.840 10.954 11.483 6.601 7.858 11.156 10.707 6.522 7.128
Ve 12.758 10.583 7.982 12.099 6.568
V. 12.158 11.752 7.697 11.032 6.087
v, 12.902 11.693 7.635 8.598 6.571

H1 2 13 A& 9 AT L« AR SO AR (1) T30 25 S o
U o v TR 1R T el S i B A RS
FEAE AR I8 17 3 32 R A AR 38 i 45 5 F000 4 2 )
ST TR IS A PR A RRAE AR RS A T [l
BRI A s X i i 37 58 2k B, Jovk T
FIEFRIZATIRAS . UL, AR SR FH 2 iR 78 i ) 245
T T XA AR Ry 5 2T, 37 rpov 37 i B 2 4k
AT AT . R T PSSR A A A ]
} 6.001%~13.312%; # L Z B AY 1 BEAY 2 Fi gk
G AR TR T , A Y430 R 0.172%~
6.526% . 0.178% ~6.982% 1 0.145% ~4.779% . &
SR IIE R RSB Y A B A ey TR AN 1 Y 2 T
AR A, B BT A R A BT A B R
MAPE iy 7% , T 1 1 A5 H 2 1 fl 5 452U 1 e R
MAPE {1 43 51 3 5.064% . 4.231% % 3.505% , B (& T
FUIE P B Y /N MAPE{H .

AR SRR T B3I N7 A8 F 2 Bria T B BT E A
P A 2 A R T T B B O I, TR AR S P
AR N R AR RPN E VR . L,
JETTINRS B2 AN S PRI P , AR SCRE U7 B3 v 52
2R B 7 T o HAT

5 ZEgiE

AR SCHEF = A0 GNSS Bl Bidh |, Ll 57 A8 &
LA A T AT R P Bk 3 X B, R T
UG 2B A3 A B, 1R Dl n e 5
YR "2 P AE S RS o ST R AT R R TE
PRI SRR A AR . ACERR = ST [ ek
R R S RS HHi A A, 3 FH T LA 4RI %o
R =R ER NS 5.

AR SCIRAT T I HERF A 2 1) 3 43 A % 25 57
P, LT 2 FIRE L RS T BN 431, S B
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Fig.9 Comparison of model predictions
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