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Abstract. Current Vietnamese standards state that when being calculated and designed,
pavement structures must be able to withstand static loads of a constant magnitude. However,
the road surface is uneven, and the wheel load varies according to how rough the actual
surface is. In this study, an analytical method is used to perform a dynamic analysis of a
quarter-car model excited by a rough road surface. According to the international roughness
index (IR1), an artificial harmonic function can be used to describe the roughness of a road
surface. The paper will examine three widely used vehicle types that are frequently seen on
the road (cars, buses, and trucks). The numerical analysis of the vibration equations in the
quarter-car model is simulated using the Matlab-Simulink software. The analysis results are
the impact factors and the dynamic load coefficients, where the dynamic loads consequently
vary depending on the IRI value and the vehicle speed.
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coefficient.
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To6m tit. Trong tinh toan thiét ké két cdu 4o duong, cac tiéu chuan hién hanh caa Viét Nam
déu yéu cau thyc hién véi tai trong tinh c6 do I6n khong do6i. Tuy nhién, do bé mat duong
khong bang phang nén tai trong banh xe thay doi theo d6 go ghé thuc té cua mit dudng. Bang
phuong phép giai tich, bai bao thyc hién phan tich dong mé hinh mét phan tu xe (QCM) chiu
kich thich tir mat duong map md. Tinh map mo ngau nhién cua mat dudng dugc mo ta bang ham
diéu hoa nhan tao theo chi s6 do gbd ghé quéc té (IRI). Ba loai xe dic trung hay xuét hién trén
dudng la xe con, xe khach va xe tai s& dugc khao sét. Phan tich sb phuong trinh dao dong cua hé
QCM duoc thuc hién théng qua cong cu Matlab-Simulink. Két qua 1a tai trong dong cua xe tac
dung vao mat dudng, hé sb xung kich va hé s tai trong dong thay doi theo do lon IRI va van toc
xe chay.

Tir khoa: map md mat duong, tai trong dong, chi s IRI, hé sé xung kich, hé sé tai trong
dong.

@ 2023 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN DE

Theo TCCS 38:2022/TCBBVN, tai trong truc tinh toan tiéu chuan cho thiét ké 4o duong mém
la 100kN hoic 120kN; trong truong hop xe c6 tai trong truc khac truc tiéu chuan, tién hanh quy doi
bing cac hé s6 twong duong [1]. Nhu vay, tiéu chuan hién hanh cua Viét Nam chua d& cap dén anh
huéng cua dao dong xe dén tai trong truc thuc té tc dung 18n mat duong.
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Trong qué trinh chuyén dong, do anh hudng caa lyc gi6, cua goc quay vo lang lam phat sinh
lyc quén tinh li tam; hay do bé mit duong khdng bang phang l1am xe bi dao dong [2]. Khi do, tai
trong cua banh xe tac dung 1én mat duong 14 tai trong dong, gié tri nay thay ddi so véi tai trong tinh.
Bai bao nay chi xét dén nguyén nhan gay ra tai trong dong la do mit duong xe chay khdng bang
phang (road surface roughness, RSR). Theo Kaya (2020) [3] va Sidess (2022) [4], ngay khi dua vao
khai thac, mat duong c6 thé da khéng bang phang; hoic, 1a bang phang nhung sau mot thoi gian
khai théc tinh khdng bang phang cua mat dudng s tang 1én. Do do, viée tinh toan thiét ké két cau
ao dudng V6i tai trong dong & gan véi thuc té hon so vdi tai trong tinh. Ngoai ra, tinh khong bang
phing cua mat duong con gay ra cac tng xir dong, anh hudng dén chi tiéu vé an toan, ém thuan cho
cac phuong tién giao thong.

Trong nghién ctu vé dao dong caa 6 t6 ciing nhu nghién ctru vé Gng suat-bién dang coa két
cau nén mat duong dudi tai trong dong, ham kich dong ¢ ngudn géc tir sy khdng bang phang cua
mit dudng xe chay thudng duoc cac tac gia st dung [5]. Trén thé gidi, nghién ciru md ta ham RSR
tir d6 xét dén phan @ng ciia xe da duogc thuc hién bang ly thuyét va thuc nghiém. Trong do, cac
nghién ciru mo ta RSR phan 16n xuat phat tir ham mat do pho cong suét (power spectral density,
PSD) cua tiéu chuan 1SO 8608 [6] nhur Peter (2004) [7], Agostinacchio (2014) [8], Pat (2017) [9],
biang (2017) [10], Hoang (2018) [11], Ma (2021) [12]; Liu (2018) [13] nghién ctu dnh huéng cua
RSR dén phan tmg co hoc ciia mit duong nhya bang phuong phéap phan tir hitu han; Lu (2010) [14]
nghién cau ly thuyét va thuc nghiém vé tai trong dong ciia xe tai nang véi RSR 1a ham diéu hoa;
Ngwangwa (2014) [15] nghién ctru thuc nghiém phan tng cta xe con hiéu Land Rover véi ham
RSR duoc tao ra tir cac ghé nhan tao.

Ngay nay, véi su phét trién cua cdng cu do, tinh trang map mé cua bé mat duong cé thé do
truc tiép va phan &nh bang chi sé do gd ghé quéc té (international roughness index, IRI). Chi s6
IRI dugc dung dé phyc vu cong tac nghiém thu, danh gid tinh trang bé mat duong khi mai lam
xong hoac phuc vy cong tac quan Iy, lap ké hoach duy tu bao dudng [16]. Tai Viét Nam, danh gia
tinh trang bé mat duong da dugc dua vao tiéu chuan quéc gia tir rit sém, TCVN 8865:2011. Ngay
nay, Viéc xac dinh chi s6 IRI hién truong duoc thuc hién mot cach dé dang va kha pho bién. IRI 1a
chi s6 do thyc dia, do do, cac tinh toan trén co sé IRI phén nao phan anh mot c&ch trung thyc anh
huong cua tinh trang be mat duong hién tai dén céc yéu td lién quan nhu phan tng, do bén cua xe
hoac tng Xir cua két cau nén mat duong. Chlnh Vi vay, viéc nghién ctiiu ham chuyén doi glua PSD
va IRI 1a can thiét. Loizos (2008) [17] cho rang mdi twong quan gitra PSD va IRI la ham s6 mij;
trong khi d6, Han (2019) [18] cho rang mol quan hé gitra ham PSD va IRI dudi dang ham diéu hoa,
tir d6 phén tich phan g dong cua két ciu 4o dudng trén mat cau.

Trong nghién ciru ndy, thay vi mé phong ham RSR da budc bang phép bién dbi nguoc Fourier
phirc tap nhur [9] da thyc hién; hay md phong ham RSR theo tiéu chuan ISO nhu [6-13]; dé phu
hop vai diéu kién Viét Nam, bai bao md phong ham RSR dang diéu hoa nhan tao, tinh theo cac gia
tri IRI gidi han cuia TCVN 8865:2011. Bé don gian trong tinh toan, thay vi md hinh xe dang 2D
[2], 3D [10], hay mé hinh phirc tap dang phan tir hitu han [13]; str dung phuong phap thong so tap
trung, bai béo khao sat mé hinh mot phan tu xe (quarter-car model, QCM) véi hai bac ty do. Khi
d0, hé phuong trinh vi phan dao dong thang ding dudi kich thich nén 13 ham RSR s& duoc thanh
lap. B&n canh mé phong sb bang cach viét Matlab code nhu [8] di thyuc hién; bai bao tién hanh md
phong bang cong cu Matlab-Simulink s& truc quan, d& kiém soét va tiét kiém khdi luong tinh toén.
Két qua cuia bai béo 1a tai trong dong cua ba loai xe dic trung hay xuét hién trén duong (xe tai, xe
khéch va xe con) truyén vao mat duong, két qua nay s& duoc so Voi truong hop tai trong tinh trong
mg. Ngoai ra, hai chi s6 quan trong trong nghién ctru dong luc hoc két cau 1a hé sé xung kich
(impact factor, IF) va hé sé tai trong dong (dynamic load coefficient, DLC) ciing dugc khao
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sét. Noi dung nghién ciru duoc dé cap trong bai bao nay chi 1a bude dau dé thiy dugc anh huong
cua tai trong dong so vai tai trong tinh. Tir d6, bai bao kieén nghi can thuc hién cac nghién cuu
chuyén sdu vé tuong tac xe-mat duong trong linh vuc k¥ thuat Co khi va Buong bo.

2. PHUONG TRINH XAC PINH TAI TRONG PONG CUA BANH XE LEN MAT
PUONG

2.1. Phwong trinh dao dong ciia mo hinh xe

Bai bao khao sat dao dong cia md hinh xe QCM, mé hinh theo tiéu chuan 1SO 8608, xem Hinh
1. Trong d6, cac thong sb (ms, z,) va (m,,, z,)) tuong tng 1a khdi luong va chuyén vi theo phuong
ding cua hé treo (khdi lugng cia khung xe, hang hda) va béanh xe (ké ca phan truc xe); hé treo dugc
gitt bang 10 xo c6 d6 cing kgva thiét bi can c6 hé sb can C,; banh xe tiép xdc voi mat duong c6 do
ctng twong duong 1a k,; h 1a ham biéu thi RSR theo phuong ngang x.

Hé QCM c6 2 bac tu do, 4p dung phuong phap Lagrange, phuong trinh (1), dé thanh lap
phuong trinh vi phan dao dong cua hé.

26 -=0 0

Hinh 1. M6 hinh QCM chiu kich dong cuia map mé mat duong [4].

Xét tai thoi diém bit ky, dong niang ciia hé (T') gdm dong nang cia hé treo va banh xe dao dong
theo phuong dung, xac dinh theo cong thuc (2). Cac dao ham riéng va dao ham theo thoi gian caa
T nhu (3), luc suy rong Q; nhu (4). Thay céc thanh phan cia (3) va (4) vao (1), hé phuong trinh vi
phan dao dong ctia mo6 hinh QCM dudi kich thich cia RSR duoc thanh Iap theo phuong phap
Lagrange cho hé hai bac tu do, phwong trinh 5(a), c6 dang nhu phuong trinh 5(b).

_ 1 .2 1 .2
T =-mezg +-myzy 2)
or _ mqZg; =myz
0zs S8 0z, MM
d (0T . d(dT ..
—|—)=mZ,; —(—) =m,Z
dt (62'5) MsZs: 4 (az'u) MuZy 3)

or _ar

0z - 0zy

{ st = _CS(ZS - Zu) - ks(Zs - Zu) @)
Qzu = _CS(ZS - Zu) + ks(Zs - Zu) - kt(zu - h)
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d (ar) oT 0
dt \9z dzg S

sy o _ 2
dt \9z, 8z Qu
{ mszs = _Cs(Zs - Zu) - ks (Zs - Zu) (Sb)
muzu = CS(ZS - Zu) + ks(zs - Zu) - kt(Zu - h)
Hé phuong trinh vi phan (5b) viét dudi dang thu gon, dang véc-to, nhu sau:
MZ=CZ+KZ+B (6)

. _ T _[ms O _[7C  Cs _ [_ks ks ] —
Vol Z = {ZS Zu} M= [O mu]’ ¢= [ Cs _Cs]’ k= ks _ks - kt - B=
(0 kh).

2.2. Tai trong dong ciia banh xe 1én mat duong
Theo m6 hinh QCM (Hinh 1), thanh phén lyc dong ngau nhién, bo sung do anh huong cua
RSR gay ra chinh Ia lyc dan hoi F,; ctia banh xe, xac dinh theo céng thuc (7).
Fa = ke(zy, — h) (7)
Tai trong dong ciia md hinh Xe tac dung 1én mat duong F; xac dinh theo cong thirc (8). Trong
d6 bao gom: thanh phan lyc dong bo sung F,; va trong luong ban thén caa mé hinh xe P =
(ms + my)g, voi g = 9,81 m/s? 1a gia toc trong truong.
Fy = F4+ P =k(z, —h) + (mg + my)g )

Trong phuong trinh (7) va (8), z,, xac dinh bang cach giai hé phuong trinh vi phan (6). Trong
khi d6, h 1a ham kich dong banh xe theo phuong x do mat duong map mo gay ra.

3.MO TA TINH MAP MO CUA MAT PUONG THEO CHI SO IRI CUA TIEU CHUAN
TCVN 8865:2011

Theo Agostinacchio (2014) [8], md ta RSR, ky hiéu h(x), cd thé biéu dién bang ham diéu hoa

gian don nhu sau:
h(x) = XL, 4; cos(2m.ni. x + @) )

Trong do, A; la cudng do, xac dinh theo gia tri trung binh cua ham tin hiéu diéu hoa nhu cong
thirc (10); n; 1a tan so khéng gian roi rac, gia tri n; xac dinh bang cong thac (11); trong mién tan
S0, gia tri tan so khong gian roi rac duoc chia thanh cac khoang bang nhau véi d6 16n An = 1/L, L
14 chiéu dai doan duong dugc khao sét; ¢; 1a goc pha ngau nhién, tuan theo quy luat phan phoi déu
(uniform probabilistic distribution) [9], c6 gia tri nam trong doan [0, 27].

A; =+2.0n.G4(ny) (10)

n; = i.An (11)
Thay céc tham sb vao phuong trinh (9), RSR 1 ham nhan tao, dwoc md ta nhu sau:
h(x) = YN, \2.0n.G4(i.An) cos(2m.i. An. x + ¢;) (12)
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Theo tiéu chuan 1SO 8608 [6], trong md phong, muc do mép md cua mat duong duge dinh
nghia bang ham mat d6 phé cong suit (power spectral density, PSD) nhu sau:

6a(n) = Ga(n) (2)

V6i G4(ny) 1athdng sb co ban cua cip phan loai dudng duoc khao sat, gdbm 8 cap co ky hiéu
tir A dén H, xac dinh theo Bang 1; n, (chu ky/m) 1a tan s6 tham chiéu, n, = 0,1; n (m™) la tan sb
khong gian.

Bang 1. Gid tri G, (1) xac dinh theo 1S0 8608:2016 (1, = 0,1 chu ky/m) [6].

(13)

Cép duong A B C D E F G H
can - 32 128 | 512 | 2048 | 8192 | 8192 | 131072
Gy(ng) dudi
-6 M3 A
(g™ m) gzg 32 | 128 | 512 | 2048 | 8192 | 32768 | 131072 -

Thay phuong trinh (13) vao phuong trinh (12), ham m6 ta RSR xac dinh theo phd PSD cua
tiéu chuan ISO nhu sau:

h(x) = YN VAn.2%. 10 ( )cos(Zn i.An.x + @;) (14)

Trong d6, x 12 bién hoanh d9, c6 giatri tir 0 dén L, x = V. t vai chuyén dong déu, V 13 van téc
va t la thoi gian; N = g, V6i B 1a bé rong tiép xuc cua banh xe véi mit duong, B = 250mm [19];
i 1a 56 nguyén dwong, thay doi trong pham vi tir 1 dén N; k Ia hang so tu nhién, xac dinh theo cap
d6 RSR cua tiéu chuan 1SO 8608, co gia tri tir 3 dén 9 twong tng Vaéi Ky hiéu cap duong tir A dén
H, xem Bang 2.

Bang 2. Gia tri k phan loai mirc d6 mip md mit dudng theo 1SO 8608:2016 [4].

Cap duong A-B B—-C c-D D—-E E-F F-G G—-H
k 3 4 5 6 7 8 9

Theo [18], chi s IRI ¢6 thé xac dinh bang chuyén vi tuyét d6i theo phuong ding cua bac ty
do khoi lugng treo z, va bac tu do khdi lugng banh xe z,, trong mo6 hinh QCM nhu cong thic (15).

IRI =237, |z, — 2, (15)

Khi d6, mdi quan he gitra IRI va ham mat do phd cong suat PSD xac dinh theo cong thic (16)
[18]. Trong d6, K, = 10~ m®, w la chi s6 tan suat caa pho bé mat duong, w = 2.

G,(n) = 1,63Ky(n/no) " (IRI)? (16)
Thay cong thirc (16) vao phu:ong trinh (14), ham mo ta RSR theo chi sb IR 1a:
h(x) = Xit1+/3,26K,. An( ) IRI.cos(2m.i.An.x + ¢;) @

Tai Viét Nam, theo TCVN 8865:2011 [16], IRI ¢6 dd 16n tir 0 dén 20, mit dudng cang kém
bing phang, IRI cang lén. Tay thudc vao loai duong va cip duong, gia tri IRI gidi han khi nghiém
thu cong trinh duge quy dinh nhu Bang 3. Trong qué trinh dao dong caa hé QCM, néu gia tri IRI
bé (IRI < 2), cac phan ting bat lgi ciia hé xe-mit dudng cd thé chwa rd rang dé c6 thé nhan xét; voi
cong trinh dwong c6 gié tri IRI 16n s& khong du diéu kién dé tiép tuc khai thdc ma can duoc bao
dudng, sta chita. Do d6, dé mang tinh dai dién va ¢ nhitng nhan xét budc dau vé anh huong cua
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RSR dén hé xe-mit dudng, bai bao chi thyuc hién tinh toan sb véi ba gié tri IRI gidi han cua tiéu
chuan Viét Nam 12 2, 2,2 va 2,5. Nén két qua nay ciing 1a két qua gisi han dé cho cac co quan lién
quan tham khao.

Bang 3. Tiéu chi nghiém thu d¢ bang phang theo IRI [14].

, IRI yéu cau (m/km)
Loai duong, cap duong Pusng xay méi Puong cai tao,‘ nang cap, tang
cuong
Cao toc (cap 1%0, 100, 80) va 6 td IRI < 2,0 IRI < 2.2
cap 80
Cao toc va 6 to cap 60 IRI < 2,2 IRI < 2,5

Bang 4. Cac thong s6 co ban ciia ham h(x) xac dinh theo IRI.

L 1 .
Ky (m3) L (m) B (m) == An == ng (chu ky/m)
10~° 250 0,25 1000 0,004 0,1
Clockd Gain13
W PR N
fen
Uniform Random Gain16 Add10 MATLAB Function Scopet3
Numberd
Hinh 2. So d6 Matlab-Simulink mé phong h(x).
—IRI=2
0102 T T T T
E oY
=
£
=
0 50 100 150 200 250
—=+|RI=2.5
0102_“ by § i F TTH pad o | HERE il by i)
— bi NIHEN R I‘.!J'i!t'.'i,i.r' I I i} I| Frlli‘lhl'”
e bl iRt st L& Lk s Bl
R i TR bt | i i1 1 "J'l*h!'l e
Lt G TR S AN T r“r“f‘uff” ETE
‘ 0 50 100 150 200 250
% (m)

Hinh 3. M6 phong ham h(x = 250m) cta mat duong c6 IRI = 2, IRI = 2,2 valRI = 2,5.
Véi cac théng sé co ban (xem Bang 4) caa ham h(x) xac dinh theo chi s6 IRI trong cong thirc

(17), str dung cong cu Matlab-Simulink ¢6 so d@d nhu Hinh 2, biéu d6 md ta tinh map md ngau nhién
nhén tao h(x) cta bé mat duong twong (ng voi ba gia tri IRI duoc VE trén doan duong khao sat
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L = 250m nhu Hinh 3. Trong d6, goc pha la ham ngau nhién tuan theo quy luat phan phdi déu,

duoc tao ra bang cong thic ¢; = 22201 ® randi([0360],1,1) ciia Matlab code hoic khi

Sources/Uniform Random Number ctaa Simulink. Gia tri cuc dai cuia ham h(x) véi ba truong
hop phan tich nhu sau: IRI = 2, h(X)mar = 14,27mm; IRI = 2,2, h(x) ey = 15,70mm;
IRI = 2,5, h(X)pqx = 17,84mm.

4. KET QUA SO VA BAN LUAN

Céc thdng s co ban trong md hinh QCM cua ba loai xe kha phd bién trong tham gia giao thong
la xe con, xe khach va xe tai nhu Bang 5 [8]. Thyuc hién md phong véi sau truong hop gia tri IRI:
ba gia tri gi¢i han cia mat duong khi mai dua vao khai thac hoac sau khi sua chira la IRI =2, 2,2
va 2,5; ba gia tri gia dinh khi mat duong da dua vao khai thac la IRI =4, 6 va 8. Qué trinh mo
phong duoc thyc hién thdng qua cong cu Matlab-Simulink, so d6 Hinh 4; trong d6, khoi
Sub_h(x) chinh 13 so &6 md phong h(x) & Hinh 2.

Bang 5. CAc thong s6 dong co ban cuia ba loai xe [8].

Thong sé Pon vi Xe con Xe khach Xe tai
mg kg 400 4000 4500
my, kg 40 550 650
kg 10*N/m 2,1 32 57
Cq 10*Ns/m 0,15 1,0 2,1
k; 105N/m 0,15 1,7 3,0

X o>
Addd Gaind -
Outi - -K-:_‘: El » 1 o 1 ]
Sub_h{x) Gaind A;dE Integ Integ?2 Zu
Gain14 ]
. -C- |—> +
p3a7 Gain10 Constantd Add9 Ft&Fs
1 1 1]
Gain12 S s i
Integ3 Integ4 s
Gan Adds

Hinh 4. So d6 Matlab-Simulink md phong phuong trinh (6) va tai trong dong F,.

Tién hanh dua cac s6 liéu & Bang 5 va ham h(x) md phong theo chi s6 IRI vao hé phuong
trinh vi phan dao dong (6), két qua tir (6) Ia chuyén vi thang diing cua cac bac tu do; véi chiéu
dai mo phong L = 250m, twong tng véi N = 1000 budc tinh toan, xem két qua tai khéi z, va
Zg, va biéu d6 nhu Hinh 5.
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0.04

0.03

0.02 i fill |

0.01 i

= 0.03 ——Zu—72s
= I
. 0.02 |‘1| | |'1| D 1 | i ﬂ|
] . .'Il — , | f I ]
E"U‘m Al E oo }l,"lilﬁah 5“ I.|i1h:; \| ﬁ};l,ﬁ | i\'l ("|
o = il !||1!||'! ‘!+"!|ﬂ 1“‘-? | [ LR ]
-0.02 5 i !ii'!iiIEl‘ i I,‘IS il hS 'a?‘-,hh\i i
2Tl IS A Y
Soon AN Y VWYY 4 1
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Hinh 5. Dao dong cua xe tai trong 250m mo phong va hinh trich 10m dau tién véi IRI = 2.

Thay céc két qua vao phuong trinh (7) va (8) tim duoc tai trong dong F, ctua banh xe truyén
thang ding vao mat duong, xem két qua tai khoi F,&F;, va biéu d6 nhu Hinh 6(a-c). Bé thuan
lgi cho qua trinh quan sat, hinh trich biéu d6 dao dong, biéu dd tai trong dong (Ft) va tai trong tinh
(F;) chi thé hién véi quéng duong x = 10m dau tién trong 250m mé phong. Ung voi truong hop
ham h(x) c6 IRI = 2, Hinh 5 thé hién cho xe tai, Hinh 6(a-c) thé hién cho ca ba loai xe. Két qua
thong k& gia tri cuc dai caa F, dugc thyuc hién trén ca chiéu dai mé phong L = 250m va cho tat ca
cac truong hop khao sat, xem Bang 6.1 va Bang 6.2.

Bang 6.1. So sanh ty ¢ gitra tai trong dong cuc dai F/™** véi tai trong tinh F;

F; IRI =2 IRI = 2,2 IRI = 2,5
Logixe | (KN) [ FP(kN) | F"/F, | FP™(kN) | FP/F, | FP™(kN) | F'*JF,
(1) 2) 3 @) 5) (6) @)
Xe tai 51,50 123,42 2,40 147,55 2,87 192,90 3,75
Xe khach 45,50 84,12 1,85 97,26 2,14 121,86 2,68
Xe con 4,40 1,72 1,75 8,84 2,01 10,96 2,49

Bang 6.2. So sanh ty ¢ gitra tai trong dong cuc dai F™** véi tai trong tinh F; (tt).

F, IRl = 4 IRI=6 IRI=8
Loaixe | (kN) | F7(kN) | F"/F | F"(N) | F"/F | F"(kN) | F"/F
_ 1) (2) 3) (4) (5) (6) (7)
Xetai | 51,50 633,72 1254 | 205501 | 40,68 | 4940,37 97,79
Xekhach | 4550 375,05 8,40 1159,77 | 2598 | 2687,92 60,22
Xecon [ 4,40 32,55 7,54 99,61 23,08 230,20 53,33

Két qua & cot (2), (4) va (6) cua Bang 6.1 va Bang 6.2 cho thay: gia tri IRI cang lon thi gia
tri tai trong dong cuc dai cang cao. Két qua nay 1a phi hop voi thuc té vi IRI ty 1& thuan voi
muc d6 map md cua mat duong. Két qua & cot (3), (5) va (7) cua Bang 6.1 va Bang 6.2 thé hién
rang xe co trong tai cang lon thi F/™%* /F, cang lén. Vi du khao sat d6 nhay cua viée ting chi sb
IRI cho trudng hop xe tai, xe ¢ trong tai 16n nhat trong ba loai xe khao sét: IRI = 2 thi ty s6
F["%* /F, = 2,40; IRI = 2,2 tuong dwong véi Viéc tang IRI = 2 12 10%, F/"** /F, = 2,87 lan;
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IRI = 2,5 twong dwong v&i Viée taing IRI = 2 1a 25%, F/"%* /F, = 3,75 lan (xem Bang 6.1).
Tuong ung véi giai doan khai thac IRI =4, 6 va 8 thi ty so F/"**/F; cua Xe tdi tang rat nhanh;
tuong ung 1a 12,54 lan, 40,68 lan va 97,79 lan (xem Bang 6.2).
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Hinh 6. Hinh trich biéu do tai trong dong va tinh trong 10m dau tién cua ba loai xe ung véi IRI = 2.
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Theo Ye (2021) [20], xe dwoc goi 1a vuot tai (over load) khi trong tai thyc té I6n hon tai
trong xe tinh toan 1a 1,25 lan, va duoc goi la siéu nang (extra-heavy load) néu hé sé nay 1,5 lan.
Theo tiéu chuan 1SO 8608 [6,8], chit lugng duong la rat tt néu h(x),,g, < 15mm. Nhu di
tinh toan & trén, véi IRI = 2 theo tiéu chuan TCVN 8865:2011, gia tri A(x) gy = 14,27mm,
mit duong loai tét nhung gia tri tai trong dong cyc dai cua ba loai xe khao sat déu la truong
hop xe vuot tai va xe siéu ning. Diéu nay cho thay, anh huong cua gia tri chi s6 IRI dén tai
trong dong cuc dai tac dung 1én bé mit duong la rat I6n.

Trong linh vuc chuyén nganh Dong luc hoc co hé, dé danh gia anh huong cua tai trong
dong, cac hé sb xung kich IF va hé sé tai trong dong DLC thuong dwoc quan tam sir dung (VYe,
2021) [19]. Hé sb xung kich IF dugc dung dé 1am ting tai trong tinh toan so Véi tai trong tinh
dé dam bao phuong an thiét ké duoc an toan, IF xac dinh theo cong thic (18). Hé sb tai trong
dong DLC khong nhirng duoc st dung dé phan anh tuwong tac gitra xe véi mat duong (Buhari,
2013) [21] ma con dugc dung dé xac dinh nhanh cac wng xtr cia hé nhu luc, chuyén vi, tng
suat, bién dang tir tai trong tinh bang cach nhan truc tiép vai (1 + DLC); gia tri DLC xac dinh
theo cdng thac (19). Trong cng thuc (18) va (19): F; la tai trong dong cuc dai, F; tai trong tinh,
F; 13 tai trong dong tai budc tinh toan thir i va N 1a s budc tinh toan.

IF = (-

DLC == /Z(I‘;—” x 100% (19)

Bang 7.1. Hé sb xung kich IF va hé s tai trong dong DLC cua cac truong hop khao sat.

) x 100% (18)

L oai xe IRI =2 IRI = 2,2 IRI =25
; IF (%) DLC (%) IF (%) DLC (%) IF (%) DLC (%)
@) 2) 3) (4) (5) (6) )
Xe tai 139,7 36,3 186,5 48,4 274,6 70,9
Xe khach 84,9 25,1 113,8 31,3 167,8 43,7
Xe con 75,5 1244 100,9 1255 149,1 136,6

Bang 7.2. Hé sb xung kich IF va hé sb tai trong dong DLC cua cac truong hop khao sat (tt).

Loai xe IRI = 4,0 IRI = 6,0 IRI = 8,0
; IF (%) DLC (%) IF (%) DLC (%) IF (%) DLC (%)
Q) ) 3) 4) (5) (6) )
Xe tai 11544 289,6 3967,6 977,1 9678,7 2315,3
Xe khach 740,2 183,2 24983 617,9 5921,9 1465,6
Xe con 654,1 163,1 22078 550,5 5233,2 1305,9

Véi cac truong hop khao sat, két qua tinh toan cac hé sé IF va DLC duoc tong hop nhu
Bang 7.1 va Bang 7.2. Két qua nay cho thay, o tirng loai xe, IRI cang I6n thi chi sé IF va DLC
cang tang; hé s IF giam theo trong tai cua xe, tuy nhién, voi ba trudng IRI dau tién (xem Bang
7.1) xe con ¢ trong tai bé hon so véi xe tai va xe khach nhung hé s6 DLC lai 16n hon. Két qua
nay phan nao phan anh, bén canh khdi lwgng cua hé thi céc thong s6 khac ctia md hinh nhur do
cting, hé sb can cling anh huéng dén tung gia tri Fy, dan dén ket qua tinh toan DLC trong céng
thirc (19) s€ thay d6i. Ngoai ra, cac thong s do cung va hé sb can trong Bang 5 1a dai lugng
khong d6i; trong khi do, cac hé s nay cd thé thay doi theo trang thai chuyén vi cia céc bac tu
do, va can thiét xét dén anh hudng caa hé can trong banh xe [20,21].
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Nhu da chi ra & Muc 3, khi xe chay thang déu, méi quan h¢ giita quang duong véi van toc
va thoi xac dinh bang céng thic x = V. t, van toc V' (m/s) khong doi va t (s) la bién thoi gian.
Khi do, cong thic (17) tro thanh:

h(x) = ¥V, /3,26K,. An (Z_) IRI.cos(2m.i. An. V.t + @,) (20)
Bai b4o khao sét véi truong hop xe tai, mat duong c6 chi sé IRI = 2,0; thoi gian khao sét

t = 155 voi ba trudng hop van toc xe chay lan lu:(ytvlé 60km/h, 80km/h va 100km/h. Truong
hop xe chay véi van toc 60km/h, sau 15s, vi la chuyén dong déu nén quang duong xe di duoc
60.103

lax
3600
xe chay nhanh hon, 80km/h va 100km/h, quang xe chay sau 15s tuwong ung la 333,33m va

416,67m (déu 16n hon 250m).

Hinh 7 va Hinh 8 1a dao dong cua cac bac tu do trong mo hinh xe QCM, truong hop IRI =
2,0 va (ing vai ba van toc xe chay khéac nhau. Gié tri cuc dai cua cac dai lugng khao sét duoc
tong hop trong Bang 8. Khi so sanh gia tri cuc dai cia truong hop van téc xe chay 1a 80km/h
va 100km/h vai 60km/h thi chuyén vi caa truc banh xe, hé s6 IF va DLC ting xap xi 22% va
40%; trong khi d6, chuyén vi caa khung xe ting rat 16n, 58,7% va 81,93%. C6 thé thay, van toc
xe chay cang I6n thi dao dong cua khung xe cang tang.

X 15 = 250m, twong duong véi quang duong da xét & Muc 4; véi cac truong hop

Bang 8. Tong hop va so sanh gié tri cuc dai cac két qua phan tich theo van téc xe chay.

| V = 60kmin V = 80km/n V = 100km/h
Dailuong [ Giawi | @00 | Giaw | B x100%
1) ) (©) (4) (5) (6)
Zy (mm) 20,04 24,64 22,9 28.25 20,97
ze (mm) 28,55 15,31 58,70 5194 8193
IF (%) 150,49 185,44 23,22 212,82 41,42
DLC (%) 37,62 16,25 22,94 53,01 20,91
0.03 T
e 100kmMh — — B80kmih _EDKI’T]."I"I :
0.02 !
— 0.01 4
E
£
2
© 0,01
-0.02
-0.03 ;
0 5 10 15

Thoi gian (s)

Hinh 7. Dao ddng cua truc xe z,, theo van téc xe chay, véi IRI = 2,0.
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Hinh 8. Dao dong cua khung xe z theo van téc xe chay, véi IRI = 2,0.

5. KET LUAN

Bai bao di trinh bay mot cach chi tiét qué trinh xay dung hé phuong trinh vi phan dao dong
ctiia mo hinh QCM cua tiéu chuan ISO 8608 dudi kich thich nén khong déu. Trong do, tinh map mo
ctia mit duong duoc mo ta bang ham diéu hoa nhan tao theo chi sb d6 go ghé quéc té IR, va thuc
hién khao sat voi ba truong hop IRI gidi han caa tiéu chuan TCVN 8865:2011 (IRI c6 gia tri bang
2, 2,2 va 2,5) va ba truong hop gia dinh khi duong dang khai thac (IRI ¢6 gia tri bang 4, 6 va 8).
Trong tinh toan md phong s6, dé truc quan va dé kiém soét, bai bao thuc hién bang cong cu Matlab-
Simulink. Vi ba b6 s6 liéu cia md hinh QCM (xe con, xe khach va xe tai), budc dau bai bao khao
cac thong s co ban ctia dong luc hoc co hé 1a: ty 18 tai trong dong cuc dai o Vi tai trong tinh, hé
s6 xung kich va hé s6 tai trong dong. Ty s6 F* /F, clia Xe tai ting rat nhanh khi tang chi s6 IRI,
cu thé: vé6i IRI = 2, ty s6 F/"** /F, = 2,40; khi IRI tang 10%, ty sb F/"%* /F, = 2,87 khi IRI
tang 25%, ty s6 F"** /F, = 3,75; Vi giai doan khai thac IRI =4, 6 va 8 thi ty s6 F/™** /F,
twong (ng 1a 12,54, 40,68 va 97,79; cAc ty s6 nay déu & muc xe vuot tai va xe siéu nang. Hé s6
xung kich va h¢ sé tai trong dong tang rat nhanh khi mat duong c6 do go ghé 16n (gia tri IRI 16n).
Két qua sb nay phan nao phan anh ¥ nghia cua cong tac bao dudng mat duong trong thuc té, mat
dudng cang ém thuan thi tac dung bat loi cua tai trong s& cang giam thiéu. Khi khao séat anh huang
cuia van toc xe chay, so sanh gia tri cuc dai cua xe cd van tbc 80km/h va 100km/h vai 60km/h:
chuyén vi cia truc xe, hé s6 IF va DLC ting xap Xi 22% va 40%; trong khi chuyén vi ciia khung
xe tang 58,7% va 84,93%. Trong cac nghién ctu tiép theo, dé xuat khai théc cac két qua thu dugc
tir phan Gng cua xe; tiép tuc nghién ciu anh huong cia van toc xe chay, xét dén cac thong sé khac
cua hé QCM; ciing nhu phan tich ¢mg suat bién dang cua két cau nén mat dudng dudi tai trong
dong.
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