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TOM TAT

Sw phat trién ciia hé thong dwong sdt toc do cao dang ddt ra yéu cau ngay cang cao doi véi kha ndang chiu
tdi, @6 én dinh va kiém soat bién dang cua nén dwong, dac biét tai cac khu vuc co diéu kién dia chcftyéu. Trong
$6 cdc gidi phdp xir Iy nén hién nay, gia cé nén coc bé tong két hop lwdi dia kjf thudt (Geosynthetic-Reinforced
Pile-Supported Embankment — GRPS) dwoc ddanh gid la mét trong nhitng gidi phdp phit hop nho kha nang két
hop co ché chiu tdi ciia hé coc véi hiéu tmg phdn phdi tdi ciia 16p lwdi dia k thudt va hiéu vmg vom dat trong
nén ddp. Bai bdo tong hop cdc két qua nghién ciru trong va ngodi nweée lién quan dén cau tao, co ché lam viéc,
cdc phirong phdp nghién civu va xu huéng vimg dung hé GRPS trong céng trinh dwong sdt toc dé cao. Trén co
s6 dé, bai bdo phan tich cdc khodang trong nghién ciru con ton tai va dé xudt dinh hwéng phat trién phit hop
Vi dieu kién nén dat yéu tai Viéet Nam.

Tir khéa: GRPS; nén dat yéu,' duong sdt téc do cao.

ABSTRACT

The development of high-speed railway systems is imposing increasingly stringent requirements on load-
bearing capacity, stability, and deformation control of railway subgrades, particularly in areas with weak
geological conditions. Among the currently available ground improvement solutions, the Geosynthetic-Reinforced
Pile-Supported Embankment (GRPS) system has been recognized as one of the most suitable approaches due
to its ability to combine the load-bearing mechanism of pile foundations with the load redistribution effect of
geosynthetic reinforcement and the soil arching effect within the embankment. This paper reviews previous
domestic and international studies related to the structural configuration, working mechanisms, research
methodologies, and application trends of GRPS systems in high-speed railway engineering. Based on this
review, the paper identifies existing research gaps and proposes future development directions that are more
compatible with weak soil conditions in Vietnam.

Keywords: GRPS; weak soil, high-speed railway.
GIOI THIEU

Trong chién lugc phét trién két cdu ha tang

¢6 nhiéu khu vyc dia chat yéu 16p dat yéu c6 chiéu
day 16n va dac tinh bién dang phc tap.

giao thong ctia Viét Nam, dudng sit toc do cao
duoc xac dinh 1a mot trong nhirng cong trinh trong
diém nham ning cao ning lyc vén tai, ting cudng
lién két vung va tao dong luc phat trién kinh té —
xa hoi. Phan 16n hudng tuyén dugc bd tri 1éch vé
phia dong, bam theo ving ddng bang duyén hai,
dic trung dia chat cua ving déng bang ven bién
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Khac véi cong trinh duong bo, nén duong sit
tdc do cao khong chi chiu tai trong 16n ma con chiu
tai trong dong do tau chay voi tan suét cao trong
sudt qué trinh khai thac. Cac hién tuong ltn tong
thé, chénh léch ltn va bién dang du c6 thé lam
suy giam d6 bang phang tuyén, anh huong dén an
toan van hanh va tudi tho cong trinh. Vi vy, viéc
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lwa chon gidi phap xur Iy nén phii hop c6 y nghia
quyét dinh d6i véi hiéu qua khai thac lau dai cua
hé théng dudng sit toe do cao.

Hién nay, nhiéu giai phap xu 1y nén dit yéu
da duoc ap dung trong cong trinh giao thong nhu
coc xi mang dét, coc khoan nhdi, coc cat va gia
tai trudc két hop thoat nude thang dung.

Coc xi mang dét 1 giai phap gia cudng nén
thong qua qua trinh tron dat tai chd voi chat két
dinh nham ting cuong d6 va giam tinh nén lin
ctia dit. Giai phap nay c6 wu diém vé toc do thi
cong, kha nang ap dung trén dién rong va chi phi
dau tu twong d6i hop 1y. Tuy nhién, hiéu qua lam
viéc phu thudc déng ké vao tinh dong nhit cua
hdn hop dat — xi mang, diéu kién nudc ngam va
cong nghé thi cong. Pdi v6i cong trinh duong sat
tde do cao, yéu cAu kiém soat bién dang lau dai
va tai trong dong khién phuong phap nay con ton
tai nhiing han ché nhét dinh.

Coc khoan nhoi hodc céc dang coc bé tong
chiu lyc ¢6 kha ning truyén tai xudng 16p dat t6t
& chiéu sau 16n va cho hiéu qua kiém soat lun cao.
Tuy nhién, khi 4p dung trén cac tuyén cong trinh
kéo dai, giai phap ndy sé& tang chi phi dau tu va
thoi gian thi cong, dong thoi chua khai thac dugc
co ché phan phdi tai trén dién rong ctia nén dap.

Khoa hoc Ky thudt - Cong nghé

Dbi véi coc cat va cac giai phap thoat nude
thang dtmg, co ché gia cuong nén chu yéu 1am ting
nhanh téc d c6 két va cai thién diéu kién thoat
nuée cua dat yéu. Pay 1a nhoém giai phap phu hop
v&i cac cong trinh cho phép thoi gian cho lun, tuy
nhién hiéu qua kiém so4t bién dang dudi tai trong
dong con han ché khi 4p dung cho cong trinh yéu
cau do 6n dinh cao nhu dudng sat tbe do cao.

So voi cac giai phap trén, gia cd nén coc bé
tong két hop ludi dia ky thuat (GRPS) dugc xem 1a
mot hudng tiép can phi hop hon. Giai phap nay két
hop kha ning chiu tai cia hé coc voi co ché phan
phdi tai thong qua 16p ludi dia ky thudt va higu
ung Vom dat trong nén dap Nho do, tai trong duoc
truyén uu tién xuong dau coc, 1am giam tng suat
tac dung 1én dat yéu, dong thoi nang cao kha ning
kiém soat d6 1an va chénh 1éch lun ctia nén dudng.

Nhiéu nghién ciru gan day cho thdy, GRPS
c6 tiém nang g dung rong rai trong cong trinh
duong sit toc do cao nho kha ning giam bién dang
va nang cao dd 0 on dinh khai thac duéi tac dong
clia tai trong dong. Tuy nhién, cac van dé lién quan
dén co ché truyén lyc, twong tac dat — coc — 16p
lu6i dia gia cudng va Gng xir dong cua hé nén van
con can tiép tuc nghién ciru nhdm hoan thién co
so khoa hoc cho thiét ké va tng dung trong diéu
kién dia chét Viét Nam [19], [20].

Bang 1. So sanh céc giai phap xir Iy nén dét yéu.

. £ o 1s . X <X Murc d§ phu hop
Phwong phap Co ché chinh Uu diém Nhugc diem PSTPC
Ry . NP - Kh6 kiém sodt bién :

Coc xi mang dat Tang cuong do nén Thi cong nhanh dang dai han Trung binh
Coc khoan nhdi | Truyén tai xudng 16p tét Chiu tai cao Chi phi 16n Kha

Coc cat Tang tbc cb két Kinh té Han ché véi tai dong Trung binh

Coc + vai dia+ hiéuung | Gidm lan, lan NN Z \
GRPS vom léch Thiét ké phuc tap hon Rat phu hop

Tir nhitng phan tich trén c6 thé thy rang
GRPS la giai phap c6 nhiéu trién vong ddi véi
cong trinh dudng sat toe do cao trén nén dat yéu.
Viée téng hop va danh gia co hé thong cac két
qua nghién ctru hién 6 1 can thiét nham 1am rd
co ché 1am viéc cua hé, xac dinh khoang tréng
nghién ctru va dinh huéng tmg dung trong diéu
kién Viét Nam.

Bai bao tong hop, phan tich va danh gia cac

(Nguon: tac gid tong hop)
két qua nghién ctru trong va ngoai nude lién quan
dén giai phap gia cd nén bang coc két hop ludi dia
ky thuat (GRPS) trng dung cho cong trinh duong
st tc do cao trén nén dat yéu. Lam rd co ché
lam viéc cua h¢ GRPS, dénh gid xu hudng phat
trién cac phuwong phép nghién ctru hién nay va xac
dinh cac khoang tréng nghién ctru phuc vu dinh
huéng nghién ciru tiép theo phu hop véi diéu kién
Viét Nam.
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Pham vi tip trung vao cac nghién ctru cong bd
trong giai doan 2010-2026, vu tién cc tai liu co
lién quan tryc tiép dén nén dép gia cd coc chiu tai
dong, nén duong sat tbe do cao, hidu ung vom dat,
co ché truyén tai ctia 10p dia k¥ thuat va mo phong
sd bang phu:ong phap phan tir hitu han. Cac nghién
ctru chi xét nén dap duong bo thong thuong hoac
khong phan tich co ché truyén tai cua hé GRPS
duoc st dung & mtrc tham khao ddi chiéu.

Nguén tai liéu dugc thu thap tir cac co so dir
liéu khoa hoc qudc té va trong nude gdm céac bai
bao thudc hé théng co s6 dir liéu khoa hoc quéc té,
tap chi chuyén nganh, ky yéu hoi nghi khoa hoc,
luan 4n va tiéu chuin k¥ thuat lién quan. Céc tu
khoa tim kiém chinh bao gdm: “GRPS”, “pile-sup-
ported embankment”, “high-speed railway”, “soil
arching effect”, “geosynthetic reinforcement”,
“dynamic response”, “finite element analysis”, va
cac tir khoa twong duong bang tiéng Viét.

Viéc lya chon tai liéu duoc thuc hién theo cac
tiéu chi: (i) mirc d6 lién quan dén chu dé nghién
ctru; (ii) d6 tin cdy cta ngudn cong bé; (iii) mirc
d6 trich dan va tinh cap nhat cua két qua; (iv) kha
ning cung cap thong tin vé co ché 1am viéc, phuong
phap nghién ctru hodc két qua ing dung thuc té.

Sau khi sang loc, céc tai liéu dugc phan nhém
theo bon nhom ndi dung chinh: (1) nghién ctru
vé céu tao va co ché 1am viéc ctia hé GRPS; 2)
nghién ctru vé hiéu tmg vom dét va co ché phan
phéi tai; (3) nghién ciru thuc nghiém, mé hinh sé
va md phong dong; (4) nghién clru img dung trong
cong trinh duong sat toc do cao va dinh hudng
phat trién trong diéu kién nén dat yéu.

1. Co sé Iy thuyét.

Khai quat vé hé nén coc bé tong két hop
lwéi dia ky thuat (GRPS).

Nén dip gia cudng coc két hop lu6i dia k§
thuat (GRPS) 1a giai phap xtr 1y nén dat yéu su
dung dé)ng thoi hé coc chiu luc va 16p ludi dia ky
thuat nham ting kha ning truyén tai trong, han
ché bién dang va nang cao 6n dinh tong thé cua
nén dap. Khac véi cac giai phap gia cd nén truyén
thong chi tap trung cai thién dic tinh co hoc cia
dét nén hodc tang tde do cd két, GRPS khai thac
co ché 1am viéc tong hop giita coc —nén dip — 16p
lu6i dia ky thuat gia cudng dé phan phbi lai tng
suét trong toan hé thong.
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Mot hé GRPS dién hinh bao gdm cac thanh
phﬁn chinh: nén dit yéu tu nhién, hé coc gia cé,
mil coc truyén luc, 16p ludi dia k¥ thudt va nén
dép phia trén. Trong do, coc c6 nhi¢m vu tiép nhan
phan 16n tai trong va truyén xudng 16p dat c6 kha
nang chiu luc t6t hon; mil coc tao vung chuyén tiép
g suét; con 16p ludi dia ky thuat 1am viéc chi
yéu theo co ché chiu kéo nham hd trg phan phoi
tai trong va giam chénh léch bién dang.

Tai trong tir dodn tau

—— Ray (dutng sit)
—— Tavet

Lép ballast
— Lép subballast
Lop kift clu nén

Nén dip dutn
Ludi dia ky thudt (Geognd) 9

Hinh 1. So dd cu tao mot hé GRPS

Déi vi cong trinh duong sit toc do cao, nén
duong phai duy tri d6 bang phang trong sudt thoi
gian khai thac va chiu tdc dong tai trong dong
lap voi chu ky 16n. Vi vay, viéc st dung GRPS
khong chi nhim giam d¢ lun tong thé ma con
huéng ti kiém soat lun khong déu, giam tich
lily bién dang du va nang cao d¢ 6n dinh dong
ctia két cau nén duong.

Co ché 1am viéc clia h¢ GRPS

Hi¢u qua cua hé¢ GRPS dugc hinh thanh tir sy
tuong tac déng thoi gitra nén dép, hé coc, 16p luoi
dia k¥ thuat gia cuong va nén dat ty nhién. Cac
nghién ctru hién nay cho thdy kha ning 1am viéc
cua h¢ phu thude chu yéu vao ba co ché gém hiéu
g vom dat, hiéu img mang kéo cua 16p ludi dja
k¥ thuat va tuong tac dit — coc.

Hiéu ing vom ddt

Hiéu tmg vom dit dugce xem 1a co ché truyén
luc quan trong nhéat ctia h¢ GRPS. Khi nén dap chiu
tai, su khac biét 1on vé do cung gilra dau coc va
nén dit yéu 1am cho ung suat khong truyén dong
déu ma co xu hu(’mg tap trung vé cac vung c6 do
cung 16n hon Két qua la tai trong dugc chuyen
phan lorn xuong dau coc thay vi truyén tryc tiép
xubng nén dat yéu.



Tap chi Khoa hoc Pai hoc Cuu Long

ag

Do chénh léch dd cing gilra coc va dat yéu, (mg suat
chuyén dich v phia coc, hinh thanh vom dit va gidm
tai truyén truc tiép xudng dat yéu.

Hinh 2. Hi¢u mg vom dét

Hiéu g nay lam giam dang ké g suét tac
dung 1én nén dit giira cac coc, tir 6 han ché do
ltn tong thé va giam chénh 1éch lan. Nhiéu nghién
ctru thyc nghiém va mé phong sb da chi ra ring
mtrc d9 phat trién ctia vom dat phy thudc vao chiéu
cao nén dép, khoang cach coc, hinh hoc dau coc
va do cimg twong ddi giita cac thanh phan cua hé.

DPéi véi duong sat tbe do cao, tai trong tac
dung thay doi lién tuc theo thoi gian va vi tri, lam
cho hiéu tmg vom khéng con mang tinh 6n dinh
nhu truong hop tai tinh. Khi chiu tai trong tau di
dong, sy phat trién va suy giam cta hiéu tmg vom
c6 thé anh huong truc tiép dén phan bd Gmg suét
va bién dang ctia nén duong.

Hiéu ung mang kéo cua l6p vai dia gia cuong

Bén canh hi¢u Gmg vom dat, 16p ludi dia k¥
thuat d(’)ng vai trd quan trong trong viéc hd trg
phan ph01 tai thong qua co ché mang kéo. Khi
nén dat glua cac dau coc xudt hién chuyén vi 16n
hon ving dau coc, 16p gia cudng bi kéo cing va
phat sinh ndi luc kéo, tur do tao ra thanh phf?m Iuc
huéng 1én gitip chuyén tai trong vé viing dau coc.

Lusdi dia ky thuit

/ (Geogrid)
- e

Luéi dia ki thudt bién dang véng xudng gilra cac dau coc
va sinh luc kéo (tension), phin phi lai tai trong va han ché
lin cuc b.

Hinh 3. Hi€u rng mang kéo

Khoa hoc Ky thudt - Cong nghé

Co ché nay lam giam tap trung (mg suét, ting
tinh dong déu bién dang va cai thién hidu qua lam
viéc tong thé ctia nén dap. Hiéu qua cua 1p gia
cuong phu thudc vao do ctiing kéo, vi tri bo tri, s6
16p gia cuong va ddc tinh bién dang cta nén dét.

Twong tac dat — coc va co ché truyéen lyc

Ngoai hi¢u trng vom va hi¢u rng mang kéo,
tuong tac gitra dat nén va hé coc ciing quyét dinh
dang ké dén tmg xir cia hé GRPS. Do su khac biét
vé mo dun bién dang gitta cac thanh phan, luc ma
sat doc than coc va qua trinh tai phan bd ung suét
theo chiéu sau dong vai trd quan trong trong viéc
xac dinh kha nang chiu tai va do lun cua hé.

SRR RN B

T

Téi trong ti nén dép duoc truyén xudng déu coc va doc than coc
nhé sire khéng clia dt, tir d6 gidm bién dang tdng thé cla nén.

Hinh 4. Tuong tac dit — coc

Céc nghién ctru cho thay cac thong s6 nhu chiéu
dai coc, khoang cach coc, duong kinh coc, chiéu
day 16p dém va do cimg ctia 16p dia k§ thuat déu c6
anh hudng truc tiép dén hiéu qua lam viéc ctia nén
gia cd. Trong d6, viéc toi wu hoa cac thong sd noi
trén dang tré thanh xu hudng nghién ctru hién nay.

2. Xu huéng nghién ciru hi¢n nay vé h¢ GRPS

Su phat trlen cua phuong phap GRPS trong
nhitng ndm gan day gan lién voi su phat tnen cua
cac phuong phap nghién ciru hién dai, bao gom thi
nghiém hién trudng, mo hinh vat Iy va mo phong $0.

Céc nghién ctru thuc nghiém hién trudong tap
trung d4nh gia do lan, phan bd tng suit va kha
nang lam viéc 1au dai ctia nén gia ¢ trong diéu
kién khai thac thuc té. Trong khi d6, cac md hinh
vat 1y nhu mo hinh ly tim duogc s dung dé phan
tich co ché vom dit va tuong tac giita cac thanh
phan cua hé.

Song song véi thuc nghiém, mé phong sb
bang phuong phéap phan tir hitu han dang tré thanh
cong cu nghién ctru pho bién nho kha nang mo ta
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chi tiét ing xtr phi tuyén ctia nén dat va tai trong
dong. Cac mo hinh ba chiéu cho phép danh gia anh
huong cua tai tau di dong, dic tinh vat liéu va cau
tao nén gia cd toi img xtr tong thé cua cong trinh.

Xu hudéng nghién ctru hién nay khong chi
dirng & viéc danh gia riéng 1é cac tham so thiét ké
ma dang chuyén sang xy dung cac md hinh tich
hop xét dong thoi hiu tmg vom dét, tuong tac
dat — coc — 16p luoi dia ky thuat va tdc dong cua
tai trong dong nham nang cao d¢ tin cay cua thiét
ké nén duong sit toc do cao.

3. Khoang tréng nghién ciru va dinh hwémg phat
trién rng dung GRPS cho duong sat toc do cao.

Két qua tong hop cac nghién ctru cho thay
nén dip gia cuong coc két hop ludi dia ki thuat
(GRPS) di ching minh dugc hiéu qua dang ké
trong vi¢c cai thién kha nang chiu tai, giam d6 lun
va nang cao d6 on dinh cuia cong trinh trén nén dat
yéu. Cac nghién ctru trong nhiing nam gan day da
ting budc 1am rd co ché truyén luc, sy hinh thanh
hiéu img vom dat, vai tro cia 16p gia cuong va anh
hudng cua cac thong so thiét ké dén img xir tong
thé ctia hé. Tuy nhién, xét dudi goc do ing dung
cho cong trinh dudng sit toc do cao, nhidu van dé
van chua dugc nghién ctru day du:

Thir nhdt, phan 16n cac nghién ctru hién nay
van tap trung vao diéu kién tai trong tinh hodc tai
phan bd twong duong. Trong khi do, tai trong do
doan tau téc do cao tao ra co ban chét dong hoc
phtrc tap, thay d6i lién tuc theo thoi gian va vi tri,
gy ra qué trinh tai phan bd Gmg suét va tich liy
bién dang khéc biét dang ké so vai truong hop tai
trong tinh. Cac nghién ctu danh gia ing xur cua
GRPS duoi tai trong tau di dong thuc con tuong
d6i han ché va chua hinh thanh co s¢ dit lidu du
16n dé phuc vu xay dung tiéu chuan thiét ké.

Thi hai, co ché tuong tac gitra nén dét, hé coc
va 16p ludi dia k§ thuat van chua duge mo ta day
du trong nhiéu mo hinh hién hanh. Nhiéu nghién
ctru van duya trén gia thiét don gian hoa vé phan
b g suat hoic diéu kién tiép xtic giita cac thanh
phan, din dén sai khéc giita két qua tinh toan va
tg xur thuc té ciia nén du(‘mg bic biét, anh hudng
ctia bién dang phi tuyen dleu kién bao hoa nu:oc
va qua trinh phat trién g suét theo thoi gian van
con 1a chii dé céan tiép tuc nghién cuu.
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Thi ba, phan 16n cac nghién ctru qudc té hién
duoc xay dung trén diéu kién dia chat khac biét
dang ké so véi diéu kién nén dat yéu pho bién tai
Viét Nam. Trong khi d6, cac khu vuc dong bang
va ven bién nudc ta thuong co 16p dat yéu day,
d6 bao hoa cao va kha niang bién dang 16n. Diéu
nay 1am han ché kha ning 4p dung truc tiép cac
thong s6 thiét ké va két qua nghién ctru qudc té
vao thuc té trong nudec.

Mot van dé khac can duoc quan tam la viéc
thiéu hé thng tiéu chuan va huéng dan thiét ké
chuyén sau d6i véi nén GRPS cho cong trinh duong
st toc do cao. Hién nay, viéc lya chon thong $6
thiét ké chu yéu dua trén kinh nghiém hoic tham
khao tiéu chuin quéc té, trong khi chua co quy
trinh danh gia dong bo d6i véi diéu kién dia chat
va yéu cau khai thac tai Viét Nam.

Trén co sé cac khoang tréng nghién ciru da
xéc dinh, dinh hudéng phat trién trong thoi gian toi
can tap trung vao bon nhoém ndi dung chinh, dong
thoi can xem xét kha nang thich tmg voi diéu kién
nén dat yéu va yéu cau khai thac dudng sit téc do
cao tai Viét Nam:

Nhém thir nhat 13 hoan thién co so 1y thuyét
vé co ché truyén tai va tuong tac trong hé GRPS
dudi tac dung cua tai trong dong doan tau tde do
cao, lam rd anh hudng cua hi¢u ing vom dét, hiéu
ung mang cua lop ludi dia ki thuat va su lam viéc
dong thoi gitra nén — coc.

Nhém thir hai 13 phat trién cac m6 hinh s va
mo hinh thyc nghiém phuc vu danh gia ung xur
dai han cua hé GRPS, trong d6 xét d¢én dic diém
nén dat yéu pho bién tai Viét Nam nhu dat bun
sét mém, chiéu day 16p dat yéu 16n va diéu kién
muc nudc ngam cao.

Nhém thie ba 13 nghién ctru t6i wu hoa ciu
hinh két cAu GRPS (chiéu dai coc, khoang cach
coc, kich thude mil coc, do cung 16p ludi dia gia
cu:orng va vat liéu nén dip) nham dap ung yeu cau
kiém soét lan va hiéu qua kinh té trong diéu kién
thi cong thuc té tai Viét Nam.

Nhom thir tr 1a xay dung co so dit ligu, tiéu chi
thiét ké va quy trinh danh gia phu hop cho tng dung
GRPS trong cong trinh dudng sit toc do cao tai
Viét Nam thong qua két hgp mo phong, quan tric
hién trudng va ddi chiéu véi kinh nghiém quéc té.
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Nhu vay, mac du GRPS da chiing minh duogc
nhiéu vu diém trong xir Iy nén dét yéu, viéc mo
rong tng dung cho cong trinh duong sat toc do
cao van can tiép tuc nghién ctru theo hudng tich
hop gitta 1y thuyét, mo phong s va kiém ching
thuc nghiém nham nang cao do tin cay cia thiét
ké va kha ning trién khai trong thuc té.

KET LUAN

Bai bao di tong hop va phan tich cac két qua
nghién ctru lién quan dén nén dip gia cudng coc
két hop lu6i dia ky thuat (GRPS) tmg dung cho
cong trinh dudng sit toe do cao. Trén co sé tong
quan cac cong trinh dd cong bd, ¢6 thé rat ra mot
s6 két luan chinh nhu sau:

(1) So v6i cac giai phap xtr Iy nén truyén théng
nhu coc xi mang dét, coc khoan nhdi hodc coc cat,
hé GRPS cho thy nhiéu uu diém trong viéc két
hop kha ning truyén tai cia hé coc v6i hiéu Gmg
phan phdi tai cua 16p ludi dia ky thuat va hiéu ung
vom dét, tir d6 nang cao hiéu qua kiém soat do lan
va d6 On dinh cua nén duong.

(2) Hi¢u qua lam viéc cua h¢ GRPS phu thudc
cha yéu vao ba co ché gém hiéu ting vom dat,
hiéu rng mang kéo cua 16p ludi dia gia cudong va
tuong tac dat— coc. Céc yéu t6 nhu chiéu dai coc,
khoang céch coc, do cliing cua 16p gia cuong va
diéu kién dia chat nén c6 anh huong tryc tiép dén
kha ning truyén luc va bién dang cua hé.

(3) Xu hudng nghién ctru hién nay dang chuyén
tr cadc mo hinh giai tich va danh gia tai trong tinh
sang cac nghién ctru tich hop giita md phong sd,
thi nghiém thuc nghi¢m va tai trong dong nham
md ta sat hon diéu kién khai thac thuc té cua duong
sat tbe do cao.

(4) Mic du da dat dugc nhiéu két qua tich cuc,
cac nghién ctru hién nay van con ton tai khoang
tréng lién quan dén tai trong tau di dong, tuong
tac phi tuyén dat — coc — 16p ludi dia gia cuong
va diéu kién nén dat yéu dac thu cua Viét Nam.

(5) Trong thoi gian ti, can tiép tuc nghién ciru
theo hudng tich hop giita Iy thuyét, mo phong sb
va kiém chimg thyc nghiém, dong thoi xdy dung
co s& khoa hoc phuc vu hoan thién hudng dan ky
thudt va tiéu chuan thiét ké nén duong sit toc do
cao trén nén dat yéu ung dung cong nghé GRPS.

Khoa hoc Ky thudt - Cong nghé

TAI LIEU THAM KHAO

Alsirawan, R. (2021). Review of GRPS embankments
— parametric study and design methods. Acta
Technica Jaurinensis, 14(3), 295-319.

Ariyarathne, P., & Liyanapathirana, D. S. (2015). Review
of existing design methods for geosynthetic-
reinforced pile-supported embankments. Soils and
Foundations, 55(1), 126-141.

Bian, X., Liu, S., Duan, X., et al. (2024). Dynamic soil
arching effect in pile-supported embankment due
to train passages at high speeds. Soil Dynamics
and Earthquake Engineering, 178, Article 108481.

Butzner, M., Leslie, D. L., Cuffee, Y., Hollenbeak, C.
S., Sciamanna, C., & Abraham, T. (2021). Stable
rates of obstructive hypertrophic cardiomyopathy

in a contemporary era. Frontiers in Cardiovascular
Medicine, 8, Article 765876.

Dang, C. C., Dang, L. C., Khabbaz, H., & Sheng,
D. (2021). Numerical study on deformation
characteristics of fibre-reinforced load-transfer
platform. Canadian Geotechnical Journal, 58(12),
1888-1900.

Edries, N. M., et al. (2023). Estimation of piled
embankment critical height: A systematic review.
Innovative Infrastructure Solutions, 8(1), Article
28.

Gupta, R. K., & Chawla, S. (2022). Performance
evaluation of micropiles as a ground improvement
technique for existing railway tracks. International
Journal of Geomechanics, 22(8), Article 04022123.

Gupta, S., & Kumar, S. (2023). A state-of-the-art review
of the deep soil mixing technique for ground

improvement. Innovative Infrastructure Solutions,
8(2), Article 58.

Holtz, R. D., Shang, J. Q., & Bergado, D. T. (2001).
Soil improvement. Trong R. K. Rowe (Bién tap),

Geotechnical and geoenvironmental engineering
handbook (tr. 429—461). Springer.

Hou, R.Y., Zheng, J. J., Fang, H., & Yang, W. Y. (2024).
A mechanical model and solution for dynamic
response of geosynthetic-reinforced pile-supported
embankment under traveling loads. International
Journal of Geomechanics, 24(4), Article 04024031.

Li, T. F., Cai, D., Cheng, Z. B, et al. (2022). Study of
deformation and failure states of reinforced mesh
cushion in high-speed railway. Trong Proceedings
of the 5th International Conference on Railway
Engineering (tr. 112—124). Springer.

S6 44 nam 2026 | 75



Tap chi Khoa hoc Pai hoc Cuu Long

Liu, C., Shan, Y., Wang, B., et al. (2022). Reinforcement
load in geosynthetic-reinforced pile-supported
embankments. Geotextiles and Geomembranes,
50(4), 745-758.

Liu, K. F., Feng, W. Q., Cai, Y. H., Xu, H., & Wu, P.
C. (2023). Physical model study of pile type effect
on long-term settlement under traffic loading.
Transportation Geotechnics, 41, Article 101012.

Liu, S., Bian, X., & Zhao, C. (2025). Static and
dynamic responses of GRPS of high-speed railway.
Trong ICTG 2025 Proceedings: Transportation
Geotechnics (tr. 45-56). Springer.

Liu, W., Qu, S., Zhang, H., & Nie, Z. (2017). An
integrated method for analyzing load transfer
in geosynthetic-reinforced and pile-supported
embankment. KSCE Journal of Civil Engineering,
21(3), 687-702.

Nguyen, V. D., Luo, Q., Wang, T., et al. (2023).
Load transfer in geosynthetic-reinforced piled
embankments with a triangular arrangement of piles.
Journal of Geotechnical and Geoenvironmental
Engineering, 149(9), Article 04023068.

Niu, T., Yang, Y., Ma, Q., et al. (2023). Dynamic soil
arching in piled embankment under train load of
high-speed railways. Earthquake Engineering and
Engineering Vibration, 22(4), 1015-1028.

Nobahar, M., Abu-Farsakh, M. Y., & Izadifar, M. (2024).
Evaluating the mechanisms and performance of

geosynthetic-reinforced load transfer platform.
Geotextiles and Geomembranes, 52(2), 214-228.

Pan, G., Liu, X., Yuan, S., et al. (2022). A field
study on the arching behavior of a geogrid-
reinforced floating pile-supported embankment.
Transportation Geotechnics, 37, Article 100854,

Pham, H. V., & Dias, D. (2020). 3D modeling
of geosynthetic-reinforced pile-supported
embankment under cyclic loading. Geosynthetics
International, 27(6), 612—626.

Pham, T. A., & Dias, D. (2021a). 3D numerical study
of the performance of geosynthetic-reinforced

and pile-supported embankments. Soils and
Foundations, 61(4), 1038—1053.

16 | S6 44 nam 2026

Khoa hoc Ky thudt - Cong nghé

Pham, T. A., & Dias, D. (2021b). Comparison and
evaluation of analytical models for the design
of geosynthetic-reinforced and pile-supported

embankments. Geotextiles and Geomembranes,
49(4), 978-994.

Pham, T. A., Tran, Q. A., Villard, P., & Dias, D. (2024).
Numerical analysis of geosynthetic-reinforced
and pile-supported embankments considering
integrated soil-structure interactions. Geotechnical
and Geological Engineering, 42(3), 1845—-1862.

Roshan, M. J., et al. (2022). Improved methods to
prevent railway embankment failure and subgrade

degradation: A review. Transportation Geotechnics,
34, Article 100746.

Thai, L. N., Duc, M. N., & Hai, H. N. (2021). Analysis
of impacting factors for soil-cement column
combined high strength geogrid. Journal of Science
and Technology in Civil Engineering, 15(2), 45-56.

Wang, H. L., & Chen, R. P. (2019). Estimating static
and dynamic stresses in GRPS track-bed under
train moving loads. Journal of Geotechnical and
Geoenvironmental Engineering, 145(9), Article
04019051.

Wang, H. L., Chen, R. P, Liu, Q. W., et al. (2019).
Investigation on geogrid reinforcement and pile
efficacy in GRPS track-bed. Geotextiles and
Geomembranes, 47(4), 521-534.

Wang, K., Cao, J., Ye, J., Qiu, Z., & Wang, X. (2024).
Discrete element analysis of geosynthetic-
reinforced pile-supported embankments.
Construction and Building Materials, 449, Article
138412.

Wu, D., Luo, C., Gao, Z., etal. (2022). Effect of different
reinforced load transfer platforms on GRPS. KSCE
Journal of Civil Engineering, 26(8), 3350-3362.

Xu, C., Zeng, Q., & Yang, Y. (2021). Centrifuge testing
on the global stability of geosynthetic-reinforced
and pile-supported embankment. Arabian Journal
of Geosciences, 14(12), Article 1142,

Yan, M., Guo, S., Zhang, H., Song, X., & Xiao, H. (2025).
Investigation on load transfer in geosynthetic-
reinforced pile-supported embankments. /ndian
Geotechnical Journal, 55(1), 112—125.



