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ABSTRACT

ABSTRACT

ABSTRACT: Dynamic vehicle-road interaction is a new scientific branch. It deals with
three main parts: vehicle, road, and dynamic problem of their interactions. Of the three
parts, the study on the last one is still weak. Based on giving full consideration to the
characteristics of the vehicle and road, model and dynamic equation were established,.
Considering the body of vertical vibration, horizontal swing, vertical swing and the
wheels of the vertical vibration and horizontal swing, the vehicle equation was
established, furthermore, the balance equation of the road was established by finite
element method. According to the relevant conditions between the vehicle and road,
balance equation was deduced considering the vehicle-road coupled interaction.

Using vibration mode superposition method, the vehicle-road coupled balance
equations were simplified from thousands of mutual coupling freedom of the equation
into independent mode equations. The computation program named as VEHB was
developed by Visual Fortran.Finally, the dynamic response of pavement structure were
analyzed such as displacement and acceleration varied with different nodes under
different working conditions including the irregularity of the road, vehicle speed,
vehicle load, numbers of vehicle axes. Moreover the responses with the different
thickness of roads were compared. Some valuable conclusions were made as below:

(1)With the increase of irregularity amplitude, the value of displacement and
acceleration were larger, and the pavement structure was easier to be destroyed.

(2)Different speeds of the vehicle almost have no impact on the amplitude of
vertical displacement, while have a significant affection to vertical acceleration.

(3)With the load increased, the response of displacement and acceleration changed
seriously, when load was doubled, the value of displacement and acceleration increased
twice and four times separately.

(4)Under the premise of definite thickness, the variety of the pavement structure
layers’ thickness influenced the response of the pavement.

KEYWORDS: vehicle; road; coupled; pavement; dynamic analysis;
CLASSNO: U416.01
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ENE 2-1 MK 22 B4, HhSHAR, REXBRALSHENSZERER, B

SEEREAE,
£21 GHESHEA 1

Table 2-1 Form 1 of structure parameters

gk | BREh W E Rty | EEp KEy HBhe | BE#EA
2 m MPa kg/m’ N/m® MPa | ¢/°
B 3.0 30 0.4 1926 18874. 8 0.1 30
®iz 0.2 400 0.4 1932 18933. 6 0. 05 42
®_2 0.2 1100 0.35 2083 20413. 4 0. 045 45
[ii1) 25 0.18 1200 0.35 2613 25607. 4 0.15 30
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BRI LR

R 22 GHESHER 2
Table 2-2 Form 2 of structure parameters

“H | BEfEh W E - & p A&y HEHc | EEA
1 v

B m MPa | kg /| m? NIm MPa | ¢/°
7.3 3.0 30 0.4 1926 18874.8 0.1 30
B2 0.25 400 0.4 1932 18933.6 0.05 42
®EE 0.18 1100 0.35 2083 20413. 4 0.045 45
i) = 0.15 1200 0.35 2613 25607. 4 0.15 30
24 BRI D AR
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[BI7NTE 4 8 1 sl 8T, 8 5 R N PA R CTE RIRBRIE . BRI A KRG M TT
REM WEFRANEE 8 T abr R TT.

bR INAi AL )

N, = %(1 + &£+, M)A+ ,0)

B 2-5 LT\ R
Figure2-5 8-nodes cube cell
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MEE BB TTREN. BEF. FRIERE, KKK RTRSHE SR
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A6 2R SE K2 AR 274 i 5T

He, (M) [C]s K193 AERERRRE. HEMNIEER,
F (3 (3 AAEREHRMER . EENGBRE;
(Y AERH RS ER T EERHT S ARE.
M, IKTaT L@ it B PR TCH AR TE M R TG R M AR B, SR 58 2
SiE R E XA, BEREFH T RAQ-10MER N TRAQ-1)AE
TR, REANE—RRREIERNE N FEHRA.

2IEBRBEREHNAE

EEWTEMERTEEINERE, BEREMNZBOBE &M

D) ERERm Rk A A%

2) FREBRAEMSTAERNERERN:

3) EBMAEHEET T LS SR SHRLBEE,

L ER 2 HraTan, W EAR RGNS ST RAER RAERE) f1 75 — XKL

HERBEMEH, B3
M j+C.y+K.y=F
Mi+Cx+Kx=f
Y = X
f=F+T
KPP FAERRGHRZHSNRA &R E, BRANFEMBHRE: A%
HZRSMBE R E, REARGMABRNEN R, TRERREMVBIRL.
ERRE—BRBERREHHEAR, BEREMERERWT.

70
00

(2-12)

L)

M T T T IITrrrrIrrrr

K26 WEREBEEHREA
Figure 2-6 The abridged general view of
Cross-section of coupling system
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Figure 2-7 The abridged general view of lengthwise section of coupling system

19



RSB EIIKE

3 FRBSIENAERKE
3.1 REL B M

MRQ-12)H2B M TEE, —BFKH Newmark - Bi%kfR. B2, 3T
EHRABERTER, HIrKE L BRERSRERSAN, EEFENS A
BI6, JLAA B HEA LRI RRGHNRIEL, HHIEERTIE
Ki. MREFRTPRAARMETT, TREERNFIRLY AT & TELHE,
BpX kR A— KRR, XM EREEEEBMEERL, Fi—
SFEREY. RCKRRARBEBME, SRESH 8 BiRIGSPEMRE,
RIEMARMAIERNE, SREMBERIMBRE LT 8 B EH R AT
MRS R BTEWRIAN R 1 & LMEMREEESER, LR
RO UMM REGEAT VL, EHERKBRD TR EBEE, BaTMRET I E
B, ERETHHEE, RIEHRM Newmark - B kK.

ER G BRI R BIER, B B IRMENRE, o UdER
TEAEFRE. EREBEREM L, ERERY RS s EH0T L HEL
BrieBixt N BRz. HWETN, BT s, WE

N, ’
X, = Zlq,ﬂ?ﬁ, G-1)

R g WEn MEENE I MIBAR, g, R L.
B4 A8 BRI RET n MR B R R

M,j+C4,+K,q,=F, (3-2)

F, R xR i s 1/ i

SHEBAHMATEN, MMM BT AN ENENMEE R, E&5
EMEMELSNRESET 1 AR, Hl, SNTE o HREOE
EHBETERRY:

G, +26,0,9,+0,9,=F, (3-3)

RFLANB o MRREEW: 0, 8% n HENNRE, Bit LdTHk
EEEHA AL B RSB SRS, S0 AT AR IR RER R K R P
HEFETR N EE LRGN AR, BARTRMERE LIRS
ARFH:
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B (251D N d e J0A75 8

Py = Cuy(Z Osnkaluelu—zlﬁk)+

k. (Zly 0. Snkaluely Z )+ Wik

He Zik = Wik + ik » AERERALNBEAME. ABERES, & T
EWERGIRRLE w, N EANFEEB g,, B Zyu. 2o A0 R
MEENMEE. W AR FIARINAE. W TERERLEMER
B, ENERTHREEASBIAR, PSR RMEMN. NdTFTRE
Zi

(3-4)

M
Ly =W + &y = i qn(Dn(ly'k)+ &k
- (3-5)

ZH}I: =wlijk +glq‘k =iqn¢n(lgk)+glyk

R @, (k) 3t M E o MIRHBRE. M FOLBTUAT X
MIRH G A AR RR. WX I0IEZ) R B T R4 % 00 25 A 26 B Bt
REKR, HETFE oMK ROERNTRRY

NVU)NPK/J) 2
hj Cuj Ilj 0'577kah lij iqm m lJ") gyk

r-l _/-l l:-]

(3-6)
+k/lr[ T O'Sr’kaly lif iqm m UI() gyk] yk]
HTHAERTEFBRMRE R ER BB, TENREEEA WG, X

NARAERFET & B0, 3 BY R $0{E R b 5059 B 7E A7 B30 O 99 SR BU R (19 )
i

3.2 Newmark- B 7%

B R BMERNTUBEE - ZIMERWRY, E5TBIE—HZIK
min, H EE#ESHNE-12), B—AMRERHE S TEA, BFEXH Newmark - B
EK#. Newmark - pi%, FIZIMZLRSELRLL, RIEBENRS)E RS RF L H
] [B) R, AR RS H AL, A )RR AR AL AL H T E A&
.

st F S A EA

Mj(6)+ Cy(t)+ Ky = F(2) (3-7
FEr=sMet=s+1FZ|H#HL

{4&+anx=ﬂ (3-8)

Mj’.wl +Cys+l +Ky:+l = F;H
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FRBEIBFTTRARE

Wi Newmark - B ETE B I RIKE A o, BEEALH . EAERIEE 2 6% 2
KEN:
{ Von =7, +1A=1)3, + 5.0 It
Yo =, + 3,0 +[0.5- )3, + .., Jr?
HBEESRSEN T A EREN— O EHE, Wy=05, =025, i
B B Newmark — B 1 X PR 5 I B 5 o IX AT, I FEZER ) Ar WERR 4G &1 5, RO
“hHy PHE, MTEEEXERNEEEN. £y=05, f=025RALERE:
{ }"s+1 = J}s +0-5(j;5 + j;sn)At
Vo =¥, + 7,06 +025(3, + §,, )AL
xHE, WF—ATERATEHES TR
M]G0} +[C1{3(0)} +[K1{y} = {F ()}
BREMN! =S HANLBRE] )} REFRED,). mEENEH ), B
RIMTHE W T RER:
M1} +[C{5,} +IK1(,) = {F,}
Mzt F =+ RIMRAMR {y,,, }+ .18, FE#L
M1, 3 +ICHT,u} +IKT{D, 0} = (Fou}

wsgm et UndpUnd, simxgtioRe-10/AG8), 1E:
MHOSMA+025[KD G} = F 3 -HCKGIHOSA G KK} +A G OB G))
G-11)
WL, B AR S X T ROE ) — 180y
g, Rkl ) . 5.IREE0Es, ) hEknms, R8T .,
BAER (3-10) BIATRE {y,, )R (...}, MTTATRER? =S +1r 27 R4 H0) 10 W
Ri.
HTHSHE, BE-100HFELAWMTEA:
Ve =¥, +0.5),A2+0.5y,,, A
{ym =y, +j)sAt+O.25jisAt2 +0.2555mAt2

-9

(3-10)

(3-12)
4 p=05At, y, =y, +0.55At, ¥, =y +yA+0255 A, MKGE-12)ZRK
{ Vor1 = ;s + DVon
Ve = Vs +sz}s+1
(3-13)
Reh y, My, HEMPES, §,, WKL
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B b, AR = s+ IZIEMAERNIZS TR, EEEBEH S HE.
BAG-BYRAERIMES) AR KB B ERHE = s+ 1 L FEH .
1.EmRsh (i st)

ik
NW(l.i) NW (1) NW(1i)
s+l s+l
(Mh + 2p Z sly + 2p Z slu -2 Z (p slzj slt lu +

NW(Li) NW (i)

2 Z nlijf;y (pcslij +p slt s+1 =-2 Z (c slyzll + slthIt )+
NV:—(: i) NW (i)
2 Z (csltjzly +ksluzly) -2 Z M Sy (cslt_]¢h +ky,01)
" (3-14)
it
=2(pc,; + szg ).z’+l +[my; +2 p(cs,y +e, ) +2p (k i+ K )]z,sy+l

27711} f;y (p slz] slz )¢Ii+1 Z Z q)n (lljk)(pczlg + p tij )qs+1

k=1 n=1

2( sly th sly le) 2[(csly + Ctllj )Zly + ( sly tly )Zly]
+2771ijf;'j (cslij¢7l;T slij ¢h ) + Z Z @ (h-]k)(ctly qn + ktly qn )
k=1 n=1
(3-15)
2. 53K IRBI(FEAE)

NW(I i) +1 NW(1,i) »
Z 7711 -/;x (p sh sly —2 Z nlyﬁ ij (p sl j sl ij )Zly
j=1

NW(1,i) . NW(l.i)
<5+
o +2 Z fh (pey; + t1j No, =2 Z M S (Ca 2y + kyiZi)
NW (1.i) N (L)
+2 Z 7711 -/l.l ( slt Zly slyzlj) 2 Z f;z ( sly¢11 slz (011)
(3-16)
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3. MRS (FEHETRER)

L3
Ay 2 +1 N 2 +1
[JHII +0.5 Z bly (pcslij +p slj)]elf 0 5 Z blt (p tly tll )]912 ]
J=l
NW(li) NW(Li)
=_0'5 Z blf (cslyells +ksll 0 )+O 5 Z bl? (cslz 95 +ksll 0 )
j=1
G-17)
Lo
_O 5b2 (pcsll +p slij )911S+l +[J911 +0. Sp (ah dif +blf/csl j)
+0 Sp (aljkth +bl?jksl])]01f+l +0 SZi”kaqu)n (lyk)(p th llj )qSH
k=1 n=1
_05b2( Colij les +hy; 1,) 05[(% z/, +bt:jcs1, )‘9113 +(a, k:l, +b/21ks1/) 1;]
_0 Sznkall [ tll fq)(lyk)qn + tij Z(D(lyk)qn
n=1
(3-18)

EIBER T, Er=s+1MZ], EEEWHEnESTREA:

M. NV()VNW(L)) 2 Ng

(M, +pC+P°K)G"+D. %, D DD @, Uik, Uik)pe,y + Pk, ]q”'

= =l j=l k=l mel
N NV MWL) 2
z Z qul-] k)(}rﬂy +p Hif )lejl
=l =l j=1 k=l
ML NV()NW(LJ) 2

+Z Z Z 205771{(1)" (ly k)alij (pctlij +p )91:‘"' nqn K qn

[ E =
M. NVAYNW(L)) 2 Ng

DD @, Uik, (ke g+,

=t = =l k=Ll
NL WV (DYNW(L,j) 2

DD D YD, (ikXeyZy +hyZy)

o=l = kel
N NV(I)NW(LJ) 2

33 05, Uiksay 6+ )

=t i=l A k=l
NL W ()N 2

Y Y D, (i), £Uk) +h, gllik) + W, ]

==l j= k=
(3-19)
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ZFi, 28— RN, ERARS I FEHBRATHRATLLZY ., g, §
g (n=1,2,.Ng) AXRMBRIRE T EH, WHEK(3-14-3-19F 8 HEEER

M &} = (F) (3-20)

A ) AR IMEE S &,

[M ) A R 5 n ik i R BERE .

HT REOERE (M 15 8 & (F°*') RBERT R0, B, % Newmark- Bi%
BERZT, SHHtH-AMNRBLEK, HERBRFHMIRFY,

THES T Newmark- BIERBBHIEA B

HECR=sHZH (.} 10}, M.

(1) KRG IRGYs

(2) TR EREHEME(M ]

(3) M} R~ X & (F*}

(4) BRBGBRAM)F" Y= {(F""}, KBr=s+1NZKMEE (7'} ;

(5) BRE-10KB t=s+ 1 FZHFEE ") FE (') .

33 EREFRI 4T

331 BFMITEERE

WG LB, KN FORTRAN V&5 St T KR E A& B8 3)) 71 W RL B 3
HEF VEHB, WREFEFUTREA:

(DT BB RABEASE, B 4R R EIE /N

QFEFT U ERBRSHZE. 377 &

QERFEEEHEER EMBRAMNE, TUMAZEE. 2EH. FRAERH
LK, FRAEFSHEMAFEEFREZLHER;

(4)PT LA (B B% [E NP X 3 B (1

iR F BB KRR R B AT S R E 3-3 s

332 BFEFEZRRFERFIEHA

EHERIERRE: ERF, BMAREER, WEFMLBEER, BETH
EHRDER, ARERRFLREENARG NREBHER, KHETRERKBER
Tt e REREER

FHERUALE 3-1
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27

NO



AERTRTIE AR A

% 3-1 TRFIhRER S

Table 3-1 Function declaration of subroutine

ERF RHEAEER—EZEAA
AR R EMSRER R EIEREA

B b EHRR HEEHE TN E

RETHERREER | R K O RO e Fofb s i 3 BV S0

AFRFRAGHEEER | BE X ESBAANKERE

ST REA KRR RN SRR, ERE, EEE

o0 1 el I R ER Bt 54 R
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JURRH ML L 3% 18T 2 93 A

4 JLFE IR T R ER L 54

AT 38 B e A o0 3 R AR A BR T A Midas/GTS ™ 33 37 EURLAT & s PR L
MISHEE AR, 2 ARRM AT, MEEPER237 . @A T WnE4-1. 4207
AIAHRICHER, RE PSR RA, BT ERRK, R E MR AERAT
o0, B AFERAE I A HUE LT, SoilBUE, S AEILR i O M A Z M
id Sy, (AR HER SR Ol . AN 100m, BRIEITE12.375m, PIl 53l
H0.75mi L BRJE, BRI, BEEAT, AR 1.5,

TGN ) E B IRINE

1. BN JZM R PR
eyt JIRLE Lih
PR Y R R
P I R,

TR R =Y AR

wok won

Bl 4-1 AL TR Al ) ]

Figure 4-1 Axonometric of road model
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Il 4-2 JE B AR A I P

Figure 4-2 Cross-sectional of road model
BARNESL T UG, 19X AT B 00, 2D SRAF
158 Sl 5 5 AF
2.5 X Lo
3500
4B FE AR

LEUL LR 75 3 F RS AR RS i R g R o e, MR IR T A 2 5 R B

SR —E PR BYREA T AT b ST, RA-150HY T AT 10B R 4 AR 0L

& 4-1 T 10 Birge
Table 4-1 Frequency of 10 Modals

e RS Ja 1] W
IR/ B He/B B
1 1.418631 0.225782 4.429047 0.000000
2 1.606642 0.255705 3.910756 0.000000
3 3.225021 0.513278 1.948262 0.000000
4 6.033890 0.960323 1.041316 0.000000
5 6.373881 1.014435 0.985771 0.000000
6 9.022845 1.436030 0.696364 0.000000
7 9.100121 1.448329 0.696451 0.000007
8 9.124328 1.452182 0.688619 0.000007
9 9.140862 1.454813 0.687373 0.000001
10 9.171687 1.459719 0.685073 0.000000
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JUFE W LT B8 T S 4 A

R42 RERBZERH
Table 4-2 Quality Participation Coefficient of modal

® F5) X EHY EEhZ HE X Y ¥z
B R A Ji 53 R B IR (R OIBR R |B
5| & Vil & H B Vil # |Mm | & |A 2 | A
1 |100.00 | 100.00 [0.00 [0.00 [0.00 |0.00 |0.00|0.00]0.000.00]000]0.00
2 {000 100.00 [0.00 [0.00 (000 [000 [0.00{0.00]000]0.007]0.0070.00
3 [0.00 100.00 [ 0.00 [0.00 {000 ]0.00 |0.00]0.00]0.00]0.00]0.00]0.00
4 |0.00 100.00 [ 0.00 {0.00 000 |0.00 [0.00]0.00|0.00 | 0.00 | 0.00 | 0.00
5 1000 100.00 | 87.07 [ 87.07 1 0.00 [0.00 |0.00 [0.00 {0.00 | 0.00 | 0.00 | 0.00
6 | 0.00 100.00 | 0.00 [87.07 | 0.18 ]0.18 |0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
7 10.00 100.00 { 0.00 |87.07 | 90.27 | 90.45 ] 0.00 [ 0.00 { 0.00 | 0.00 | 0.00 | 0.00
8 |0.00 100.00 | 0.00 |87.38 [0.00 |90.45 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00
9 [0.00 100.00 | 0.00 | 87.56 | 0.00 | 90.45 | 0.00 [ 0.00 | 0.00 | 0.00 { 0.00 | 0.00
10 | 0.00 100.00 [ 0.00 [87.56 [ 0.00 [90.45 | 0.00 [ 0.00 { 0.00 | 0.00 | 0.00 | 0.00

EBIIRE TR B L, NERPIENEXRMIETAEIE, REEEER
4-3 MEHSE, BEIUWEAVIHEIEE Fortran ¥ VEHB FHITHIN, REH#
FTRARBNT] . T AGREIN VEHB FEFFvH B8 M B8 W s 0% W T4 (4 el R
A, EENEE, HELRAF R A0 B T R 0w R E AT S
Mr, FIBTLER T EBREAFLSHERAESHR TR, A S0k B E B il B
FEE 4508 3my 51m. 70m. 97m K S HEITEIE T

K43 FHSHR

Table4-3 vehicle Parameters
SR AW ZET bt 1 PO 47
7 R 15500 25000 40000
EHSs y whE R 36000 58000 93000
TG x M EIRE 160 160 160
Bt 1000 1500 1500
XS x SRR 1000 1500 1500
% LRI Girg) 50000 50000 50000
& _ERIRE (f5 40 120000 120000 120000
B NRIRE (i) 1000000 1000000 1000000
PRI (R4 2300000 2300000 2300000
& LR (Rrh) 10000 10000 10000
HEHR (R4 16000 16000 16000
# N (Frsh) 4000 4000 4000
&N JaH 16000 16000 16000
Logil 1.85 1.85 1.85
HE 3.6 2.9+1.35 2.9+1.35+1. 35

F: RESH kg, ¥HMAE kgon', WIENm EEN-s/m, KEn
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JEERAZIE K20 27 18 3C

4.1 B8 TE A NGTx % T 25 440 W) R B 22 Ml

B TASCRARBEBINE, BB EAFREST R el il B4 BT,
AR RBATEE, BHEFAT, BEAFELFRY. BESHEFYE Causs
REYLEAE, ARSI RER BRI AR, KT REDEE, ERSHY
S KENMRAMTR, 7—-LEAMEE W

(1) EIBRARAHELL 2 1 % B ISObR HE:

S,(Q)=8,(Q,)(Q/Q)™ Q<Q,

{Sq (Q)=5,(Q)Q/Q)™ Q=2Q,

A QARE (Am) , Q AEAERE, $,Q)ABHIEEE (m3/&)

S,(Q) AEMEREAEQ, LHIEER, AXTHBEMIEISORMEN w=3,

Wr=235, Q,=1/27, §,(Q,) SHEELAX, WEMT.

F4-4 TRBKE S, (Q,) HHUE
Table4-4 selection of S, (€2,) in different road

FEEER S () (X10°n'/A)
Raf 278

4 G4 TAR) 8732

—f (F84TB%) 327128

= (FHTCH) 1287512

RE (FB4TDR) 51272048

(2) PEHEZRHEGB7031-86 (EHRNMABE FERT L) :

G,(n)=G,(n)n/n)* n>0

RKP: n 6| SR

ny——SH 3 [AME;
G, (n,)—BRTEF R H
G, (n)— B REFE.

G, (n,) IR R4-5.

BRI R T HUSHRE, Bl & s R JEES RS, (2T H
FMESNRAEES, T RMBEAERER. B4-1 0806 FBEMRESL
W ERRE L, QB RBRERR, B hmm, BAFABEITEN AR
KA AL
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F®A-5 BRI RSORNE

Table 4-5 Selection of pavement rough coefficient

BEFIERSG, (n,) (X10°"/)
MEER
TR JIRLE 2] LR
A 8 16 32
B 32 64 128
C 128 256 512
D 512 1024 2048
E 2048 4096 8192
F 8192 16384 32768
G 32768 65536 131072
H 131072 262144 524288
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