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Abstract: Road subgrade construction on soft ground presents a high potential for instability
because of complicated geotechnical conditions and traffic-induced loads. This study
investigates the effect of vehicle speed on the stability of road subgrades on soft soil using
numerical simulations with Plaxis and GeoStudio. The study section was selected along
National Highway 53 in Vinh Long Province, Vietnam. Analytical results show that as
vehicle speed increases from 20 to 120 km/h under repeated traffic loading, the vibration
velocity and acceleration of the subgrade increase significantly, leading to a reduction in the
stability factor from 1.339 to 1.113 (a decrease of approximately 16.9%). Moreover, larger
subgrade settlements are observed at low speeds, whereas the settlement gradually decreases
with increasing vehicle speed. These findings confirm that vehicle speed is a critical factor
affecting the stability performance of road subgrades on soft soil. The study recommends
incorporating the effects of dynamic loading and vehicle speed into road subgrade design
procedures in Vietnam to ensure structural safety and long-term durability under actual
operating conditions.

Keywords: load, vehicle speed, soft soil, embankment stability.
@ 2026 University of Transport and Communications

269


https://doi.org/10.47869/tcsj.77.3.4

Tap chi Khoa hoc Giao théng van tai, Tap 77, S6 03 (04/2026), 269-281

Tap chi Khoa heoc Giao théng van tai

NGHIEN CUU ANH HUONG CUA TOC PQ XE CHAY DEN UNG
XU CUA NEN DPUONG TREN PAT YEU

Nguyén Viin Du', Nguyén Vin Hung?, Pham Ngoc Bay!
'Phén hiéu tai Tp. HO Chi Minh, Trudng Dai hoc Giao thong van tai, S6 450-451 Lé Van Viét,
phuong Tang Nhon Phu, Tp. HO6 Chi Minh, Viét Nam

ZTm(‘rng Dai hoc Giao thong van tai, S6 3 Cau Giéy, Ha Noi, Viét Nam
THONG TIN BAI BAO

CHUYEN MUC: Cong trinh khoa hoc

Ngay nhan bai: 02/02/2026

Ngay nhan bai sua: 25/03/2026

Ngay chap nhan dang: 13/04/2026

Ngay xuat ban Online: 15/04/2026
https://doi.org/10.47869/tcsj.77.3.4

* T&c gia lién h¢

Email: dunv_ph@utc.edu.vn; Tel: +84903994008

Tom tat: Nén dudng xay dyng trén dat yéu thuong doi mat voi nguy co mat 6n dinh do dic
diém dia chat phic tap va tac dong cua tai trong tir phwong tién giao thdng. Nghién cau nay
phan tich anh huong cua tde do xe chay dén dac trung dao dong va trang thai 6n dinh cuanén
duong théng qua mé phong sb véi phan mém Plaxis 3D va GeoStudio. Poan tuyén nghién
ctru duoc lya chon trén Qudc 16 53, tinh Vinh Long. Tir viéc tinh toan, phan tich cho thay khi
téc do xe tang tur 20 1én 120 km/h két hop véi tai trong lap, van téc va gia toc dao dong cua
nén dudng ting, khi 6 hé sé 6n dinh giam tir 1,339 xuong 1,113 (twong tng giam khoang
16,9%). Ngoai ra, ¢ toc do thap, bién 'dang cua nén duong 16n, nhung khi toc do tang thi blen
dang giam. Céc két qua khang dinh téc d6 xe chay 1 yéu té ¢6 anh huong dang ké dén sy 6n
dinh cia nén duong trén dat yéu. Nghién cau kién nghi can xem xét b sung tac dong cua tai
trong dong va téc do xe vao tiéu chuan thiét ké nén duong 6 t tai Viét Nam nham dam bao
an toan va do bén cong trinh trong diéu kién khai thac thyc té.

Tiur khoa: tai trong, tde do xe chay, dat yéu, on dinh nén duong.

@ 2026 Truong Pai hoc Giao théng vdn tdi

1. PAT VAN DE

Trong két cAu dudng ao duong 6 10, nén duong dong vai tro trung gian tiép nhén va phan
b6 tng suét tur két cau ao duong xubng nén dat ty nhién. Kha ning lam viéc ctia nén duong anh
huong truc tiép dén tudi tho khai thac, do bang phang mit dudng va kha ning chiu tai 1au dai
[1-4]. Pbi véi khu vuc nén dit yéu, cac dic trung nhu cuong do thap, do bién dang 16n va kha
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nang tich nudc cao lam gia tang nguy co mat 6n dinh trong qua trinh str dung. Khi thiét ké nén
duong trén dét yéu, sd xe ning duge xép tdi da trén toan bo bé rong nén dudng trong ciing mot
lac duge xem la téi trong xe st dung trong tinh toan (TCCS 41:2022/TCDBVN) [5]. Nhu vy,
trong cac tiéu chuén hién hanh, bai toan tinh lun khong xét tai trong xe t6i da x&p kin bén trén
va khi tinh 6n dinh di xét tai trong xe nhung quy di thanh tinh tai (16p dat dép twong duong)
va chua c6 khuyén nghi viéc tinh dén tac dong dong tir cac phuong tién giao thong.

Khi xe chay, tai trong lam gia ting tac dung xudng nén duong, ting nguy co giy mat 6n
dinh, dic biét 1a trong trudng hop xay dung nén dudng ¢ khu vuc dia chat yéu, dép nén duong
cao, thoi gian thi cong kéo dai, cac phwong tién, may moc thi cong di chuyén nhiéu nén can
phai xét dén anh hudng cua tai trong xe chay xudng nén duodng [1, 6-13].

Bén canh cac van dé vé 6n dinh tong thé, duéi tac dung cua tai trong xe chay, nen duong
dap trén dat yéu con boc 16 nhidu dic diém phirc tap can duogc xem xét bao gdm cac van dé sau:

- Dbi voi cée ving c6 dat yéu phan b rong khiap, tai trong nén dudng thuong rit nhay
cam voi hién tuong lan lech Khéc v6i nén dép cao, & cac nén dap thap, tai trong giao thong co
anh huong tryc tiép den nén dat phia dudi, lam tang nguy co pha hoai két cau mat duong va
gy rung dong lan truyén sang dia chat xung quanh [10, 14].

- Su gia tang bién dang do tai trong lap: Khi tai trong dong lap tac dung xubng nén
duong, d6 1an nén dudng sau thi cong co thé ting 1én dang ké so voi truong hop tai trong tinh.
Mirc d6 gia tang nay phu thugc chat ché vao bién do tai trong, ban chat cua dit yéu va dic tinh
dong hoc cua nguén lyc. Cac nghién ctru cho thdy tai trong ctia phuong tién giao théng truyén
xubng bé mit nén dudng c6 thé dugc mod phong dudi dang xung ap lyc nira hinh sin [6, 10, 15].

- Moi lién hé gilra tdc d6 xe va thoi gian tac dung: Téc d6 xe chay ti 1€ nghich vo1 thot
gian tac dung cua tai trong 1én mot diém trén bé mat nén. Vi duy, khi téc do tang tir 40 km/h 1én
100 knv/h, thot gian tac dyng cta banh xe giam tir khoang 0,72 gidy xubng con 0,29 gidy. Piéu
d6 1am anh huong truc tiép dén qué trinh ¢ két cta dat nén dudng va ap luc nudc 16 rong du
ctia dat dudi tac dung cua tai trong lap [14].

- Trong qua trinh khai thac khi toc do xe chay cao, sy tuong tac gilta tan s6 cua tai trong
va tan s6 dao dong riéng cua hé nen duong van 1a yéu td then chdt gay ra hién tugng khuéch
dai dao dong va suy giam hé sb on dinh [6, 8, 10-15].

Nhu vay, viéc xem xét dong thoi anh huong cua van tdc phuong tién - yeu t6 chi ph01 thoi
gian tac dung cua tai trong, cung voi dac trung tan sb cla tai trong dong la can thlet nham danh
gia mot cach day du ca do lun 1au dai va d6 6n dinh cua nén duong trén dat yéu, dic biét ddi
v6i cac tuyén dudng dap trong diéu kién dia chat phuc tap. Trong nghién ctru nay, tp trung
phén tich anh huong cua toc do xe chay dén d6 on dinh nén dudng trén dat yéu bang phuong
phap mo phong s (két hop phan mém Plaxis 3D va GeoStudio).

2.COSO LY THUYET

2.1. Co sé ly thuyét theo cac tiéu chuan hign hanh tai Viét Nam
Theo tiéu chuan hién hanh TCCS 41:2022/TCPBVN [5]:

- Trong giai doan thi cong, khi danh gia on dinh ctia nén dap can xét dén tai trong gom:
trong luong ban than nén dip da ké dén phan bu lun, dat dép gia tai (néu 4p dung) va tac dong
ctia phuong tién thi cong. Trong giai doan khai thac, bai toan kiém tra 6n dinh phai dugc thuc
hién véi sy tham gia ciia tai trong nén duong sau bu lun, két cau 4o dudng, tai trong xe luu
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thong va anh huong cua dong dat.

- Trong bai todn dy bao Iun, tai trong dugc xem xét 1a tai trong tinh cua hé nén - mit
duong theo phuong an thiét ké, bao gdom phan dap bu lin va b¢ phan &p (néu c6). Cac thanh
phan tai trong mang tinh tam thoi nhu gia tai trude va tai trong xe khong dugc dua vao tinh
toan.

- Tai trong xe dugc quy doi tir s6 xe ning t6i da phan bd trén toan bé rong nén duong
trong 1 m chiu dai, dudi dang tai trong phan bo déu tuwong duong 16p dat.

1,6m 6,0m 1.9m

/exz,_ b . d | b ,,exz\
Br

Hinh 1. Tai trong xe tinh toan, so dd xép xe dé xac dinh tai trong trong tinh toan [5].

Hién nay, cac tiéu chuén thiét ké trong nudc chua xem xét day dii anh hudng cia tai trong
dong trong nén dat, bao gdm su lan truyén, suy giam va tac dong dén cac tham sb co hoc cua
dat nhu lyc dinh don vi ¢ va goc ndi ma sat Q. DPong thoi, cac yéu td nhu te do xe, thoi gian
tac dung tai trong, anh huong dén ket ciu mat duong va dao dong moéi truong, ciing nhu tuong
tac giita tan s6 kich thich va tan s riéng ctia nén duong van chua duoc tinh dén.

2.2. M hinh céc l6p dit va md phéng tai trong xe chay trong phan mém Plaxis 3D

Trong phén tich phéan tir hitu han, ing xir ctia ¢4t nén dugc mo ta théng qua cac mod hinh
vat liéu khac nhau, trong 6 mé hinh Mohr-Coulomb (dan hdi tuyén tinh - déo 1y tuong) duoc
sir dung phé bién trong Plaxis 3D [16]. M6 hinh nay dugc dac trung bdi nam tham so co ban,
bao gom cac tham so Ve do cung va cuong do, duge xac dinh tu cac thi nghiém dia ky thuat
tiéu chuan. Cac tham s6 do cing c6 thé biéu dién dudi dang mo6 dun dan hdi hiéu dung va h¢
s6 Poisson, hogc thong qua cac dai luong twong duong nhuw mo dun truot va mé dun nén mot
chiéu, véi moi quan h¢ dugc thiét 1ap theo 1y thuyét dan hoi tuyen tinh. Trong phéan tich dong,
viée sir dung van tdc song doc va song cit cho phép mé ta day du hon dic trung dap tng cua
dat dudi tac dung cua tai trong bién thién theo thoi gian.

Vian tc song doc Vp trong didu kién nén mot chiéu duge xac dinh 1a ham cta mé dun nén
mot chiéu Eoed va khéi lugng riéng ctia dét p, theo biéu thirc:

Y, = [P M

1-v)E (2)

Eoea = (1+v)(1-2v)
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p= —YW;‘”; 9=9,81m/s? 3)

Trong bai todn nén mdt chi€u, van toc song cat Vs dugc xac dinh nhu mot ham ctia moé dun
truot G va khoi lugng riéng cta dat, phan anh dac trung lan truyén dao dong trong mdi truong
dan hoi.

G E

Vs p’ T 2(1+v) (4)

Ung xu dong phu thudc thoi gian ctia hé chiu tai trong‘bié'n‘ thién dugc mo ta dua trén cac
nguyén 1y dong luc hoc va dugc md hinh hoda trong cadc phan mém phan tur hitu han, dién hinh
nhu Plaxis va GeoStudio [16, 17]:

Mi+Cu+Ku=F (5)
Trong do:
M - ma tran khoi luong;
C - ma tran giam chin dong;
K - ma tran do cling;
F - vecto tai trong;
u, U, ii - 1an luot 1a chuyén vi, van tdc va gia tde.
Hai hang tir Ku = F biéu dién bién dang tinh.

Trong phan tich dong, ma tran khoi luong thuong duoc 1y tuong hoa dudi dang tap trung
nham gidam d¢ phtc tap tinh todn. Ma trdn gidm chan dong C dugc biéu dién theo md hinh
Rayleigh, 1a ham tuyén tinh ctia ma tran khoi lugng va ma tran d cing cua he.

C = agM + BrK (6)

HEé s6 ar chi phoi can dao dong tan s6 thap, con Br chi phoi can dao dong tan so cao. O ché
do mac dinh, ar = Br=0.

Phuong phap tich phan theo thoi gian co6 vai tro cluyét dinh trong phan tich dong. Phuong
ph:c'lp Newmark ngam dinh dugc st dung pho bién d¢ xac dinh chuyén vi va van toc tai thoi
diém t+At duoc xac dinh béi:

Uppne = Up + AL + (3 — @) 1, AL% + @il 0 AL 7)

. . 1 .. ..
Uppar = Ur + (E - ,B) U At + Biig At 8)
Trong do:
At - budc thoi gian;

o, B 1a hé s6 xac dinh do chinh xac cua tich phan (khdng trung véi hé s6 Rayleigh
damping). Bé dam bao on dinh, can théa man dieu kign:

ﬁzgaz§m5+ﬁy

Thiét 18p mgc dinh trong Plaxis st dung so d6 Newmark v6i a = 0,25 va p = 0,5 (phuong
phap gia toc trung binh).
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~ Theo Kramer (1996) [16], tan s6 dao dong riéng cia mot lp dat duoc tinh toan dya trén
moi quan hé dugc thé hién trong cong thirc sau:

fo=7(1+2n) )
Trong do:
fn - tan s6 dao dong riéng tha n cua 16p dat, tinh bang Hz, v6in=0, 1, 2,...;
Vs - van toc dao dong cua dat;
H - chiéu day I6p dat.

Trong Plaxis 3D, tai trong xe chay dugc xac dinh boi mot duong di va mot ham chuyén
dong. Ham chuyén dong dugc ap dung trén duong xac dinh trude va co thé tac dung cho ca
phan tinh va phan dong cua tai trong diém hodc tai trong duong [16].

Trong Plaxis, van toc xe chay duoc dinh nghia thong qua ham chuyén dong theo biéu
thure [16]:

V=Vot+Asin(ot) (10)

Trong dé: Vo la van toc ban dau; A: I bién d6 ctia ham chuyén dong; o = 2xf, véi f la
tan so (don vi Hz).

3. PHUONG PHAP NGHIEN CUU

Phuong phéap nghién ciru dugc xay dung trén co' sé m6 phong s nham danh gia anh hudong
ctia toc do xe dén cac ddc trung dong hoc va 6n dinh ciia nén duong. Cac phan tich dugc thuc
hién bang cach ket hop phan mém Plaxis 3D v6i mo-dun QUAKE/W trong GeoStudio. Poan
tuyen khao sat nam tai khu vue dau cau Bung Truong 2, Qudc 16 53, tinh Vinh Long [18] Mat
cit tinh toan c6 chiéu rong nén duong 12 m, chiéu rong mit duong (bao gom 1& gia ¢b) 11 m.
Chiéu cao dat dap tinh cho 2 truong hop Hasp =2 m va Hazp = 6 m, voi vat liéu dap 1a dat cat
pha, 16p dat nén bén dudi 1a dat sét, co chidu day 6 m.

R
12m
osnl- am % , T T
™ _I o I o ™ L
Lé dat Lé gia co Lan xe hon hop Lan xe hon hop Lé gia co Lé dat
8% 2% 2% 2% _ E@'_ 6%

AN LR LARNARAR]

=
Il
-

XX XX Y RKXKLY XKL XKL XKL KRS KX XK Y XX XK XK XKAY

Hinh 2. Mit cit tinh toan dién hinh.

Trong do, Plaxis 3D duogc st dung dé mé phong va xéac dinh cac dac trung dong hoc cua
nén duong. Két qua phan tich van toc, gia toc tir phan mém Plaxis 3D s& dugc nhap vao phan
mém GeoStudio (QUAKE/W) va st dung dé€ danh gia 6n dinh trong di¢u kién dong xét dén anh
hudng ctia van toc xe.

- Cac kich ban tdc d6 xe duoc xem xét v6i van tde thay doi tir 20 km/h dén 120 km/h nhu
trong Bang 1. D61 voi phan tich tai trong dong khai bdo ¢6 dinh van toc ban dau Vo; tan so =
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0 Hz vi gia dinh van tdc xe khong thay ddi trong mot 1an phén tich.
Bang 1. Van toc va thoi gian tinh toan.

Vian téc s Chiéu dai mé hinh Théi gian xe chay hét
TT . Van toc (m/s) . .
(km/h) Plaxis 3D (m) chiéu dai mé hinh (gidy)
1 20 5,56 20 3,59712
2 40 11,11 20 1,80018
3 60 16,67 20 1,19976
4 80 22,22 20 0,90009
5 120 33,33 20 0,60006

Dir liéu dau vao cho nén dap (cat pha) va dat nen yéu (sét) duge thu thap tur két qua khao
sat, thi nghiém thu¢c du an Qudc 16 53. Lop dat yéu 1a dat sét ¢ trang thai bdo hoa, va theo
phuong an thiét ké ban dau, v6i chiéu cao dap tir 2-6 m, nén duong khong dap tmg yéu cau vé
do6 Itn va 6n dinh. Vi vay, giai phap xu ly nén bang try dat - xi mang da dugc lya chon. Trong
nghién ctru nay, dé phan anh diéu kién lam viéc thuc té trong giai doan khai thac c6 xét dén anh
hudng cia téc d6 xe, cac thong sb cua nén dat ban dau khong dugc st dung. Thay vao do, mo
hinh tinh toan str dung cac thong sd ctia nén dat sau gia cd bang tru dat - xi mang [18]. Céc
tham s6 co 1y phuc vu cho mé hinh Mohr-Coulomb trong Plaxis 3D dugc tong hop trong Bang
2, trong d6 mot s6 tham s nhu hé sé Poisson, van tdc song cit va song doc duoc xac dinh dua
trén hudng din ciia phan mém va cac nghién ctru lién quan.

Bang 2. Thong s6 cac 16p dat khai bao trong Plaxis 3D.

. A Lép dat
Nhém thong sb Théng s Ky hiéu : p 4 5
oy Céat pha Dat sét (nén dat
A A Loai dat (Nén dép) bén dusi)
Nh*-‘nlflf-‘“g vat M6 hinh dat - - Mohr-Coulomb  Mohr-Coulomb
icu
Piéu kién thoat nude - - Drained Drained
Tr(.)ng lu’o’ng Trang thai kho Yunsat kN/m3 19 19
thé tich Trang thai bao hoa Ysat kN/m3 20 20
P cimgdan O dunfﬁgf‘“ tham g kU2 25x10° 35x10°
hoi g
Hé s6 Poisson v - 0,3 0,3
Thﬁng sé tuong Mo dun truot Gref kN/m? 9615 13,46x103
duong Mo dun dan hoi Eeea  KN/m2  33,65x103 47,12x103
Th? m sg suc Luc dinh Crer kN/m? 10 5
chong cat
Goéc ndi ma sat phi bo 25 20
Van téc song Song cat Vs m/s 70,46 83,37
dan hoi Séng doc Vp m/s 131,8 156

4. KET QUA TiNH TOAN, PHAN TICH

Céc kich ban vén tdc xe dugc Iya chon theo Béang 1. Gia tdc dao dong trong nén duong, do
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anh huong ciia tai trong di dong va van téc phuong tién, duoc tinh toan theo biéu thic (5). Gia
tri gia toc dugc ghi nhan tai hai vi tri quan trong la dinh nén dap va chan nén dap.

Két quéa cho thay van tdc va gia tbc dao dong ctia nén thay ddi theo toc do xe (Hinh 3 - dai
di¢n).

Van téc dao dong ciia nén duong véi Hazp = 6m.  Van toc dao dong ctia nén dwong véi Hasp = 2m,
V = 120km/h V =20km/h

B e
-

Gia téc dao dong cua nén dwong véi Hap = 6m,  Gia toc dao dong cuia nén dudng véi Hasp = 2m,
V =120km/h V =20km/h

Hinh 3. Van tdc, gia téc dao dong cua nén dudng vai toe do xe chay khac nhau (dién hinh).
Xac dinh bién dang caa nén duong véi téc do xe chay khac nhau (Hinh 4 - dai dién):

=)

Bién dang ctia nén duong véi Hazp = 6m, Bién dang ctia nén duong véi Hazp = 2m,
V = 120km/h V =20km/h
Hinh 4. Bién dang cia nén duong vaéi toe do xe chay khéc nhau.

Tich hop s lidu tir Plaxis 3D 2024.2 vao GeoStudio 2025.1 va phén tich h¢ s6 on dinh cia
nén duong voi cac tbc do xe chay: Tich hop thong s6 xét dén su suy giam ing sut cit trong

dat, gia tdc theo phuwong ngang (ax), gia toc theo phuong doc (az) tng véi cac toc do 20, 40, 60,
80, 120 km/h (Hinh 5 - dai dién).
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ax, V=120km/h

ax, V=20km/h
0.15 ax, V=40km/h

ax, V=60km/h
0.1 ax, V=80km/h

Ofs ‘A/‘ AN 3 " A“ "),,,JM...AM‘ A '
N i) “vi Vi N‘"’"V""[' v

Gia toc theo phwong ngang ax (m/s2)

0 5e-06 le-05  1.5e-05 2e-05 2.5e-05 3e-05 3.5¢e-05 4e-05 4.5e-05
Thoi gian (gidy)
Hinh 5. Biéu d6 gia toc theo phuwong ngang ax ng véi cac van téc 20, 40, 60, 80, 120 km/h.
Xac dinh hé s6 6n dinh tong thé cua nén duong voi cac toc do khac nhau c6 xét dén
tai trong 1ap, sO lidu tai trong 1ap tham khao tir thu vién cua phan mém GeoStudio vi
chua c6 diéu kién thi nghiém, két qua phan tich dugc thé hién trén Hinh 6.

Hé s6 on dinh c6 xét tai trong dong va tai trong || He s6 on dinh co xét tai trong dong va tai trong
lap, Haip = 6m, V = 20km/h 1ap, Haip = 2m, V = 20km/h

A AA A

Hinh 6. Phan tich hé s6 6n dinh tong thé cua nén dudng dudi tac dung cua tai trong tinh va & cac toc
d6 khac nhau c6 xét dén tai trong lap (dién hinh véi V = 20km/h).

Xéc dinh bién dang ctia nén dudng dudi tac dung cua tai trong tinh (Hinh 7).
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Hinh 7. Bién dang véi tai trong tinh U, = 10,70.

Cac két qua tinh toan dugc tong hop trong Bang 3 va Hinh 8, 9.
Bang 3. Tong hop két qua phén tich anh hudng cua tc do xe chay dén nén dudng.

Vian toc nén Vi do Gia tdc nén a, do tai Heé sé &n dinh tf;ng
Vin the tai trong di dong trong di dong Bién dang thé (c6 xét dén tai
l (km/h) (10"*m/s) (102m/s?) trong Lip)

Hdép =6m Haép =2m Hdép =6m Hdép =2m Hdép =6m Hdép =2m Hdép =6m Haép =2m

1 0 10,7 10,5

2 20 1,99 1,57 5,59 2,19 6,055 5,701 1,339 2,29

3 40 3,66 2,11 8,21 6,14 4,321 4,154 1,248 2,21

4 60 8,31 3,55 18,30 9,11 3,365 2,807 1,196 2,19

5 80 12,80 4,74 37,40 12,60 2,965 2,476 1,151 2,14

6 120 19,70 8,24 63,50 38,10 2,315 1,917 1,113 2,05
Van téc nén Vx (Hinh 8a) Gia téc nén Vx (Hinh 8b)
25 - - - -
—— Hd#p=6m - < - Hdép=2m 19.7 g0 |——Hdap=6m - <= Hdip=2m 3.5
220 o
E i
15 ERs
J 9
< 10 S 30
¥ =
. 3.66
I I RO aqzsATA g 15
- =7 S
0 s *211 0 :
20 40 60 80 120 20 40 60 80 120
Toc a6 xe V (km/h) Tde do xe V (km/h)

Hinh 8. Tong hop két qua phan tich van toc nén (Hinh 8a), gia tbc dao dong cua nén duong (Hinh 8b)
v6i tbe d6 xe chay khac nhau cho hai truong hop nén dép thap (2 m) va nén dip cao (6 m)
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Bién dang nén duong (Hinh 9a) Hé s6 6n dinh tong thé (Hinh 9b)
12 n
107 o b _ e TR 0y , )
10 Hdap=6m - - - Hdédp=2m &2 5 e Hdip=6m = + -Hdap=2m
l% TT e —mea o,
Z 8 w2 |22 221 239 5y T
3 . -8 : 2.05
8 215 | 1330
m 4 1,5 33
) - = 1.248 1196 LIS1 1113
2807 2476 1017] 8
0 [0 ].
0 20 40 6 80 120 ™ 20 40 60 30 120
Toc d6 xe V (kimv/h) Toc do6 xe V (kiv/h)

Hinh 9. Tng hop két qua phan tich bién dang (Hinh 9a), hé s6 6n dinh tong thé (Hinh 9b) véi toc
d6 xe chay khac nhau cho hai truong hop nén dap thap (2 m) va nén dap cao (6 m).

Tir két qua md phong Hinh 8 va Hinh 9, cho thay:
- Van toc nén (Vx) do tai trong di dong giy ra:

Dua trén bang s liéu tinh toan, van tdc nén theo phuong ngang (Vx) do tai trong di dong
gdy ra tang rd rét khi van tdc ting trong ca hai trudong hopH=6m va H = 2 m. Béi véi truong
hop H =6 m, gia tri Vyx tang tir 1,99x10~* m/s tai van tdc 20 km/h 1én 19,70x107* m/s tai 120
km/h. Trong khi d6, voi H =2 m, Vx tang tir 1,57x10~* m/s 1én §,24x10~* m/s trong cung dai
vén tdc. So sanh tai cung mot van tdc cho théy vén tdc nén Vx cta truong hop H=6 m ludén l6n
hon truong hop H = 2 m, v&i muc chénh 1éch dao dong khoang tir 1,3 dén trén 2 lan tiy theo
van toc tai trong. Cu thé, tai 60 km/h, Vx tuong tmg la 8,31x107* m/s (H=6 m) so v6i 3,55x10°*
m/s (H =2 m); tai 120 km/h, céc gia tri nay lan lugt 1a 19,7010~ m/s va 8, 24x107* m/s. Két
qua trén cho thy chiéu cao dip c6 anh huong 1 rét dén mirc do dao dong cua nen dudi tac
dung tai trong di dong, trong d6 khéi dép cao hon 1am gia ting van tdc dao dong nén va phan
anh xu hudng khuéch dai phan (mg dong ciia hé nén - dap. Trong phan tich hé s 6n dinh tong
thé cong trinh, thanh phan dao dong theo phuong ngang (Vx) coy nghia quan trong, vi no truc
tiép tac dong dén sy dich chuyen ngang, truot hodc sat 10 ciia mai déc. Do d6, khi danh gia 6n
dinh tong thé ctia cong trinh, can tap trung phan tich tac dong cua dao dong ngang dé dam bao
an toan 1au dai cho nén dudng va két cau bén trén.

- Gia téc dao dong ciia nén dwdng (ax):

Gia tbc dao dong cua nén duodng theo phuong ngang (ax) tang rd rét khi van toc tang trong
ca hai truong hop chidu cao dip H=6m va H = 2 m. Bdi voi truong hop H = 6 m, gié tri gia
tdc nén ax ting tir 5,59x1072 m/s? tai vén tdc 20 km/h 1én 63,50x10* m/s? tai 120 km/h, cho
thay murc gia tang manh cua phan ing dong nen khi tdc do tai trong tang. Trong khi d6, véi H
= 2 m, gia téc nén ax ciing ting theo van tdc tai trong, tir 2,19x102 m/s? tai 20 km/h 1én
38,10x1072 m/s? tai 120 km/h, tuy nhién cdc gia tri nay luén nho hon so v6i truong hop H = 6
m tai ciing mot van tdc. So sanh giira hai chiéu cao dip cho thay gia téc dao dong cua nén
duong trong truong hop H =6 m 16n hon dang ké so véi H =2 m, v&i mirc chénh 1éch phd bién
tir khoang 1,5 dén gan 3 1an tuy theo van toc tai. Piéu nay phan anh anh hudng rd rét cia chiéu
cao khéi dép dén kha ning khuéch dai gia toc dao dong ciia nén dudng dudi tac dung cua tai
trong di dong.

- Bién dang cia nén duwong:
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Bién dang ctia nén dudng c6 xu hudng giam khi van tdc ting trong ca hai trudng hop chiéu
cao dap H=6 m va H = 2m. O trudng hop H =6 m, bién dang giam tir 6, 055 tai 20 km/h xudng
2,315 tai 120 km/h. Tuong tw, voi H=2m, bién dang giam tir 5,701 xuong 1,917 trong Cung
dai van tdc. So sanh gitta hai chiéu cao dép tai cing mot van téc cho thiy bién dang cua nén
duong ¢ truong hop H = 6 m luén 16n hon truong hop H = 2 m, tuy nhién muc chénh 1é€ch
khong qua 16n. Pién hinh tai 60 km/h, bién dang lan luot 1a 3,365 (H = 6 m) va 2,807 (H = 2
m); tai 120 km/h, c4c gia tri tuong tmg 1a 2,315 va 1,917. Ngoai ra, tai van tbc 0 km/h, bién
dang ghi nhan 14 10,7 (H = 6 m) va 10,5 (H = 2 m), 16n hon dang ké so véi cac trudng hop co
tai di dong (20 - 120 km/h).

- Hé s6 6n dinh tong thé:

Hé s6 6n dinh tong thé (xét trudng hop c6 tai 1ap) c6 xu hudng giam khi van tdc ting trong
ca hai trudng hop chiéu cao ddp H=6 mva H = 2 m. Déi v6i H = 6 m, giam tir 1,339 tai 20
km/h Xuéng 1,113 tai 120 km/h. Mirc giam dién ra lién tuc theo van tdc, vé6i cac gia tri trung
gian lan luot 12 1,248 (40 km/h), 1,196 (60 km/h), 1,151 (80 km/h), cho thay khi tbc do tang thi
diéu kién 6n dinh tong thé tré nén bét lgi hon. Ddi véi H=2m, ciing giam theo van téc nhung
cao hon dang ké so v6i H=6m, tir 2,29 tai 20 km/h xuéng 2,05 tai 120 km/h (cac gia tri trung
gianla2,21; 2,19; 2,14). Xu hudéng nay cho thiy nén duong véi chidu cao dip nho co du trix on
dinh 16n hon trong toan bo dai van tdc khao sat. So sanh hai truong hop tai cung mot van toe
cho thiy H = 2 m 16n hon H = 6 m, chénh l1éch khoang 0,8 dén 1,1 tiy van tdc (chang han tai
60 km/h: 2,19 so vé6i 1,196; tai 120 km/h: 2,05 so véi 1,113). Két qua phan anh chiéu cao khéi
dap 1a yéu t6 anh huéng manh dén 6n dinh tong thé, trong d6 khdi dip cao hon lam giam dang
ké hé s6 6n dinh khi chiu tac dung tai trong di dong lap.

Tir cac két qua va phan tich trén cho thay, c6 su ddi 1ap giita hai khia canh: tai toc do thap,
bién dang nén dudng 16n hon; trong khi tai téc do cao, mac du bién dang nho nhung gia toc va
ing xtr dong lyc lai manh, gay suy giam h¢ so 6n dinh tong thé. Piéu nay nhin manh sy can
thiét phai can nhac dong thoi ca bién dang va 6n dinh dong luc hoc khi danh gid an toan cong
trinh giao thong chiu tai trong xe chay.

5. KET LUAN

Trong pham vi nghién ciru, két qua mo phong s6 bang Plaxis va GeoStudio cho thiy su suy
giam h¢ s6 on dinh cua nén duong khi xét dén tai trong dong so voi truong hop chi xét tai trong
tinh. Trong khoang vén tdc tir 20 dén 120 km/h, hé s6 6n dinh giam tir 1,339 xudng 1,113 (twong
ung khoang 16,9%).

Phén tich chi tiét cho thiy téc do xe co anh hudng rd rét dén didc trung lam viéc ciia nén
duong. O toc d6 thap, nén duong xuat hién bién dang 16n hon, trong khi khi téc d6 tang, bién
dang giam nhung muc d6 dao dong (van tdc va gia toc) lai tang 1én, tir d6 1am giam d6 on dinh
tong thé.

Nhu vay, bén canh cac yéu tb dia chat va chleu cao nen dap, toc do xe chay can dugc xem
xeét nhu mot yéu td quan trong trong danh gia 6n dinh nén duong trén dat yéu. Do d6, can b
sung yéu t6 tai trong dong va tdc do xe vao cac tiéu chuan thlet ké hién hanh. Pong thoi, viéc
két hop nghién ciru thyc nghiém va quan tric hién truong 1a can thiét dé hiéu chinh va hoan
thién cac mo hinh tinh toan.
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