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Influencing factors for vehicle vibration characteristics in
transition section of highway soft ground
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(1. School of Information Engineering, Tibet University for Nationalities, Xianyang 712082, Shaanxi, China;
2. School of Highway, Chang’an University, Xi’an 710064, Shaanxi, China)

Abstract: In order to analyze the influence on vehicle vibration characteristics after settlement de-
formation occurred on pavement structure, a vehicles pavement coupled system was established
by 1/4 vehicle model with two degrees of freedom, random excitation pavement model and dis-
crete incentive model. Take vertical vibration acceleration as indicator, influence to vehicle vibra-
tion response from pavement deformation mode, vehicle parameters, speed, travel direction and
other factors were analyzed. The results show that difference of vehicle vertical vibration acceler-
ation of different pavement deformation mode are about 32, 2% to 84. 6% with the same absolute
settlement, vertical vibration acceleration is more sensitive to speed change when it is higher than
80 km/h. Pavement deformation mode and vehicle speed are major factors of influencing vehicle
vibration characteristics, the settlement control standards based on vehicle vibration characteris-
tics should consider the settlement deformation mode and speed. 6 tabs, 11 figs, 11 refs.
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Tab. 1 Vehicle model parameters

SR TR B 7 REH
BH ARG R/ kg 320 2 225
FBHERLE TR/ ke 25 245
NG i/ ke 26 50
BHRGRIE /(KN m™ 1) 15 000 1000 000
B RGERE/ (KN« m™ 1) 117 000 1750 000
BHAGMHE/(Nsem™1) 1082 15 000
BHHE/(Nesem™D) 0 2 000
FkE/N 3710 252 000

1.2 HEHMBEREE

S T 4l TR, 5% it ML 3850 Dl R R 2R 9 Dl A
G o ERTL 93 Dl ASE 4005 18 - 48 B A A o AUl A AU g
T Ak e A AR T SR I 1) 23 TR AIE o XoF T 2 A TR
AR 1A A 3ok IR S v A Dl R R R el B ATL Al R
IR0 B T A AR X T B AL O T AR
Y — 6 0y BB P 2 I A v e B AT
MATLAB/SIMULINK 55 8 4 v i 77 72 X — 2%
TR BRI X T R Dl 3 R SR A RE B ]
PR R HEAT A o

7S 3 3 T it AL 1 R R AR A R B T MAT-
LAB/SIMULINK ¥ 55 52 B » # 1 - 5 5 A i J5
(PR R R =9 R N S B2 B P S N U )
FAAL A IE 5% A% 5% 0 B 0 378 B R R L Fa A



%43

BESF ARKELTREEMRHFEH AR E 3

A R0ZS () b BRAE RN T BRAE . 2 %5 25 (8] 43 % 4
SRR B T T R R AR B R K B L BE LR
FE 204 48 S 8000 1T LA A= B B AL 356 18T 4 Db 1 1 2
JEARL . 0T B TRD 085l R Y 1 5 TR 3 Dl >R 1
PE bR A AT A
1.3 RESWEERIGTEET
2% THD S AR R R Bl ) 7 R AT R R
mé—+cd+ké=p (3)
A em ke 4300 Ay K T 2 R AR TR 5T ak i B L R O
W B JE 20 1 5 6818 43 0] Sy i Tk 245 ) A TR A7 A 2R
VERBE O B N B R B s p Dl I T 24 AR A5E AR i 48
P THT 4 AR A BR O ARR ALY i A £, (D H (3D
B ST AT B A KL AT LA St T B T 45 A Y 4
P BEAT AR S 0 A 5 5 3K (3D BE Ak Sy A H 0 7 AR S T
T 7 % 1D B BBl A5 0L B R IE — i 2 5 i 20 1 At
O BE % L5 I Bk A T R S A A . RSt
WU LR PR AL B AT DA /N3 . 4R B Oy i A
FXE N T2 n R ALY BLS T BE R
MA,+CA,+KA,=P, €5)
XM, K, .C, 7351 g ) SCJoe 5 6 [ L IR R o A
BRLICHBE s A, Ry~ SCARARHE I P, N5 n BR AR AL
X7,
JTX ) P, AR RS Bk, sh B Pk
kR AR (2P, BN
P,=¢,(x)(P.+P)=¢, () [k (z;—2,)+
. (2,—2.) —muz,+P.] (5)
o, (o) BRI Z5 A8 K- L B o AL 265 o B 4k Y
BRE PN R
5% T 24t ALY A TR e 5 — k4R T Ak 5 1) AR =, (o)
A ER 25 B 7R o 0 i i, R R

N
zr(x):ZZIA,,gp,,(l‘) (6)

2 ERMEHEHBGSREEEKE

2.1 UBBKRREAFEEIT

HRAE A SCIBE 5 22 50947 Bt ik g 17 5 e I o ¢ A
R o TR 25 4 55 1) 62 B8 5 4 A e I 1 1) 8 # AH
S5 I TR (i) o7 S TRT P R R R IR B A 0
AR, L R iR B 1 8% =, AT SRR

2=z (2)tz,(2) 7

ez, (o) o B HBORY I T Al o

D R i 5 T AL AL AR 5 i %07 R
W % 1 3 g - 7 RS IR S 4 O RIS

i
PN

il

SR TR G RGBT R
OO RN D gy 15
@ = XA, () +z, (@) (8

22 ERBRERAEREH AN TEAERETL

B A AR 301 5 R B 4 R IR Bl - 45 D7 A
WEST I L85 7 R U (OO RS A4 B8 TR & 3R
Gish 1 - 75 FE A

m, O rz, Cs —cq 2
o m ]t 1
0 m ][z —c, cote Lz

k. —k, 2
[ M }Z{Iet[zp(x)Jr
— k. kothk |

N N
;}A,,gon (o) ]+ [z, (x)+ ;}A,,go“ () VA, +
28.w,A, T A, =g, (1) (k. 2, “+cz,+P)—

N
o (k[ Z A, () +2, () ]+
N
Cl[;A,,gon (o) +z, ()]} —

o (Om. [ 2 A, () +2,(2)],

n=1.2.+.N 9

KBS ECN N+2, N i 1 25 4 + 15 5
PR3 T R B TR IS EOAIR B i R st A &

B AN G RS I O B AL — A
B B ARk PERL A R4 . SRR IZ T R v LIAS
E—fEARERE AR RE AL H
T
2.3 ZEHRERAREINFEHFTEKE

HR A A SC 43 B B B2 Rl MATLAB 88 5k 4
o ) 2 5 B RS A R 40 PR Bl i oK AR R )Y L Gl
SR TN ST 3 N TR AR R 3 QA ol B
B TR G R S Oy B L IE X O R AT SR A L AN [R) B T
AR A T BT R O B b A5 R a0 T Tt A 2
s .

3 EWMTRIRINEER W EF T

3.1 BEEEEXNERRNFE WS H

R T b 43 A A [ % T A2 T A 26 A A IR Bl
P ) 1) 2 S 1 X DT R DX 8 A (] 246 X6 T e A
[F) 7 % o 8% T A2 T8 488 X8 290 IR 3l v AT 58 00
M. UUREIX KB 10,20 m 9 Fh T 00, 46 % 3T B i
B 1.2.5.8 cm, 847008 B4 100 km/h, SR H
AR ST B TR TR R G S R AR
[F] 00T B 4= 40 i 1] 41 30 0 B2 AT o0 Mk 5L 4
RUNF I 2.8 3 fiR.



2014

4 KEZXFFROAERHAFR

E ¢
= 4
= 2
E 0
gl . L

012 3 45 6 7 8 910

B [R)/s
(a) &8 & B8 TEAR 3% T 805 117 32

1.5

1% T W Eh/cm

S 6 7 8 9 10
A R/
(b) #7224 25 FE A =X % 17 URH 17
0.8

% T #43h/cm

012 3 45 678 910
S
(c) 1 2 B2 T A B v sl 1
P2 AN [ i 78 TR ASE 2 3% T 98 il 05 0 BT 4 2R
Fig. 2 Simulation results of pavement with
different deformation modles
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Tab. 2 Vertical vibration acceleration with different

pavement deformation (settlement area 10 m)

. AR BT AL T ZE B T SRS EE/ (m o+ s72)
2 % L%/ cm
[ =gl Preksl iy £% Y
1 1.3 0.3 0.5
2 1.6 1.1 0.9
5 3.6 3.4 2.8
8 8.5 5.6 5.4
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Tab.3 Vertical vibration acceleration with different

pavement deformation (settlement area 20 m)
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2t XYL A/ cm
i Prekm Hy £ 77
1 1.3 0.1 0.2
2 1.6 0.3 0.3
5 3.6 1.3 1.1
8 8.5 2.3 2.3
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Fig. 3 Vibration response of different vehicles (100 km/h)
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Fig. 4 Vibration response of different vehicles (40 km/h)

SRR AE R AT LS R AT B AR AR TR
Jei B T 7 A Y e R Sh R AR K,
100 km/h I}, 5 7Y 2 242 3 [ 4fg 2l i 3 32 L v B 62
B 11.800~16. 1%, 23y 40 km/h B}, 2 1 & 72
e ] 4% 3 o o L o R AR AR v 16, 1% ~ 31, 3%,
AR 005 T 52 70 4 0 s Jon skt 3 2K ol o °F
T 4 o) A T 25 R e AN RIS 0 1 DA R TR 2 A

Bt
3.2.2 R —HA,RFEBEMEFAMT IR @ 5

R 2550 % TR B 3R 48 0 ) 0 S A K 3L T
BB A PRI L AR OE T 2R R % 1 AR TR Y
3% 2l e 7 Rk HEAT 2 ML DR XA R 10 m, 46 %
DUREAE A 5 cm, B4 AT 3858 B2 43 51 B 100 km/h FiI
40 km/h R T WA 5. F 6 B,

AT S VB 6 Z5 5 R AAR Dl 100 km/h
B S B AM T EG Em R INEE R 2. 0~
2.1 m/s" BB T ES TR INEE R 0.7~
1.0 m/s? 2R JFHE 300 223, 6 %0 o B 2 ] 9% 3l o B
/N 52,390 ~65. 006, FT AR L 4R Sl i B
JIN o DA R A A Sy AR A S B AT B P IR 1



% 4 # BESF ARKELTREEMRHFEH AR E o

i, 23 — ARV
L e — *ﬁﬁﬂiﬂ%
£ 20 - Hh &R R
£
®os
=
E 1o
=
0.5 L L )

2000 4000 6000 8000

B A/ kg

B 5 AN [ 35T d 2% 1 R IR gl 1 (423 100 km/h)
Fig. 5 Vibration response of different loads (100 km/h)

1.3
12F -
IR
1.0
09|
0.8
0.7
0.6[
05
0.4 L 1 )
2000 4000 6000 8000

#om R/kg

— WA AR
.......... PR BT
-—— MBI

RN/ (m s 7)

6 AT R L A E R R Bl B (C4R5E 40 kem/h)
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Fig. 10 Variation rules of vibration acceleration with

different speeds (settlement area 10 m)
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different speeds (settlement area 20 m)
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Tab.4 Largest vertical vibration acceleration of

different driving directions m/s?

VRS By Z 3 100 km/h | ZE3# 80 km/h | ZE3# 40 km/h
# B2 /em e | @E | IEm | @iE | GEm | e
1 1.3 1.3 1.1 1.1 1.0 1.0

2 1.6 1.5 1.4 1.4 1.2 1.2

4 2.6 2.5 2.2 2.3 1.7 1.7

6 4.8 4.7 4.2 4.1 3.3 3.3

x5 MEARTHEXTARTRES EMNE S KK E G IRENEE

Tab.5 Largest vertical vibration acceleration of

different driving directions m/s?
%3 100 km/h | 423 80 km/h | % 40 km/h
DR 2 - - -
8 1 B T = 3 B Y T =N 1 R S v
0.1 0.3 0.3 0.2 0.2 0.1 0.1
0.2 1.1 1.1 0.8 0.8 0.3 0.3
0.4 2.3 2.3 1.9 1.9 1.0 1.0
0.8 5.3 5.3 4.8 4.8 3.4 3.4
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Tab. 6 Largest vertical vibration acceleration of

different driving directions m/s?
. ZE3 100 km/h | 423 80 km/h | %3 40 km/h
2 5% T - - -

)8 1 ) T 0 R B U O T 4 ) R U A

1 0.5 0.5 0.3 0.3 0.2 0.2

2 0.9 0.9 0.7 0.7 0.3 0.3

5 2.8 2.8 2.4 2.4 1.7 1.7

8 5.4 5.4 4.8 4.8 3.8 3.8
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